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GAS PHASE PO_YNERI ZATI ON OF OLEFI NS This invention relates to a gas
phase- f | uwwbmgm&zbed process for producing ol efin patcnmssasgsaparticul arly
et hyl éne” p8l ymers, having i nproved processab| lity. These polyners include
ol efin polymers having | ow susceptibility to nett fracture, even under high
shear stress conditions, The discovery .of the fluidized bed process

for the production of Gﬁ?ﬁé‘é‘rSEPOLYMER'ZAT'ONOF LEFINS

This invention relates to a gas phase fluidized bed process for
producing olefin polymers, particularly ethylene polymers, having improved
" processability. - These polymers include olefin polymers having low
- susceptibility to melt fracture, even under high shear stress conditions.

The discovery of the fluidized bed process for the production of linear
olefin polymers provided a means for producing these diverse and widely used
polymers with a drastic reduction in capital investment and a dramatic
reduction i_r\i energy requirements as compared to then conventional
processes. .

“Tobe commercially useful in a gas phase process, such as the fluid bed
processes of U.S. Pat. Nos. 3,709,853; 4,003,712 and 4,011,382; Canadian
Pat. No. 991,798 and Belgian Pat. No. 839,380, the catalyst employed must be
a highly active catalyst. Typically, levels of productivity reach from 50,000 to
1,000,000 pounds of polymer or more per pound of primary metal in the
catalyst. High productivity in the gas phase processes is desired to avoid the
expense of catalyst residue removal procedures. Thus, the catalyst residue in
the polymer must be small enough that it can be left in the polymer without
causing any undue problems to either the resin manufacturer, or to a party
fabricating articles from the resin, or 1o an ultimate user of such fabricated
articles. Where a high activity catalyst is successfully used in such fluid bed
processes, the transition metal content of the resin is on the order of <20 parts
per million (ppm) of primary metal at a productivity level of > 50,000 pounds of
polymer per pound of metal. Low catalyst residue contents are also important
in.heterogeneous catalysts comprising chiorine containing materials such as
the titanium, magnesium and/or aluminum chloride complexes used in some
so-called Ziegler or Ziegler-Natta type catalysts. Use of these heterogeneous
catalysts results in a polymerization reaction product which is a complex
mixture of polymers, with a relatively wide distribution of molecular weights.

‘ This wide distribution of molecular weights has an effect (generally
detrimental) on the physical properties of the polymeric materials, e.g.
* decreased tensile strength, dart impact.
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ol efin polyners provided a neans for producing these diverse and w dely
used p(_)‘\l y_r@!r.‘%m%gh a drastic reduction in capital inpyestpent and a dramatic
reduction rnenergy requirenents as conpared to then conventi onal
processes. To be comercially useful in a gas phase process, such
as the fluid bed processes of U S. Pat. Nos. 3,709,853; 4,003,712 and
4,011, 382; Canaditaméledular WeighGstribigign MIDBet pphaiispPetty, isNoknd®&9, 380, - t he
cat al yst enplaciytsiélinmotyinelsavtichlis dédcribericisitheerati@biabejght avebygai cal |y, | evel s of
product i vi t yméiecutan whigBITMaPtoHlthbbOavbrdye thdidUiapReigid IMAY (.. OMNRY), OF nore per
pound of P | ERIntetdfE ik bdh 8dWndilnl Windoty, rlapiy Ghilpbinigaubd the gas ‘phase
processes is deS|tred tfe ﬁ\zm d tl,Fe S&e?se of C t(? @Lm{é_z?g%e renoval
pr ocedur es. cpmogfquy 5%{?"&?& %5 @'?'r?st"ﬁ%"'%% D e snmall enough
that it can daabgenindicator efdheMMhin conventinnat heteroganaousetiyylanedue probl ens to
ei ther the rppfimersTemne b vetiolis alsy arl indigatrast the shadrsersifivitpandir ticl es fromthe
resin, or tfbr@é&sé&!;iﬁtﬂtféﬁ&tﬁylb‘ﬁeeﬁcil ers é@x@@;ﬁﬁfe leﬁédst%ﬁbé)s- Were a high
activdy cat E*3ln§fcsalily ﬁasvesalf'ncl:g(f\%? IS1I))II2 Ja%o &N melarr] low densi yp%iyethyl% es

{LLDPE) or ultra low density linear polysthylenes (ULDPE) and are easier to

melt process in fabrication equipment at comparable 15 values.

Ethylene polymers having a narrow MWD and homogeneous
comonomer distribution are known. These polymers can be "produ'ced using
homogeneous "single site” catalysts, such as metallocene or vanadium
catalysts. While the physical properties of these polymers are generally
superior to heterogeneous polymers, they are often difficult to process with
conventional melt fabrication equipment. The problems are manifested, for
example, In thelr lack of ability to sustain a bubble in a blown film process, and
by a "sag" when evaluated in blow molding processes. In addition, the melt
fracture surface properties of these polymers are often unacceptable at high
extrusion rates, a feature that makes them less desirable for use in equipment
operating at current high speed extrusion (i.e., production) rates. Extruders
often exhibit increased power consumption due to the low shear sensitivity of °
these polymers.

Use of the catalyst systems described in U.S. Application Ser. No.
07/955,600, filed October 2, 1992, U.S. Application Ser. No. 07/817,202 filed
January 8, 1992 and U.S, Application Ser. No. 08/008,003 filed January 21,
1993, all of which are incorporated herein by reference, results in the
production of unique polymers having the properties as taught in co-pending

| applications U.S. Applications No.'s 07/776,130 filed October 15, 1991 and
07/939,281, filed September 2, 1992, which are incorporated by reference.
These polymers are substantially linear olefin polymers which are
characterized as having a critical shear rate at the onset of surface melt
fracture of at least 50 percent greater than the critical shear rate at the onset of
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processes, the transition netal content of the resin is on the order of
[err] 20 Regdspmer million (ppm of primary netal apcmospmeeuctivity |evel
of [err] 50,000 pounds of polyner per pound of netal. Low catalyst residue
contents are also inportant in heterogeneous catalysts conprising chlorine
containing materials such as the titani um magnesi um and/or al um num

chl ori de comspifaseensitimetyra of adingas olgfio eﬁm@@aznéngthsﬁamﬁégﬁ'& Natta type
catalysts. Wnemaf these het erogeneous catal ysts“results in a polynerization -
reaction product which is a conplex mxture of polymers, with a relatively

wi-de distributio L5} &g ol i rmt%ﬁcgaawtha%on of ol ecul ar
hts h
the pol ynor 8. P’e;g gy % éqgé%vg-’f%ens.?f&g{’fﬁngfye%@npfﬁﬁiﬁ'es o

the pol yneri be u
with higher alpha-oleﬂns, e.0. alpha-olefms having 3 to 20 carbo

practice, the commercial copolymers are made using monomers having only 3
to 8 carbon atoms (i.e., propylens, 1-butene, 1-hexene, 1-octene and 4-methyl-
“1-pentene) because of the low rate of reactivity and incorporation of the aipha
olefins with larger carbon chains and, for gas phase processes, because of the
lower concentration possible in the reactor for alpha-olefins with larger carbon
chains. The traditional Ziegler catalysts are not particularly efficient or
effective in incorporating the higher alpha-olefin comonomers into the polymer.
The rate of reaction for the sthylene monomer is much greater than the rate of
reaction for the higher alpha-olefin monomers in the copolymerization reaction
using traditional multi-site Ziegler catalysts. Accordingly, due to the lower
reaction rate of incorporating the longer chain comonomer into the growing
polymer chain, the copolymer fractions containing the higher alpha-olefin
comonomers are generally the lower molecular weight fraction having fimited
desirable physical properties. These factors also contribute to polymer
particles sticking together or agglomerating in the gas phase process.

Even in the most current olefin copolymerization systems, there is still a
need for a gas phase olefin polymerization catalyst which is able to incorporate
efficiently larger amounts of higher alpha-olefins into 2 copolymer chain and
give a polymeric product which has a narrow molecular weight distribution and
is more homogeneous with respect to comonomer distribution than otherwise
would be achieved using a Ziegler catalyst under comparable conditions. The
properties and advantages of linear homogeneous copolymers are described

in U.S. Patent 3,645,992.

Canich et al. teach in U.S. Patent 5,057,475, U.S. Patent 5,026,798,
. and
' U. S. Patent 5,096,867 a supported catalyst system which includes an inert
' o support material, a Group IV B metal component and an alumoxane
component for use in the production of high molecular weight polyolefins.
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The nol ecul ar wei ght distribution (MAD),
known vari i ®wteke POl yners which is described as thepdrtsbanosdi Wei ght
averagé nol ecul ar weight (My) to number average nol ecul ar wei ght (M)

~or polydispersity,

is a

(i.e., M M), parameters which can be determined directly, for exarrple by

gel perneation chromato t echni ues The I [err]/l[err] ratio,
descri bed i n YWi§ aD—"'iQ‘s‘ag‘ %&%ﬂ?@“ﬁ?ﬁ s Wpen vg °W‘?"% Rconvent i onal

het er ogeneougorditiops. éhﬁég%cﬂh?ﬁ’@mpwl ef th?lé 479 patens repprtpalymer i s al so an

i ndi cat or of ptduects haviig smiativdly road MAMDejgt © 263 Thbsd datalyst systentshy| ene

pol ymers.

'—O‘Péd?:ﬁé‘ﬁigﬁ YevB18 b AtrhoNaRE Ghiich Isla?Eansfvxah&F&sbme&.@m | gher

ultra

ow densi ty PRt AGHpkoiERbes RSB bt L%eadi o o it process i n

fabrication equi pnent at conparable 12 vaI ues.

There is also a need for a gas phase process to produce more
homogeneous narrow molecular weight distribution polyolefins (MWD of 1.5-
2.5), that have improved processability such as provided by substantially linear
olefin polymers. -

A fluidized bed gas phase process for the productibn of an ethylene

polymer or copolymer is comprised of reacting by contacting ethylene or

- ethylene in combination with at least one alpha-olefin and/or diclefin in the
presence of a constrained geometry catalyst under polymerization conditions
thereby producing a flowable particulate ethylene polymer or copolymer solid.
The continuous process is particularly suited for ethylene copolymers
containing 2 80 mol percent of ethylene and < 20 mol percent of one or more
-olefins or diolefins with a Group 4 metal-containing constrained geometry
catalyst at a temperature of from about 0°C to about 110°C. The catalyst
system is a constrained geometry catalyst which comprises an activated
homogeneous catalyst complex and optionally, a support, e.g. polyethylens,
clay, comstarch, talc, silica or other suitable materials.

Ancther aspect of this invention is a process for in situ blending of
polymers comprising continuously contacting, under polymerization conditions,
a mixture of ethylene and at least one or more o-olefin or diolefin in at least"
two fiuidized bed reactors connected in series, with a catalyst with the
polymerization conditions being such that an ethylene copolymer having a
higher mett index is formed in at least one reactor and an ethylene copolymer
having a lower melt index is formed in at least one other reactor with the
provisos that: :

(a) in a reactor in which the lower melt index copolymer is made:

(1) said alpha-olefin or diolefin is present in a ratio of about 0.01 to
about 3.5 total moles of alpha-olefin and diolefin per mole of ethylene; and
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Et hyl ene pol yners having a narrow MAD and honbgeneous conononer

di stribut w@dstees known. These pol ynmers can be produpevbssmbaag honogeneous
"single site catal ysts, such as netall ocene or vanadi um catal ysts. Wile

t he physical properties of these polyners are generally superior to

het er ogeneous polyners, they are often difficult to process with
conventional nelt fabrication equipnent. . The problens are nmani fested, for
exanpl e, in thei(®) hydrdgeofs présent in ratio of aboui 0o abduti@Bimolé of a bl own film
process, andydiygeh pepmgle ohbtayleryal uat ed in bl ow nol di ng processes. In
addition, the nelt fracture surface properties of these polyners are often

unacceptabl e g i abecs i AL HoeR B b LGB o it T2kes Them | ess

desirable for i'hequl operat ng current high speed extrusion
(i.e., production) rates. Ext ruders often exhibit increased power
consunpti on due (t)o selskaiphawlefinondiolslimisipresent iy a gatiotdf albaut p.OPF teer s. Use
of the cat ahhasit 39\tsthianalests alpha-bledn amd diblStin pep plolecad ethglan&gand No. 07/ 955, 600,
filed Cctober 2, 1992, U S. Application Ser. No. 07/817,202 filed

(2) hydrogen is present in a ratio of about 0.05 to about 2 moles of

hydrogen per mole of ethylene,

(c) the mixture of catalyst and ethylene copolymer formed in one reactor in
the series is transferred to an immediately succeeding reactor in the series.

(d) the catalyst system comprises a constrained geometry catalyst and
optionally, ancther catalyst.

(e) catalyst may be optionally added to each reactor in the series, provided
that catalyst is added to at least the first reactor in the series;

Yet another aspect of this invention is the process for in situ blendingof . °
polymers comprising continuously contdcting, under polymerization conditions,
a mixture of ethylene and at least one o-olefin and/or diolefin in at least two
fluidized bed reactors connected in parallel, with a catalyst with the
polymerization conditions being such that an ethylene copolymer having a
higher melt index is formed in at least one reactor and an ethylene copolymer
having a lower melt index is formed in at least one other reactor with the
provisos that: '

(a) in a reactor in which the lower melt index copolymer is made:

(1) said alpha-olefin and/or diolefin is present in a ratio of about 0.01 to
about 3.5 total moles of alpha-olefin or diolefin per mole of ethylene; and

This Sheet Has Been Replaced




January 6, 1992 and U S. Application Ser. No. 08/008,003 filed January 21,
1993, .all wbeshiseh are incorporated herein by refergpgeo, fosults in the
productlon of uni que pol yners haV|ng the properties as taught in co-pending
applications U S. Applications No.'s 07/776,130 filed Cctober 15, 1991 and
071939, 281, filed Se tember 2, 1992, which are incorporated by reference.
These pol ynmers ‘=Pl Maieganispresant ip a ratinefabeyt 8ite abqybP.gmalesofnhi ch™ ar e -
char act er i zdwdrggerhper molp chethwlengical shear rate at the onset- of surface melt
fracture of atb)lieasdactobinpeichdighedhélfihdsx dopslymdriemadd:t i cal shear rate at the
onset of

(1) said alpha-olefin or diolefin is present in a ratio of about 0.005 to

about 3.0 total moles of alpha-olefin and diolefin per mole of ethylene; and

(2) hydrogen is present in a ratio of about 0.05 to about 2 moles of
hydrogen per mole of ethylene,

(c) the catalyst system comprises a constrained geometry catalyst and
optionally, another catalyst.

In all embodiments of the invention, the constrained geometry catalyst is
used in at least one of the reactors.

An advantage of this invention is that at least one constrained geometry
catalyst can be used alone or in conjunction with at least one other catalyst in
reactors operated in series or parallel.

Yet another advantage is that due to the ability of supported constrained
geometry catalysts to incorporate efficiently longer chain higher alpha-olefin
comonomers into a polymer, the range of copolymer densities which can be
made in an conventional gas phase reactor without having to condense the

. recycle stream is dramatically increased.

Figure 1 graphically displays the structural characteristics of a
traditional heterogeneous Ziegler polymerized LLDPE copolymer, a highly -
branched high pressure free radical LDP_E,"a homogeneously branched linear
copolymer, and a substantially linear ethylene alpha olefin copolymer.

The Ethylene Copolymers

All reference to the Periodic Table of the Elements hergin shall refer to
the Periodic Table of the Elements, published and copyrighted by CRC Press,
Inc., 1989. Also, any reference to a Group or Groups shall be to the Group or
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3 surface nelt fracture of a linear olefin polynmer having about the sanme
12 and My Manr04 There is a need for a gas pPascseie&ti N

pol yrrerl zatlon cat alyst that can be used nore efficiently and effectively
to polynerize or copolynerize ethylene wth higher alpha-olefins, e.g.

al pha-ol efins having 3 to 20 carbon atons. In practice, the commerci al
copol yner s @reupsmd eofiasted i thiv ReriagicsTabiaaf thy BerhgntSusingth8 IURAGON atons (i . e

propyl ene, kydsth et QumBering &fdtps. 1- oct ene -and 4-net hyl - 1- pent ene) because
of the low rate of react|V|ty and |ncorporat|on of the alpha olefins with

| gr ger car bon chai ns hase cesses cause of the | ower
cgngent ration pg glcgqo%qgs Y’ﬁ%h rﬂ %)%rfpafr in e pracesp 8P'ﬁﬁ§re\ff‘?th | arger carbon
chai ns. The "'t"F&ﬂ’Ptaﬁﬁ?HP lympers gf & majong) Rpeqest (518 “ohetetydene; g & |y ef ficient or
effective i minanmel paseent {<8§%) ntorieiagmoere albharlefink of diolefinsndheners Into the
pol ymer.  Thelyhedsof e presertiirveitioh@an béiRordpdlyhereof BihyRAB br they Much great er
than the rapg, Bf interpolymers of sthylene with at least one C3-Czg alpha-olefin and/or

C4-C1g diolefin. The polymers of the present invention can also be

interpolymers of ethylene with at least one C3-C2g alpha-olefin, C4-C18

diolefin and/or other ethylenically unsaturated monomer.

Monomers usefully polymerized according to the present invention
include, for example, ethylenically unsaturated monomers, conjugated or
nonconjugated dienes, polyenes, etc. Preferred monomers include the C2-C10
c-olefins especially ethylene, propene, isobutylene, 1-butene, 1-hexene, 4-
methyl-1-pentene, and 1-octene. Other preferred monomers include styrene,
halo- or alkyl substituted styrenes, tetrafluoroethylene, vinylbenzocyclobutene,
1.4-hexadiene, 1,5-hexadiene, 1,7-octadiene, 4-vinylcyclohexene, and
vinyleyclohexane, 2,5-norbornadiene, ethylidenenorbornene, 1,3-pentadiene,
1,4-pentadiene, 1,3-butadiene, isoprene and naphthenics (e.g., cyclopentene,
cyclohexene and cyclooctene). : |

Throughout this disclosure, "melt index® or "I2" is measured in

accordance with ASTM D-1238 (190°C/2.16 kg); "110" Is measured in

" accordance with ASTM D-1238 (190°C/10 kg). For linear polyolefins,
especially linear polyethylene, it is well known that as Mw/Mn increases, I1O)I2
also increases. With the ethylene or ethylene/a-olefin or diene substantially
linear olefin polymers that can be made by this invention, the 14g/l> may be
increased without increasing Mw/Mn. The melt index for the ethylene or
ethylene/a-olefin substantially linear olefin polymers used herein is generally
from about 0.01 grams/10 minutes (g/10 min) to about 1000 g/10 min,
preferably from about 0.01 g/10 min to about 100 g/10 min, and especially from
about 0.01 g/10 min to about 10 g/10 min.
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reaction for the higher alpha-olefin nononers in the copolynerization
reaction .ysiRghl,r aditional multi-site Ziegler catalpyshgendecordingly, due
to the lower Treaction rate of incorporating the |onger chalin conmononer
into the growing polymer chain,the copolyner fractions containing the

hi gher al pha-olefin comononmers are generally the |ower nolecul ar weight
fraction havi ng.[Theiceralymestisve aiiodl2 Fiell §p tiof eest 2 B tas< 18 lapde factors al so
contri but e t preferblyyrefrabogtarttocdids sti cki ng together or aggl onerating in the
gas phase process. Even in the nost current ol efin copolynerization

systens, there ':mgg{hlzllexrﬁ‘erpcﬁ@-ﬂ Dg‘?c?u@ts%ﬁ‘\ﬂeggﬁéﬁe%ﬁdugnﬁt‘élp‘é [¥hle} Zat i on -

catal yst which i I I ent | unts of hi gher
al phayol ef i ngatpﬂg%araaa A Kﬁ?' ah ’hﬁ'ﬁ" o8l %{‘ F@Fr%??!‘? Bduct whi cﬁ has

a narrow nol é8Qf high tﬁmpgmureicrs'@matgmpmurmﬁgwpsemmhmmi@éneous with respect
t 0 conononer petosityrbeli abiumns {akhailable fromrPulyeer tahskslodes), apdratingedausi ng a Zi egl er
cat al yst undgysdnPiERipb@llr&of0Rdd] Thesbiventlit ¢, 2 ABGSbbRSerd) o WhRtHt ages of

i near homgsgep%}ﬁ%nt%w%p?cﬁlﬁloﬁg&tﬁf&%ﬂlége‘aqe b@p#edc"for P?etc%n 1%9645 992.

flow rate is 1.0 millilitefs/minute and the injection size is 200 microliters.

The molecular weight determination is deduced by using narrow
molecular weight distribution polystyrene standards (from Polymer
Laborztories) in conjunction with their elution volumes. The equivalent
polyethylene molecular weights are determinad by using appropriate Mark-
Houwink coefficients for polyethylene and polystyrene (as described by
Williams and Word in Joumnal of Polvmer Science, Polymer Letters, Vol. 6,

{621) 1968, incorporated herein by reference) to derive the following equation:

Mpolyethylene = a * (Mpolystyrene)P.
In this equation, a = 0.4316 and b = 1.0. Weight average molecular weight, /
My, is calculated in the usual manner according to the following formula: Mw,l_-
 wi* Mj, where wj and Mj are the weight fraction and molecular weight, /e
respectively, of the ith fraction eluting from the GPC column.

Tne molecular weight distribution ."('M“/Mn) for the ethylene polymers of
this invention is generally less than about 5, preferably from about 1.5 to about
2.6, and especially from about 1.7 to about 2.3.

The density of the polymers in the present invention is measured in
accordance with ASTM D-792 and is generally from about 0.85 g/cmS to about’
0.26 g’cm3, preferably from about 0.865 g/cm3 to about 0.96 g/emS. The
density of the copolymer, at a given melt index level for the copolymer, is
primarily regulated by the amount of the comonomer which is copolymerized
with the ethylene. In the absence of the comonomer, the ethylene would
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gani:)ch et gl t eggg in US. Patent 5,6 057,475, U S. Patent 5,026,798, and U.
at ent a supported catal yst system whi '
suppor't mar 3?%%2 a & oquI V B net al zzlonpoﬁent and %ﬁmb ﬁ%ﬁgﬁeagohggaént
for use in the production of high nolecular weight polyol efins.
4 \Wile Canich et- al. teaches the use of their catal ysts under var I ous
react | on COR&mépdlAterize with the catalyst of the present invention to provide
homopolymers having a density of about >0.95. Thus, the addition of
progressively larger amounts of the comonomers to the copolymers results up
to a point in a progressive lowering of the density of the copolymer. The
amount of each of the various a-olefin comonomers or dienes needed to
* achieve the same resuilt will vary from monomer to monomer, under the same

reaction conditions. Thus to achieve the same results, in the copolymers, in -

terms of a given density, at a given melt index level, larger molar amounts of

the different comonomers generally would be needed in the order of

C3>C4>C5>Ce>C7>Ca.

The term “linear* as used herein means that the ethylene polymer does not
have long chain branching. That is, the polymer chains comprising the bulk
linear ethylene polymer have an absence of long chain branching, as for
example the traditional linear low density polyethylene polymers or linear high -
density polyethylene polymers made using Ziegler polymerization processes
(e.g., USP 4,076,698 (Anderson et al.)), sometimes called heterogeneous
polymers. The term “linear” does not refer to bulk high pressure branched
polyethylene, ethylene/vinyl acetate copolymers, or ethylene/viny! alcoho!
copolymers which are known to those skilled in the art to have numerous long
chain branches. The term "linear” also refers to polymers made using uniform
branching distribution polymerization processes, sometimes called
homogensous polymers, including narrow MWD (e.g. about 2) made using
single site catalysts. - Such uniformly branched or homogeneous polymers
include those made as described in USP 3,645,992 (Elston) and those made
using so-called single site catalysts in a batch reactor having relatively high
ethylene concentrations (as described in U.S. Patent 5,026,798 (Canich) or in
U.S. Patent 5,055,438 (Canich)) or those made using constrained geometry
catalysts in a batch reactor also having relatively high olefin concentrations (as
described in U.S. Patent 5,064,802 (Stevens et al.) or in EP 0 416 815 A2
(Stevens et al.)). The uniformly branched/homogeneous polymers are those
polymers in which the comonomer is randomly distributed within a given
interpolymer molecule or chain, and wherein substantially all of the
interpolymer molecules have the same ethylene/comonomer ratio within that
interpolymer, but these polymers, too, have an absence of long chain
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t he gas phase exanples of their '475 patent report polynmer products having
a rel ati velaeshepad MAD (e.g. >2.6). These catal yst soifjsaiBe2d €qui re high

| evel s of al unbxane which is expensive and result in undesirably high

| evel s of alum numresidues in the final product. There is also a
need for a gas phase process to produce npre honpbgeneous narrow nol ecul ar
wei ght di st roranghing @sjer gxemalei rxon Ghemisa! has taughtdn ther Rehrugnyj893 npr oved

pr ocessabi | iTappisawrhal@apar{pp/eH@B).by substantially |inear ol efin polyners.

A fluidized bed gas phase process for the production of an ethyl ene pol yner

coribi hat ] on v ¢ At SauRlall S Aisny P‘%Qﬁ’%ﬂ‘%t"ﬁg?"@ée' A he presence.
of a const réf“%@‘tﬁ’e%_@‘fwec‘ﬁiﬁh%?g %ﬁ %9"'}?8%%“?’?%’ éq%c}ﬂtaicor]di tions thereby
produci ng a catbonmfinicludipa bethbaskhpae endirarahearhens) ipabost 3 (opgshailer sol i d. The
conti nuous  [hranckestt008 toe carbansl Frdfgrred polyswbrs are sehstitptedvéthabpal yner s
contai ni ng o3 16AY chBiR bfeRBiesPi0S il k&BensAb ot @ laglch@iar cent of one or nore
g;'ale; L 1S _Olordhch 501531 ctolls, Fnd Biéféréblg{%rféﬁoﬁx §b3IoRb BekiFONSt a P]e‘é geonet ry
cat al yst sy?faéﬁ??rgé | 8@3%5?’8% Sﬁagg‘ﬁ‘zgﬁ%‘?r"g iﬁéf %Vss@o\?ﬁ?@ﬁ%mioég rises an
acti vat ed h@ﬁﬁ@@%l@%f%%%%@ long cthain branghes/1000 fotal carbons to abo

1 long chain branch/1000 total carbons.

As used herein, the term "backbone" refers to a discrete molecule, and
the term *polymer” or "bulk polymer” refers in the conventional sense to the
polymer as formed in a reactor. For the polymer to be a "substantially linear*
polymer, the polymer must have at least enough molecules with iong chain
branching such that the average long chain branching in the bulk polymer is at

least an average of about 0.01 long chain branches/1000 total carbons.

The term *bulk* polymer means the polymer which results from the
polymerization process and, for the substantially linear polymers, includes
molecules having both an absencs of long chain branching, as well as
molecules having fong chain branching. Thus a "bulk® polymer includes all
molecules formed during polymerization. It is understood that, for the
substantially linear polymers, not all molecules have long chain branching, but
a sufficient amount do such that the average long chain branching content of
the bulk polymer positively affects the melt rheology (i.e., the melt fracture
properties).

Long chain branching (LCB) is defined herein as a chain length of at
least one (1) carbon less than the number of carbons in the comonomer,
whereas short chain branching (SCB) is defined herein as a chain length of the
same number of carbons in the residue of the comonomer after it is
incorporated into the polymer molecule backbone. For example, an
ethylene/1-octene substantially finear polymer has backbones with long chain
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conpl ex and optionally, a support, e.g. polyethylene, clay, cornstarch,
talc, silpasdeother suitable materials. AC GRiAlkdlBdsYr One aspect of
this invention is a fluidized bed, gas phase process for the production of
an et hyl ene polyner, the process conprising contacting under polynerization
conditions (i) ethylene, or (ii) ethylene and at.|least one of a

copol ymer i zirbhahes bizt least sevém(7bearbting lirtengih, butit élbehar shedigbainof a support ed
cat al yst chrafdhes b chisbixg) carbonb #relesgeh.of an acti vating anmount of al unoxane
and prepared from A) a netal conplex corresponding to the formul a:

E,f r 114 o o dgglﬁé cl’ivg’nﬁ %&%ét%iréd‘&%rb%' distinguished il shoR i BBnchidEt @l 1N the +3
any using nuaear magnétic resonance (NMR) spectroscopy and to a

‘ limited extent, e.g. for ethylene homopolymers, it can be quantified using the
method of Randall (Rev. Macromol.Chem. Phys., C298 (2&3), p. 285-297), the
disclosure of which is incorporated herein by reference. Howsaver as a
practical matter, current 13C nuclear magnetic resonance spectroscopy cannot
determine the length of a long chain branch in excess of six (6) carbon atoms
and as such, this analytical technique cannot distinguish between a seven (7)
carbon branch and a seventy (70) carbon branch. The long chain branch can
be as long as about the same length as the length of the polymer backbone.

U.S. Patent 4,500,648, incorporated herein by reference, teaches that .
long chain branching frequency (LCB) can be represented by the equation
LCB=b/M,, wherein b is the weight average number of long chain branches per
molecule and M, is the weight average molecular weight. The molecular
weight averages and the long chain branching characteristics are determined
by gel permeation chromatography and intrinsic viscosity methods.

The SCBDI (Short Chain Branch Distribution Index) or CDBI
(Composition Distribution Branch Index) is defined as the weight percent of the
polymer molecules having a comonomer content within 50 percent of the
median total molar comonomer content. The CDBI of a polymer is readily
calculated from data obtained from techniques known in the art, such as, for
example, temperature rising elution fractionation (abbreviated herein as )
"TREF") as described, for example, in Wild et al, Journal of Polymer Science,
Poly. Phys. Ed., Vol. 20, p. 441 (1982), or as described in U.S. Patent
4,798,081. The SCBDI or GDBI for the substantially linear ethylene polymers
of the prasent invention is typically greater than about 30 percent, preferably
greater than about 50 percent, more preferably greater than about 80 percent,
and most preferably greater than about 90 percent.

2w -

"Melt tension" is measured by a specially designed pulley transducer in
conjunction with the melt indexer. Melt tension is the load that the extrudate or -
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L is a group containing a cyclic, delocalized, aromatic, anionic, H system

conpri si NgugesnRse CyCl opentadi enyl, indenyl, fl uopcmnsbaresi
t et r ahydr oi ndenyl, tetrahydrofluorenyl, octahydrofl uorenyl group, or an
inertly substltuted derivative thereof through which the L group is bound

to M and which L group is also bound to Z sa r containing up to
60 nonhydr oflemet AwS W ile passing quer the pulley ‘°(?6V8I"1§Hbf ‘g‘ﬁﬁﬁd to bot th gnd Y,

conpri si ng laating at the stendardispgedof 3AIPA ﬂ'hQMQBﬂeﬁsWé mRsEWEMPet iTabl e of the

El enents, s ginflafoitsd Yveh Tensieh Tastet'andid by Topossikbareiis desorimad by

4a John Dealy in "Rheomsters for Molten Plastics®, published by Van Nostrand
Reinhold Co. (1882) on page 250-251. The melt tension of the substantially
linear polymers of this invention is also surprisingly good, e.g., as high as
about 2 grams or more. For the substantially linear ethylene interpolymers of
this invéntion. especially those having a very narrow molecular weight
distribution (i.e., My/Mp, from 1.5 to 2.5), the melt tension is typically at least
about 5 percent, and can be as much as about 80 percent, greater than the
mett tension of a conventional linear ethylene interpolymer having a melt
index, polydispersity and density each within ten percent of the substantially _
linear ethylene polymer.

A unique characteristic of the substantially linear polymer is a highly
unexpected flow property where the l1¢/lo value is essentially independent of
polydispersity index (i.e., My/Mp,). This is contrasted with conventional Ziegler
polymerized heterogensous polysthylene resins and with conventional single
site catalyst polymerized homogeneous polyethylene resins having rheological
properties such that as the polydispersity index increases, the 14¢/l value also
increases.

Processing Index Determination

The “rheological processing index" (Pl) is the apparent viscosity (in
kpoise) of a polymer and is measured by a gas extrusion rheometer (GER).
The GER is described by M. Shida, R.N. Shroff and L.V. Cancio in Polym. Eng.
Sci., Vol. 17, no. 11, p. 770 (1977), and in "Rheometers for Molten Plastics" by
John Dealy, published by Van Nostrand Reinhold Co. (1982) on page 97-99,
the disclosures of both of which are incorporated in their entirety herein by
reference. The processing index is measured at a temperature of 180C, at
nitrogen pressure of 2500 psig using a 0.0296 inch (752 micrometers)
diameter {preferably 0.0143 inch diameter die for high flow polymers, e.g. 50 -
100 melt index or greater), 20:1 L/D die having an entrance angle of 180
degress. The GER processing index is-calculated in millipoise units from the

following equation:

-12-
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Yis a noi ety conprising nitrogen, phosphorus, sulfur or oxygen through

which Y i sygaudsent!y bound to both Z and M said nmpegéssadagei Ng up to 25
nonhydr ogen at ons; X independently each occurrence is a Lewi s base

containing up to 40 nonhydrogen atons; X i ndependently each
occurrence is a nonoval ent anionic noiety having up to 20 nonhydrogen
atons, provided however that neither X is an aromatic group that i's II-
bonded t o M optional | Bl = 218X m‘iﬁwu@m?r(moob&hewaﬂepnt | y bound toget her
form ng a dival ent dianionic noiety havi ng both val ences bound to M or

furt her optlonal‘wrggelsg{ (ﬁqﬁe,én@gq JoJel= Oé%t%t nded toget _her
t her eby f | 0 1 and d d
Lher oty by (PRel e e sieat Bikat tia Mgk 55 a%é?r%?angﬁd by hegﬁjv 95 a number fromo.

to 1; and equation js 1 or 2 depending on the fornmnal OXI dation state of M
and either 82QY (60 8c/min)(Q.745)(DiameterX 254 emin)s ovhateal yst sel ected fromthe
group consi sti nogQ'Gd the extiusidh rdte @minfici ds ot her than an al unoxane, and

nonpol yneric, Ccomati hkfelt density of polyethylene (g/om3), and
Diameter is the orifice diameter of the capillary (inches).
The Pl is the apparent viscosity of a material measured at apparent shear
stress of 2.15 x 108 dynefcm?2.

For the substantially linear ethylene polymers (or ethylene/alpha-olefin
copolymers or interpolymers) produced by this invention, the Pl is less than or
equal to 70 percent of that of a conventional linear ethyiene polymer (or
ethylene/alpha-olefin copolymer or interpolymer) having an Io, My,/M, and
density each within ten percent of the substantially linear ethylene polymer.

An apparent shear stress vs. apparent shear rate plot is used to identify
‘the melt fracture phenomena over a range of nitrogen pressures from 5250 to
500 psig using the die or GER test apparatus previously described. According
to Ramamurthy in Joumnal of Rheology, 30(2), 337-357, 1986, above a certain
critical flow rate, the observed extrudate irregularities may be broadly
classified into two main types: surface melt fracture and gross melt fracture.

Surface melt fracture occurs under apparently steady flow conditions

and ranges in detail from loss of specular gloss to the more severe form of
*sharkskin®. In this disclosure, the onset of surface melt fracture is

‘ characterized at the beginning of losing extrudate gloss at which the surface
roughness of extrudate can only be detected by 40X magnification. The
critical shear rate at onset of surface melt fracture for the substantially linear
sthylene polymers is at least 50 percent greater than the critical shear rate at
the onset of surface melt fracture of a linear ethylene polymer having about the
same Ip and My/Mp,. Preferably, the critical shear stress at onset of surface
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noncoordi nating ion formng conpounds, or -~ B) 2. converting the
conpl ex ofgwhbGeapove formula-to an active catal yst . Byruseoehh an activating
t echni que; and O an inorgani ¢ oxide support substantially free of
adsor bed water and surface hydroxyl groups. Anot her aspect of this
i nvention is a fluidized bed %as phase process for- the production of an
et hyl ene pol peibfractyre for fhesubstan @WP?’#W%"&GH‘V@E‘F%@SWG@P%%I yneri zation
condi ti-ons (grpatetthgd ahoot 2.8k 108 dynelsmRy | ene and at | east one of a

copol yneri zabl e al pha-olefin or diolefin, in the presence of a supported

catal yst charact grisg il Ricifr QRS RGRsBhdABWABhdIGNS aRd raaBBY At Of al unbxane

? 2? ij |r :par eddaftariﬁrngm regular (alfe"rnatinf)i rortrxsr% grlld scn?orgﬂ. ﬁ)e(lic%f,)&’&l) Bratiddnt ©° ponding to the
REPLACENVENT distertigns. For commercial acceptability, (e.g., in blown film products), )

surface defects should be minimal, if not absent. The critical shear rate at
onset of surface melt fracture (OSMF) and critical shear stress at onset of
gross melt fracture (OGMF) are based on the changes of surface roughness
and configurations of the extrudates extruded by a GER. For the substantially
linear ethylene polymers of the invention, the critical shear stress at onset of
gross melt fracture is preferably greater than about 4 x 106 dyne/cmZ.

For the processing index and melt fracture tests, the ethylene polymers
and substantially linear ethylene copolymers contain antioxidants such as
phenols, hindered phenols, phosphites or phosphonites, preferably a
combination of a phenol or hindered pherfol and a phosphite or a phosphonite.

_° - Suitable catalysts for use herein comprise constrained geometry
complexes in combination with an activating cocatalyst or activating technique.
Examples of such constrained geometry complexes, methods for their
preparation and for their activation are disclosed in U.S. Application Serial No.
07/545,403, filed August 31, 1989, U.S. Application Serial No. 545,403, filed
July 3, 1990 (EP-A-416,815); U.S. Application Serial No. 547,718, filed July 3,
1990 (EP-A-468,651); U.S. Application Serial No. 702,475, fited May 20, 1991

~ (EP-A-514,828); U.S. Application Serial No. 876,268, filed May 1, 1992, (EP-A-
520,732) and U.S. Application Serial No. 08/008,003, filed January 21, 1993,
as well as U.S. Patents: 5,055,438, 5,057,475, 5,096,867, 5,064,802 and
5,132,380, all of which are incorporated herein by reference.

-14-

This Sheet Has Been Reﬁlaced

AW




wher ei n: R each occurrence is independently selected from hydrogen,

hydr ocar bygvegosidey! , gernyl, hal o, cyano, and conbi nackegsndsiier eof, said R

having up to 20 nonhydrogen atonms, and optionally, two R groups (where R

I's not hydrogen, halo or cyano) together forma dival ent derivative thereof
connected to adjacent positions of the cyclopentadienyl ring to forma

fused ring structure; Yis -O, -S, -NR-, -PR*-;
Suitable provided metal complexes for use herein correspond to the
formula:
. . . A
/
- L \(
N4
N\
(X)q X4

or dimers thereof, '
wherein:

M is a Group 4 metal in the +3 or +4 formal oxidation state, preferably M
is titanium or zirconium, most preferably titanium;

L is a group containing a cyclic, delocalized, aromatic, anionic, IT
system through which the L group is bound to M, and which L group is also
bound to Z, said L group containing up to 60 nonhydrogen atoms;

Z is a moiety covalently bound to both L and Y, comprising boron, or a
member of Group 14 of the Periodic Table of the Elements, said moiety having
up to 60 non-hydrogen atoms;

Y is a moiety comprising nitrogen, phosphorus, sulfur or oxygen through
which Y is covalently bound to both Z and M, said moiety having up to 25
nonhydrogen atoms; :

X' independently each occurrence is a Lewis base containing up to 40
nonhydrogen atoms;

X independently each occurrence is a monovalent anionic moiety
having up to 20 non-hydrogen atoms, provided however that neither X is an
aromatic group that is Il-bonded to M, optionally, two X groups may be
covalently bound together forming a divalent dianionic moiety having both
valences bound to M, or further optionally one or more X and one X' group may
be bonded together thereby forming a moiety that is both covalently bound to
M and coordinated thereto by means of Lewis base functionality; '

q is a number from O to 1; and

n is 1 or 2 depending on the formal oxidation state of M.

In one embodiment of this invention, the complexes can be prepared by
contacting a precursor Group 4 metal compound containing 2 displaceable
ligand groups with a source of a dianionic ligand, (L-Z-Y)2-, and optionally, if
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4b Zis SiR[err], CR*[err], SiR*[err]SiR*[err], CR[e
CR*=CR*, Ghdsmioa] Si R*[err] or GeR*[err]; wherein: pcrussanedst each

occurrence i s |ndependently hydrogen or a nenber sel ected from hydrocarbyl,
silyl, hal ogenated al kyl, halogenated aryl, and conbi nations thereof, said

R* haV| ng u
(when R* i s BRR
Mis titani

p to 20 nonh dr en %nd ogtlonal[ﬁ/ two R*
und s e Toigeal st sie W e cRmieed,
@ﬁmehexmd itherresylfing wemnlswr if m REgGuEsat sompoundisdn a a

rr]CR*[err],

gr oups. from Z
ng system
nd Xis

chl or o, hydhighar fosnial oXigation stateliydndiney destred yompiex, Mdbbmb thb kasuming no substituted

hydr ocar byl
cocat al yst
ot her than

forming conmS¥EM é’se ‘é’ﬁ?fm

free of ads

cBhBtER; nis 1or 2; and B. an act

sel ec,s.,gqe,fgcs? k{% Bdbert 0 %oeﬂt%a h it 8 brolisba REHERE

aI uno
?‘,'°fa‘—‘ “"WWFH NS uppor t
gempisingat er and surface hydroxyl groups.

A) 1) one or more of the above metal complexes or the reaction product of
the above describad process, and o

2) one or more activating cocatalysts;
or o
B) the reaction product formed by converting one or more of the above
metal complexes or the reaction product of the above described process to an
active catalyst by use of an activating technique.

By the term “divalent derivatives® is meant that L is bonded to both Z
and M. Suitable inert substituents on L include hydrogen, hydrocarbyl, '
halocarbyl, halohydrocarbyl, silyl, germyl, halo, amino, phosphino, cyano,
hydrocarbyloxy, siloxy and combinations thereof, each of said inert
substituents having up to 20 nonhydrogen atoms, or optionally, two or more
such substituents (except hydrogen, cyano or halo) together form a ring
structure, particularly a fused ring structure. Desirably, such L groups contain
up to 50 non-hydrogen atoms. Cyclopentadienyl, indenyl, fluorenyl,
tetrahydroindenyl, tetrahydrofluorenyl, and octahydrofluorenyl and the
faregoing inertly substituted derivatives thereof are specifically | mcluded wrthm
the above definition of L groups.

Preferred examples of X groups include: hydrocarbyl, carboxylate,
sulfonate, hydrocarbyloxy, siloxy, amido, phosphido, sulfido, and silyl groups;
as well as halo-, amino-, hydrocarbyloxy-, siloxy-, silyl-, and phosphino-
substituted derivatives of such hydrocarbyl, carboxylate, sulfonate,
hydrocarbyloxy, siloxy, amide, phosphido, sulfido, or silyl groups; hydride,
halide and cyanide, said X group having up to 20 nonhydrogen atoms; or
alternatively, two X groups together are a hydrocarbadiyl, or a substituted
hydrocarbadiyl group wherein the substituent is independently each
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Still another aspect of this invention is a process for in situ blending of
pol ymers Gag¥seheat Ng continuously contacting, under polnss®ioszati on
conditions, a mxture of et hyl ene and at | east one or nore [err]-olefin or
diolefin in at least two fluidized bed reactors connected in series, with a
catalyst with the polynerization conditions being such that an et hyI ene
copol yner hmtngmaeﬁhWWTtSIWlGMROT%U‘P@PﬂE@YIdWQma‘P@&sﬁa“‘bne reactor and
an et hyl ene grapdbnningya metaliacyele praferebly ewictaliacydiopenitenef witthdd i n at | east one
ot her reactor vviththe provisos t hat : - (a) in a reactor in which

the lower nelt i Ra‘al)é’ JBlips' ate Hﬁfﬂi@e hydrocarby (lnclu g (1) said
| oI '% 5'}

al pha-ol efin qr n is sent
t o![D al nol es 3‘3 gﬁ' cag?ygoxa.i &y 8? Isﬁyl @i’hyﬁﬁcgma]f M%P@"}?et Oaﬁgom o
REPL ACENVENT aadjgmin obenzyl Especially sulted are hydride, chloride, methy|, neopenty )
benzyl, phenyl, dimethylamido, 2-(N,N-dimethylamino)benzyl, allyl, methyl-
substituted ally! (all isomers), pentadienyl, 2-methylpentadienyl, 3-
methyipentadienyl, 2,4-dimethylpentadienyl, 6,6-dimethyicyclohexadienyl, and
trimethylsilylmethyl. More preferred of two X groups together are 2-butene-
1,4-diyl, 2,3-dimethyl-1,4-diyl, 2-methyl-2-butene-1,4-diyl, butane-1,4-diyl,

propans-1,3-diyl, pentane-1,5-diyl, and 2-pentene-1,5-diyl.

Preferred X' groups include phosphines, phosphites, ethers, amines,
carbon monoxide, salts of Group 1 or 2 metals, and mixtures of the foregoing
X' groups. Examples of the foregoing especially include trimethylphosphine,
tristhyiphosphine, trifluorophosphine, triphenyiphosphine, bis-1,2-
(dimethylphosphino)ethane, trimethylphosphite, triethylphosphite,
dimethylphenylphosphite, tetrahydrofuran, diethyl ether, carbon monoxide,
pyridine, bipyridine, tetramethylethylenediamine (TMEDA), dimethoxyeth‘ane
(DME), dioxane, tristhylamine, lithium chloride, and magnesium chioride.

- Further preferred metal coordination complexes used according to the
present invention correspond to the formula: )

Z—Y

//

Cp—M—&h
wherein Z, M, Y, X and n are preyiously defined; and

Cp is a CsH4 group bound to Z and bound in an 15 bonding mode to M
or Is such an 115 bound group substituted with from one to four substituents
independently selected from hydrocarbyl, silyl, germyl, halo, cyano, and
combinations thereof, said substituent having up to 20 nonhydrogen atoms,
and optionally, two such substituents (except cyano or halo) together cause Cp
to have a fused ring structure.
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(2) hydrogen-is present in a ratio of about O to about 0.3 nole of hydrogen

per ol e @fodsehiaxl ene; (b) in a reactor in whi cerhik@hgs el t i1 ndex
copol yner is made: (1) said alpha-olefin or diolefin is present in

a ratio of about 0.005 to about 3.0 total noles of al pha-olefin and
diolefin per nole of ethylene; and :

More preferred métal coordination complexes used according to the
present invention correspond to the formula:

R

Iy

R M,
)

R' R '

wherein:

R’ each occurrence is independently selected from hydrogen,
hydrocarbyl, silyl, germyl, halo, cyano, and combinations thereof, said R’
having up to 20 nonhydrogen atoms, and optionally, two R’ groups (where R’ is
not hydrogen, halo or cyano) together form a divalent derivative thereof
connected to adjacent positions of the cyclopentadieny! ring to form a fused
ring structure;

Y is -O-, -S-, -NR*-, -PR*-;

_ Z is SiR*p, CR"g, SiR*2SIR*s, CR*2CR*p, CR*=CR*, CR*5SiR*p, or
GeR"p; wherein:

R* each occurrence is independently hydrogen, or a member selected
from hydrocarbyl, silyl, halogenated alkyl, halogenated aryl, and combinations
thereof, said R* having up to 20 non-hydrogen atoms, and optionally, two R*
groups from Z (when R* is not hydrogen), or an R* group from Z and an R*
group from Y form a ring system.

M is titanium or zirconium in the +3 or +4 formal oxidation state; and

X is chloro, hydrocarbyl, hydrocarbyloxy, silyl or
N, N-dialkylamino substituted hydrocarbyl group;

nistor2.

Preferably, R' independently each occurrence is hydrogen, hydrocarbyl,
silyl, halo and combinations thereof said R’ having up to 10 nonhydrogen
atoms, or two R’ groups (when R' is not hydrogen or halo) together form a
divalent derivative thereof; most preferably, R' is hydrogen, methyl, ethyl,
prbpyl, butyl, pentyl, hexyl, (including where appropriate all isomers),
cyclopentyl, cyclohexyl, norbornyl, benzyl, or phenyl or two R' groups (except
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(2) hydrogen is present in a ratio of about 0.05 to about 2 noles of

hydr ogen Q’?(;”%Iaze of ethyl ene, (c) the mxture pfrgadmtyst and et hyl ene
copol ynmer ‘formne in one reactor in the series is transferred to an
i mmedi at el y succeedi ng reactor in the series. (d) the catal yst system

conprises a constrained geonetry catal yst and optlonal | y, another catal yst.
(e) catal ysthytmgerba rap) aeriinkddtogattibedhe entiemCiR'y geovip thereby belng, seri es),

provi ded t hap, éiéﬁna Yéﬁmde?rylaféd@@dfdihdahyl|fﬁa|%hylltbﬁaﬁyufoﬂborémcﬁr0r in the

seri es; octah %nglt aspect of this invention is the process for in
situ bI endi ng Y pol1 r's (?orrprl sing continuously contacting, under

poI ymeri zation conditions, a mxture of ethylene and at |east one
[err]-olefin andFustheq prsfasably, af lgast png @&P’BV\B &n eleciron donating

moiety. By the term "electron donating” is meant that the moiety is more
electron donating than hydrogen. Thus, highly preferably Y is a nitrogen or
phosphorus containing group corresponding to the formula -N{R")- or -P(R")-,
wherein R* is C{.12 hydrocarbyl.

Most highly preferred metal coordination complexes are amidosilane- or
amidoalkanediyl- compounds ¢orresponding to the formula:

(ER 2)m\

R M/
“¥n

Rl

wheérein:

R' is independently each occurence selected from hydrogen, silyl,
hydrocarbyl and combinations thereof, said R’ having up to 10-carbon or
silicon atoms, or two such R' groups on the substituted cyclopentadieny! group
(when R' is not hydrogen) together form a divalent derivative thereof
connected to adjacent positions of cyclopentadienyl ring;

E is Independently each occurrence silicon or carbon.

R™ is independently each occurrence hydrogen or C4.1¢ hydrocarbyl;

R* is hydrocarby! or silyl, especially an aryl, benzyl, hydrocarby! '
substituted aryl, hydrocarbyl substituted benzyl, secondary or tertiary alkyl or
tertiary silyl group of up to 12 nonhydrogen atoms;

M is titanium in the +3 or +4 formal oxidation state;

mis1to2;

nis 1or2;

X is methyl, allyl, phenyl, benzyl, chloro, 2-(N,N-dimethylamino)benzyl
or trimethylsilyimethyl.

Examples of the metal complexes used according to the present
invention include compounds wherein R" is methyl, ethyl, propyl, butyl, pentyl,
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fluidized bed reactors connected in parallel,
pol ynmey i zata mp7eeondi ti ons bei ng such that an et hyl erermsegoedzy ner

hi gher nelt

with the pr
copol ymer
inaratio

havi

index is formed in at | east one reactor and an ethyl ene
copolynmer having a lower nelt index is formed in at |east.one other

wer

mel t

with a catalyst with the

ng a

reactor -

i ndex

" 6o GRSy i 'S°me§3q)"g° ff@ggﬁiﬁﬁéfsfs#wcﬁg@hév%ﬁw%% oS prooont

Geroenyl, berzyl o RGN,

di ol efin.pe rcyelio|delopdlized afym@tﬁre,amw-bonded group is cyclopentadienyl,

tetramethylcyclopentadienyl, indenyl, tetrahydroindenyl, fluorenyl,
tetrahydrofluorenyl or octahydrofluorenyi.

Specific highly preferred compounds include: 1-(tert-butylamido)-2-
(tetramethyl-nS-cyclopentadienyl),ethanediyltitanium dimethyl, 1-(teri-
butylamido)-2-(tetramethyl-fn5- cyclopentadienyl),ethanediyltitanium dibenzyl,
1-(tert- butylamido)-2-(tetramethyl-nS- cyciopentadienyl)dimethylsilanetitanium
dimethyl, 1-(tert- butylamido)-2-(tetramethyl-nS-
cyclopentadienyl)dimethylisilanetitanium dibenzyl, (methylamido)(tetramethyl-n

5. cyclopentadienyl)dimethyisilanetitanium dimethyl, {methylamido){tetra-

methyl-n3- cyclopentadienyl)dimethylsilanetitanium dibenzyl,
(phehylamido)(tetramethyl-'r\5- cyclopentadienyl)dimethylsilanetitanium
dimethyl, (phenylamido)(tetramethyl-n5- cyclopentadienyl)dimethylsitane-
titanium dibenzyl, (benzylamido){tetramethyl-n5- cyclopentadienyl)dimethyl-
silanetitanium dimethyl, (benzylamido)(tetramethyln5- cyclopenta-
dienyl)dimethylsilanstitanium dibenzyl, (tert- butylamido)(n5-cyclopentadienyl)-

' 1,2-ethanediyltitanium dimethyl, (tert-butylamido)(n5-cyclopentadienyl)-1,2-

ethanediyltitanium dibenzyl, (tert-butylamido)(n5- cyclopentadienyl)-
dimethylsilanetitanium dimethyl, (tert- butylamido)(n5- '
cyclopentadienyl)dimethylsilanetitanium dibenzyl, (methylamido)(n5-
cyclopentadienyl)dimethylsifanetitanium dimethyl, (t-butylamido)(n5s-
cyclopentadienyl)dimethylsilanetitanium dibenzyl, (t-
butylamido)indenyidimethylsilanetitanium dimethyl, (t-
butylamido)indenyldimethylsilanetitanium dibenzyl,
(benzylamido)indenyldimethylsilanetitanium dibenzyl, (t-
butylamido)(tetramethyl-n5-cyclopentadienyl)dimethylsilaneti_tanium (1) aliyt,
(t-butylamido)(tetramethyl-n5-cyclopemadienyt)dimethylsilanetitanium

(il1) 2,4-dimethylpentadienyl,

(t-cyclododecylamido)(tetramethyl-nS-
cyclopentadienyl)dimethylsilanetitanium (m) 2-(N,N-dimethylamino)-benzyl,
(t-butylamido){tetramethyi-n5-

cyclopentadienyl)dimethylsilanetitanium (lIl) 2~(N,N-

dimethylamino)benzyl,
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6 (2) hydrogen is present in a ratio of about 0 to about 0.3 nole of

hydr ogen WS4t e of et hyl ene; “(b) in a reactor PFHUSMI%R hi gher nelt

i ndex copol ynmer is made: (1) said alpha-olefin or diolefinis
present i.n a ratio of about 0.005 to about 3.0 total noles of alpha-olefin
and di ol ef iy04.B amb ggt,ﬂgw,_ﬁﬂe and (2) hydrogen is present in a
rati o of abo @m (I)s @;1 d)/ o) en@g Ie of ethyl ene,

(c) the cat E¥ §rgxgg Q% Ndgmg ?ﬁﬁ'ry catal yst and

opti onal.ly, 1-(8 gylﬁ@ yhethanediyltitanium dimethyl,
-(t-bmylamldo)-z-(n -mdenyl)ethanedlyltltamum dibenzyl,

(t-butylamido)(nS-tetrahydroindenyl)dimethylsilanetitanium dimethyl,
(t-butylamido)(nS-tetrahydroindenyl)dimethyisilanetitanium diphenyl,
1-{t-butylamido)-2-(n5-tetrahydroindenyl)sthanediyititanium dimsthyl,
1-(t-butylamido)-2-(nS-tetrahydroindenyl)ethanediyititanium dibenzyl,
(t-butylamido)(nS-flucrenyl)dimethylsilanetitanium dimethyl,
(t-butylamido)(mS-fluorenyl)dimethylsilanetitanium dibenzyl,
1-{t-butylamido)-2-{nS-fluorenyi)ethanediyltitanium dimethyl,
1-(t-butylamido)-2-S-flucrenyl)ethanediyltitanium dibenzyl,.
(t-butylamido)(n3-tetrahydrofiuorenyl)dimethylsilanetitanium dimethyl,
(t-butylamido)(nd-tetrahydrofluorenyl)dimethylsilanetitanium dibenzyi,
1-(t-butylamido)-2-(n5-tetrahydrofluorenyl)ethanediyititanium dimethyl,
1-(t-butylamido)-2-(nS-tetrahydrofiucrenyl)ethanediyltitanium dibenzyl
(t-butylamido)(n5-octahydrofiuorenyl)dimethylsilanetitanium dimethyl
(t-butylamido)(n5-octahydrofluorenyl)dimethylsilanetitanium dibenzyl,
1-(t-butylamido)-2-(n§-octahydroﬂuorenyl)ethanediyltitanium dimethyl,
1-{t-butylamido)-2-(nS-octahydrofluorenyl)ethanediyttitanium dibenzyl,
and the corresponding zirconium or hafnium coordination complexes.

The skilled artisan will recognize that additional members of the
- foregoing list will include the corresponding zirconium or hafnium containing
derivatives, as well as complexes that are variously substituted as herein’

defined.

Most highly preferred metal complexes used according to the present
invention are (1-tert-butylamido)-2-(tetramethyl-nS-
cyclopentadienyl)ethanediyltitanium dimethyl, 1-(tert-butylamido)-2-(tetra-
methyl-nS- cyclopentadienyl)ethanediyltitanium dibenzy!, 1-(tert- butylamido)-
2-(tetramethyl-nS- cyclopentadienyl)dimethylsilanetitanium dimethyl, 1-(tert-
butylamido)-z-(tetramethyl—ns- cyclopentadienyl)dimethylsilanetitanium
dibenzyl,
(t-butylamido)(tetramethyl-n5-cyclopentadienyl)dimethylsilanetitanium.
(t-butylamido)(tetramethyl-ns-cyclopentadienyl)dimethylsilanetitanium,
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In all enbodi nents of the invention, the constrained geonetry catalyst is
used in a t_ one of the reactors. An advanta f this
|nvent|on%ré9%@%a% at | east one constrai ned geonetry gé'fséﬁg%s can be used
alone or in conjunction with at |east one other catalyst in reactors
operated in series or parallel. Yet anot her advantage is that due to

the ability Bf- bsnypmm -Pteizamsityl-aPcodopgaateay)gthanddiititardism,t 0 i ncor por at e
efficiently (-prgah -t@tr&ﬂyamfdeﬁw)amngisﬁdeﬂtaﬁieﬂmmwxS into a polyner, the

range of coap ro E d fiuin ih onventional gas phase
reactor wt o(u'tH%E @%‘hreccé’ estr |s dramatically
i ncr eased. utyl ‘tft’%ﬁygﬁmd%x' plhapgdyfitanjum dimethyh r uct ur al

characteri st(t-blsylam‘d@)(ﬂ tamwumﬂmrenyadnmemyenmmsmm dgimyl pol ymeri zed LLDPE

copol yner, gtbutgrhido)aSaterdhydrofiiagényf)dismthyisianbiitasiur abeast, LDPE, a

honogeneous|qyBipamidefe-tiSaefdhydrofiuorenylethanediyltitanium dimethyl,
1-(t-butylamIdo)-?.-(n5-tetrahydrofluofenyl)ethanediyltitanium benzyl
(t-butylamido)(nS-octahydrofluorenyl)dimethylsilanetitanium dimethyl
(t-butylamido)(nS-octahydroftuorenyl)dimethylsilanetitanium dibenzyl,
1-(t-butylamido)-2-(n3-octahydrofluorenyl)ethanediyititanium dimethyl,
1-{t-butylamido)-2-(nS-octahydrofluorenyl)ethanediyltitanium dibenzyl,

‘The metal complexes used in this invention are rendered catalytically
active by combination with an activating cocatalyst or by use of an activating
technique. Suitable activating cocatalysts for use herein include neutral Lewis
acids other than an alumoxane, such as C1-30 hydrocarbyl substituted Group
13 compounds, especiaily tri(hydrocarbyl)aluminum- or tri(hydrocarbyl)boron
.compounds and halogenated (including perhalogenated) derivatives thereof,
having from 1 to 10 carbons in each hydrocarbyl or halogenated hydrocarbyl
gfoup, more especially perfluorinated tri(aryl)boron compounds, and most
especially tris(pentafluorophenyl}borane; nonpolymeric, compatible,
noncoordinating, ion forming compounds (including the use of such
compounds under oxidizing conditions), especially the use of ammonium-,
phosphonium-, oxonium-, carbonium-, silylium- or suffonium- salts of
compatible, noncoordinating anions, or ferrocenium salts of compatible,
noncoordinating anions; bulk electrolysis (explained in more detail hereinafter);
and combinations of the foregoing activating cocatalysts and techniques. The
foregoing activating cocatalysts and activaﬁng techniques have been
previously taught with respect to different metal complexes in the following
refarences: EP-A-277,003, US-A-5,153,157, US-A-5,064,802, EP-A-468,651
(equivalent to U. S. Serial No. 07/547,718), EP-A-520,732 (equivalent to U. S.
Serial No. 07/876,288), and EP-A-520,732 (equivalent to U. S. Serial Nos.
07/884,966 filed May 1, 1992), the teachings of which are hereby incorporated

by reference.
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copol yrer,

and a substantially linear ethyl ene al pha ol efin copol yner.

Et hyl epe Qﬂpgg)o;)%ers All reference to the Per%%sgﬂ | e of the
' e

El ements herein shall refer to the Periodic Table o

enents,

The

publ i shed and copyrighted by CRC Press, Inc., 1989. Also, any reference to
a Goup or Goups shall be to the G oup or

7

- Combinations of neutral Lewis acids, especially the combination of a
trialkyl aluminum compound having from 1 to 4 carbons in each alkyl group
and a halogenated tri(hydrocarbyl)boron compound having from 1 to 10
carbons in each hydrocarbyl group, especially tris(pentafiuorophenyl)borane,
and combinations of neutral Lewis aéids, especially
tris(pentafluorophenylf)borane, with nonpolymeric, compatible noncoordinating
lon-forming compounds are especially desirable activating cocatalysts.

Suitable ion forming compounds useful as cocatalysts in one
embodiment of the present invention comprise a cation which is a Bronsted
acid capable of donating a proton, and a compatible, noncoordihating anion,
A". As used herein, the term “noncoordinating” means an anion or substance
which either does not coordinate to the Group 4 metal containing precursor
complex and the catalytic derivative derived therefrom, or which is only weakly
coordinated to such complexes thereby remaining sufficiently labile to be
displaced by a neutral Lewis base. A noncoordinating anion specifically refers
to an anion which when functioning as a charge balancing anion in a cationic
metal complex does not transfer an anionic substituent or fragment thereof to
said cation thereby forming neutral complexes. “Compatible anions” are
anions which are not degraded to neutrality when the initially formed complex
decomposes and are noninterfering with desired subsequent polymerization or
other uses of the complex.

Preferred anions are those containing a single coordination complex
comprising a charge-bearing metal or metalloid core which anion is capable of
balancing the charge of the active catalyst species (the metal cation) which
may be formed when the two components are combined. Also, said anion
should be sufficiently labile to be displaced by olefinic, diolefinic and
acetylenically unsaturated compounds or other neutral Lewis bases such as
ethers or nitriles. Suitable metals include, but are not limited to, aluminum,
gold and platinum. Suitable metalioids include, but are not limited to, boron,
phosphorus, and silicon. Compounds containing anions which comprise
coordination complexes containing a single metal or metalloid atom are, of
course, well known and many, particularly such compounds containing a single
boron atom in the anion portion, are available commercialty.
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G oups as reflected in this Periodic Table of the Elenents using the | UPAC
syst em.f or wa4gheh Ng G oups. The copol yner s pphigsdandgy be prepared
in the process of the present invention are copolyners of a major nol
percent ([err]80% of ethylene, and a minor nol percent ([err]20% of one
or nore al pha olefins or diolefins. The polynmers of the present invention
can be honopol ynErefergply syghyroesialysss manks repiesenied bxthefollewiggrer s of et hyl ene
with at | easgereratfotheler ] - C(err] al pha-olefin and/or CJerr]-Cerr] diolefin.’
The polyners of the present i nvention can al so be i nterpol yners of ethyl ene

with at least one (Jerr]-Cerr] %pm&efln Clerr]-Clerr] diolefin-and/or

ot her ethylenically unsaturated Mononers useful ly
pol ymeri zed according to the present invention include, for exanple,
et hyl eni cal | wheraigat ur at ed nononers, conjugated or nonconj ugated di enes,
pol yenes, etc. PLekamsoghlowisbases i ncl ude the Clerr]-Clerr] :
[L*-H]* is a Bronsted acid;
A9 is a noncoordinating, compatible anion having a charge of d*, and
dis an integer from 1 to 3.
More preferably AS- corresponds to the formula: [M'+Qp,']d- wherein:
k is an integer from 1 to 3;
n’ is an integer from 2 to 6;
n'k=d;
M' is an element selected from Group 13 of the Periodic Table of the
Elements; and
Q independently each occurrence is selected from hydride,
dialkylamido, halide, hydrocarbyl, hydrocarbyloxy, halosubstituted-hydrocarbyl,
halosubstituted hydrocarbyloxy, and halo substituted silylhydrocarbyl radicals
(including perhalogenated hydrocarbyl- perhalogenated hydrocarbyloxy- and
perhalogenated silylhydrocarbyl radicals), said Q having up to 20 carbons with
the proviso that in not more than one occurrence is Q halide. Examples of
suitable hydrocarbyloxide Q groups are disclosed in U. S. Patent 5,296,433,
the teachings of which are herein incorporated by reference.

in 2 more preferred embodiment, d is one, i. e., the counterion has a
single negative charge and is A". Activating cocatalysts comprising boron
which are particularly useful in the preparation of catalysts of this invention
may be represented by the following general formula: [L*-H]* [BQ4]
wherein:

_ [L*HJ* is as previously defined;

B is boron in a valence state of 3; and

Q is a hydrocarbyl-, hydrocarbyloxy-, fluorinated hydrocarbyl-,
tiuorinated hydrocarbyloxy-, or fluorinated silylhydrocarbyl- group of up to 20
nonhydrogsn atoms, with the proviso that in not more than one occasion is Q
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[err]-ol efins especially ethylene, propene, isobutylene, 1-butene,

1- hexene, whoso®ihyl - 1- pent ene, and 1-octene. O her prmafsesmw@d nononer s

i ncl ude styrene, halo- or alkyl substituted styrenes, tetrafl uoroethylene,
vi nyl benzocycl obut ene, 1, 4- hexadi ene, 1, 5-hexadi ene, 1, 7-octadi ene,

4-vinyl cycl ohexene, and V|nylcyclohexane 2, 5- norbonadlene
et hyl | denendwerepaiylc Mot praferably. £ is@aeh ocpurrence arfiuatinatasary! grovp. but adiene,

i sopr ene andspeqiy.recpentafiugrephgny! geoupl opent ene, cycl ohexene and cycl ooct ene) .’
Thr oughout this disclosure, "nelt |ndex" or "I2" is measured in accordance

w-th ASTM D- 1238y &i’%%‘&h&/"%“ﬂ’%gﬁ%ﬁ !ﬁ,rn;,J codpghooqﬁ&%f n accordance

ST D Ll ol 8 o e

| [err]/I[er Pf‘“é'ﬂ'%‘(?" CHEREESE s’“W‘H‘F"ﬂ‘H@”’Ets SURRA%r et hyl ene/[err]-ol efin or
“di ene subst arimeﬂaularymmrmwrameaylmtpomgthﬁammpman tegmphenyibowate by this
i nvention, thpeopylanigniui tetraphengbordie, | ncr eased wi t hout increasing Mv MVh. The
nelt i ndex kh- h@@an@:ﬁdiﬁ(drﬁ&&aﬂ{enﬂ%‘r&tbene/ [err]-olefin substantially |inear
olefin pol ywa{ SutyiafthdAtkthphnyiionas, al | v

N,N-dimethylanilinium tetraphenyiborate,

N,N-diethylanilinium tetraphenylborate,

N,N-dimethyl-2,4,6-trimethyianilinium tetraphenylborate, trimethylammonium

tetrakis{pentafluorophenyl) borate,

triethylammonium tetrakis(pentafiuorophenyl) borate,

tnpropylammonlum tetrakis{pentafiuorophenyl) borate,

tn(n-butyl)ammomum tetrakis(pentafluorophenyl) borate, tri(sec-

butyl)ammonium tetrakis(pentafluorophenyl) borate,

N,N-dimethylanilinium tetrakis(pentafluorophenyl) borate,

N,N-dimethylanilinium n-butyitris(pentafluorophenyl) borate,

N,N-dimethylanilinium benzyitris(pentafluorophenyl) borate,

N,N-dimethylanilinium tetrakis(4-(trimethylsilyl)-2, 3, 5, 6-tetrafluorophenyf)

borate, N,N-dimethylanilinium tetrakis(4-(triisopropylsilyl)-2, 3, 5, 6-

tetrafiuorophenyi) borate, N,N-dimethyianilinium

pentafluorophenoxytris(pentafiuorophenyl) borate,

N,N-diethylanilinium tetrakis(pentafluorophenyl) borate, N,N-dimethyl-2,4,6-

trimethylanilinium tetrakis(pentafluorophenyl) borate, )

trimethylammonium tetrakis(2,3,4,6-tetraflucrophenyl)borate,

triethylammonium teétrakis(2,3,4,6-tetrafluorophenyl) borate,

tripropylammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate,

tri(n-butyl)ammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate,

dimethyl(t-butyl}ammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate,

N,N-dimethylanilinium tetrakis(2,3,4,6-tetrafluorophenyl) borate,

N,N-diethylanilinium tetrakis(2,3,4,6-tetraflucrophenyl) borate, and

N,N-dimethyl-2,4,6-trimethylanilinium tetrakis(2,3,4,6-tetrafluorophenyl) borate;

dialkyl ammonium salts such as:
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from about 0.01 grans/10 mnutes (g/10 mn) to about 1000 g/ 10m n,
pr ef er abl wob&memabout 0.01 g/ 10mi n to about 1009/ 1@chosanmnd especial ly -
fromabout 0.01 g/10 min to about 10 g/ 10 mn.

8 The copol yners have a I[err]/I[err] melt flow ratio of about

err] 6 to ref er f re] 7 rr] 14.
[ ] él-(r-prlwpyl)amm%mum tgraﬁls&:er?tgﬂuorgpher?y%%%gati %nd] to[e _]

. dicyclohexylammonium tetrakis(pentafluorophenyl) borate;
tri-substituted phosphonium salts such as:
triphenylphosphonium tetrakis(pentafiuorophenyl) borate,
trio-tolyl)phosphonium tetrakis(pentafluorophenyl) borate, and
tri(2,6-dimethylphenyl)phosphonium tetrakis(pentafluorophenyl) borate;
di-substituted oxonium salts such as:
diphenyloxonium tetrakis(pentafiuorophenyl) borate,
di(o-tolyl)oxonium tetrakis(pentafiuorophenyl) borate, and
di(2,6-dimethylphenyl)oxonium tetrakis(pentafluorophenyl) borate;
di-substituted sulfonium salts such as:
diphenylsulfonium tstrakis(pentafiuorophenyl) borate,
di(o-tolyl)sulfonium tetrakis(pentaftuorophenyl) borate, and
di(2,6-dimethylphenyl)sulfonium tetrakis(pentafluorophenyl) borate.

Preferred [L'-'H]+ cations are N,N-dimethylanilinium and
tributylammonium.

Another suitable ion forming, activating cocatalyst comprises a salt of a
cationic oxidizing agent and a noncoordinating, compatible anion represented
by the formula:

(Oxe4)g(AH)g

wherein:
OxE+ is a cationic oxidizing agent having a charge of et;
e is an integer from 1 to 3; and
Ad- and d are as previously defined.

Examples of cationic oxidizing agents inciude: ferrocenium, hydrocarbyl-
substituted ferrocenium, Ag*, or Pb+2, Preferred embodiments of Ad-are

those anions previously defined with respect to the Bronsted acid containing
activating cocatalysts, especially tetrakis(pentafluorophenyl)borate.
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The whol e interpol yner product sanples and the individual interpolyner
sanpl es arﬁ %ﬂﬁ zed by gel perneation chronatograp kﬁg&k on a Waters
150C hi gh tenperature chronmat ographic unit equi pped Wit fee ni xed
porosity bed colums (avail able from Pol yner Laboratories), operating at a
systen1tenperature of 140C. The solvent is 1,2,4-trichl orobenzene, from-

whi ch 0. perCeWnoﬂﬂ!rMbEl@fonWﬂniﬁb]ﬁﬁ%fﬂbc@é&&b&ﬁéﬂ%ﬁﬁe@&e pr epar ed- f or
i nj ection.  The ulpJuhewcﬁtseagaﬁoi%Qarﬂér}&rht s nBhalai] he [ ection <i ze

—

is 200 mcrolite t% 16 teﬁ ’ ar wei ght m nation is deduced
by using nar 0 AUR8 AERT MresREPE RY 18 Bhut i on pol ystyrene standards (from
Pol ymer Laboratories) in conjunction with their elution volunes. The

equi val ent  pol yet hyl ene nol ecul ar ®Ayhts are determ ned by using
appropriate Mark- Houw nk coefficients for polyethylene and pol ystyrene
‘(as descri bed,hg, WIlliams and Word in Journal of Polymer Science, Polyner

Letters, Vol. Q?g&.go%gr%enihxﬂ‘fo%rg&( ated herein by reference) to derive

t he fol I OW n e at
g q Lr}\ is as prewously defined. A preferred carbenium ion is the trityl
cation, L.e., tnphenylmethy_luum.

A further suitable ion forming, activating cocatalyst comprises a
compound which is a saltof & silylium ion and a noncoordinating, compatible
anion represented by the formuta:

RaSi(X)g*A"

wherein:

Ris C4.10 hydrocarbyl, and X', q and A~ are as previously defined.

Preferred silylium salt activating cocatalysts are trimethylisilylium
tetrakis(pentafluorophenyf)borate, '
triethylsilylium(tetrakispentatfluoro)phenylborate and ether substituted adducts
thereof. Silylium salts have been previously generically disclosed in J. Chem
‘Soc. Chem.Comm., 1893, 383-384, as well as Lamben, J. B., et al.,
Organometallics, 1994, 13, 2430-2443. The use of the above silylium salts as
activating cocatalysts for addition polymerization catalysts is claimed in United
States Patent Application entitled, Silylium Cationic Polymerization Activators
For Metallocene Complexes, filed in the names of David Neithamer, David
Devore, Robert LaPointe and Robert Mussell on September 12, 1994.

Certain complexes of alcohols, mercaptans, silanols, and oximes with
tris(pentafluorophenyl)borane are also effective catalyst activators and may be
used according to the present invention. Such cocatalysts are disclosed in
USP 5,206,433, the teachings of which are herein incorporated by reference.
Preferred complexes include phenol, especially fluorinated phenol adducts of
tris(pentafluorophenyl)borane. The latter cocatalysts are disclosed and
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Mool yet hyl ene = a*( Mool ystyrene)[err]. In this equation, a = 0.4316 and b
= 1. 0. ,\\éi viobsevaer age nol ecul ar weight, Merr], is carossiagad in the usual

manner according to the following formula: Merr]=[err]wWerr]Merr], where
werr] and Merr] are the weight fraction and nol ecul ar wei ght,

respectively t,l Iut f colum.

The nol ecul aFl 8@?@2 @%t%’soﬁﬁt?@ﬁp ﬁerr "Iﬁ%e 0"?3}3?Fan?ﬁ§d"°§)hyl ene polyners
of this inveRPYBRMZationAdiuatars For Mela 'H'H%?E?F iBtherngm@fty from about 1.5
to about 2. 6Petendickispenceptamberid#8bout 1.7 to about 2. 3. The
density of the polyners in the present i nventi-on is nmeasured in accordance

with ASTM D 792

0. 969/ cn errh’mgﬁg té"ﬁm Pg'ir(nllebé ’@61 Sﬂ éi‘e'i:t Sérf‘eﬂﬁb L‘?(%hgrg g/ cnB. The

density of t 5}8@’ f’ RIS TR g'o'? 3 qr%s\gg?qur the copolyner, is

primrily regmpaﬂ'eae rolyi.comRAISE 2 FpnqoRktinating, ins@pionhInthe i s copol yneri zed
technique, solvents, supporting electrolytes and electrolytic potentials for the

electrolysis are used such that electrolysis byproducts that would render the
metal complex catalytically inactive are not substantially formed during the
reaction. More particularly, suitable solvents are materials that are: liquids
under the conditions of the electrolysis (generally temperatures from 0 to
100C), capable of dissolving the supporting electrolyte, and inert. “Inert

- solvents” are those that are not reduced or oxidized under the reaction
conditions employed for the electrolysis. It is generally possible in view of the
desired electrolysis reaction to choose a solvent and a supporting electrolyte '
that are unatffected by the electrical potential used for the desired electrolysis.
Preferred solvents include difiuorobenzene (all isomers), dimethoxyethane

. (DME), and mixtures thereof.

The electrolysis may be conducted in a standard electrolytic cell
containing an anode and cathode (also referred to as the working electrode
and counter electrode respectively). Suitable materials of construction for the
cell are glass, plastic, ceramic and glass coated metal. The electrodes are
prepared from inert conductive materials, by which are meant conductive
materials that are unaffected by the reaction mixture or reaction conditions.
Platinum or palladium are preferred inert conductive materials. Normally an
ion permeable membrane such as a fine glass frit separates the cell into
separate compartments, the working electrode compartment and counter
electrode compartiment. The working electrode is immersed in a reaction
medium comprising the metal complex to be activated, solvent, supporting
electrolyte, and any other materials desired for moderating the electrolysis or
stabilizing the resutting complex.’ The counter electrode is immersed in a
mixture of the solvent and supporting electrolyte. The desired voltage may be
determined by theoretical calculations or experimentally by sweeping the cell
using a reference electrode such as a silver electrode immersed in the cell
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with the ethylene. In the absence of the conmononer, the ethylene would

9 honbpowasetiesze Wi th the catal yst of the present jdipgRhien to provide
honmopol ynmers having a density of about >0.95. Thus, the addition of
progressively larger ampbunts of the conpnoners to the copolynmers results up

to a point in a progressive lowering of the density of the copolyner. The
anount of e&aet ’B‘Y‘et%@Wﬂ'ﬁw‘{eépmf]'enblt!m‘crulremcﬂnmtnrtmabsencedmfenes needed to

the desired electrolysis, is also determined. The electrolysis is completed
when the current drops from the desired level to the background. level. In this
manner, complete conversion of the mmal metal complex can be easily
detected.

Suitable supporting electrolytes are salts comprising a catidn anda
- compatible, noncoordinating anion, A~. Preferred supporting electrolytes are
salts coresponding to the formula G+A-; wherein:

G+ is a cation which is nonreactive towards the starting and resulting
complex, and

A" is as previously defined.

Examples of cations, G, include tetrahydrocarbyl substituted
ammonium or phosphonium cations having up to 40 nonhydrogen atoms.
Preferred cations are the tetra-n-butylammonium- and tetrasthylammonium-
cations.

During activation of the complexes of the present invention by bulk
electrolysis the cation of the supporting electrolyte passes to the counter
electrods and A™ migrates to the working electrode to become the anion of the
resutting oxidized product. Either the solvent or the cation of the supporting
electrolyte is reduced at the counter electrode in equal molar quantity with the
amount of oxidized metal complex formed at the working electrode. Preferred '
supporting electrolytes are tetrahydrocarbylammonium salts of
tetrakis{perfivoroaryl) borates having from 1 to 10 carbons in each hydrocarbyl
or peiftucroaryl group, especially tetra-n-butylammonium
tetrakis/pantafiuorophenyl) borate.

A further recently discovered electrochemical technique for generation
of activating cocatalysts is the electrolysis of a disilane compound in the
presence of a source of a noncoordinating compatible anion. This technique is
move fully disclosed and claimed in the previously mentioned United States
Patent application entitled, “Silylium Cationic Polymerization Activators For
Metaliocene Complexes”, filed on September 12, 1994.
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achieve the same result will vary from nononer to nononer, under the sane
reaction qvdledei©ns. Thus to achieve the sanme resul j&yyshdnodee copol yners,
In terms of a given density, at a given nelt index level, |arger nolar
amounts of the different conononers -genefally would be needed in the order
of Jerr]>(err]>err]>err]>err]>Cerr]. The term"linear" as used
herei n means t hathefaeoeing3qtiating tRENAYAS a9d lon ferpingfeg@alyBRgrechai n br anchi ng.
That is, thelgpairgfemably ubed incorakinglion with g trilhysirdsatbid)aliminum oet hyl ene pol yner
have an absangdrodarby)berame vorpotindiaving from 1as 4icamoskiarptte t he traditi onal
l'inear |ow qgagkis @mu}g_et hyl ene polyners or |inear high density ”
pol yet hyl ene “pol yn% S made using Zi egler polynerization processes (e.g.,
USP 4,076, 698 (Anderson et al '.l)) sonetimes cal | ed het erogeneous polynmners.
The term "I i near Theduaiar rafisrof paipsticpeatalyst Rmplpyad Prvferablliranges Berhed
pol yet hyl enel:10:000y6 £00=1, wiorg/prefatablydtom G590t 11, 9mosbpreferdbi feame/ vi nyl  al cohol
copol ymers v 1Al Gn & paruldry prelétfed eftboliim@at df thelif@ngidrithé 0 have numerous
| ong chain QR San el H Binblrafisibih A JarbElEyiRiukhaP! yTers made using

compound having from 1 to 10 carbons in each hydrocarbyl group. Mixtures of

activating cocatalysts may ailso be employed. It is possible to employ these

aluminum compounds for their beneficial ability to scavenge impurities such as

oxygen, water, and aldehydes from the polymerization mixture. Preferred

aluminum compounds include trialkyl aluminum compounds having from 1to 6

carbons in each alkyl group, espscially those wherein the alkyl groups are

methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, pentyl, neopentyl or isopentyl.

The molar ratio of metal complex to aluminum compound is preferably from

1:10,000 to 100:1, more preferably from 1:1000 to 10:1, most preferably from

.1:500 to 1:1. A most preferred activating cocatalyst comprises a strong Lewis

acid, especially tris(pentatluorophenyl)borane.

Upon activation of the metal complexes containing two distinct X
~ groups, utilizing one of the preceding cation forming activating cocatalysts or
activating techniques, there is believed to be formed, without wishing to be
bound by such belief, a cationic metal complex corresponding to the formula:

7—Y

-
| e
-1 5

whersin:

M, L Z Y, X, X n, and qare as previously defined, and

A" is as previously defined and is the noncoordinating anion from the
activating cocatalyst or is formed concurrently by the activating technique.
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branchi ng distribution polynerization processes, sonetines called
honbgeneouse gmbysrer s, includi ng narrow MAD (e.g. abeqo@yiiide using single
site catal ysts. Such unifornmy branched or honbgeneous pol yners incl ude

t hose nade as described in USP 3,645,992 (El ston) and those nade using
so-called single site catalysts in a batch reactor having relatively high
et hyl ene concentrations (as described In U S Patent 5,026,798 (Canich) or
in U S. Patent -5UdiEhgAsBpreiered aeuttpl kawis apissactivating ceeatalvgt.const r ai ned geonetry
cat al ysts i nB@gBglis¢ - sfareioregoial satichiz\niata) coreplexdsisebaliovaddb ol ef i n

concent r at i ORgrekgthd SOME tdriE: XBYC ?-,ﬂﬁ&mkiéaé)&éw&ﬁ&deﬁhwens et al.) or
In EP O 416 815 A2 (Stevens et- aH: ? The uniformy branched/ honmogeneous

pol yners are thoge pol r.s in which the comononer i,s randomy distributed
within a given i ﬁ%ﬁ@ﬁﬁﬁ%&?%%&&?@ﬁ‘ﬁ&%‘gﬁsﬁﬁ'%- _Wﬁ’é#ee,i n _su%st antially
al | of the isrpatairssiruaturebloweYardtis tpRaundgrstosd that. Perigulatidn &8litononer rati o
within that fom,enepmtalystmay betbetfiily shargpobapamated, Theus, theX.grap maysence of | ong
chain retain a partial covalent bond to the metal atom, M.

It is further believed, Without wishing to be bound by such belief, that
Group 4 metal complexes in the +4 oxidation state wherein two X groups
together with the metal M form a metallacycle, uniquely form novel zwitterionic
‘complexes upon activation by combination with the previously mentioned
neutral Lewis acid activating cocatalysts. Such zwitterionic metal complexes
are believed correspond to the formula: '

Z—Y

L—M—X"— A"

wherein: - ,
" M is a Group 4 metal in the +4 oxidation state;

L, Z, Y, are as previously dsfined; _

X** is the divalent remnant formed by ring opening at one of the carbon -
to metal bonds of the metallacycle formed by M and two X groups taken
together; and )

A- is the moiety derived from a neutral Lewis acid activating cocatalyst .
When M and two X groups taken together form a metallacyclopentene it is
believed such zwitterionic complexes preferably correspond to one of the two
equilibrium structures of the formula:

7—Y
||
L— W\CRIR:{_C&/ C@(Besr
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10 branchi ng,

as, for exanple, Exxon Chem cal has taught in their

February

1992 Tappiwdoesiysxg! paper (pp 99-103). The t efusestpat antial ly

| i near” as used neans that the bul k pol yner
wi th about 0.01 |Iong chain branches/ 1000 t ot al

i s substituted, on average,
carbons (including both

backbone and branch carbons) to about 3 | ong chain branches/ 1000 total

car bons.

branches/ 1000 total carbons to about 1 |Iong chain

: RRe
—Y
7] & ear
L— Mt— >>CR3
CRR,

wherein:

M is titanium or zirconium;

L,Z, and Y are as previously defined;

R4, Ro. Rg, R4, Rs, and Rg are independently each occurrence
hydrogen or & hydrocarbyt or silyl group having from 1 to 20 nonhydrogen
atoms;

B is boron in a valence state of 3, and

Q is as previously defined.

Other catalysts which are useful as the catalyst compositions of this
invention, especially compounds containing other Group 4 metals, will, of

‘course, be apparent to those skilled in the art.

ipti i P izati
The Polymerization Reaction

The polymerization reaction is conducted by contacting a gaseous
stream of the monomers, in a gas phase process, such as in the fluid bed
process described below, and substantially in the absence of catalyst poisons
such as moisture, oxygen, CO and CO,, with a catalytically sffective amount
of the activated catalyst composition at a temperature and pressure sufficient
to initiate the polymerization reaction.

in order to achieve the desired density ranges in the polymers it is
necessary to copolymerize enough of the comonomers with ethylene to
achieve a level of up to 20 mol percent of the comonomer in the copolymer.
The amount of comonomer needed to achievs this result will depend on the
particular comonomer(s) employed. -
-32-
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Preferted polyners are substituted with about 0.01 |ong chain



branch/ 1000 total carbons, nore preferably from about 0.05 |Iong chain
branches/ odoiat @l car bons to about 1 | ong chain byanréshdlPO t ot al
carbons, and especially fromabout 0.3 |long chain branches/ 1000 t ot al
carbons to about 1 |ong chain branch/ 1000 total carbons. As used
herei n, the term"backbone" refers to a discrete nolecule, and the term
"polynmer" or "bulk polyner" refers in the conventional sense to the polyner

as forned in a rwdawthe@rouéb&nmhwmhaﬂaea&ﬁo@m ﬁzéw.tarétﬂy@nby l'i near”
pol ynmer, theg,g Jf;&%' )gg,ag,f, a&ﬁ“ﬂ&g Ei %Het h I ong chain

branchi ng suc bulk polymer is

nchi
at | east an 'ﬁg'eip%l éa'lﬂe aggrocﬁtp%g "t?ip‘f'g?{g‘“a*h%ﬁ? ﬂ% JP TBW" Btal carbons.
The term " bifioRee Wr?é?“%ﬁﬁgmt‘?%si?(ﬂ“}yf?éﬁ W?%)hw?“@k%‘?tpéesﬁf‘bm t he
pol ymer i zat iupdenreasdion squilivdum tonditiohe inthd reactat will vary depengiing opdie/ner s, i ncl udes
nol ecul es hasbiogotuoinonamerahs thaciesindd dopsigmertdehsitybr anchi ng, as wel | as
nmol ecul es havi ng | ong chain branching. Thus a "bul k" pol ynmer Includes all
' A fluidized bed reaction system which can be used in the practice of the
-process of the present invention is taught in U.S. Patent 4,543,399 which is
incorporated by reference. A typical fluidized bed reactor can be described as

follows:

The bed is usually made up of the same granular resin that is to be
produced in the reactor. Thus, during the course of the polymerization, the
bed comprises formed polymer particles, growing polymer particles, and
catalyst particles fluidized by polymerization and modifying gaseous
compoenents pass upward through the bed at a flow rate or velocity sufficient to

. cause the particles to remain separated with the bed exhibiting fluid-like
behavior. The fluidizing gas comprises the initial gaseous feed of monomers,
make-up feed, and cycle (recycle) gas, i.e., comonomers, hydrogen and, if -
desired, an inert carrier gas. Examples of such inert carrier gases include
nitrogen, methane, ethane or propane, which are inert with respect to the
polymerization reaction.

The essential parts of the reaction system are the polymerization
reaction vessel, catalyst injection system, the fluidized bed, the gas distribution
plate, inlet and outlet piping, a compressor, cycle gas cooler, and a product
discharge system. Inthe vessel, there is a reaction zone which contains the
bed and a velocity reduction zone which is above the reaction zone. Both are
above the gas distribution plate. Advantages of the product of subject process
are the homogeneity and uniformity of the physical properties throughout the
resulting polymer and the high strength and toughness obtained without
processing difficulty.

«33-

B _\.—______
Th.lb Sheet Has e n

i i



nmol ecul es forned during polynerization. It is understood that, for the

substapti ear polymers, not all nolecul es hayg,lgn £ha| n branchi ng,
but a suf ﬁv%?(séo#f‘pannunt do such that the average |ong c%a?’ﬂ br anchi ng

content of the bulk polyner positively affects the nelt rheology (i.e., the
melt fracture properties). Long chain branching (LCB) is defined
herei n as a chai rit wi hgeppagént it thé elilie antisen {ha) usearf beupdosted t han t he nunber of
carbons in t lvenstaned gesnictrywhialysidncredses theGhiijelof RiaaBEtnalioks3IcE) | s defined

nerei n as 2 Ghggd usaNesidte Sndehling QboRMEDRlndieoftl 1085, ol f b 1 o1 due of

ecul e backbone.

For exampl e, % o %?f?ﬁ o e sy {ﬂﬁﬁmavpa yer has

backbones wi t99sirab dn 89ma ipstances to raise the dew point temperature of the recycle
stream to further increase heat removal as taught in U.S. Patents 4,543,339
and 4,588,790 which are incorporated by reference. The recycle stream dew
point temperature can be increased by: (1) raising the operating pressure of
the reaction system; (2) increasing the concentrations of inert condensable
compounds in the reaction system; and/or (3) reducing the concentration of
inert non-condensable compounds in the reaction system. in one embodiment
of this invention, the dew point temperature of the recycle stream may be
increased by the addition of a condensable fluid to the recycle stream which is
inert to the catalyst, reactants, and the products of the polymerization reaction.
‘The fluid can be introduced into the recycle stream with the make-up fluid or by
any other means or at any other point in the system. Examples of such fluids
are saturated hydrocarbons, such as butanes, pentanes or hexanes.

A primary limitation on the extent to which the recycle gas stream can
be cooled below the dew point is in the requirement the gas-to-liquid ratio be
maintained at a level sufficient to keep the liquid phase of the two-phase
recycle mixture in an entrained or suspended condition until the liquid is
vaporized. It is also necessary for sufficient velocity of the upwardly flowing
fluid stream in the reaction zone to maintain fluidization of the bed. This
limitation can be overcome by collecting the condensed phase and introducing
it to the fluidized bed separately from the recycled gaseous stream.

Muttiple reactor polymerization processes are also useful in the present
invention, such as those disclosed in U.S. Patents 3,914,342, 5,047,468,
5,126,398 and 5,149,738, all of which are incorporated herein by reference.
The multiple reactors can be operated in series or in parallel, with at least one
constrained geometry catalyst employed in at least one of the reactors.

. In this aspect of this.invention resins are manufactured and blended in situ.
Multiple reactor polymerization processes may be used to produce in-situ
blended bo!ymers with enhanced physical properties and/or processability. In-
situ blends of different molecular weights and/or different densities may be
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branches of at |east seven (7) carbons in |ength, but it also has short.

chai n br ag@gegf only six (6) carbons in |ength.

peCTUssanoszi-0Ng chain

branchi ng can be distinguished fromshort chain branching by using [err]C

nucl ear magnetic resonance (NVR) spectroscopy and to a
hyl ene honopol yners, it can be quantified using the
Randal | ( Reprodibesiforspeciithant deFirgphysiGil end/@&B9cessabilipaBqi@mentst he

e.g. for et

l[imted extent,

net hod of
di scl osure

of which i s FoféampR| Rloadadies Eirbenset &f @Fiedeeroddos@eRE wabaa practi cal
matter, Curigiidal mbiedufar WelghEdtribRER ih iahoth&rRERHIE Awd P&cldrOSuPy cannot
Wodu&@hils Rhn £oinain A¥eRsiy PR chiin BiirERRg. o' X (6) carbon

determne t
atoms

than two reactors in series can be used to make more molecular weight or
density components for in-situ blends. Each reactor separately can have a
constrained geometry catalyst or a conventional Ziegler-Natta catalyst as
needed for obtaining the in-situ blended polymer with the desired properties,
as long as there is a constrained geometry catalyst in at least one reactor.

The constrained geometry catalysts may be used singularly, in
combination with other constrained geometry catalysts, or in conjunction with
Zeigler-type catalysts in separate reactors connected in parallel or in series.
The Zeigler catalyst is generally a titanium based complex suitably prepared
for use as a catalyst for the gas phase polymerization of olefins. This complex
and methods for its preparation are disclosed in U.S. Patents 4,302,565,
4,302,566, 4,303,771, 4,395,359, 4,405,495, 4,481,301, and 4,562,169 all of
which are herein incorporated by reference.

The polymerization in each reactor is conducted in the gas phase using
a continuous fluidized bed process. A typical fluidized bed reactor is

- described in U.S. Pat. No. 4,482,687 issued on Nov. 13, 1984. This patentis

incorporated by reference herein. As noted, the reactors may be connected in .

series as taught in U.S. Patents 5,047,468, 5,126,398, and 5,149,738 which
are herein incorporated by reference. While two reactors are preferred, three
or more reactors can be used to further vary the molecular weight distribution.
As more reactors are added producing copolymers with different average
molecular weight distributions, however, the sharp diversity of which two
reactors are capable becomes less and less apparent. it Is contemplated that
these additional reactors could be used to produce copolymers with melt
indices or densities, intermediate to the high and low melt indices previously
referred to. '

As noted previously, two or more reactors may be run in parallel with the
resulting polymeric product being blended. This permits the reactors to be run
independently, with difierent catalysts, different amounts of ethylene and
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and as such, this analytical technique cannot distinguish between a seven

(7) car bg,%,%g‘gch and a seventy (70) carbon branct}c{%ggq&@ng chai n branch

can be asTong as about the sanme |ength as.the |eng he pol yner
backbone. U. S. Patent 4,500,648, incorporated herein by reference,
teaches that |ong chain branching f.requency (LCB) can be represented by the
equat i on LCBphed-bipfirsy diffarbre rerycle atessrtdrat diffeiegtrroductivigemesiUftieer of | ong chai n
branches pevarigié MekinGiced\¢hn/Ve prépatdiian ¥H) atbdr, iRy,8f agfreaMbractiear Wei ght. The
mol ecul ar "‘%érfé@.tf@r‘é% £ ShéiBW njdiindeR BarPﬁfrHEc{HiH&e%%PCt eristics are
det erm ned Y, r%e‘_}?%er. atiqgn c ron}%,g r E and 1ntrinsic viscosity.

net hods. ~ SEcondreqgar iy rigsgng,thie | R é?f‘toﬁml'ﬂ“g“ﬁaf‘l?ﬁﬂagﬂ"\ ndex) or CDB|

( Conposi t i otheffirst errgepend reactasag ek Theoeotual sandijens ysed willdepend gei ght per cent  of
t he pol ymerthewsbracndnss useriand thecdesitstropalpmequodestiss and tfeireadidp percent of the

medi an t ot ascBRAIREd BYIRPHARB arisant ent The CDBI of a polyner is readily
cal cul ated fromdata obtained fromtechni ques known in the art, such as,

for .
The constrained geometry catalyst, the ethylene monomer, any

comonomers and hydrogen, if any, are continuously fed into each reactor and
ethylene copolymer and active catalyst are continuously removed from one
reactor and introduced into the next reactor. The product is continuously
removed from the last reactor in the series. '

The alpha-olefins used in this aspect of the invention are the same as
those that have been previously described in this application. Preferred alpha-
olefins are 1-butene, propylene, 1-hexene, 1-octene, 4-methyl-1-pentene and
styrene.

ed Homogeneous Catal

Supported homogeneous catalyst complexes such as those taught in
copending U.S. Application No. 955,600 filed October 2, 1992, which is
incorporated by reference, can be used in the process taught by applicants.

The Catalyst Support

Typically, the support can be any of the known solid catalyst supports,
particularly porous supports, such as tale, inorganic oxides, and resinous
support materials such as polyolefins. Preferably, the support material is an
inorganic oxide in particulate form.

Suitable inorganic oxide materials which are desirably employed in
accordance with this invention include Group 2, 3, 4, 13, or 14 metal oxides.
The most preferred catalyst support materials include silica, alumina, and
silica-alumina, and mixtures thereof. Other inorganic oxides that may be
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exanpl e, tenperature rising elution fractionation (abbreviated herein as
"TREF") asVi¥49®¥1 bed, for exanple, in Wld et al, Jegresssiosht Pol yrer

Sci ence, Poly. Phys. Ed., Vol. 20, p. 441 (1982), or as described in U S
Patent 4,798,081. The SCBDI or CDBI for the substantially | i near ethyl ene

| ymers of ' s t ca eater han about 30
Bgr %:lent pr e%"gﬁo %ﬁ&?ég ere{? arﬁg}?i SUP"'YEB" g'F%'@ﬂ'lm Eef erably greater
t han about 8%“’5'@?8 agnssiey UiAgie, 2ispRirPihST ?'@P'@&E‘Rﬁmﬂ‘?ﬁiﬁ' out 90 percent.
"Mel t tensi diewever, ¢andepmpipyed; fog exareple,dinely ditidsd golpalefipsslidyast r ansducer in
conj unct i on finelyliiided polpéthylenedexer. Melt tension is the |load that the
extrudate or .
REPLACEMENT SHEE'ﬁ'ne specific particle size, surface area and pore volume of the inorganic

oxide determine the amount of oxide that is desirable to employ in preparing

the catalyst compositions, as well as affecting the properties of the polymer

formed. These properties must frequently be taken into consideration in

choosing an inorganic oxide for use in a particular aspect of the invention. In

general, optimum results are usually obtained by the use of inorganic oxides

having an average particle size in the range of about 20 to 200 microns,

preferably about 40 to 100 microns, more preferably 50 to 80 microns; a

surface area of about 50 to 1,000.sguare meters per gram, preferably about

100 to 400 square meters per gram; and a pore volume of about 0.5 to 3. 5 cc

per gram; preferably about 0.5 to 2 cc per gram.

The inorganic oxide support used in the preparation of the catalyst may
be any particulate oxide or mixed oxide such that it is substantially free of
‘adsorbed moisture or surface hydroxyl groups. If a support is employed that
contains surface hydroxyl groups, & drying or dehydration treatment. must be
employed. Timing for the dehydration of the support is not critical, i.e.,
dehydration may occur inmediately before use of the support or days before
'provided once the support is dehydrated, it is protected from moisture and
impurities. Themal treatment to dehydrate the support may be carried out in
vacuum or while purging with a dry inert gas such as nitrogen at a temperature
of 100C to 1000C, and preferably, above 300C to 900C, or more preferably”
500C to 850C. Pressure considerations are not critical. The duration of the
thermal treatment can be for a period of 1-100 hours, preferably 2-24 hours.

Chemical dehydration or chemical treatment to dehydrate the support
may be accomplished by slurrying the inorganic particulate material, such as,
for example, silica in an inert low boiling hydrocarbon, such as, for example,
silica in an inert low boiling hydrocarbon, such as, for example, hexane.

During the chemical dehydration reaction, the suppont, preferably silica, should
be maintained in a moisture and oxygen-free atmosphere. To the silica slurry
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12 filanment exerts while passing over the pulley onto a two inch drumthat
Is rotati n%t 0t héa standard speed of 30 rpm The nelt tendsni“g)zn nmeasur enent
is simlar *¥%E& " Mel t Tension Tester" made by Toyogté'i" W%d is described
by John Dealy in "Rheoneters for Mdlten Plastics”, published by Van
Nostrand Rei nhold Co. (1982) on page 250-251. The nelt tension of the
subst ant i al | yis thef @adedmaby bl indrt hydictaibby Sdlition of the cherigalsur pri si ngly good,
e.g., as hi ghyehgdratitgabent. DE@IchemicaigBnts BefforldRamps Rt dilaAdd, ¥ | 1 near

et hyl ene int ugﬁgé'ﬁﬁ\ﬁﬁiﬁﬂlortoglaﬁe bR ERPdisRS AR iy hiigse having a very

narrow nol ecul ar wej
compounds guc as dibutylmagnesium, diethylzins, trimethylaluminum,

triethylaluminum, trimethylaluminum and triethylaluminum being particularly
preferred. The ratio of millimoles of metal alkyl per gram of support may be
between 0.1 to 100, a ratio of 1 to 10 being preferred. The chemical
dehydration may be carried out at temperatures of -100C to 300C (preferably

~ 0C to 100C) and contact times can range from 1 minute to 48 hours, preferably
15 minutes to 2 hours. The treated silica is filtered off and washed with an
aromatic solvent, such as toluene or xylenes, to remove any activating
amounts of possibly formed alumoxanes, then optionally washed with a light
aliphatic hydrocarbon {pentanes or hexanes) before drying in vacuo or in dry
stream of inert gas.

In order that persons skilled in the art may better understand the
practice of supporting homogeneous catalysts for the practice of the present
invention, the following examples are provided by way of illustration, and not

-by 'way of fimitation. Additional information which may be useful in state of the
art practice may be found in each of the references cited herein, which are
incorporated by reference.

Experimental

All polymerizations, uniess otherwise noted, were carried out under
nitrogen pressures of 20 - 80 psi in a 6 liter- gas phase reactor having a four
inch diameter thirty inch long fluidization zone and an eight inch diameter ten
inch long velocity reduction zone which are connected by a transition section
having tapered walls. Typicai operating ranges are 40 to 100°C, 250 to 350
psia, and up to 8 hours reaction time. Ethylene, comonomer (if used), and
hydrogen enter the bottom of the reactor where they pass through a gas
distributor plate, The flow of the gas is 2 to 8 times the minimum patticle
fluidization velocity, Fluidization Engineering, 2nd Ed., D. Kunii and O. . :
Levenspiel, 1991, Butterworth-Heinemann. Most of the suspended solids
disengage in the velocity reduction zone. The reactant gases exit the top of
the fluidization zone and pass through a dust filter to remove any fines. The
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distribution (i.e.,Merr]/Merr] from 1-.5 to 2.5), the nelt tension is

typi cal | ywessnbs@ast about 5 percent,
greater than the nelt tension of a conventi onal

I nterpol yner having a nelt index, polydispersity and densi ty
ten percent of the substanti al |%P§1I near et hyl ene

char act er i sYa45€S tHen paRs trguatagas;

" QuMPe Jhe B@V’?ﬁ‘é? a‘f°§"eﬁ tch i gh

and can be as wopbssawszabout 60 percent,
| i near ethyl ene

each within
A uni que
| y unexpected

f1 ow properacpumilaledn 1p eeacioe pyer e copisp otthe reactian. dbetatalisystery | ndependent of

pol ydi sper spregsurerisikept Constant duving the| reddtien by jeguldtitigehe fowcafiti ast ed Wi t h
convent i OnagthyldrR0MtE thetEAISTE PhigREr i Rinfived AR BHéSeRWrISH PacoRiNe

convent i 0najgegly Egb;f‘en%ta%%ﬁ tat He tfg?r[]bﬁﬁéjﬂm %Qu%hé’o

resi ns havin
i ncr eases,
Det er m nat i

I'ydi
r Yabsotie KB e Bicspyg i dikreacier, TaY o1

Rypssures of e ylene oomonomer and hydrogen reported refer to partial
pressures. The polysthylene powders used as supports were high density
homopolymers. The titanium complex, (CsMe4SiMesNCMegz)TiMes is
prepared according to U.S. Patent 5,189,192, which is incorporated by
reference and the borane complex, B(CgFs)3 is prepared according to the
procadure taught in Z. Naturforsch. 20b, 5-11 (1965).

Prior to being used as supports, the silicas were treated with the
aluminum alkyl, tristhylaluminum (TEA). The purpose of this pretreatment was
to remove from the silica any residual water and/or hydroxy! groups. Following
the pretreatment, the silicas were then washed several times with toluene to
remove any residual TEA or alumoxane which may have resulted during the

dehydration process. The supports were then dried under reduced pressure.

In some cases the supporis were washed with hexane before drying. Any
amount of alumoxane which may have remained on the silica was present in a
non-activating amount (see Examples 20 and 21). '

Example 1
Catalyst/support preparation

An aliquot (4 mL) of a 0.005 M solution (60 umol) of
(CsMe4SiMegNCMe3)TiMey in toluene and 4.8 mL of a 0.005 M solution (60
pmol) of B(CgFs)a in toluene were stirred with 0.640 g of high density
polyethylene powder having zero melt index which previously had been sieved
to remove any particles larger than 25 mesh. The solvent was removed to give
a pale yellowish free-flowing powder. The resulting catalyst composition was
divided into two portions, each weighing about 0.32 g.

Polymerization
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The "rheol ogi cal processing index" (Pl) is the apparent viscosity (in
kpol se) of ﬂﬂkyner and is neasured by a gas extrusj ifgpneter (CER).
The GER i s de%ert bed by M Shida, R N Shroff and L. éan0|o in Polym
Eng. Sci., Vol. 17, no. 11, p. 770 (1977), and in "Rheoneters for Mblten
Pl astics" by John Dealy, published by Van Nostrand Rei nhold Co. (1982) on
page 97-99, the.disclosures of both of which are incorporated in their

tegﬁr;o ret {urgre' n Bﬁe .&r&rmeecataT OB AEEIHD Aol BURH 1§ helBRRHT o0 Al A
(752 mcrone gﬁ gm%gr gﬁgpgd}a%ﬁ%%c%& i ﬁsﬁ{a‘% sp@% e for high
fl ow pol yrrer s”%vey'f rlauir%%t J é :J. L/ D die having an

entrance ang‘PtEeU -14fter 4 bgyr '@Ese"?ﬁgpﬁﬁ‘ FB@ §fs"Yaﬁ df’?ﬂ:le&glcs calculated in
il lipoise uewothemn wmltsne'eﬁ ommlqhgfmlymhws: atl 24 melt index was

26 g.
Exampls 2

Catalyst/support preparation

A polyethylene-supported catalyst was formed analogously to Example
1, except that 40 ymol each of the titanium complex and the borane complex
and 0.600 g of polyethylene powder having zero melt index were used. The .
resulting catalyst composition was divided into two portions, each weighing
about 0.30 g.

-Polymerization

In a manner similar to Example 1, one portion of the catalyst prepared
above was added to the reactor which was under ethylene and hydrogen
pressures of 250 psi and 0.55 psi (0.22 mol %), respactively, at a temperature
of 60°C. A 1°C exotherm was observed. After about one half hour, the second
portion of catalyst was added. A 74°C exotherm was observed. The polymer
was removed in two portions, 19 g of polymer powder having a melt index of
0.185, and 23':3""'9 of pieces of polymer having a melt index of 0.575 which had
the appearance of having been melted.

Example 3
Catalyst/support preparation

In a manner substantially the same as in Example 1, exceptthat2 mL
(10 pmol) of the (C5Me4SiMeoNCMe3)TiMes solution and 2.4 mL (12 ymol) of
the B(CgFs5)g3 solution were combined with 0.600 g of 11.4 melt index
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13 Pl = 2.15 X 10[err] dyne/cnferr]/ (1000 X shear rate),

where. 2. [err] dyne/cnferr] is the shear strR$gsdahesa200 pPsi, and the
shear ratéﬁfgs%t e shear rate at the wall as represent eﬁﬁlf)y the foll ow ng

equation: 32 Q /(60 sec/mn)(0.745)(Di ameter X 2.54 cnmin)[err], where:
Q@ is the extrusion rate (g/ mn), ' 0.745 is the nelt density of
pol yet hyl enpolygihyisregowdisr.to prepare the supporiod aafelystl 0i38 giditheaesditinge di anet er of

the capi | | agyppbhétediestyst (5 M ffhniid chhifleRRAMPBraNd Schipidxd wadf a material
measured at u?&qﬁ{hg%lloﬁﬂa%Iymerization.

Polymerization

The polymerization was carried out in two stages, similar to Example 2,
except that the ethylene pressure was 300 psi. No hydrogen was present
during the polymerization. The initial temperature was 61°C. The second
portion of catalyst was added about 1 hour aiter the first portion of catalyst had
been added. The yield of granular polymer having a melt index of zero was

25.4g.
X le 4
Catalyst/support preparation

A polyethylene-supported catalyst was formed analogous to Example 3,
except that 0.59 melt index polyethylene and 12 pmol of the borane complex
were used. )

Polymerization

The polymerization was carried out analogous to Example 3, except that
the ethylene pressure was 290 psi. No hydrogen was present during the
polymerization. The initial temperature was 66°C. An exotherm of 4°C was
observed on addition of the first portion of catalyst. An exotherm ot 24°C was
observed on addition of the second portion of catalyst. The vield of granular
polymer having a melt index of zero was 43.9 g.

Example 5
Catalyst/support preparation

An aliquiot (4 mL) of a 0.005 M solution (20 ymol) of
{C5Me4SiMesNCMeg)TiMes in toluene and 4.8 mL of a 0.005 M solution (24
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stress of 2.15 x 10[err] dyne/cnferr]. For the substantially

| i near ~et hybesmesapol ynmers (or et hyl ene/ al pha-ol efi n- eopudoysents or

i nt erpol yners) produced by this Invention, the Pl is |less than or equal to
70 percent of that of a conventional linear  ethylene pol yrrer (or

et hyl ene/ al pha ol ner nt er r aV| n err], -
Merr]/Mer riqq %h:éﬁr%fq ?°é“§8ﬁ‘%ﬁmﬁ'r'ﬁ W@'ﬂgb@‘ag’?ﬂ‘ {ﬂge tantially
|i near et hyl (aREtYRofgihgiene powder whichyprevipusly, tbe%%%t‘fedéq feaYwe g’y appar ent
shear rate mamclesiargﬂ!éltant%m%nﬂ'hﬁ §0l\tentsﬂaﬁs’em0‘iedaegueeppleenorrena over a

range of ni tyeO@wish ipdetioMingeewlisrom 5250 to 500 psig using the die or GER test
appar at us previ ousl y described. According to Ramanmurthy in Journal of
Rheol ogy, ﬁ%! 7 357, 1986, above a certain critical flowrate, the
observed extr °Fy egul arities may be broadly classified into two nmain
types: surface rrelt fracture and gross nelt fracture. Surface nelt
fracture occurs Ameraoun§1530-g 10 Lyokiitaniuy connlay, t2pibltbiotane complex)

of the solid supported catalyst was introduced into a fluidized bed reactor

- pressurized to 260 psi ethylene containing 0.25 mol % (based on ethylene 0.65
psi) hydrogen at a temperature of 53°C. After a run time of 5 hours 81 g of
polyethylene having a melt index of 1.30 was removed. The productivity was

169,000 g polymer/g Ti. :

Example 6
Catalyst/support preparation

‘ In a manner substantially the same as in Comparative Example 1,
except that 2 mL (10 pmol) of the (CsMe4SiMeosNCMe3z)TiMes solution and
2.4 mL (12 pmol) of the B(CgF5)3 solution were combined with 0.600 g of 0.33
melt index polyethylene powder to prepare the supported catalyst. 0.30 g of
the resutting supported catalyst (5 pmol titanium complex, 6 umol borane
complex) was used in the following polymerization.

Polymerization
The polymerization was carried out as in Example 5, except that the
ethylene and hydrogen pressures were 230 psi and 0.46 psi (0.20 mol %),

respectively, at a temperature of 47°C. The yield of polymer having a melt
index of 0.65 was 27.0 g.
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and ranges in detail fromloss of specular gloss to the nore severe form of
"shar kski Rgg eslobbed Ni s di scl osure, the onset of surfag FT 4,I racture S
characteri ze(f at the beginning of |osing extrudate gloss o whi ch the
surface roughness of extrudate can only be detected by 40X magnificati on.
The critical shear rate at onset of surface nelt fracture for the
substantially I|inear ethylene polyners is at |east 50 percent greater than

t he criticalgéﬂggﬁ rate at the-onset of surface nelt fracture of a linear

et hyl ene pol yne avi ng about the sanme I[err] and Merr]/Merr].
Pr.ef er abl y, l:,tpe gritical shear stress at onset of surface
ymenzato .

: The polymerization was carried out as in Example 8, except that the
ethylene and hydrogen pressures were 280 psi and 1.4 psi (0.50 mol %),
respectively, at a temperature of 55°C. The yield of polymer ﬁaving a melt
index of 17.3 was 11.6 g.

Exampile 8
Catalyst/support preparation

2 mL of a 0.005 M solution (10 pmol) of (C5Me4SiMeoNCMeg)TiMeo
and 2 mL of a 0.005 M solution (10 pmol) of B(CgFs)3 were combined ina -
Fisher-Porter bottle with 0.501 g Davison 952 silica (dried at 900°C for 4 hours
under an oxygen stream, then cooled under a stream of nitrogen) and 30 - 40
mL pentane. The container was pressurized with 6 psi ethylene for 2 hours.
The solvent was removed to give a dry prepolymer support. To 0.500 g of the
supported polymer were added 4 mL of a 0.005 M solution (20 umol) of
(CsMe4SiMeoNCMeg)TiMep and 4 mL of a 0.005 M solution (20 pmol) of
B{CsF5)3. The solvent was removed to give a dry powder.

Polymerizat
Using the catalyst/support prepared above, the polymerization was
carried out in a2 manner similar to Example 5, except that the ethylene and
hydrogen pressures were 270 psi and 0.3 psi (0.30 mol %), respectively, at a
temperature of 60°C. The yield of polymer having a melt index of 3.0 was 30.4

c.

<
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14 nelt fracture for the substantially linear ethyl ene polynmers of the

i nvent i ongwbss@éeat er than about 2.8 x 10[err] dyne/setiafids2i G oss

melt fracture occurs at unsteady flow conditions and ranges in detail from
regul ar (alternating rough and snooth, helical, etc.) to random

di stortions. For commrercial acceptability, (e.g., in blown film products),
surface deflexamplesi®al® d be nminimal, if not absent The critical shear rate at
onset of surface nelt fracture (OSMF) and critical shear stress at onset of

gross nelt fr aCIqlé["ﬁmﬁ n@g;@s ieR ,\,gmntmleqhagw@@, arsrif! f ace roughness
and conf gue;.fca# R0 yiby gﬁpg&s{s i h%at G RR Ry R Rt gl e

subst anti al critical shear

stress at av BB@ H%Iqa'%ah %Pé"‘i’§h 'r%?%?%y'”ﬂ!‘@i‘t“ér t han about 4 x
10[err] dyn'Bibdaﬂ gprtt]e individual run paametene(cplatystdevs], temperatene, and nelt fracture

tests, the mbrviee partiglopiessures, il tppeamidaiita pretraathempaliongtiththene copol yners
contai n ant je8ufirgPlymePd d@dns@S 1o, 140 and molecular weight distribution (MWD).

Support preparation

The silicas were pretreated prior to catalyst addition with
tristhytaluminum (TEA). The pretreatment procedure involved first adding 2.0
g of silica to 25 mL of toluene. The amount of TEA indicated in Table 1 was
then added by syringe to the stirred silica slurry. Stirring was continued for at .
least 15 minutes. The solids were then filtered and washed several times with
toluene to remove any residual TEA. The treated silica was then dried under
vacuum,

Preparation of the supported catalyst

Appropriate amounts, as indicated in Table 1, of 0.005 M or of 0.010 M
solutions of B{CgFs)3 in toluene and of very pale yellow 0.005 M solutions of
(CsMe4SiMesNCMeg)TiMes in hexane were added to 0.125 g of stirred silica
1o give bright yeliow slurries. The solvents were then removed under vacuum
from the stirred slurries to give the catalysts as free flowing powders.

General polymerization procedure

All amounts of support catalyst, titanium loading and borane, pressures
of ethylene, 1-butene and hydrogen, reactor temperatures and run times and
reaction yields are indicated in Table 1. The given amounts of the solid
supported catalyst were introduced into the fluidized bed reactor pressured to
300 psi with nitrogen, ethylene, 1-butene and hydrogen. After the indicated
run times, the polymers were removed from the reactor by venting the '
pressurized contents into & recovery vessel.
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phenol s, hindered phenol s, phosphites or phosphonites, preferably a

combi nat i Qfp gfereds Phenol or hindered phenol and a phgspiledReRr 2
phosphonite. Suitabl e catalysts for use herein conprise constrained

geonetry conpl exes in conbination with an activating cocatal yst or
activating technique. Exanples of such constrai ned geonetry conpl exes,
met hods for their preparation and for their activation are disclosed in
U S. ApplicExamplederi al No. 07/:545,403, filed August 31, 1989, U. S
Application Serial No. 545,403, filed July 3, 1990 (EP-A-416,815); U.S.

Appl i cation 47, 718, filed July 3, 1990 (EP-A-468,651); U.S.
Appl i cati on %gh{sg% H"\ng"p'%?a‘f% filed May 20,1991 (EP-A:-514,828): U.S.

Appl ication Serial No. 876,268, filed May 1, 1992, (EP-A- 520, 732) and U.S.
Application Ser iléavism%wce@@?c@ﬁatéd bz Ekampbs?-mlmdérgsmpoas well as U. S.
Patents: 5, @rdpardkiitn” using 0.6, M/S TEAQRE 28Gy silica, 064, 802 and 5, 132, 380, all of
whi ch are incorporated herein by reference.
The catalyst was prepared as in Examples 9-19 under "Preparation of
the Supported Catalyst® using 3 umole of (CsMe4SiMeosNCMeg)TiMep, 9
umole of B(CgF5)a and 0.10 g of the above treated silica.

Polymerization

-The solid supported catalyst was introduced into the fluidized bed
reactor pressurized with 240 psi ethylene, 9 psi 1-butene, 1.2 psi hydrogen and
51 psi nitrogen. The initial temperature was 74C and the run time was 78
minutes. The yield of granular powder was 5.5 g.

Example 21
Catalyst/support preparation

Using the silica of Example 20, the silica-supported catalyst was
- prepared analogously to Example 20 except that none of the borane complex
was added to the support.

Polymerization

The solid supported catalyst was introduced into the fividized bed
reactor pressurized with 240 psi ethylene, 9 psi 1-butene, 1.2 psi hydrogen and
51 psi nitrogen. The initial temperature was 75C and the run time was 75
minutes. No polymer was recovered from the reactor, indicating that any
aluminum compounds possibly remaining after washing the silica to remove
residual TEA are only present at non-activating levels.
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15 Sui t abl e provi ded nmetal conplexes for use herein correspond to
the for Mggosnrse pctrBdolirlos21

Example 22

Catalyst/support preparation

Preparation of the supported catalyst was analogous to Example 20
except that 12 umole of B(CgF5)3 and 4 umole of
{CsMe4SiMesNCMez)TiMep, were added to 0.20 g of the treated silica.

Polymerization

The solid supported catalyst was introduced into the fiuidized bed
reactor pressurized with 240 psi ethylene, 1.5 psi, 1,5-hexadiene, 1.2 psi
hydrogen, and 60 psl nitrogen. The initial temperature was 76 C and the run
time was 126 minutes. 21 g of free flowing polymer powder were removed.

Example 23
Catalyst/support preparation
| The supported cat.alyst wés prepared analogously to Example 22.
Polymerization
The solid supborted catalyst was iﬁtroduced into the fluidized bed
reactor pressurized with 240 psi ethylene, 0.75 psi 1,5-hexadiene, 1.2 psi

hydrogen, and 60 pis nitrogen. The initial temperature was 80 C and the run.
time was 187 minutes. 11.6 g of free flowing polymer powder were removed.
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or dinmers thereof, wherein: Mis a Goup 4 netal in the +3 or +4
f or mal ; oXgadsh B state preferably Mis titanium or,,@,l,‘gsg,p,l@ bpMm  nost

preferably titanium L is a group containing a cyclic, delocalized,
aromatic, anionic, Il systemthrough which the L group is bound to M and
whi ch L group js_also bound to Z, said L group containing up to 60
nonhydrogenEﬁﬂnﬂnZi Zis a noiety covalently bound to both L and Y,
conpri si ng boron, a menber of Goup 14 of the Periodic Table of t he

El enent s, S@agl)gpé é(rt nup to 60 non-hydrogen atons; Y is a noiety
canpri si ng nltrogen osp rus sul fur or oxygen through which Y is
covalently bound to both Z and sai d noi ety having up to 25 nonhydrogen
at ons; X'P’?R?EPé'SBﬁHEﬂF!’P}mE%W@Y%WF? é’iﬁ'ﬂﬂOP%mdg‘E@mes%base cont ai ni ng

up to 40 nomKseEtbySuegle e (CeFs)a, 3 umole of (CsMesSiMegNCMe3z)TiMes,
and 0.10 g of the treated silica were used.

Polymerization

The solid supported éatalyst was introduced into the fluidized bed
reactor pressurized with 240 psi ethylene, 6 psi 1-butene, 0.75 psi 1,7-
octadiene, 1.2 psi hydrogen, and 60 psi nitrogen. The initial temperature was
80 C and the run time was 74 minutes. 14.4 g of free flowing polymer powder
were removed.

mple 2

Catalyst/support preparation -

The supported catalyst was ptepared analogously to Example 24.
Polymerization

The solid supported catalyst was introduces into the fluidized bed
reactor pressurized with 240 psi ethylene, 6 psi 1-butene, 0.38 psi 1,7- )
octadiene, 1.2 psi hydrogen, and 60 psi nitrogen. The initial temperature was

70 C and the run time was 99 minutes. 12.1 g of free flowing polymer powder
were removed.
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X independently each occurrence is a nonoval ent anionic noiety having up to
20 non- hy &¥aR§e™42at ons, provi ded however that neit hePCDUSPM4068h ar omati ¢ group
two X groups may be coval ently bound
together formng a dival ent dianionic noiety having both val ences bound to
M or further optionally one or nore X and one X group may be bonded
together thereby formng a noiety that
coordi nated thereto by neans. of Lewi s base functiogality;
nunber fromoO to

t hat

state of M

be prepared by ca

is Il-bonded to M optionally,

di spl aceabl e |i ga

(L-Z-Y)[err]

TABLE 1
Summary of gas phase polymerization results
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I's both covalently bound to M and

is a
oxi dati on

nvengion, t he conpl exés can
ag conpound containing 2



16 the precursor conpound is in a |lower formal oxi dati on state than the
desired copplesy, oxidizing the resulting conplex, ,hg“,;ogﬁ precursor
conmpound 1s”Tn a higher formal oxidation state than t he desired conpl ex,
reduci ng the resulting conpl ex. Further according to the present
invention there is provided a catal yst systemuseful for polynerization of
addi tion pol ynmemhagmilDe ortha popmersdoriEtafiplte 9-1948 showr) indfadledl;, nore of the

above met al GQRRARYG Rafbw FahGing PValub RBmPI &ty 2l560h shitfasPlB@ye descri bed

Process, aNg,r of Canich et at in U.S. Patent 5,057,475 where reported MWDSs ranged

from 2.67 to 5.00. Table 1 shows that ethylene or ethylene/o-olefin polymers
can be made where the l1g/l2 increases without increasing MWD.
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2) one or nore activating cocatal ysts; or B) the reaction product forned
by convert wadseig or nore of the above netal conpl exRemsdandshe reaction
product of the above described process to an active catal yst by use of an
activating technique. By the term"dival ent derivatives" is neant
that L is bonded to both Z and M Suitable inert substituents on L include
hydr ogen, hydrocarbyl, hal ocarbyl, hal ohydrocarbyl, silyl, gernyl, halo,
am no, phosphmeLasyano, hydrocar byl oxy, siloxy and conbi nations thereof,
each of said inert substituents having up to 20 nonhydrogen atons, or

LT P s i A
rc re c under poj
Eyeii Egglntyém o2t gngggg bRg or etviepe & ?t{)'e%a:g%e@%;gﬁﬂ??mw?ggha-

tetrahydrof| olsllleanlefmrimm(vIQHWoﬁIca'alyslmympasm the foregoing inertly
substituted deri vt ityametd)86rRsléx don@sonaifg td théforifuta:ncl uded wi t hin

/\

> /

7\

K &
wherein:

M is a Group 4 metal in the +3 or +4 formal oxidation state;

L is a group containing a cyclic, delocalized, aromatic, anionic, I
system through which the L group is bound to M, and which L group is also
bound to Z, said L group containing up to 60 nonhydrogen atoms;

' Z is a moiety covalently bound to both L and Y, comprising boron, or a
member of Group 14 of the Periodic Table of the Elements, said moiety having
up to 60 non-hydrogen atoms; N

Y is a moiety comprising nitrogen, phosphorus, sulfur or oxygen through’
which Y is covalently bound to both Z and M, said moiety havmg upto 25
nonhydrogen atoms;

X' independently sach occurrence is a Lewis base containing up to 40
nonhydrogen atoms; )

X independently each occurrence is a monovalent anionic moiety
having up to 20 non-hydrogen atoms, provided however that neither X is an
aromatic group that is Il-bonded to M, optionally, two X groups may be
covalently bound together forming a divalent dianionic moiety having both
valences bound to M, or further optionally one or more X and one X' group may
be bonded together thereby forming a molety that is both covalently bound to
M and coordinated thereto by means of Lewis base functionality;

q is a number from O to 1; and

nis 1 or 2 depending on the formal oxidation state of M;'and
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t he above definition of L groups. Preferred exanples of X groups
include: Ryghsppar byl , carboxylate, sulfonate, hydrosagdavi@esy. siloxy,

am do, phosphido, sulfido, and silyl groups; as well as hal o-, am no-,

hydr ocar byl oxy-, siloxy-; silyl-, and phosphi no- substituted derivatives of
such hydrocarbyl, carboxylate, sulfonate, hydrocarbyl oxy, siloxy, am do,
phosphi do, sul fii d&) aoectivating cogatalyst selettgdiirorithe gnatipicdasisting ot yani de, 'said X
group havi' ntheufral Lewié Gcio ByGharga aldheMaRe, 208 nepoRmaas, icempatibld WO X gr oups

toget her ar goAcdAydHaBRGIoR A coMporhds ubst i tut ed hydrocarbadi yl group
wherein the substituent is independently each

REPLACENMENT "SHEET ) = - o
B) - the reaction product formed by canverting the complex of the

’ above formula to an active catalyst by iié 6f &H &ctivating technique and in the
absence of an activating amount of_aiur'hoxa'ne'.

2. The process according to Claim 1 wherein M is tit_anium' and X
each occurence is a monovalent ligand group of up to 20 nonhydrogen atoms.

3. The process according to Claim 2 wherein X is a C1.2p
hydrocarbyl group or 2X taken together are a hydrocarbadiyi group.

4. The process according to Claim 1 wherein the ethylene polymer
contains 2 80 mol percent of ethylene and < 20 mol percent of one or more
alpha-olefin or diolefin comonomers.

5. The process according to Claim 1 in which the catalyst is
supported.

6. ' The process according to Claim 5§ wherein the support is silica,
alumina, clay, comnstarch, talc or polyethylene, or a mixture thereof.

7. The process according to Claim'1 wherein Y is -O-, -S-, -NR'-, -
PR™-and R* is independently a hydrocarbyl or silyl group having up to 12
nonhydrogen atoms.

8. The process according to Claim 1 wherein the resulting ethylene
polymer has a density of about 0.85 to 0.96 g/cm3 and a I» less than100 g/10
min,

9. The process according to Claim 1 wherein the gas phase fluid bed
reaction is carried out at a pressure less than 1000 psi and at a temperature of
from about 0 to 110°C.
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17 occurrence’ hydrocarbyl or silyl group of up to 20 nonhydrogen atons,
said groufyo®¥ng a metall acycle, preferably a metPsTUEd4€opent ene, with
M More preferred X groups are hydride, hydrocarbyl (including

cycl ohydrocar byl ), hydrocarbyloxy, am do, silyl, silylhydrocarbyl, siloxy,

halide and am a@bermslproc )bélHH@Qha%ﬁ tWéH.Mﬁ codatast de, et hyl,
neopent yl , Feﬂﬁy(h % nyl am do, 2- ?hyl ar no) benzyl ,
allyl, nethy st | tu “(all i sorrers) pent adi enyl ,

2- nethylpentadlenyl 3- . neth Ipentadlenyl 2, 4- dlnethylpentadlenyl

6, 6- di net hyl cycl1bhe)3'éﬁp@ﬁ9qs acgqﬁng to Claim 2 wherein X is methyl or benzyl.

12. The process according to Claim 1 wherein said process Is
conducted in at least two fluidized bed gas phase reactors connected in series
or in parallel,

13. The process according to Claim 1 wherein said process is
conducted in at least two fiuidized bed gas phase reactors connected in series.

14.  The process of Claim 12 wherein the catalyst system in one reactor
further comprises a supported Ziegler catalyst.

15.  The process of Claim 6 in which the support is pretreated.

16.  Afluidized bed gas phase process for the production of an
ethylene polymer comprising reacting by contacting under polymerization
conditions ethylene or ethylene and at least one of a copolymerizable alpha-
olefin or diolefin in the presence of a catalyst comprising:
A) 1) ametal complex. corresponding to the formula:
R Zey .
R M
. ®n
B SR n

wherein:

R' each occurrence is independently selected from the group
consisting of hydrogen, alkyl, aryl, silyl, germyl, cyano, halo and combinations
thereof having up to 20 nonhydrogen atoms;

X each occurrence independently is selected from the group
consisting of hydride, halo, alkyl, aryl, silyl, germyl, aryloxy, alkoxy, amide,
siloxy, and combinations thereof, having up to 20 non-hydrogen atoms;

Y is a divalent ligand group comprising nitrogen, phosphorus, oxygen
or sulfur and having up to 20 non-hydrogen atoms, said Y being bonded to Z
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trimethylsilylmethyl. Mre pref erred of two X groups together are 2-butene-
1,4-diyl, wysesiunet hyl -1, 4-diyl, 2-nethyl - 2- but ene- BCTPSeiy19421
but ane-1, 4-diyl, proparie-1,3-diyl, pentane-1,5-diyl, and

2- pent ene-1, 5- d|yI Preferred X groups include phosphines,
phosphites, es, carbon nonoxi de, Its f Group 1 or 2 netals,
and mi xtur esa"ﬂir}f F‘Fﬂé"ggﬁ?'g 9&‘°s&f°6'ffp§xy9E&3?ﬁﬂ °Ht'ﬂ@a"P’%r egoi ng

especial l y |4ﬁ'€|zl}89;9“!9rff%taﬁ‘ﬁ HBSE¥SIeHE, tri et hyl phosphl ne,
trifl uorophosphi neMistT,ifattény| phosphi ne, bis-1,2- (dinethyl phosphi no) et hane,

t i met hyl phosphi t & is SIR"8GR/ %MB’%B?H 5, CCR'YCRBY, bB"#UFEmh‘%BﬂS'QNrt e,
t et rahydr of yg %pf_ di et hyI car bon nonoxi de, pyridine, bipyridine,
e

t et ranet hyl et
t ?l et hyl a% ne, | um c%ﬁoé"?%ﬁq#geﬁﬁ'% ﬂ?&%ﬁ}t@ﬁ}ﬁe §J§§F) @ Oxa?eFur t her
preferred né’Pﬁ?'“@SwadFP&F“ GHYle B il balo Rnatpd Aleyb naipornated ﬁ"ﬂe present
i nvention c@roups pavied upio L eomydrmnreatoms and mixtures thereof, or two or
more R* groups from Y, Z, or from Z together with Y form a fused ring system;
nis 1or2; and '
2) an activating cocatalyst selected from the group consisting of
neutral Lewis acids other than an alumoxane, and nonpolymeric, compatible
noncoordinating ion forming compounds,
or o _
B) the reaction product formed by converting the complex of formula (i) to
. an active catalyst by use of an activating technique and in the absence of an
activating amount of alumoxane.

" 17. The process according to Claim 16 wherein M is titanium.

18. The process according to Claim 17 wherein X is a C1.29
hydrocarbyl group. :

19. The process according to Claim 16 wherein the ethylene polymer *
" contains = 80 mol percent of ethylene and < 20 mol percent of one or more

alpha-olefin or diolefin comonomers.

20. The process according to Claim 16 in which the catalyst is
supported.
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[err] wherein Z, M Y, X and n are previ ously defined; and Cpis
a ( ery ] Hves §spo7eg2 oup bound to Z and bound..in an [er{,.]_.ﬁogg‘gﬁgy,ng node to M or
i's such an [err]5 bound group substituted with fromone to four
substituents independently selected from hydrocarbyl, silyl, gernyl,
cyano, and conbi nations thereof, said substituent having up to 20
nonhydr ogen at ons, and opti onal I y, two such substituents (except cyano or

hal 0) together cause Cp to have a fused ri ng structure.

hal o,
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tﬁﬁe ptesent

[err]

This invention relates to a gas phase fluidized bed process for
producing olefin polymers, particularly ethylene polymers, having improved
processability. These polymers include olefin polymers having low
susceptibility to melt fracture, even under high shear stress conditions.

The discovery of the fluidized bed process for the production of linear

More preferred netal
I nvention correspond to the fornul a:

1
GAS PHASE POLYMERIZATION OF OLEFINS

Yotiho-3 tor

coordi nati on conpl exes used according to

olefin polymers provided a means for producing these diverse and widely used

polymers with a drastic reduction in capital investment and a dramatic
reduction in energy requirements as compared to then conventional

processes.

- -

To be commercially ussful in & gaé phase process, such as the fluid bed-*=" ]

processes of U.S. Pat. Nos. 3,709,853; 4,003,712 and 4,011,382; Canadian

Pat. No. 991,798 and Belgian Pat. No. 839,380, the catalyst employed must be

a highly active catalyst. Typically, levels of productivity reach from 50,000 to
1,000,000 pounds of polymer or more per pound of primary metal in the
catalyst. High productivity in the gas phase processes is desired to avoid the

expense of catalyst residue removal procedures. Thus, the catalyst residue in

the polymer must be small enough that it can be left in the polymer without
causing any undue problems to either the resin manufacturer, or to a party
fabricating articles from the resin, or to an ultimate user of such fabricated
articles. Where a high activity catalyst is successfully used in such fluid bed

processes, the transition metal content of the resin is on the order of <20 parts
per million (ppm) of primary metal at a productivity level of = 50,000 pounds of
polymer per pound of metal. Low catalyst residue contents are also important

in heterogeneous catalysts comprising chlorine containing materials such as
the titanium, magnesium and/or aluminum chloride complexes used in some
so-called Ziegler or Ziegler-Natta type catalysts. Use of these heterogeneous
catalysts results in a polymerization reaction product which is a complex
mixture of polymers, with a relatively wide distribution of molecular weights.
This wide distribution of molecular weights has an effect (generally
“detrimental) on the physical properties of the polymeric materials, e.g.

decreased tensite strength, dart impact.

=
=t
-
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rein: R each occurrence is independently selected from
hydr ogén, hydrocarbyl, silyl, gernyl, halo, cyano, and conbi nations
thereof, said R having up to 20 nonhydrogen atons, and optionally, two R
groups (where R is not hydrogen,dEalo or cyano) together form a dival ent
derivative thereof connected to adfacent positions of the cycl opentadi enyl

ring to form a. ysSediebdidlaveidht biskibiitRn (MWD), or SlybiSpearbity, isaknown NR* -, - PR*-;
Zis SiR[ep llabl Jlﬁrferrg whu% g*dggdfr'ﬁladséﬂ"g fdtib fw%t[ﬁlgabm [err], CR¢ =CR*,-

CR*[err]Sl t ﬁlfrﬁ er &ecularw ht n)ﬁ rrence is
i ndependentl V%;F q't/ 19 rdc yl', silyl,
hal ogenat edp%/{‘l'“ﬂ%} h%?%tﬁmﬁ'? dire °[:?)’ﬁfﬂp Ee’{“ﬁg\“’é‘of said R*
havi ng up t@nmatmapm igues. Fheto/l2 satlg, e GSGVMIWASTM@'FSGBW oups fromZzZ
(when R* i scan®e afViriticadis o) the MWRAfh dshvaitionsd hétederecas dthglen&” group fromyY
forma ri ngp&%?etr? "he 11¢/l2 ratio is also an indicator of the shear sensitivity and

processibility for ethylene polymers. Low density polysthylenes (LDPE)

typically have a higher 11g/lo ratio than linear low density polyethylenes

(LLDPE) or ultra low density linear polyethylenes (ULDPE) and are easier to

melt process in fabrication equipment at comparable Io values.

Ethylene polymers having a narrow MWD and homogeneous

comonomer distribution are known. These polymers can be produced using

: homogﬁ___qpus *single site” catalysts, such as metallocene or vanadium
catalysts™ While the physical properties of these polymers are generally
superior tgheterogeneous polymers, they are often difficult to process with
conventional melt fabrication equipment. The problems are manifested, for
example, in their lack of ability to sustain a bubble in a blown film process, and
by a “sag" when evaluated in blow molding processes. In addition, the melt
fracture surface properties of these polymers are often unacceptable at high
extrusion rates, a feature that makes them less desirable for use in equipment
operating at current high speed extrusion (i e., production) rates. Extruders
often exhibit increased power consumptlon due to the low shear sensttivity of
these polymers

Use of the catalyst systems described in U.S. Applic:—ition_Ser. No.

07/955,600, filed October 2, 1992, U.S. Application Ser. No. 07/817,202 filed

- January 6, 1992 and U.S. Application Ser. No. 08/008,003 filed January 21,
1993, all GFwhich are incorporated herein by reference, results in the
productﬁﬁ‘ﬂ unique polymers having the properties as taught in co-pending
applicatiorts U.S. Applications No.’s 07/776,130 filed October 15, 1991 and
07/939,281, filed September 2, 1992, which are incorporated by reference.
These polymers are substantially linear olefin polymers which are
characterized as having a critical shear rate at the onset of surface melt
fracture of at least 50 percent greater than the critical shear rate at the onset of
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y-is titaniumor zirconiumin the +3 or +4 formal oxidation state; and
is chloro, hydrocarbyl, hydrocarbyloxy, silyl or N, N-dialkylamno
substituted hydrocarbyl group; nis 1 or 2. Preferably, R
i ndependent|y each occurrence |Is hydrogen, hydrocarbyl, silyl, halo and
conbi nations thereof said R having3up to 10 nonhydrogen atons, or two R
groups (when R is not hydrogen or hal o) together forma divalent

derivative §faeenmkl fraficie opa tiear albfirypolffherihavitiy absontitie sametdadd et hyl, propyl,
butyl, pentplmdiexyl, (including where appropriate all isoners),
cycl opentyl, cycl ohexyl, norbornyl, benzyl, or phenyl or two R groups

except
( P There is a need for a gas phase olefin polymerization catalyst that can

be used more efficiently and effectively to polymerize or copolymerize ethylene
with higher alpha-olefins, e.g. alpha-olefins having 3 to 20 carbon atoms. In
practice, the commercial copolymers are made using monomers having only 3

to 8 carbon atoms (i.e., propylene, 1-butene, 1-hexene, 1-octene and 4-methyl-
1-pentene) because of the low rate of reactivity and incorporation of the alpha
olefins with larger carbon chains and, for gas phase processes, because of the
lower concentration possible in the reactor for alpha-olefins with larger carbon
chains. The traditional Ziegler catalysts are not parﬂcularly efficient or

effective in incorporating the higher a!pha-olef‘n comonomers into the polymehi
The rate of reaction for the ethylene monomer is much greater than the rate of‘f?;
reaction for the higher alpha-olefin monomers in the copolymerization reaction
using traditional multi-site Ziegler catalysts. Accordingly, due to the lower
reaction rate of incorporating the longer chain comonomer into the growing
polymer chain, the copolymer fractions containing the hlgher alpha-olefin
comonomers are generally the lower malecular we!ght fraction having Iamited
desirable physical properties. These factors also contribute to polymer

particles sticking together or agglomerating in the gas phase process.

Even in the most current olefin copolymerization systems, there is still a

need for a gas phase olefin polymerization catalyst which is able to incorporate
efficiently larger amounts of higher alpha-olefins into a copolymer chain and

give a polymeric product which has a narrow molecular weight distribution and

is more homogeneous with respect to comonomer distribution than otherwise .
would be achieved using a Ziegler catalyst under comparable conditions. The ’?:_r
prOpemes and advantages of linear homogeneous copolymers are described -?"‘*
in U.S. Patent 3,645,992. )

Canich et al. teach in U.S. Patent 5,057,475, U.S. Patent 5,026,798,
. and '
U. S. Patent 5,096,867 a supported catalyst system which includes an inert
sUppon material, 2 Group IV B metal component and an alumoxane
component for use in the production of high molecutar weight polyolefins.
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19 hydrogen or halo) are | i nked together, the entire CoR 4 group thereby
bei ng, ‘for exanply, ‘an indenyl, tetrahydroindenyl, fl uorenyl,

t et rahydrof | uorenyl, or oct ahydrofl uor enyl group. Furt her,
preferably, at |east one of R or R* is an el ectron donati ng noiety. By the
term"electron donating” is neant that the noiety is npre el ectron donating
than hydrogen. Thus, highly preferably Y is a nitrogen or phosphorus
cont ai Ni Ng Whld'CaMen &% REHHES e LS bitileid d&fafm{s%naEK\B}:oué)ﬂ'eactBﬁR' )-, Wwherein R'
i s Cl[err] Y6 ﬁ%mg as p haseexam%g§5ft?tg' ?&{n‘? e?rort I&lmés cof(r)g;dlozgflonto
,‘[3 ggpf g)r(ﬁal :{;r%dl?crps havmg a refpétxve?y bro e.g. > These ca alyst systems P o
require high levels of alumoxane which is expensive and result in undesirably

high levels of aluminum residues in the final product.

There is also a need for & gas phase process to produce more
homogeneous narrow molecular weight distribution polyolefins (MWD of 1.5-
2.5), that have improved processability such as provided by substantially linear
olefin polymers. :

A fluidized bed gas phase process for the productaon of an ethylene _

polymer or copolymer s comprised of reacting by contacting ethylene or j;,
ethylene in combination with at least one alpha-olefin and/or diolefin in the
presence of a constrained geometry c'atalyst urider polymerization conditions
thereby producnng a flowable particulate ethylene polymer or copolymer solid.
The continuous process is particularly suited for ethylene copolymers
containing 2 80 mol percent of ethylene and <20 mo! percent of one or more o
-olefins or diolefins with a Group 4 metal-containing constrained geometry
catalyst at a temperature of from about 0°C to about 110°C. The catalyst
system is a constrained geometry catalyst which comprises an activated
homogeneous catalyst complex and optionally, a support, e.g. polyethylene,
clay, cornstarch, talc, silica or other suitable materials.

Another aspect of this invention is a process for in situ blending of
polymers comprising continuously contacting, under polymerization conditions,
a mixture of ethylene and at least one or more a-olefin or diolefin in at least
two fluidized bed reactors connected in series, with a catalyst with the -
polymerization conditions being such that an ethylene copolymer having a ;
higher melt index is formed in at least one reactor and an ethylene copolymer =
having a lower melt index is formed in at least one other reactor with the
provisos that: '

(a) in a reactor in which the lower melt index copolymer is made:

=
-

(1) said alpha-olefin or diolefin is present in a ratio of about 0.01 to
about 3.5 total moles of alpha-olefin and diolefin per mole of ethylene; and
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[grr] wher ei n: R is independently each occurence sel ected from
hydrogen, silyl, hydrocarbyl and conbinations thereof, said R having up to
10 carbon or silicon atons, or two such R groups on the substituted

~cycl opent adi enyl group (when R is not hydrogen) together forma dival ent
derivative thereof connected to adjacent positions of cyclopentadienyl

ring; E is I ndependently each occurrence silicon or carbon

R'' is independently each occurrence hydrogen or C[err] hydrocarbyd;

R' is hydrocar by®) dydregdnyit preesmdrca edtib vt sdu0 tolabolt@&ible ohy dr ocar by

hydrogen per mole of ethylens; -
(b) in a reactor in which higher melt index copolymer is made:

(1) said alpha-olefin or diolsfin is present in a ratio of about 0.005 to
about 3.0 total moles of alpha-olefin and diolefin per mole of ethylene; and

(2) hydrogen is present in a ratio of about 0.05 to about 2 moles of
hydrogen per mole of ethylene,

(c) the mixture of catalyst and ethylene copolymer formecl in one reactor i ln,, E
* the series is transferred to an immedlately succeeding reactor in the series. =

. {d) the catalyst system comprises a constrained geometry catalyst and
optionally, ancther catalyst.

- (e) catalyst may be optionally added to each reactor In the series, provided
that catalyst is added to at least the first reactor in the series;

'Yet another aspect of this invention is the process for in situ blending of
polymers comprising continuously contdcting, under polymerization conditions,
a mixture of ethylene and at least one a-olefin and/or diolefin in at least two
fluidized bed reactors connected in parallel, with a catalyst with the
polymerization conditions being such that an ethylene copolymer having a
higher melt index is formed in at least one reactor and an ethylene copolymer

having a lower melt index is formed in at least one olher reactor with the '%
provisos that -

'lf

(a) in a reactor in which the lower melt index copolymer is made:

. (1) said alpha-olefin and/or diolefin is present in a ratio of about 0.01 to
about 3.5 total moles of alpha-olefin or diolefin per mole of ethylene; and

.__.._._____..__-
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substltut ed aryl, hydrocarbyl substituted benzyl, secondary or tertiary

al kyl of tertiary silyl group of up to 12 nonhydrogen atomns; Mis
titaniumin the +3 or +4 formal oxidation state; mis 1 to 2;

nis 1 or 2; X is nethyl, allyl, phenyl, benzyl, chloro,

2- (N, N-di net hyl am no) benzyl or trinﬁthylsilylnethyl Exanpl es of the

nmet al conpl exes ysed accordi n%n

wherein R

t he sent |nvent|on |nclude conpounds
is me ﬂy ydr%qeﬂ pre y',-t| ratloorﬁtaseut 0[5% t 0.3 mole of
hydrogen per mole o ethylene,

{b) in a reactor in which higher melt index copolymer is made:

(1) said alpha-olefin or diolefin is present in a ratio of about 0.005 to
about 3.0 total moles of alpha-olefin and diolefin per mole of ethylene; and

(2) hydrogen is present in a ratio of about 0.05 to about 2 moles of
hydrogen per mole of ethylene,

(c) the catalyst system comprises a constrained geometry catalyst and
optionally, another catalyst

“f
in all embodiments of the invention, the constrained geometry catalyst is -ﬂ""
used in at least one of the reactors. R

An advantage of this invention is that at least one constrained geometry
catalyst can be used alone or in conjunction with at least one other catalyst in
. reactors operated in series or parallel.

Yet another advantage is that due to the ability of supported constrained
geometry catalysts to incorporate efficiently longer chain higher alpha-olefin
comonomeys into a polymer, the range of copolymer densities which can be
made in an conventional gas phase reactor without having to condense the
recycle stream is dramatically increased.

Figure 1 graphically displays the structural characteristics of a
traditional heterogensous Ziegler polymerized LLDPE copolymer, a highly é
.-

branched high pressure free radical LDPE, a homogeneously branched linear =%
copolymer, and a substantially finear ethylene alpha olefin copolymer.

A

The Ethylene Copolymers

All reference to the Periodic Table of the Elements herein shall refer to
the Periodic Table of the Elements, published and copyrighted by CRC Press,
Inc., 1988. Also, any reference to a Group or Groups shall be to the Group or

\\\t\\\\\\\\\\i\iififﬁif“ .



20 hexyl (including all isonmers of the foregoing where applibable),
cycl odddecyl, norbornyl, benzyl, or phenyl: (ER[err]2)[err] is
'dlnethyIS|Iane, or ethanediyl; and the cyclic delocalized aromatic,

ani onic |1-bonded group is cyclopentadienyl, tetranethylcyclopentadienyl,
i ndenyl , tetrahydroi ndenyl, fluorenyy, tetrahydrofl|uorenyl or
oct ahydr of | uor enyl . Specific highly preferred conpounds i ncl ude:
g— (tert- blﬁt l)érau fhsG)refibcted in this Periodic Table of the Elements using the IUPAC

t et ramet hy i enyl ), et hanedi yl titani umdinethyl, 1-(tert-
but yl anl do) Sﬁ‘l"%&' ‘%rarret hyl - [g‘?yr] cycl opent adi enyl ), et hanedi yl ti tani um

di benzyl, 1-(tert-

bit yl am do) 2- (t%"&ﬁ%’t"ﬁ?‘ﬁW@Pﬂayé’ﬁ@f%@ﬁﬂ%@PBWPﬁscﬁfmmﬁeg | aneti t ani um

di met hyl , * 1-investian-aseicqpolyrmistrf amajarenal pereeri (3 8qQ%)af pthylens, and a

cycl opent adintimgrinjal pereérit i< 20%)0i ene bremora aiptia blefis,dr diclefins. The

(met hyl ani d fawmgen{mn}m &ncaémomasa erethyigigBrtty! si | anet it ani um
d

di met hyl, r%SF t@r‘ne‘?% ea t%f:venﬁ-ﬁﬂo alpha-olefin and/or

cycl-opent adlcgﬁ
C4- iolefin e po ymers of the presen can also be

_interpolymers of ethylene with at least one C3-C2g alpha-olefin, C4-C18
diolefin and/or other ethylenically unsaturated monomer.

Monomers usefully polynierized accordlng to the present invention -f )

include, for example, ethylenically unsaturated monomers, conjugated or o
nonconjugated dienss, polyenes, etc. Preferred monomers include the C2-C10
o-olefins especially ethylene, propene, isobutylene, 1-butene, 1-hexene, 4-
methyl-1-pentene, and 1-octene. Other preferred monomers include styrene,
halo- or alkyl substituted styrenes, tetrafluoroethylene, vinylbenzocyclobutene,
1,4-hexadiene, 1,5-hexadiens, 1,7-octadiene, 4-vinylcyclohexene, and
vinyleyclohexane, 2,5-norbomadiene, ethylidenenorbornene, 1,3-pentadiene,

i 1,4-pentadiene, 1,3-butadiene, isoprene and naphthenics (e.g., cyclopentene,

cyclohexene and cyclooctene). 1

+hroughout this disclosure, “melt index® or "l2" is measured in
accordance with ASTM D-1238 (180°C/2.16 kg); "110" is measured in
accordance with ASTM D-1238 (180°C/10 kg). For linear polyolefins,

. especially linear polyethylene, it is well known that as Mw/Mn increases, loflz -
also increases. With the ethylene or ethylene/a-olefin or diene substantially ‘_" .
linear olefin polymers that can be made by this invention, the 11¢/lo may be ﬁ—
increased without increasing Mw/Mn. The melt index for the ethylene or -
ethylene/o-olefin substantially linear olefin polymers used herein is generally
from about 0.01 grams/10 minutes (g/10 min) to about 1000 g/10 min,

_ preferably from about 0.01 g/10 min to about 100 g/10 min, and especially from

about 0.01 9/10 min to about 10 g/10 min.
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(phenyl am do) (tetranethyl-[err]- cycl opentadi enyl)di net hyl silanetitanium
di met hyl , (phenyl anmi do) (tetranethyl-[err]-cycl opentadi enyl ) di net hyl sl | ane-
titani um di benzyl, (benzyl am do) (tetranet hyl-[err] -

cycl opent adi enyl )di net hyl - silanetitani um

di met hyl , (benzyl am do) (tetramet hyl -8err]- cycl opent a-

di enyl )d| met hyl si | anetitani um di benzyl, (tert-

but yl ami do) ([ er e espelyagestiayel pdtoflz sl f“lwzm'ét"hm%‘?%é%laﬂﬁ] di met hyl ,
(tert-but yl prafecab)y(df ebeut 2\te kdpent adi enyl ) -1, 2- et hanedi yl titani um

di benzyl, (tert- butyI am do) ([ err] cycl opent adi enyl ) -

di nmet hyl si | anet i rcfdh&rs'é QL"B%&@!@
cycl opent adi en rre t| t Pn di
Cyel opent adERRS Ex ol pemeation ygRtogreR) (P ﬁ%a
cycl opent amwigluemmweswmwmm uivheauipasWith thiee mixed
but yl ami do)pdmybwcmmmhmxlma%mmmm“bM) opérating ata .
?gé%;ar‘éﬁ?) of mBbraRidi130¢. aﬂ%éoﬁ\%ﬂi iyl W@tﬁ&ﬁ&bﬂ)enzene from which :

but yl )altm do) % ﬁ%{ﬁ@%ﬁﬁgﬁa M& ;'ﬁ aé‘%g %j%‘?fy-?é[“h '°" I'E'ﬁet Itanium (I11)
al lyl, ow rate is 1.0 milliliters/mi ute dth injection slze is 200 microl ers
(- butyI am do) (tetramethyl -[err]-cycl opentadi enyl)di net hyl silanetitanium

~"*The molecular weight determination is deduced by using narrow :

: mo!eculax weight distribution polystyrene standards (from Polymer - .

Laboratories) in conjunction with their elution volumes. The equivalent il

polyethylene molecular weights are determined by using appropriate Mark- ™

Houwink coefficients for polyethylene and polystyrene (as described by

Williams and Word in Journal of Polymer Science, Polymer Letters, Vol. 6,

{621) 1988, inc_:orporated herein by reference) to derive the following equation:

d
fig 355[62”1

Mpolyethylene = a * (Mpolystyrene)P.

In this equétion, a=10.4316 and b = 1.0. Weight average molecular weight,
My, is calculated in the usual manner according to the followihg formula: Mw =
Zwi* N‘li, where wj and M; ara the weight fraction and molecular weight,
respectively, of the ith fraction eluting from the GPC column.

Tne molecular weight distribution {(Mw/Mp) for the ethylene polymers of
this invention is generally less than about 5, preferably from about 1.5 to about%‘:
2.6, and especially from about 1.7 to about 2.3. =

The density of the polymers in the present invention is measured in
accordance with ASTM D-792 and is generally from about 0.85 g/cm3 to about

~ 0.96 g/om3, preferably from about 0.865 g/cm® to about 0.96 g/em3. The
density of the copotymer, at a given melt index level for the copolymer, is
primarily regulated by the amount of the comonomer which is copolymerized
with the ethylene. In the absence of the comonomer, the ethylene would
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(111) 2,4-dimet hyl pentadi enyl, (t-cyclododecyl ami do)(tetranethyl-[err]-
cycl opent adi enyl ) di net hyl si |l anetitanium (111) 2-(N, N-di met hyl am no) - benzyl,
(t-butylam do) (tetranethyl-[err]- cycl opentadi enyl)di net hyl sil anetitani um
(111)2-(N, N- di nmet hyl am no) benzyl ,
-(t-butyl ami do)-2- (tetramethyl-[err]2

homopolymerize with the catalyst of the present invention to provide

homopolymers having a density of about >0.95. Thus, the addition of

progressively larger amounts ot the comonomers to the copolymers results up

to a point in a progressive lowering of the density of the copolymer. The

amount of each of the various a-olefin comonomers or dienes needed to

achieve the same result will vary from monomer to monomer, under the same

reaction conditions., Thus to achieve the same resuits, in the copolymers, in

terms of a given denstty, at a given melt index level, larger molar amounts of

the different comonomers generaily would be needed in the order of

C3>C4>Cs>Ce>C7>Cs.

The term "linear as used herein means that the ethylene polymer does not
have fong chain branching. That is, the polymer chains comprising the bulk ' -
linear ethylene polymer have an absence of long chain branching, as for Sl
example the traditional linear low density polyethylene polymers or linear high
density polyethylene polymers made using Ziegler polymerization processes
(e.g., USP 4,076,698 (Anderson et al.)), sometimes called heterogeneous
polymers. The term “linear* does not refer to bulk high pressure branched
polyethylene, ethylene/vinyl acetate copolymers, or ethylene/vinyl alcohol
copolymers which are known to those skilled in the art to have numerous long
chain branches. The tem *linear” also refers to polymers made using uniform
branching distribution polymerization processes, sometimes called
homogeneous polymers, including narrow MWD (e.g. about 2) made using
single site catalysts. Such uniformly branched or homogeneous polymers
include those made as described in USP 3,645,992 (Elston) and those made
using so-called single site catalysts in a batch reactor having relatively high
ethylene concentrations (as described in U.S. Patent 5,026,798 (Canich) or in
U.S. Patent 5,055,438 (Canich)) or those made using constrained geometry
catalysts in a batch reactor also having relatively high olefin concentrations (as
described in U.S. Patent 5,064,802 (Stevens et al.) orin EP 0 416 815 A2

. (Stevens et al.)). The uniformly branched/homogeneous polymers are those
polymérs in which the comonomer is randomly distributed within a given
interpolymer molecule or chain, and wherein substantially all of the

“interpolymer molecules have the same ethylene/comonomer ratio within that -
interpolymer, but these polymers, too, have an absence of long chain

e
_-g""”
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cycl opent adi enyl ) et hanedi yl titanium (111) 2-(N, N-di met hyl ani no) benzyl
1-(t-butylam do)-2-([err]-indenyl)ethanediyltitani um di nethyl,

1-(t-butyl am do)-2-([err]-indenyl)ethanediyltitani umdi benzyl,
(t-butylam do)([err]-tetrahydroi ndenyl)di net hyl sil anetitani um di net hyl,
(t-butylam do)([err]-tetrahydroi nded{| ) di met hyl si | aneti tani um di phenyl,
1- (t - but y| abraskhing2asd, farexdmpletBxxory Ghamical bas/tayight FretheidFgbrgary 2982um di net hyl
1- (t-butyl ardhp)oudnal baief tpptedt10apydr oi ndenyl ) et hanedi yl titani um di benzyl,
(t-butylam do)([err]-fluorenyl)di nethyl silanetitani um di nmet hyl,

t-butylamd N -1l | ) di net hyl si | ti I | i b |,
e W R B
1- (t - but y| asHbstsytedqn[avefape.wiliabewhd.0ldengghaiibjanchesitiogisteli benzyl | .

(t-butyl ani ehmdns@helbdingbotiabatkbard andibeanch patbons) todbsid Bloag ehaami um di met hyl
(t-butyi am gigddhb8 6do bl dambbnd! Pidtriidpolymbiiieidbslitble s béuani um di benzyl,

1-(t-butyl am = 2 (; - 5@1{% Iyl titani um di nmet hyl,

1-(t-butyl aérg)g 950 ig;ar:]g-e%ﬁéra ggio n%gér%r% Eci gﬁ%&]i | titani um di benyl

(t-butyl am Y&} P 1ot3) CRRROR PSTS 598} Fret! P& AN ¢ ani um di et hyi
branches/1 total carbons to about 1 long chain branch/1000 total carbons,

' and especially from about 0.3 long chain branches/1000 total carbons to about

1 long chain branch/1000 total carbons.

~ As used herein, the term "backbone* refers to a discrete molecule, and ¥ -
the term “polymer” or "bulk polymer* refers in the conventional sense to the _,:.3-
polymer as formed in a reactor. For the polymer to be a *substantially linear” i
polymer, the polymer must have at least enough molecules with long chain
branching such that the average long chain branching in the bulk polymer is at
least an average of about 0.01 long chain branches/1000 total carbons.

The term *bulk” polymer means the polymer which results from the
polymerization process and, for the substantially linear polymers, includes
molecules having both an absence of long chain branching, as well as
molecules having long chain branching. Thus a *bulk® polymer includes all
molecules formed during polymerization. It is understood that, for the
substantially linear polymers, not all molecules have long chain branching, but
a sufficient amount do such that the average long chain branching content of
the bulk polymer positively affects the melt rheology (i.e., the melt fracturs -
propetties).

Long chain branching (LCB} is defined herein as a chain length of at
least one (1) carbon less than the number of carbons in the comonomer,
whereas short chain branching (SCB) is defined herein as a chain length of the

. same number of carbons in the residue of the comonomer after it is
incorporated into the polymer molecule backbone. For example, an
ethylene/1-octene substantially linear polymer has backbones with long chain
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(t-butyl am do) ([err]-octahydrofluorenyl)dinethylsilanetitani um di benzyl,

1- (t-butyl am do)-2-([err]-octahydrofl uorenyl)ethanediyltitani um di net. hyI

1- (t - butyl am do) - 2- ([err]-octahydrofluorenyl)ethanediyititani um di benzyl,
and the correspondi ng zirconi um or hafnium coordi nati on conpl exes.

The skilled artisan will recogni zelthat additional nenbers of the foregoing

list will [res ' Zl.rcon haf containin

derivati vesg"aﬁé11 P%q%??ﬁ%'ﬁﬂmgg}sbg Qt'engﬁ'eb@étrﬁ?%?lsfﬂg'ﬁ%q tuted ag her ei n
def i ned. Branchesm)gquﬁ;(éq]p§ prindang®d et al conpl exes used according to
the present invention are (1l-tert-butylam do)-2-(tetranethyl-[err]-

cycl opent adi enyIL))mj craetstandhingtcam be distiligiiehdy/from %ddahhmﬁcﬁingm do)-2-(tetra-
met hyl -[errpgy fﬁﬁﬁkﬁ% RPRIBFingghek .msa%eg wmlgpaakdéeaﬂléaa@@al -(tert-

but yl am do) h le!h e%p a‘gi r%‘jlfe%lug%twl SI I anet i tani um
g'ygf E)Belnt adm W9‘P? ;i %gg%é ﬁﬁ'“u ?ﬁél (i;ia). 285-297), the

disclosure of which is mcorporated herein by reference. However as a

practical matter, current 13C nuclear magnetic resonance spectroscopy cannot

determine the length of a long chain branch in excess of six (6) carbon atoms

and as such, this analytical technique cannot distinguish between a seven (7)

carbon.branch and a seventy (70) carbon branch. The long chain branch can

be as long as about the same length as the length of the polymer backbone. I
U.S. Patent 4,500,648, incorporated herein by reference, teaches that -

long chain branching fréquendy (LCB) can be represented by the equation

LCB=b/M,y wherein b is the weight average number of long chain branches per

molecule and M,y is the weight average molecular weight. The molecular

weight averages and the long chain branching characteristics are determined

by gel permeation chromatography and intrinsic viscosity methods.

The SCBDI (Short Chain Branch Distribution Index) or CDBI
(Composition Distribution Branch Index) is defined as the weight percent of the
polymet molecules having a comonomer content within 50 percent of the
median total molar comonomer content. The CDBI of a polymer is readily
caiculated from data obtained from techniques known in the art, such as, for
example, temperature rising elution fractionation (abbreviated herein as
*“TREF*) as described, for example, in Wild et al, Journal of Polymer Science, <
Poly. Phys. Ed., Vol. 20, p. 441 (1982), or as described in U.S. Patent __._;.;
4,798,081. The SCBDI or CDBI tor the substantially linear ethylene polymers
of the present invention is typically greater than about 30 percent, preferably
greater than about 50 percent, more preferably greater than about 80 percent,
and most preferably greater than about 90 percent.

*Melt tension” is measured by a specially designed pulley transducer in
conjunction with the melt indexer. Melt tension is the load that the extrudate or
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di benzyl , . _
(t-butylam do) (tetranethyl -[err]-cycl opent adi enyl ) di et hyl si | anet i tani um
(t-butylam do) (tetranethyl -[err]-cycl opent adi enyl ) di met hyl si | anetitani um

22 1
-(t-butyl am do) - 2- (tetranet h%l -[err 2cycl opent adi enyl ) et hanedi yl titani um

(t - but yl am @EMEnEexerts wails passiag Y haRuligyeniet twa iseh diwtthatimi um di et hyl |
(t but yl ani detatirgeat tHe-standardtspeecdf $Qapny. Tinh meit tensisn maasténientisum di phenyl ,

( t - but yl asintira) to2hd Maitrension TedwttmaddBIETOoI ki RAD RUe¥hdbel B UM di met hy'
John Dealy in "Rheometers for Molten Plastics*, published by Van Nostrand
Reinhold Co. (1982) on page 250-251. The melt tension of the substantially
linear polymers of this invention is also surprisingly good, e.g., as high as
about 2 grams or more..For the substantially linear ethylene interpolymers of
this invention, especially those having a very narrow molecular weight

distribution (i.e., My/Mp, from 1.5 to 2.5), the melt tension is typically at least
about 5 percent, and can be as much as about 60 percent, greater than the
melt tension of a conventional linear ethylene interpolymer having a melt
index, polydispersity and density each within ten percent of the substantlally .
linear éthylene polymer.
- +
A unique characteristic of the substantially linear polymer is a highly %
unexpected flow property where the 1{g/lo value is essentially independent of -
- polydispersity index (i.e., My/Mp). This is contrasted with conventional Ziegler
polymerized heterogeneous polyethylene resins and with conventional single
site catalyst polymerized homogeneous polyethylene resins having rhaological
properties such that as the polydispersity index increases, the l40/lo value also

increases.
Processing Index Determination

The "rheological processing index" (Pl) is the apparent viscosify (in
kpoise) of a polymer and is measured by & gas extrusion theometer (GER).
The GER is described by M. Shida, R.N. Shroff and L.V. Cancio in Polym. Eng.
Sci., Vol. 17, no. 11, p. 770 (1977), and in "Rheometers for Molten Plastics* by _
John Dealy, published by Van Nostrand Reinhold Co. (1982) on page 97-09, =
the disclosures of both of which are incorporated in their entirety herein by ==
reference. The processing index is measured at a temperature of 190C, at E
nitrogen pressure of 2500 psig using a 0.0296 inch (752 micrometers)
diameter (preferably 0.0143 inch diameter die for high flow polymers, e.g. 50 -
100 melt index or greater), 20:1 L/D die having an entrance angle of 180

degrees. The GER processing index is-calculated in millipoise units from the
following equation:

RY- T
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(t-butylam do)([err]-tetrahydrofluorenyl)dimethylsilanetitani um dinethyl,
(t-butyl ani do) ([err] -t et rahydr of | yor enyl ) di et hyl si l-anet i t ani um di benzyl ,
1-(t-butylam do)-2-([err]-tetrahydrofluorenyl)ethanediyltitani um dinet hyI
1-(t-butyl am do)-2-([err]-tetrahydrofluorenyl)ethanediyititani um benzyl
(t-butyl am do) ([err]-octahydrofluorehyl)di nethylsilanetitani um di net hyl
(t-butylam do) ([err]-octah drof uoreqr? di met hyl si | aneti t ani um di benzyl ,
1- (t - butyl ami do) - 2- ([ éFF% {( RS Bynsfom 4 AR sheaneteddi y1 ti t ani um di met hyl
1-(t-butyl am do)-2-([err]-octahydrofluorenyl)ethanediyltitani umdi benzyl,
The metal conpl WelISESCk105dyhelﬁmgIiﬂ\/tﬁé%hé&ﬂst&fs@afmd%ﬁ%dkﬁéa' ytically

active by ceniiriahisiRe Yhdah raddiatifd WiiPdd 3BreSaHieH 5/ foucsw. %y use of an
aetivati ng Zj; ghaue. Suitable activating cocat a yst S use herein
£

| ud ther th h C1-30
hyar ocar byl 2 qeﬁf?ra@?éf%ﬂ&q%erafégﬁﬁrﬁ@% MO ial 1y

tri (hydrocar byl )@lia¥e gxtrisionrate (¢/min).dr ocar byl ) bor on . conpounds and
hal ogenat ed (i nd.74siisthemettiehsiyoahpolgsiylahe(g/oms), aes thereof, having from1

to 10 carbons iigAgsr WY GRaS BithetsF of i QBRER(REhday dr ocar byl
The Pl is the apparent viscosity of a material measured at apparent shear
stress of 2.15 x 106 dyne/cm?2.

For the substantially linear ethylene polymers (or ethylene/alpha-olefm
copolymers or interpolymers) produced by this invention, the P! is less than or-==
equalto 70 percent of that of a conventional linear ethyiene polymer {or =
ethylene/alpha-olefin copolymer or interpolymer) having an la, MWn and
density each within ten percent of the substantially linear ethylene polymer.

An appérent shear stress vs. apparent shear rate plot is used to identify
the melt fracture phenomena over a range of nitrogen pressures from 5250 to
500 psig using the die or GER test apparatus previously described. According
to Ramamurthy in Joumnal of Rheology, 30(2), 337-357, 1986, above a certain
critical flow rate, the observed extrudate irregularities may be broadly
classified into two main types: surface melt fracture and gross melt fracture.

Surface melt fracture occurs under apparently steady flow conditions
and ranges in detail from loss of specular gloss to the more severe form of
*sharkskin". in this disclosure, the onset of surface melt fracture is 4"
characterized at the beginning of losing extrudate gloss at which the surface _;-1
roughness of extrudate can only be detected by 40X magnification. The E
critical shear rate at onset of surface melt fracture for the substantially linear
ethylene polymers is at least 50 percent greater than the critical shear rate at

the onset of surface melt fracture of a linear ethylene polymer having about the

~ same I and My/M,,. Preferably, the critical shear stress at onset of surface.

e —
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group, nore especially perfluorinated tri(aryl)boron conpounds, and nost
espeC|aIIy tri s(pentafluorophenyl)borane; nonpolyneric, conpatible,
noncoordlnatlng, ion formng conpounds (including the use of such conpounds

under oxidizing conditi ons) espec I Iy the use of ammoni um, phosphonium,
oxoni um, car : on um salts of ¢ at| bl e

noncoor d| nat | %gﬂgﬁme for%e Xur’fé@r% 'ﬁ? ¥l§ﬁ %°I’6‘Fe'% ﬂB%Y“"Eﬂ%gp noncoor di nati ng
ani ons; bul k9% @EWBF@@F? (’% ‘in nore detail hereinafter); and

conbi nati ons of the foregoing act [ vat| ng cocatal ysts and techni ques. The
f or egoi nlg act i vai@rogg rmam‘cmchdwrsandnaﬁdyﬂm bwlt‘bﬁs:m rﬁh@% irhavet Eeen
reviously t s in the

1I‘D ol | ow ngyr e?élﬂhl}-q%dé"rsig DEF féﬁ&ﬁﬁ%t%ngtreéﬂ Jnﬁ%h% }&ﬂ 9%536 064, 802, .
EP- A- 468, 651 %‘8§'BF§/al°é pmiafefsl adBant (' NB‘ ?J"ﬂ EP- A 520, 732
(equi val ent $ustagp defectssghquid bevginime, fnphabsgn Thﬁﬁ@'cﬁﬁhﬁarﬁ% ay32 (equi val ent
to U S. Serénset olsurfacdmaidectss(QSMR) ant/brticdl shar8ftgss at baset efachi ngs of whi ch
are hereby igosy nelt fdctite (OGMES £r& 8. on the changes of surface roughness

and configurations of the extrudates extruded by a GER. For the substantially

linear ethylene polymers of the invention, the critical shear stress at onset of

gross melt fracture is preferably greater than about 4 x 106 dyne/em?2.

For the processing index and melt fracture tests, the ethylene polymers =

'f-
and substantially linear ethylene copolymers contain antioxidants such as -*:-‘
phenols, hindered phenols, phosphites or phosphonites, preferably a =

combination of a phenol or hindered phenol and a phosphite or a phosphonite.

) Suitable catalysts for use herein comprise constrained geometry
complexes in combination with an activating cocatalyst or activating technique.
Examples of such constrained geometry complexes, methods for their

- preparation and for their activation are disclosed in U.S. Application Serial No.
07/545.405, filed August 31, 1988, U.S. Application Serial No. 545,403, filed -
July 3, 1990 (EP-A-416,815); U.S. Application Serial No. 547,718, filed July 3,
1890 fEP-A-468,651 ); U.S. Application Serial No. 702,475, filed May 20, 1991

. (EP-A-514,828); U.S. Application Serial No. 876,268, filed May 1, 1992, (EP-A-

- 520,732) and U.S. Application Serial No. 08/008,003, filed January 21, 1993,
as well as U.S. Patents: 5,055,438, 5,057,475, 5,096,867, 5,064,802 and
5,132,380, all of which are incorporated herein by reference. . '

-
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23 _ Conbinations of neutral Lewi s acids, especially the conbination
of a trialkyl aluninum conpound having from1 to 4 cefsP#Iee2h each al kyl
group and a hal ogenated tri (hydrocarbyl)boron conpound having from1 to 10
carbons in each hydrocarbyl group, especially

tri s(pentafl uorophenyl ) borane, and Xonbi nations of neutral Lewis acids,
especially tris(pentaflugrophenyl)borane, w th nonpol yneri c, conpati bl e
noncoor di nati ng g bledrenidag meiaisemRlgsesipiuse bgwein eprespand4e thabl e act i vat i ng

cocat al yst s.fomula:

Z .

7N
N\
N\
X) q x}
or dimers thereof,
wherein:

M s a Group 4 metal in the +3 or +4 formal oxidation state, preferabiy M
is titanium or zirconium, most preferably titanium;
L is a group containing a cyclic, delocalized, aromatic, anionic, IT
system through which the L group is bound to M, and which L group is also
’ ' bound to Z, said L group containing up to 60 nonhydrogen atoms; ]
Z is a moiéty covalently bound to both L and Y, comprising boron, or a
member of Group 14 of the Periodic Table of the Elements, said moiety having
up to 60 non-hydrogen atoms;
Y is a rioiety comprising nitrogen, phosphorus, sulfur or oxygen through
which Y is covalently bound to both Z and M, said moiety having up to 25
nonhydrogen atoms;
X' independently each occurrence is a Lewis base containing up to 40
nonhydrogen atoms;
X independently each occurrence is a monovalent anionic moiety
'having up to 20 non-hydrogen atoms, provided however that neither X is an
aromatic group that is II-bonded to M, optionally, two X groups may be
covalently bound together forming a divalent dianionic moiety having both
valences bound to M, or further optionally one or more X and one X' group may ;-
be bonded together thereby forming a moiety that is both covalently bound to g

M and coordinated thereto by means of Lewis base functionality; =
g is a number from O to 1; and
nis 1 or 2 depending on the formal oxidation state of M.

_q!'.
P
e

In one embodiment of this invention, the complexes can be prepared by
contacting a precursor Group 4 metal compound containing 2 displaceable
ligand groups with a source of a dianionic ligand, (L-Z-Y)2-, and optionally, if

\'
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Sui tabl e ion form ng conpounds useful as cocatal ysts in one enbodi nent of

t he present invention conprise a cation which is a Bronsted acid capable of .
donating a proton, and a conpati bl e, noncoordinating anion, Alerr]. As useéed
herein, the term "noncoordi nati ng" ans an ani on or substance which either
does not cogrqy Q&}r&rt&’mw@dQiﬂugowiﬁ%ﬁ«;\'oxﬁ%%%%{hﬂ HeifidfP” conpl ex and
the catal yti errvarrve derived therefron or FCR IS on weakl y

coor di nat ed cPBPIE% @G ereaHtingicomRlsy: 9 & 1S RIPGHESAL GPMRUNE XM B | abile to be

di spl aced byighetfermal axidationstetehanthe desied coroplex, merducing therresuitingpeci fi cal | y
refers to agomple@n whi ch when functioning as a charge balancing anion in a

ti ' t al ; | W ' t f t-
cationic et al RRRLkoSARS 1R posa HhEHioAADIs Pl talabiont or fragnen

thereof to said catl.qn t or m neut
ani ons" ar e%ﬁﬁ?’fbﬂ?f\ﬂz‘i"@ﬁ yglpgzaﬁgq °‘2Fé‘8$§’b%°§y"?%‘%ﬂ%mg§?'ﬁ?f§ when the initially
formed conpPERPEEWONposes and are noninterfering with desired subsequent
pol ymerization or other uses of the conplex. Preferred anions are
t hose cont ajjpi ng) andoriadre ofthe abbive Aistd) Borfilaxds ©X the reaction product of

the above described process, and '

2) one or more activating cocatalysts;

or _

B) the reaction product formed by converting one or more of the above

metal complexes or the reaction product of the above described process to an 5

active catalyst by use of an activating technique. }

L

.i‘_q.

- e

By the term “divalent derivatives® is meant that L is bonded to both Z
and M. Suitable inert substituents on L include hydrogen, hydrocarbyl, '
halocarbyl, halohydrocarbyl, silyl, germyi, halo, amino, phosphino, cyano,
hydrocarbylox)", siloxy and combinations thereof, each of said inert
substituents having up to 20 nonhydrogen atoms, or optionally, two or more
such substituents (except hydrogen, cyano or halo) together form a ring ;
structure, particularly a fused ring structure. Desirably, such L groups contain
up to 50 non-hydrogen atoms. Cyclopentadienyl, indenyl, flucrenyl,
tetrahyaroindenyl, tetrahydrofiuorenyl, and octahydrofiuorenyt and the
foregoing inertly substituted derivatives thereof are specifically included within

* the above definition of L groups.

Preferred examples of X groups include: hydrocarbyl, carboxylate, d
sulfonate, hydrocarbyloxy, siloxy, amido, phosphido, sulfido, and silyl groups; __;;-3-_
as well as halo-, amino-, hydrocarbyloxy-, siloxy-, silyl-, and phosphino- '
substituted derivatives of such hydrocarbyi, carboxylate, sulfonate,
hydrocarbyloxy, siloxy, amido, phosphido, sulfido, or silyl groups; hydride,
halide and cyanide, said X group having up to 20 nonhydrogen atoms; or

~ alternatively, two X groups together are a hydrocarbadiyl, or a substituted
hydrocarbadiy! group wherein the substituent is independently each
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conprising a charge-bearing netal or netalloid core which anion |Is capable -
of bal &ncing the charge of the active catal yst species (the netal ‘cat’i on)
whi ch nmay be formed when the two conponents are conbi ned. Al so, said anion
shoul d be sufficiently labile to be displaced by olefinic, diolefinic and
acetyl enical |y unsaturated conpounkfs or other neutral Lewi s bases such as-
ethers or nitriles. Suitable metals include, but are not limted to,

al um num getehrmenek phydrogachyl orsilyl gevp ! uptoL0Inonhisirdgen kterhs, sdidit ar e not
limted to, ghapdsmingzagthlkcyse, peaierably hinttalacydopaaentgwitig ANt ai ni ng ani ons

whi ch conprise coordination conplexes containing a single netal or

Ceabunds. cont s iFnpRo Bk s L b B0 esbfnoiluali [, 20,1 20"

conpounds cont ai ' portion, are
angI able ¢ Byﬁlfgyg rp ), ydr carbyloxy, amido, suyl r]ylhydrocarbyl slloxy, halide

and eminobenzyl. Especially sulted are hydride, chloride, methyl, neopentyl,
benzyl, phenyl, dimethylamido, 2-(N,N-dimethylamino)benzyl, allyl, methyl-
substituted allyl (all isomers), pentadienyl, 2-methylpentadienyl, 3-
methylpentadienyl, 2,4-dimethylpentadienyl, 6,6-dimethylcyclohexadienyl, and
trimethylsilylmethyl. More preferred of two X groups together are 2-butene-
1,4-diyl, 2,3-dimethyl-1,4-diyl, 2-methyl-2-butene-1,4-diyl, butane-1,4-diyl,
proparie-1,3-diyl, pentane-1,5-diyl, and 2-pentene-1,5-diyl.

Preferred X' groups include phosphines, phosphites, ethers, amines, "=
carbon monoxide, salts of Group 1 or 2 metals, and mixtures of the foregoing ~™
X' groups. Examples of the foregoing especially include trimethylphosphine,
triethylphosphine, trifluorophosphine, triphenylphosphine, bis-1,2-
(dimethylphosphino)ethane, trimethylphosphite, triethylphosphite,
dimethyiphenylphosphite, tetrahydrofuran, diethyl ether, carbon monoxida,
'pyridine, bipyridine, tetramethylethylenediamine (TMEDA), dimethoxyethane
(DME), dioxane, triethylamine, lithium chloride, and magnesium chloride.

- Further preferred metal coordination complexes used according to the
present invention correspond to the formula:

L Y

/

Cp—M—(h
wherein Z, M, Y, X and n are pre\_fiously defined; and T

Cp is a CgH4 group bound to Z and bound in an 15 bonding mode to M
or Is such an 15 bound-group substituted with from one to four substituents
. independently selected from hydrocarbyl, silyl, germyl, halo, cyano, and
combinations thereof, said substituent having up to 20 nonhydrogen atoms,
and optionally, two such substituents (except cyano or halo) together cause Cp
to have a fused ring structure.

-17-
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24 Preferably such cocatal ysts may be represented by the foll ow ng

general fornul a: [err] wherein:

L* is a neutral Lew's base; (L*-H[err] is a Bronsted aci d;

Ad- is a noncoordinating, conpatible anion having a charge of d[err] and
dis an integer from1l to 3. 18 More preferably Alerr] corresponds to

the formula: [Merr]+Qerr]][err] wherein:
More preferred metal coordination complexes used according to the
present invention correspond to the formula:

R ]
Z—y
R M
00
R’ R

wherein:
_R' each occurrence is independently selected from hydrogen,
hydrocarbyl, silyl, germyl, halo, cyano, and combinations thereof, said R’
having up to 20 nonhydrogen atoms, and optionally, two R' groups (where R’ |s1'
not hydrogen, halo or cyano) together form a divalent derivative thereof _-;' -
connected to adjacent positions of the cyclopentadienyl ring to form a fused i
ring structure;
Y is -O-, -S-, -NR*-, -PR*;
Z is SiR"p, CR"9, SiR*2SiR"5, CR"QCR* \ CR*-CR* CR*2SiR"y, or
GeR"g, wherein:
R* sach occurrence is mdependently hydrogen, or a member selected
from hydrocarbyl, silyl, halogenated alkyl, halogenated aryl, and combinations
thereof, said R* having up to 20 non-hydrogen atoms, and optionally, two R*
groups.from Z (when R* is not hydrogen), or an R* group from Z and an R*
group from Y form a ring system.
M is titanium or zirconium in the +3 or +4 formal oxidation state; and
X is chloro, hydrocarbyl, hydrocarbyloxy, silyl or
N, N-dialkylamino substituted hydrocarbyl group; -
nisior2, 1 S
Preferably, R’ independently each occurrence is hydrogen, h)}drocarbyl,
sliyl, halo and combinations thereof said R* having up to 10 nonhydrogen
atoms, or two R’ groups (when R' is not hydrogen or halo) together form a
. divalent derivative thereof; most preferably, R' is hydrogen, methyl, ethyl,
propyl, butyl, pentyl, hexyl, (including where appropriate all isomers),
cyclopentyl, cyclohexyl, norbornyl, benzyl, or phenyl or two R' groups (except
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k is an integer from1l to 3; n" is an integer from2 to 6;

n' -k =d; M is an elenent selected from G oup 13 of the Periodic
Tabl e of the El'enents; and Q i ndependently each occurrence is

sel ected from hydride, dialkylam_do, halide, hydrocarbyl, hydrocarbyl oxy,
hal osubsti t ut ed- hydr ocar byl , hal bstituted hydrocarbyl oxy, and halo

substi t ut edudpbdehldi Hab LG8 lifked téf@d‘jeﬁ@leserki}er@gﬂ!ﬁbrﬁ% pRrdbplvemgnat ed

hydr ocar by} - per - ted

St lyl hydroea?%wtbﬂ%ﬂ?%‘%{*@ﬁ? iRy ot RBRRRESE P e orovi so
that in noP"tﬁMdg’ﬂf’?ﬁW 8ff¥Poccurrence is Q halide. Exanples of suitable

hydr ocar byl oxi de Q groups are disclosed in U S. Patent 5,296,433, the _

t eachi ngs of wiFuthergprefetablycatiedshowr ¢ & artRtds &y elpatfonrdenating In a nore
preferred galediByRng tenfl "didctre Bonating® is mbdHethaPMB hitiety Biindi@S a singl e negative
charge andej§rdnldohiing 1 rydRlbr ITHuS CgHR) préferubfyPiR'e itrddfénaPT ON

phosphorus containing group corresponding to the formula -N(R*)- or -P(R")-,
wherein R* is C1.12 hydrocarbyl.

Most highly preferred metal coordination complexes are amidosilane- or
amidoalkanediyl- compounds corresponding to the formula:

(ERIII . -
'2)“"N——R X
RY M i
“M¥n )
Rl

Ri

whérein:

R' is independently each occurence selected from hydrogen, silyl,
hydrocarbyl and combinations thereof, said R’ having up to 10 carbon or
silicon atoms, or two such R' groups on thé substituted cyclopentadienyl group
(when R' is not hydrogen) together form a divalent derivative thereof
connected to adjacent positions of cyclopentadieny! ring;

E is independently each occurrence silicon or carbon.

R" is independently each occurrence hydrogen or C1.1g hydrocarbyl;

R" is hydrocarbyt or silyl, especially an aryl, benzyl, hydrocarbyl
substituted aryl, hydrocarby! substituted benzyl, secondary or tertiary alkylor -
tertiary silyl group of up to 12 nonhydrogen atoms;

M is titanium in the +8 or +4 formal oxidation state;

mis1to2;

nis1or2;

X is methyl, allyl, phenyl, benzyl, chiora, 2-(N,N-dimethylamino)benzyl
.or trimethylsilylmethyl.

Examples of the metal complexes used according to the present
invention include compounds wherein R" is methyl, ethyl, propyl, butyl, pentyl,

g
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which are particularly useful in the preparation of catal ysts. of thls
i nvention may be represented by the foll owing general fornula:

[L*-H [err][BQ err]][err] wherein: [L*-H][err] is as preV|oust
ﬂe];llnedbl Bis bgronlnava nce state of 3; and . Qis a

ydr ocar ar t b ted

hydr ocar bgl o'?&?‘;\y(mﬁlr"g'f'?ﬁ%ﬁf"ﬁéﬁs °§é§t’l‘7 i f?e%%r %clodo or![(r)\azg
nonhydr ogen Rerearayl keneh ‘FIQEGFB(F P i e‘f‘}‘ls'ﬁ‘ﬂ » 9r8fhanedidiand e occasion is Q

cyclic delocahzed aromatic, anionic Il-bonded group is cyclopentadieny!,
tetramethylcyclopentadienyl, indenyl, tetrahydroindenyl, fluorenyl, -
tetrahydrofluorenyl or octahydrofluorenyl.

Specific highly preferred compounds include: 1-(tert-butylamido)-2-
(tetramethyi-n5-cyclopentadienyl),ethanediyititanium dimethyl, 1-(tert-
butylamido)-2-(tetramethyl-'r|5- cyclopentadienyl),ethanediyltitanium dibenzyl,

1-{tert- butylamido)-2-(tetramethyl-nS- cyclopentadienyl)dimethylsilanetitanium
dimethyl, 1-{tert- butylamido)-2-{tetramethyl-nS- _
cyclopentadienyl)dimethyisilanetitanium dibenzyl, (methylamldo)(tetramethyl-n

5. cyclopentadrenyl)dimethylsilanet:tanium dimethyl, (methylamldo)(tetra-

methyl-n5- cyclopentadienyl)dimethylsilanetitanium dibenzyl, .
(phenyiamldo)(tetramethyl-n5 cyclopentad|enyl)d|methylsﬂanetltamum
dimethyl, (phenylamido)(tetramethyl-nS- cyclopentadienyl)dimethylsilane-
titanium dibenzyl, (benzylamido)(tetramethyl-n5- cyclopentadienyl)dimethyl-
silanetitanium dimethyl, (benzylamido)(tetramethyln5- cyclopenta-
dienyl)dimethylsilanetitanium dibenzyl, (tert- butylamido)(n5-cyclopentadienyl)-
1,2-ethanediyltitanium dimethyl, (tert-butylamido)(n5-cyclopentadienyl)-1,2-
ethanediyltitanium dibenzyl, (tert-butylamido)(n5- cyclopentadienyl)-
dimethylsilanetitanium dimethyl, (tert- butylamido)(5-
cyclopentadienyl)dimethylsilanetitanium dibenzyl, (methylamido)(n5-
cycloppntadienyl)dimethylsilanetitanium dimethyl, (t-butylamido)(n5-
cyclopentadienyl)dimethylsilanetitanium dibenzy|, (t-
butylamido)indenyldimethylsilanetitanium dimethyl, (t-
butylamido)indenyldimethylsilanetitanium dibenzyl,
(benzylamido)indenyldimethylsilanetitanium dibenzyl, (t-
butylamldo)(tetramethyl-'q5-cyclopentadnenyl)drmethylsuIanetltamum (i) allyl, =
(t-butylamxdo)(tetramethyl-n5-cyclopentadlenyl)dlmethylsnlanetltamum ‘ ;_.,.
(ll1) 2,4-dimethylpentadienyl,
(t-cyclododecylamido)(tetramethyl-nS-
cyclopentadienyl)dimethylsilanetitanium (1If) 2-(N,N-dimethylamino)-benzyl,
(t-butylamido)(tetramethyl-n5-
cyclopentadienyl)dimethylsilanetitanium (III) 2-(N,N-
dimethylamino)benzyl,

i Ay

REPLACEMENT SHEET

Sheet Has Been Rep laced

R

o0 NOV 1996




25 hydrocarbyl. Mst preferably, Qis each occurrence a fluorinated aryl

group,, especially, a pentafluorophenyl. group.

[l lustrative, but not

limting, exanples of boron compounds which nay be used as an activating
in the preparation of the inproved catalysts of this invention

are tri-subgsgki TR _5t.9215u_ch as: trimethyl anmoni um _ :
t et rapheny%gpg%ﬁqu?ﬁéﬁﬁgg?@%%i um tet raphenyl borate, tripropyl anmoni um
3

cocat al yst

t et raphenyl

tri(t-butyl¥é

PRy eingn ) et N- MR e
neHiamide)-2<n7-ingeashothpegdivitianivg dimethykt hyl ani | i ni um

t et r apheny | e@batylamidd)-B-(of-mtibn)ethanedhititmiune tibepdpeny | bor at e,
N, N- di et hXi-ba}y[gmﬁo;(ii5.@&5%@539“4)&,#%);@55@,%my&ip,g{h% e, trinethylanmmoni um
tetraki s( pephafihHRbRBMeIyrdiieRYifimethylsilanetitanium diphenyl,

1-(t-butylamido)-2-(n5-tetrahydrqindenyl)ethanediyltitanium dimethyl,
1-(t-butylamido)-2-(n5-tetrahydroindenyl)ethanediyltitanium dibenzyl,
(t-butylamido)(nS-fluorenyl)dimethyisilanetitanium dimethyl,
(t-butylamido)(mS-fluorenyl)dimethyisilanetitanium dibenzyl,
1-(t-butylamido)-2-(115-ﬂuorenyl)etha‘nediyltitanium dimethyl,
1-(t-butylamidq)-2-(1|5'ﬂuorenyl)ethanediyltitanium dibenzyl,.
(t-bdtyl_amido)('q5-tetrahydroﬂuorenyl)dimethylsilaneﬂtanium dimethyl,
(t-butyfamido)(n5-tetrahydroﬂuorenyl)dimethylsilanetitanium dibenzyl,
1-(t-butylamido)-24(n5-tetrahydrofluorenyl)ethanediyltitanium dimethyl,
1-(t-butylamido)-2-(n5-1etrahydroﬂuorenyl)ethanediyltitanium dibenzyl
(--butylamido)(nS-octahydrofiucrenyl)dimethylsilanetitanium dimethyl
(t-butylamido)(nS-octahydrofluorenyt)dim ethylsilanetitanium dibenzyl,
1-{t-butylam ido)-2-(n5-octahydroﬂuorenyl)ethanediyltitanium dimethyl,
1-(t-butylamido)'-z-(n5-octahydroﬂuorenyl)ethanediyltitanium dibenzyl,
and the corresponding zirconium or hafnium coordination complexes.

Py “:"“-1

¢

The skilled artisan will recognize that additional membets of the
foregoing list will include the corresponding zirconium or hafnium containing
derivatives, as well as complexes that are variously substituted as herein
defined.

Most highly preferred metal complexes used according to the present
invention are (1-tert-butylamido)-2-(tetramethyl-n5- -

cyclopentadienyl)ethanediyltitanium dimethyl, 1-(tert-butylamido)-2-(tetra- e

methyl-nS- cyclopentadienyl)ethanediyltitanium dibenzyt, 1-(tert- butylamido)-
2-(tetramethyl-n®- cyclopentadienyl)dimethylsiianetitanium dimethyl, 1-(tert-
butylamido)-2-(tetramethyl-n®- cyclopentadienyl)dimethylsilanetitanium
dibenzyl,

'(t-butyiamido)(tetramethyl-n5-cyclopentadienyl)dimethylsilanetitanium.

(t-butylamido)(tetramethyl-ns-cyclopentadienyl)dimethylsilanetitanium,

-

- REPLACEMENT SHEET

- This Sheet Has Been Replaced

I

30 NOV 1996




triet hyI ammoni um t etr aki s(pent af | uorophenyl ) borate, tripropylamoni um
t et raki s( pent af | uor ophenyl ) borate; tri (n-butyl)ammoni um

t et raki s(pent af | uorophenyl ) borate, tri(sec- butyl)anmmoni um

t et r aki s(pent af | uor ophenyl) borate, N, N-di nethyl anilinium

tetraki s(pentafl uorophenyl ) bor at 32 NN- di et hyl ani |'i ni um

n-butyltri s&nﬂnmédﬁde)tzn Erinetyl-RSepdidpentitidhyll thBhdaiitRdHideh, NI UM

benzyi tri s( pgi mQQM}Bﬁr si\én ﬁt??ﬁ&r’ﬂﬂn?ﬂh i} nium |
tetraki s(4- e l.uor 0 | ) borate,

N, N- di rre§ hyE‘l ‘ﬁ"H iﬂ f“é‘? s TY)EF}% g ghium| Ey ) 3, 5, 6-

t et r af | uor opifebuyigmigelr2snd-tetra relnﬁmmgmmdiy "fﬂn!!lm dzmethyl

pent af | uor ou#wtw:m!do)(n§(te1mmya'bﬂumrgpdﬁmatynyl;ﬂabemaaﬁm dietiwd)i et hyl ani | i ni um

tetrakis(peg Jb‘%fy\ @Ma?érﬁl)d:ﬁieth%aﬁh&ﬁér{% tReflzy- trimethylanilinium
e

t et raki s( pe Or{)é?ﬁﬁf%ﬁ n&éﬁfﬁ?ﬁe A{/r H@W"H%}S‘m um -

tetraki s(2
divittapiymdepPd nmoni um

tetrakis(2, ?S'(tlp'ﬂlﬁ@f’?éﬁ'
tetraki s(2, B:batygmida) ch@byd;ﬁh@raﬁv dimethyisilenetitanium dimethyl
{t-butylamido)(nS-octahydrofluorenyl)dimethyisilanetitanium dibenzyl,

1_-(t-buty!amido)-z-(n5-octahydrofluorenyl)ethanediyltitanium dimethyl,
1-(t-butylamido)-2-{nS-octahydroflucrenyl)ethanediyltitanium dibenzyl,

.h

The metal complexes used in this invention are rendered catalytically "4_

active by combination with an activating cocatalyst or by use of an activating = -
technique. Suitable activating cocatalysts for use herein include neutral Lewis
acids other than an alumoxane, such as C1-30 hydrocarbyl substituted Group
13 compounds, especially tri(hydrocarbyl)aluminum- or tri(hydrocarbyl)boron
.compounds and halogenated (including perhalogenated) derivatives thereof,
having from 1 to 10 carbons in each hydrocarbyl or halogenated hydrocarby! -
group, more especially perfluorinated tri(aryl}boron compounds, and most
especially ttis(pentafiuorophenyl)borane; nonpolymeric, compatible,
noncoordinating, ion forming compounds (including the use of such
compounds under oxidizing conditions), especially the use of ammonium-,
phosphonium-, oxonium-, carbonium-, silylium- or sulfonium- salts of
compatible, noncoordinating anions, or ferracenium salts of compatible,
noncoordinating anions; bulk electrolysis (explained in more detail hereinafter);
and combinations of the foregoing activating cocatalysts and techniques. The --
foregoing activating cocatalysts and activating techniques have been -
previously taught with respect to different metal complexes in the following
references: EP-A-277,003, US-A-5,153,157, US-A-5,064,802, EP-A-468,651
(equivalent to U. S. Serial No. 07/547,718), EP-A-520,732 (equivalent to U. S.
Serial No. 07/876,268), and EP-A-520,732 (equivalent to U. S. Serial Nos.

- 07/884,966 filed May i, 1992), the teachings of which are hereby incorporated

by reference.

S——
T
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tri(n-butyl)amoniumtetrakis(2, 3,4, 6-tetrafluorophenyl) borate,

di net hyI (t-butyl)anmmoni um tetraki s(2 3,4,6-tetrafl uorophenyl) borate,

N, N-di'met hyl ani | i nium tetrakis(2, 3,4, 6-tetrafl uorophenyl) borate,

N, N-di et hyl ani l'i ni umtetrakis(2,3,4,6-tetrafluorophenyl) borate, and

N, N-di net hyl -2, 4, 6-trinmet hyl ani | i 23 um t et raki s(2,3,4,6-tetrafl uorophenyl)
bor at e; - Combinations of neutral Lewis acids, especially the combmatloa @ta

di - (i - pr opydrhRAERAIAUR E&hdcaké RAVRRI e | WO RBSHIYA dadh it Goupind
and a halogenated trithydrocarbyl}boron compound having from 1 to 10
carbons in each hydrocarbyl group, especially tris(pentafluorophenyl)borane,
and combinations of neutral Lewis acids, especially
tris(pentafiuorophenyl)borans, with nonpolymeric, compatible noncoordinating
ion-forming compounds are especially desirable activating cocatalysts.

Suitable ion forming compounds useful as cocatalysts in one
embodiment of the present invention comprise a cation which is a Bronsted
acid capable of donating a proton, and a compatible, noncoordinating anion,

A. As used herein, the term “noncoordinating” means an anion or substance
which sither does not coordinate to the Group 4 metal containing precursor
complex and the catalytic derivative derived therefrom, or which is only weakly'!
coordinated to such complexes thereby remaining sufficiently labile to be =
displaced by a neutral Lewis base. A noncoordinating anion specifically refers
to an anion which when functioning as a charge balancing anion in a cationic
metal complex does not transfer an anionic substituent or fragment thereof to
said cation thereby forming neutral complexes. “Compatible anions” are

anions which are not degraded to neutrality when the initially formed éomplex
decomposes and are noninterfering with desired subsequent polymenzahon or
other uses of the complex. f

-.I,_-

Prefarred anions are those containing a single coordination complex
comprising a charge-bearing metal or metalloid core which anion Is capable of
balancing the charge of the active catalyst species {the metal cation) which
may be formed when the two components are combined. Also, said anion
should be sixfficiently labile to be displaced by olefinic, diolefinic and
acetylenically unsaturated compounds or other neutral Lewis bases such as
ethers or nitriles. Suitable metals include, but are not limited to, aluminum, —:z
gold and platinum. Suitable metalloids include, but are not limited t6, boron, ~ .
phosphorus, and silicon. Compounds containing anions which comprise T
coordination complexes containing a single metal or metalloid atom are, of

. course, well known and many, particularly such compounds containing a single
boron atom in the anion portion, are available commercially.
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di cycl ohexyl ammoni um t et r aki s( pent af-l uorophenyl ) borate; tri.-substituted
phosphoni um salts such as: triphenyl phosphoni um

t et r aki s( pent af | uor ophenyl) borate, tri(o-tolyl)phosphonium

tetraki s(pentafl uorophenyl) borate, and tri(2,6-dinmethyl phenyl)phosphoni um
t etraki s(pent af | uorophenyl ) borat &4 di-substituted oxoniumsalts such as:

di pheny| oxoni umggikfalyisaéithRiystd H=9 BB Epdentedbi tifs folldlidgo- t ol yI ) oxoni um
t et r aki s( pent af 'H&H& benyl) borate, and di (2, 6-di net hyl phenyl ) oxoni um

tetrakis( peﬁF'lﬁr? uorophenyl) borate; di-substituted sulfoniumsalts such
as: di phenyl sul foni um tetraki s(pentafl uorophenyl) borate,
di (o-tolyl)sul foni um tetraki s( pefif-4litgiffbphenyl ) borate, and
di (2, 6-di met hyl phenyl ) sul f oni um t et r aki s( pent af | uor ophenyl ) borate.
Preferred [ %ér‘é‘]ng err] cations are N, N-di nethylanilinium and
tributylammoni UT‘ is a neutral Lewis base;
[L*-H]* is a Bronsted acid; _
A9~ is a noncoordinating, compatible anion having a charge of d-, and
d is an integer from 1 to 3. :
More preferably Ad- corresponds to the formula: [Mk+Qp'1d- wherein:
k is an integer from 1 to 3; ' - :
n' is an integer from 2 to 6; . -
n-k=d; ' .
M’ is an element selected from Group 13 of the Periodic Table of the
Elements; and : '
Q independently each occurrence is selected from hydride,
dialkylamido, halide, hydrocarby!, hydrocarbyloxy, halosubstituted-hydrocarbyl,
halosubstituted hydrocarbyloxy, and halo substituted silylhydrocarbyl ragiicals
{including perhalogenated hydrocarbyl- perhalogenated hydrocarbyloxy- and
perhalogenated silylhydrocarbyl radicals), said Q having up to 20 carbons with
the proviso that in not more than one occurrence is Q halide. Examples of
suitable hydrocarbyloxide Q groups are disclosed in U. S. Patent 5,296,433,
the teachings of which are herein incorporated by reference.

i

=

in 2 more preferred embodiment, d is one, i. e., the counter ion has a
single negative charge and is A™. Aciivating cocatalysts comprising boron
which are particularly useful in the preparation of catalysts of this invention =
may be represented by the following general formula: [L*-H]* [BQ4]" '
wherein: '

[L*-H]* is as previously defined;

B is boron in a valence state of 3; and

Q is a hydrocarbyl-, hydrocarbyloxy-, fluorinated hydrocarbyl-,
fluorinated hydrocarbyloxy-, or fluorinated silylnydrocarbyl- group of up to 20
nonhydrogen atoms, with the proviso that in not more than one occasion is Q
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Anot her suitable ion formng, activating cocatalyst conprises a salt of a
cationic oxidizing agent and a noncoordlnatlng conpati bl e ani on
represented by the fornul a:

(Ox[err])[err](Alerr])[err] wherein: Ox[err] is a cationic
oxi di zi ng agent having a charge of2®[err]; e is an integer from1l to
3; and hydrob&byl] MyBhréteRbR, Qs HCR GbSirehok ARTorRREY aryl roup, Exanpl es of

cationic oxi erroceni um hydrocarbyl- substituted
ferroceni umegg\gdfﬂ? i' Orlﬁgﬂofﬁd yT& lgreferred enbodi nment s of Alerr] are those
anions previously defined with respect to the Bronsted acid containing
activating cocat'ﬁ‘l%@i“? big sgidimitingy %W%&kb@erpmmn%w@pm@nx/l ) bor at e.

be used as an activating cocatalyst in the preparation of the improved catalysts

of this invention are tri-substituted ammonium salts such as:
trimethylammonium tetraphenylborate, triethylammomum tetraphenylborate
tripropylammonium tetraphenylborate,

tri(n-butyl)ammonium tetraphenylborate,

tri{t-butyl)ammonium tetraphenyiborate,
N,N-dimethylanilinium tetraphenylborate,

‘N N-dlethylamlimum tetraphenylborate,

N N-dlmethyl-z 4,6-trimethylanilinium tetraphenylborate trimethylammonium
tetrakis(pentafivorophenyl) borate,

triethylammonium tetrakis(pentafiuorophenyl) borate,

tripropylammonium tetrakis(pentafluorophenyl) borate,
tri(n-butyl)ammonium tetrakis(pentafluorophenyl) borate, tri(sec-
butyl)ammonium tetrakis(pentafluorophenyl) borate,

N,N-dimethylanilinium tetrakis(pentafluorophenyl) borate,
N,N-dimethylanilinium n-butyltris(pentaﬂuorophehyl).bbrate,
N,N-dimethylanilinium benzyltris(pentafluorophenyl) borate,
N,N-dimethylanilinium tetrakis(4-(trimethylsilyl)-2, 3, 5, 6-tetrafluorophenyl)
borate, N,N-dimethylanilinium tetrakis(4-(triisopropyisilyl)-2, 3, 5, 6-
tetrafluorophenyl) borate, N,N-dimethylanilinium
pentafluorophenoxytris(pentafiuorophenyl) borate,

N,N-diethylanilinium tetrakis(pentafluorophenyl) borate, N,N-dimethy!-2,4,6-
trimethylanilinium tetrakis(pentafluorophenyl) borate,

trimethylammonium tetrakis(2,3,4,6-tetrafluorophenyl)borate,
triethylammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate,
tripropylammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate, -
tri{n-butyl)ammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate, )
dimethyl(t-butyl)ammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate,
N,N-dimethylanilinium tetrakis(2,3,4,6-tetrafluorophenyl) borate,

- N,N-diethylanilinium tetrakis(2,3,4,6-tetrafluorophenyl) borate, and

N,N-dimethyl-2,4,6-trimethylanilinium tetrakis(2,3,4,6-tetrafluorophenyl) borate;

- dialkyl ammonium salts such as:

K] ‘J\'.If\.' :,“q

m
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27 Anot her suitable ion form ng, activating cocatalyst conprises a .
corrpound which is a salt of a carbeniumion and a noncoordi nati ng,
conpati bl e ani on represent ed by the fornmula:

[err]
26

di-(i-propylyammonium tetrakis(pentafluorophenyl) borate, and
dicyclohexylammonium tetrakis(pentafiucrophenyl) borate;
tri-substituted phosphonium salts such as:

triphenylphosphonium tetrakis(pentafluorophenyl) borate,
tri{o-tolyl)phosphonium tetrakfs(pentaﬂuorophenyl) borate, and
tri(2,6-dimethylphenyl)phosphonium tetrakis(pentafluorophenyl) borate;
di-substituted oxonium salts suchas:

diphenyloxonium tetrakis(pentafiuorophenyl) borate,
di(o-tolyl)oxonium tetrakis{pentafluorophenyl) borate, and
di(2,6-dimethylphenyljoxonium tetrakls(pentaﬂuorophenyl) borate;
di-substituted sulfonium salts such as:

dlpheny!suifomum tetrakis(pentafluorophenyl) borate,
di(o-tolyl)sulfonium tetrakis(pentafluorophenyl) borate, and
di(2,6-dimethylphenyl)sulfonium tetrakis(pentafluorophenyl) borate.

v

o ","i’

Preferred [L*-H]* cations are N,N-dimethylanilinium and
tributylammonium.

Ancther suitable ion forming, activating cocatalyst comprises a saltof a
cationic oxidizing agent and a noncoordinating, compatible anion represented
by the formpla: _ !

(OxeH)g(Ad)q

wherein:.
Ox€+ is a cationic oxidizing agent having a charge of et;
e is an integer from 1 to 3; and _
Ad- and d are as previously defined. 5
Examples of cationic oxidizing agents include: ferrocenium, hydrocarbyl-
substituted ferrocenium, Agt, or Pb+2. Preferred embodiments of A~ are
those anions previously defined with respect to the Bronsted acid containing
_ activating cocatalysts, especially tetrakis(pentafiuorophenyl)borate.
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wher ei n: [err] i's a CJerr] carbeniumion; and A- is as

previ ously defined. A preferred carbeniumion is the trityl -cation, i.e.,
tri phenyl met hyl i um A further suitable ion formng, activating
cocat al yst conprises a conpound which is a salt of a silyliumion and a
noncoor di nati ng, conpati bl e anion 2’épresent ed by the fornmula:
Rerr]Si (X )[err]Alerr] wherein: Ris (err] hydrocarbyl, and X ¢

and Alerr] are aﬁn&ﬁﬁ-\ébﬁéﬁé in Rftain ting cooatasPddtigigds &1 | y! 1 um salt

? g: 'r\éﬁ;[ ;?g en%@%aﬂb [3 8* g%te gﬁm |o¥ and 4. noncoordinating, )
triethylsil ﬂWﬁ{“?%? %TQQ[Z%‘SW’PXI@P&’BH@WI borate and ether substituted

adduct s
OtA-

wherein:

©+is a C1.pp carbenium ion; and

A" is as previously defined. A preferred carbenium ion is the trity!
cation, i.e., triphenylmethylium.

A further suitable ion formmg, activating cocatalyst comprisesa .
compound which is a salt of a silylium ion and a noncoordinating, compatible 1
anion represented by the fonn ula: 1—

RaSI(X)q*A"

wherein: .

R is C1.10 hydrocarbyl, and X', q and A" are as previously dsfined.

Preferred silylium salt activating cocatalysts are trimethylsilylium
tetrakis(pentafluorophenyl)borate, '
triethylsilylium(tetrakispentafiuoro)phenylborate and ether substituted adducts
thereof. Silylium salts have been previously generically disclosed in J. Chem
Soc. Chem.Comm., 1993, 383-384, as well as Lambert, J. B., et al.,
Organometaliics, 1994, 18, 2430-2443. The use of the above silylium salts as
activating cocatalysts for addition polymerization catalysts is claimed in United
States Patent Application entitled, Silylium Cationic Polymerization Activators --
For Metallocene Complexes, filed in the names of David Neithamer, David ' _
Devore, Robert LaPointe and Robert Mussell on September 12, 1994. —_ |

Certain complexes of alcohols, mercaptans, silanols, and oximes with .
tris(pentafluorophenyl)borane are also effective catalyst activators and may be '
used according to the present invention. Such cocatalysts are disclosed in
USP 5,296,433, the teachings of which are herein incorporated by reference. .
Preferred complexes include phenol, especially fluorinated phenol adducts of : ‘
tris(pentafluorophenyl)borane. The latter cocatalysts are disclosed and REPLACEMENT SHEET
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thereof. Silyliumsalts have been previously generically disclosed in J.
Chem Soc. Chem Comm, 1993, 383-384, as well as Lanbert, J. B., et al.,
Organonetal | ics, 1994, 13, 2430-2443. The use of the above silyliumsalts
as activating cocatal ysts for addi.tion polynerization catalysts is clained
in United States Patent Application&ntitled, Silylium Cationic

Pol ymer i zat | @4imé8 inl k@ BlatdsPatditia dcamré%m@a”ibhméorahb' lABGyct N the nanes of
David Neith deq\c%\f %Mﬁe& c&n gfﬁ&{j Eﬁ eart ssel | on
Sept enber 1 orrp e T e Jyeae ¢ rcapt ans,
silanols, arcP'@RYFKAS qfSart E Zpéﬂ?“afl uorophenyl )borane are al so effective

catal yst activators and may be used according to the present invention.
Such cocat al yst sTiw tectshigirelopbuiklelettrolysis ;@oﬁaémé%ﬁcuédhgmtcgp&&yaﬁgﬁ of which are

her el n | ncorgiigihas cBifple Lﬁ&ﬁ%@mﬁ%ﬁ@h@g ‘%é.ﬁq% dege! Lde pnenol

especially fsl y g{@a "°JF ﬁ‘ g duct s ofy n uor ophenyl )borane The

| atter cocata g CMBEAP & Agprooor inating, inBrt anion. In the
techmque solvents, supporting electrolytes and electrolyt:c potentials for the
electrolysis are used such that electrolysis byproducts that would render the
metal complex catalytically inactive are not substantially formed during the
reaction. More particularly, suitable solvents are materials that are: liquids
under-the conditions of the electrolysis (generally temperatures from 0 to
100C), capable of dissolving the supporting electrolyte; and inent. “Inert
solvents™ are those that are not reduced or oxidized under the reaction
conditions employed for the electrolysis. Itis generally possible in view of the _“
desired electrolysis reaction to choose a solvent and a supporting electrolyte
that are unatfected by the electrical potential used for the desired elactrolysis.
Preferred solvents include difiuorobenzene (all isomers), dimethoxyethane

- (DME), and mixtures thereof.

c

~
)

The electrolysls may be conducted in a standard electrolytic cell
containing an anode and cathode (also referred to as the working electrode
and counter electrode respectively). Sultable materials of construction for the
cell are glass, plastic, ceramic and glass coated metal. The electrodes are
prepared from inert conductive materials, by which are meant conductive
materials that are unaffected by the reaction mixture or reaction conditions.
Platinum or palladium are preferred inert conductive materials. Normally an
ion permeable membrane such as a fine glass frit separates the cell into =
separate compartments, the working electrode compartment and counter
electrode compartment. The working electrode is immersed in a reaction =
medium comprising the metal complex to be activated, solvent, supporting B
electrolyte, and any other materials desired for moderating the electrolysis or
stabilizing the resulting complex. The counter electrode is immersed in a
mixture of the solvent and supporting electrolyte. The desired voltage may be
determined by theoretical calculations or experimentally by sweeping the cell
using a reference electrode such as a silver electrode immersed in the cell
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28 clained in United States Patent Application entitled, Phenol-Borane
Adduct” Pol ymeri zation Activators For Metall ocene Cbnplexes filed in the
nane of Peter N ckias on Septenber 12, 1994. ' The techni que of bul k
el ectrolysis involves the el ectrochem cal oxidation of .the netal conplex
under electrolysis conditions in t presence of a supporting electrolyte
conprising a noncoordinating, inert anion. In the technique, solvents,
supporting eleewdiytel Yheeisackardurel cell turedny, ttheccymehtadraw il the hlbgentdef

the desired electrolysis, is also determined. The electrolysis is completed
when the current drops from the desired level to the background level. In this
manner, complete conversion of the initial metal complex can be easily
detected.

Suitable supporting electrolytes are salts comprising a cation and a
compatible, noncoordinating anion, A~. Preferred supporting electrolytes are
salts corresponding to the formula G+A"; wherein:

+ Gtis a cation whlch is nonreactlve towards the startmg and resuiting
complex, and
A" is as previously defmed _
Examples of cations, G+, include tetrahydrocarbyl substituted L
ammonium or phosphonium cationhs having up to 40 nonhydrogen atoms.
Preferred cations are the tetra-n-butylammonium- and tetrathylammonium-
. :

'..-; d‘ Y ""l

During activation of the complexes of the present invention by bulk

electrolysis the cation of the supporting electrolyte passes to the counter

i electrode and A- migrates to the working electrode to become the anion of the
resutting oxidized product. Either the solvent or the cation of the supporting
electrotyte is reduced at the counter electrode in equal molar quantity with the
amount of oxidized metal complex formed-at the working electrode. Preferred
supporting electrolytes are tetrahydrocarbylammonium salts of
tetrakis{perfiucroarnyl) borates having from 1 to 10 carbons in each hydrocarbyl
or psiftucroaryl group, especially tetra-n-butylammonium -
tetrakis{pentafiuorophenyl) borate.

A further recently discovered electrochemical technique for generation
of activating cocatalysts is the electrolysis of a disilane compound in the
prasence of a source of a noncoordinating compatible anion. This technique is
more fully disckosed and claimed in the previously mentioned United States
Patent 2oplicaticn entitled, “Silylium Cationic Polymerization Activators For
Metaliocene Complexes”, filed on September 12, 1894, '
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el ectrolysis are used such that el ectrolysis byproducts that would render
t'he metal conplex catalytically inactive are not substantially forned
during the reaction. Mre particularly, suitable solvents are materials
that are: liquids under the conditions of the electrolysis (generally
tenperatures fromO0 to 100C), capdBle of dissolving the supporting

electrol yte, an é%égoingi'écfﬂihgéewmgs};dﬁﬁ?orma%scétf‘g;és%e not reduced or
r

oxi di zed under the . O | . electrolysis. It is
general ly pg'_g%f)ﬁ? eéal{':g&\%’é%&gfb g ‘a{g{;&r@&%&e’@g}ajﬂ%gl S reaction to choose a
sol vent and'hySIRsREYRRomRe SPBRYYNG) Y‘%g{"?{%t’ to)$ gar ?f&f'%{@%‘f“ed by the electrical
pot enti al ubystiodadayl gmaep.desired el ectrol ysis. Preferred sol vents include

di fl uorobenzene (all isomers), dinmethoxyethane (DMVE), . and m xtures thereof.

The el ectrol ysi %héfﬁa‘élapgti%p%‘r%&sﬁsoc{aﬁl ﬁﬁc&g&g&&éﬁgh@ etdnf CEIT

cont ai nin n ode ca e S erred to a e Wor ki ng el ectrode
and count gr ﬁ?@@? P&&@zqr@g‘ﬁé’&q?@%' 35’"'4@‘ X Q0! Feptareh 'V(S'P"bons'?r uction for
the cell ar&1gtak$. Inf pasticulerly preferad embediment atthe bwention theet al . The el ectrodes
are cocatalyst can be used in combination with a tri(hydrocarbyl)aluminum

compound having from 1 to 10 carbons in each hydrocarby! group. Mixtures of
activating cocatalysts may aiso be employed. It is possible to employ these
aluminum compounds for their beneficial ability to scavenge impurities such as
oxygen, water, and aldehydes from the polymerization mixture. Preferred _
aluminum compounds include trialky! aluminum compounds having from 1 to 6’5 .
carbons in each alkyl group, especially those wherein the alkyl groups are ‘i‘
methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, pentyl, neopentyl or isopentyl.
The molar ratio of metal complex to aluminum compound is preferably from
1:10,000 to 100:1, more preferably from 1:1000 to 10:1, most preferably from
.1:500to 1:1. A most preterred activating cocatalyst comprises'a-strong Lewis
acid, especially tris(pentafluocrophenyl)borane. o

f Upon activation of the metal complexes containing two distinct X
groups, utilizing one of the preceding cation forming activating cocatalysts or
activating techniques, there is believed to be formed, without wishing to be
bound by such belief, a cationic metal complex corresponding to the formula:

Z—1Y
- --
) i
X1 ? ‘

whersin:

M, L, Z Y, X, X n, and q are as previously defined, and

A- is as previously defined and is the noncoordinating anion from the
activating cocatalyst or is formed concurrently by the activating technique.
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prepared frominert conductive materials,

materiial s that are unaffected by the reaction mxture or
Pl ati num or palladiumare preferred inert conductive naterials.

condi ti ons.

by which are meant conductive
reaction

Norrmal Iy an ion permneabl e nmenbrane such as a fine glass frit separates the

cell into separate conpartnents,
counter el ectrode corrpart ment .

Cuppor 1 n. e et b3 pbferedioly v REP el e

supporting elec
el ectrol ysi 8 QﬂFSB: fﬁhi f"?\'@g‘l“'ﬁ?ecaf'@‘é?ﬂ"ﬁahﬁ’

i‘mrer sed i nearresportdie thedbrmutee XB(FaFalar . wherdind{ip ps ptevieysle tefinedol yt e.
cal cul ations or

desired voltage may be determ ned by theoretical

Ble wor ki ng el ectrode conpartnent and
The mnrklng electrode is inmersed in a

sol vent,

m)der ating the
fEpeliovad i ount er el ectrode is

The

experimental |y Ryq piREBMGBmilIE c&ifdd consitiled &s & fhhg h&rg8! ectrode such as a

silver el ecéepaga'%ed m{u'?eeq-lovﬂevgpﬁ iS5 EL understood that, particularly in solid

form, the catalyst may not be fully charge separated. That is, the X group may
retain a partial covalent bond to the metal atom, M.

It is further believed, without wishing to be bound by such belief, that
Group.4 metal complexes in the +4 oxidation state wherein two X groups
together with the metal M form a metallacycle, uniquely form novel zwitterionic _.
complexes upon activation by combination with the previously mentioned 1_

neutral Lewis acid acfivating cocatalysts. Such zwitterionic metal complexes ?_'

are believed correspond to the formula:

Y

L-_- Ml‘_x .'— A_

wherein: :
M is a Group 4 metal in the +4 oxidation state;

L, 2, Y, are as previously defined;

X** is the divalent remnant formed by ring opening at one of the carbon
to metal bonds of the metallacycle formed by M and two X groups taken
together; and

A" is the moiety derived from a neutral Lewis acid activating cocatalyst.
When M and two X groups taken together form a metallacyclopentene it is '-*_"
believed such zwitterionic compléxes preferably correspond to one of the two _-'—
squilibrium structures of the formula:

REPLACEMENT SHEET

Sheet Has Been Replaced .

30 NOV 1996

T




29 electrolyte. The background cell current, the current draw in the
absence of the desired electrolysis, is also deternmined. The electrolysis
is conpl eted when the current drops fromthe desired |level to the
background level. In this manner, gfnplete conversion of the initial netal
conpl ex can be easily detected. Sui t abl e supporting electrol ytes
are salts conprising a cation and a conpati bl e, noncoordi nating anion, A-.
Preferred supporting electrolytes are salts corresponding to the fornul a

Gerr]Aerr]; wherein: c
7—Y / % :
| | < \ (By)”
L—M—2>CRy
CRR,
wherein:

M is titanium or zirconium;
L, Z, and Y are as previously defined;

'R1, R, Ra, R4, Rs, and Rg are independently each occurrence
hydrogen or a hydrocarbyl! or silyl group having from 1 to 20 nonhydrogen
atoms; _

B is boron in a valence state of 3, and

" Qs as previously defined.

Other catalysts which are useful as the catalyst compositions of this
_ invention, especially compounds containing other Group 4 metals, will, of
course, be apparent to those skilled in the art.

iotion: i P rization
The Polymerization Reaction

The polymerization reaction is conducted by contacting a gaseous
stream of the monomers, in a gas phase process, such as in the fluid bed
process described below, and substantially in the absence of catalyst poisons __
such as moisture, oxygen, CO and CO,, with a catalytically effective amount ~
of the activated catalyst composition at a temperature and pressure sufficient ;’37
to initiate the polymerization reaction. :

In order to achieve the desired density ranges in the polymers it is .
. hecessary to copolymerize enough of the comonomers with ethylene to
achieve a level of up to 20 mol percent of the comonomer in the copolymer.
The amount of comonomer needed to achieve this result will depend on the
particular comonomer(s) employed.
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G is a cation which is nonreactive towards the starting and resulting
corrpl eXx, and Alerr] is as previously defined. Exanpl es of
cations, {err], include tetrahydrocarbyl substituted amoni um or

phosphoni um cations having up to 49 nonhydrogen atoms. Preferred cations
are the tetra=n-butyl amoni um and %etraet hyl armoni um cations. -

During activati.on of the conplexes of the present invention by bul k

el ectrosis the c .0 f the s ecLr o the counter
el ectrode and q%%v&['%‘%sc[%%%&é%aﬁ 5 @@%’V‘Sﬁgﬁﬁ E'M'tgﬂ%ma t he ani on
of the resul Wl%éf’&(?'&i"?%@'ﬁ%ﬁﬂ%‘f‘“gtﬁ?f’ﬁ%’t"df’ﬁ@“!&’\géﬁf anyigi¥8ie cation of the
supporting emeltindex sange frem Péal2mdl percentin themonelymner | The relative matarequal nol ar
quantity Wi t éoricheratiooofisuctoéonmabmiesdd eiigiend (CCH)) which @1 premtt t he wor ki ng
electrode. PuffeftdalibnedBitHuim SAdRbRCH 1R dhdor vill ary BLFeABNEG bRERS DY! ammoni um

salts of choice of comonomer and the desired copolymer density.

A fluidized bed reaction system which can be used in the practice of the
process of the present invention is taught in U.S. Patent 4,543,399 which is
incorporated by reference. A typical fluidized bed reactor can be described as
follows:

The bed is usually made up of the same granular resin that is to be 1_ _
produced in the reactor. Thus, during the course of the polymerization, the ‘:"
bed comprises formed polymer particles, growing polymer particles, and
catalyst particles fluidized by polymerization and modifying gaseous
components pass upward through the bed at a flow rate or velocity sufficient to

. cause the patticles to remain separated with the bed exhibiting fluid-like
behavior. The fluidizing gas comprises the initial gaseous feed of monomers,
make-up feed, and cycle (recycle) gas, i.e., comonomers, hydrogen and, if -
desired, an inert carrier gas. Examples of such inert carrier gases include
nitrogen, methane, ethane or propane, which are inert with respect to the

polymierization reaction.

The essential parts of the reaction system are the polymerization
reaction vessel, catalyst injection system, the fluidized bed, the gas distribution
plate, inlet and outlet piping, a compressor, cycle gas cooler, and a product -~
discharge system. Inthe vessel, there is a reaction zone which contains the B
bed and a velocity reduction zone which is above the reaction zone. Both are™
above the gas distribution plate. Advantages of the product of subject process .
are the homogeneity and uniformity of the physical properties throughout the
resulting polymer and the high strength and toughness obtained without
processing difficulty.
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tetraki s(perfluoroaryl) borates having from21 to 10 carbons in each
hydroéarbyl or perfluoroaryl group, especially tetra-n-butyl amoni um

t etraki s(pent af | uorophenyl) borate. A further recently discovered
el ectrochem cal technique for geﬂﬁ%ation of activating cocatalysts is the
el ectrolysis of a disilane conpo in the presence of a source of a

and clai med i - keTRR sppugniio bbbl sodihgt D8 aolRIE o1 ' YD1 TCatTon
entitled, " §f°f’§‘l'4"lﬂq19€8'??’6h‘?aé¥\56 IngrRasesthe rapee eeadiercapditionsthatet al | ocene
Conpl exes", may keused beforst eontensingZompg®eats in the recycle stream. But if one

chooses to condense components in the recycle stream, then it may be

desirable in some instances to raise the dew point temperature of the recycle

stream to further increase heat removal as taught in U.S. Patents 4,543,339

and 4,588,790 which are incorporated by reférence. The recycle stream dew

point temperature can be increased by: (1) raising the 6perating pressure of

the reaction system; (2) increasing the concentrations of inert condensabie

compounds in the reaction system; and/or (3) reducing the concentration of

inert non-condensable compounds in the reaction system. In one embodiment

of this invention, the dew point temperature of the recycle stream may be

increased by the addition of a condensable fluid to the recycle stream which ij_»

inert to the catalyst, reactants, and the products of the polymerization reaction:” .

The fluid can be introduced into the recycle stream with the make-up fluid or bsy.-'

any other means or at any other point in the system. Examplés of such fluids

are saturated hydrocarbons, such as butanes, pentanes or hexanes.

A primary limitation on the extent to which the recycle gas stream can
be cooled below the dew point is in lhe'requirement the gas-to-liquid ratio be
maintained at a level sufficient to keep the liquid phase of the two-phase
recycle mixture in an entrained or suspended condition until the liquid is
vaporized. It is also necessary for sufficient velocity of the upwardly flowing
fuid Stream In the reaction zone to maintain fluidization of the bed. This
limitation can be overcome by collecting the condensed phase and introducing
it to the fluidized bed separately from the recycled gaseous stream.

Multiple reactor polymerization processes are also useful in the present-
invention, such as those disclosed in U.S. Patents 3,214,342, 5,047,468, e
5,126,398 and 5,149,738, all of which are incorporated herein by reference. ~
The multiple reactors can be operated in series or in parallel, with at least one .
constrained geometry catalyst employed in at least one of the reactors.
In this aspect of this invention resins are manufactured and blended in situ.
Multiple reactor polymerization processes may be used to produce in-situ
blended polymers with enhanced physical properties and/or processabiiity. In-
situ blends of different molecular weights andfor different densities may be
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30 The foregoing activating techniques and ion form ng cocatal ysts
are also preferably used in conbination with a tri (hydrocar byl ) al um num or
tri (hydrocarbyl)borane compound having from1 to 4 carbons in each

hydr ocar byl group. The rrgl ar ratio of catalyst/cocatal yst enpl oyed
preferably ranges from 1:10, 000 ® 100: 1, nore preferably from 1: 5000 to

10: 1, nost &g&kﬁg ?Ag'sxea‘.fr QU ciboifkd phgsice &ndzér r&egﬁghdyggéé@em greferred

enbodi nent |9 I'n conbination with

Vention t cocat a
-a tri(hydrocal qwﬂ{?ﬁﬁﬁ‘f reﬁ? '% ﬁﬁ(}%/sﬁ pf"%B‘Fﬁ resipqwihacar hons i n each
hydr ocar by b"@?‘éﬁi 5’° %F'ﬁf wpight distribution: j g anqthey 9&5’&\%%? tastorpespuldl so be

enpl oyed. |Rroduge pesinsi witha himodaiihl io yensity sishod bbain banehigerads for their
benef | ci al thdn twolryadtars Ssevied @ bergaed tolm#ke nfdié MoRBular weight or

density components for in-situ blends. Each reactor separately can have a

constrained geometry catalyst or a conventional Ziegler-Natta catalyst as

needed for obtaining the in-situ blended polymer with the desired properties,

as long as there is a constrained geometry catalyst in at least one reactor.

The constrained geometry catalysts may be used singularly, in
combination with other constrained geometry catalysts, or in conjunction with
Zeigler-type catalysts in separate reactors connected in parallel or in seriss. -
The Zeigler catalyst is generally a titanium based complex suitably prepared = o
for use as a catalyst for the gas phase polymerization of olefins. This complex 'i'
and methods for its preparation are disclosed in U.S. Patents 4,302,565,
4,302,566, 4,303,771, 4,385,359, 4,405,495, 4,481,301, and 4,562,169 all of
which are herein incorporated by reference.

The polymerization in each reactor is conducted in the gas phase using
a continuous fluidized bed process. A typical fluidized bed reactor is
described in U.S. Pat. No. 4,482,687 issued on Nov. 13, 1984. This patent is
incorporated by reference herein. As noted, the reactors may be connected in
series as taught in U.S. Patents 5,047,468, 5,126,398, and 5,149,738 which
are herein incorporated by reference. While two reactors are preferred, three
or more reactors can be used to further vary the molecular weigtit distribution.
As more reactors are added producing copolymeks with different average
molecular weight distributions, however, the sharp diversity of which two
reactors are capable becomes less and less apparent. It is contemplated that k.
these additional reactors could be used to produce copolymers with melt ol
indices or densities, intermediate to the high and low melt indices previously
referred to.

As noted previously, two or more reactors may be run in parallel with the
resulting polymeric product being blended. This permits the reactors to be run
independently, with different catalysts, different amounts of ethylene and
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oxygen, water, and al dehydes fromthe pol ymerization mxture. Preferred
al um num conpounds I nclude trial kyl al um num conpounds having from1l to 6
carbons in each al kyl group, especially those wherein the al kyl groups are
met hyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, pentyl, neopentyl or
i sopentyl. ~The molar ratio of net3® conplex to al uni num conpound is
preferably from 1:10,.000 to 100:1, referab fro : 1000 to 10:1,
nost pref eréiﬂ%?’ qﬁ%ﬁﬁpdit.%%yef’%c}ﬁ?afs g Hnﬁ[)‘g'ﬁeq'ﬁ'%@foéﬁf‘“£ Y 5% VAEi ng cocat al yst
conprises a Vatiqusmetindiges cae bepreparsd in afviopdey. i iRV FeaRu# BBheny! ) bor ane.
Upon act i vatsedes. &or exaples thallove meip indssesopolymeadani begnadedn the §itst orct X gr oups,
utilizing ORBcol réddfor R 1AE S&HeB Ané el High hall IRACR@opdlyrhet3hh BImedsmt al ysts™ or
activating yeehilodYiing tdiEPad el Rttt dofiflnsSEdTMl ueblagUl wi shing to
be bound by _suc el1er, a(f% 1.0oNi ¢, _nmeta COfTE ex _corre pg?n ing to the
the comonomer used and the desired copolymer prop HIF_%PI? are readily

ascertained by the skilled artisan.

f or nul a:

The constrained geometry catalyst, the ethylene monomer, any
comonomers and hydrogen, if any, are continuously fed into each reactar and
ethylene copolymer and active catalyst are continuously removed from one
reactor and introduced into the next reactor. The product is continuously
removed from the last reactor in the series. | =

The alpha-olefins used in this aspect of the invention are the same as
those that have been previously described in this application. Preferred alpha-
olefins are 1-butene, propylene, 1-hexene, 1-octene, 4-methyl-1-pantene and

styrene.
ed Homogeneous Catal .

Supp;orted homogeneous catalyst complexes such as those taught in
copending U.S. Application No. 855,600 filed October 2, 1992, which is
incorpérated by reference, can be used in the process taught by applicants.

The Catalyst Support

Typically, the support can be any of the known solid catalyst supports, -
particularly porous supports, such as tale, inorganic oxides, and resinous
support materials such as polyolefins. Preferably, the support material is an
inorganic oxide in particulate form. _ .

Suitable inorganic oxide materials which are desirably employed in
“accordance with this invention include Group 2, 3, 4, 13, or 14 metal oxides.
The most preferred catalyst support materials include silica, alumina, and
silica-alumina, and mixtures thereof. Other inorganic oxides that may be
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V\,he_rei n: M L, Z Y, X, X n, and g are as previously defined, and
A- is as previously defined and is the noncoordi nating anion fromthe
activating cocatalyst or is formed concurrently by the activating

t echni que. 37

employed either alone or in combination with the silica, alumina, or silica-
alumina are magnesia, titania, zirconia. Other suitable support materials,
however, can be employed, for example, finely divided polyolefins such as
finely divided polyethyiene.

The specific particle size, surface area and pore volume of the inorganic
oxide determine the amount of oxide that is desirable to employ in preparing
the catalyst compositions, as well as affecting the properties of the polymer
formed. These properties must frequently be taken into consideration in
choosing an inorganic oxide for use in a particular aspect of the invention. In
general, optimum results are usually obtained by the use of inorganic oxides
having an average patticle size in the range of about 20 to 200 microns, |
preferably about 40 to 100 microns, more preferably 50 to 80 microns; a ]
surface area of about 50 to 1,000 square meters per gram, preferably about 4 )
100 to 400 square meters per gram; and a pore volume of about 0.5t03.5 cc
per gram; preferably about 0.5 to 2 cc per gram. -

The inorganic oxide support used in the preparation of the catalyst may
be any particulate oxide or mixed oxide such that it is substantially free of
‘adsorbed moisture or surface hydroxyl groups. I a support is employed that
contains surface hydroxyl groups, a drying or dehydration treatment must be .
employed. ‘Timing for the dehydration of the support is not critical, i.e., _ !
dehydration may occur immediately before use of the support or days before
provided once the support is dehydrated, it is protected from moisture and
impurities. Thermal treatment to dehydrate the support may be carried out in
vacuum or while purging with a dry inert gas such as nitrogen at a temperature
of 100C to 1000C, and preferably, above 300C to 800C, or more preferably '
500C to 850C. Pressure considerations are not critical. The duration of the
thermal treatment can be for a period of 1-100 hours, preferably 2-24 hours.

v l'm Ay,

Chemical dehydration or chemical treatment to dehydrate the support
may be accomplished by slurrying the inorganic particulate material, such as,
for example, sifica in an inert low boiling hydrocarbon, such as, for exampile,
silica in an inert low boiling hydrocarbon, such as, for example, hexane.
During the chemical dehydration reaction, the support, preferably silica, should

be maintained in a moisture and oxygen-free atmosphere. To the silica slurry REPLACEMENT SHEET
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31 Utilizing the preferred neutral Lewis acid activating
cocata[yst B(Clerr]Flerr])[err], Alerr] of the foregoing cationic netal .-
conpl exes is believed to correspond to the fornul a:
XB(Cerr]F[err])[err],wherein X ég as previously defined. The
preceding formula can be considered as a |imting, charge separated

structure. ia'%&va-aaedaﬁow&uh .mﬁyaﬂeérssrpmumame%ﬁwul arly in solid
form the cgf BBefe. et gh{)n’ri4¥ Q%rwﬁﬁ:@%@&e ,i's, the X group

may retain It is
fu)r/t her el? ’W@ﬁ%\ﬁ' ‘W‘%‘?' x?’Be '$ia%Ang apg @ @‘ﬁﬁ? elief, that Group 4
met al conpl eomunﬁs such as-dibutylmageesim, §te§w@maﬁemeﬁ1walummum. gr oups

tristhylaluminum, trimethylaluminum and tristhylaluminum being particularly

preferred. The ratio of miliimoles of metal alkyl per gram of support may be

between 0.1 to 100, a ratio of 1 to 10 being preferred. The chemical

dehydration may be carried out at temperatures of -100C to 300C (preferably

0C to 100C) and contact times can range from 1 minute to 48 hours, preferably

15 minutes to 2 hours. The treated silica is filtered off and washed with an

aromatic solvent, such as toluene or xylenes, to remove any activating

amounts of possibly formed alumoxanes, then optionally washed with a light

aliphatic hydrocarbon (pentanes or hexanes) before drying in vacuo or in dry .-

stream of inert gas.

-'-,0‘.

In order that persons skilled in the art may better understand the
pracﬁce of supporting homogeneous catalysts for the practice of the present
invention, the following examples are provided by way of illustration, and not

-by\nay of limitation. Additional information which may be useful in state of the
art practice may be found in each of the references cited herein, which are
incorporated by reference. '

Expetimental

All polymerizations, unless otherwise noted, were carried out under
nitrogen pressures of 20 - 80 psi in & 6 liter gas phase reactor having a four
inch diameter thirty inch long fluidization zone and an eight inch diameter ten
inch long velocity reduction zone which are connected by a transition section - -
having tapered walls. Typical operating ranges are 40 to 100°C, 250 to 350
psia, and up to 8 hours reaction time. Ethylene, comonomer (if used), and
hydrogen enter the bottom of the reactor where they pass through a gas .
distributor plate, The flow of the gas is 2 to 8 times the minimum particle
fluidization velocity, Fluidization Engineering, 2nd Ed., D. Kunii and O.
Levenspiel, 1991, Butterworth-Heinemann. Most of the suspended solids
disengage in the velocity reduction zone. The reactant gases exit the top of

—

the fluidization zone and pass through a dust filter to remove any fines. The
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‘together with the metal Mforma netallacycle, uniquely form novel
Zwi tt €rioni c conpl exes upon activation by conbination with the previously
mentioned neutral Lewis acid activating cocatal ysts. Such zwitterionic
nmetal conpl exes are believed correspond to the formul a:
[err] wher ei n: Mis a @up 4 netal in the +4 oxidation state;
L Z, Y, adasesthen passittraGgtya gas boostdr pump. TheXblymesistaliewaditoal ent remmant
formed by riRGm@REH M8 rédct?Blerdio sdifsehHRGERctih. icabiahgelm Of the
met al | acyclg.d GrVE Redt Yokttt urntiGneSeBEBHBS rdgBishil the AG Bfihe aNd
ethylene into the reactor. Polymer is removed from the reactor to a recovery
vessel by opening a valve Iocate,d at the bottom of the fluidization zone. The
polymer recovery vessel is kept at a lower pressure than the reactor. The
pressures of ethylene, comonomer and hydrogen reported refer to partial
pressures. The polysthylene powders used as supports were high density
homopolymers. The titanium complex, (CsMe4SiMesNCMeg)TiMes is
prepared according to U.S. Patent 5,189,192, which is incorporated by
reference and the bor_ane complex, B(CgFs)3 is prepared according to the
procedure taught in Z. Naturforsch. 20b, 5-11 (1865).

‘Prior to being used as suppotts, the silicas were treated with the £

‘ _a!ummum alkyl triethylaluminum (TEA). The purpose of this pretreatment was .ﬁ;f

to remove from the silica any residual water and/or hydroxyl groups. Following

the pretreatment, the silicas were then washed several times with toluene to

remove any residual TEA or alumoxane which may have resulted during the

dehydration process. The supports were then dried under reduced pressure.

In some cases the supports were washed with hexane before drying. Any

amount of alumoxane which may have remained on the silica was presentina

non-activating amount (see Examples 20 and 21).

Example 1
Catalyst/support preparation

An gliquot {4 mL) of a 0.005 M solution (60 pmol) of .
- (CsMe4SiMesNCMe3z)TiMeg in toluene and 4.8 mL. of a 0.005 M solution (60
umol) of B(CgFs)3 in toluene were stirred with 0.640 g of high density e
polyethylene powder having zero melt index which previously had been sieved
to remove any patticles larger than 25 mesh. The solvent was removed to give
c a pale yellowish free-flowing powder. The resulting catalyst composition was
_ divided into two portions, each weighing about 0.32 g.
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Alerr] ,is the noiety derived froma neutral Lewis acid actlvatlng

cocat al yst. Wen Mand two X groups taken together forma
met al | acycl opentene it is believed such zwitterionic conpl exes preferably

correspond to one of the two equilibriumstructures of the formul a:
[err] 40 | WRf t A~FINT SHEET

32

One portion of the catalyst prepared above was added to the reactor
which was under ethylene and hydrogen pressures of 270 psi and 0.8 psi (0.3
mol %), respectively, at a temperature of 57°C. A 2°C exotherm was
observed. After 1 hour, the second portion of catalyst was added. A 9°C
exotherm was observed. The yield of polymer having a 11.24 melt index was

26Q.
Example 2

Catalyst/support preparation

A polyethylene-sup'pbrted catalyst was formed analogously to Example
1, except that 40 pmol each of the titanium complex and the borane complex
and 0.600 g of polyethylene powder having zero melt index were used. The "
resulting catalyst composition was divided into two portions, each weighing

about 0.30 g.
-Polymerizatioﬁ

In a manner similar to Example 1, one portion of the catalyst prepared
above was added to the reactor which was under ethylene and hydrogen
pressures of 250 psi and 0.55 psi (0.22 mol %), respectively, at a temperature
of 60°C. A 1°C exotherm was observed. After about one half hour, the second
portion of catalyst was added. A 74°C exotherm was observed. The polymer
was removed in two portions, 19 g of polymer powder having a melt index of
0.185, and 21.3 g of pieces of polymer having a melt index of 0.575 which had
the appearance of having been melted. -

Example 3.
Catalyst/support preparation

In a manner substantially the same as in Example 1, except that2 mL
(10 pmol) of the (CsMe4SiMesNCMe3)TiMey solution and 2.4 mL (12 pmol) of
the B(CgF5)3 solution were combined with 0.600 g of 11.4 melt index

REPLACEMENT "SHEET

R 30 NOV 1996

et Has Been Reilaced

BT — :



.[err] wher ei n: Mis titaniumor zirconium L, Z. and Y are
as previously defined; Rlerr], Rerr], Rerr], Rerr], Rerr], and
Rerr] are |ndependently each occurrence hydrogen or a hydrocarbyl or silyl
group having from1l to 20 nonhydrflgen at ons;

polyethylene powder to prepare the supported catalyst. 0.30 g of the resulting
supported catalyst (5 pmol titanium complex, 6 pmol borane complex) was
used in the following polymerization.

Polymerization

The polymerization was carried out in two stages, similar to Example 2,
except that the ethylene pressure was 300 psi. No hydrogen was present
during the polymerization. The Initial temperature was 61°C. The second
portion of catalyst was added about 1 hour after the first portion of catalyst had
been added. The yield of granular polymer having a melt index of zero was

2544¢.
xample 4 ol .
Catalyst/support preparation

~ Apolyethylene-supported catalyst was formed analogous to Example 3,
except that 0.59 melt index polyethylene and 12 pmol of the borane complex
were used.

Polymerization

The polymerization was carried out analogous to Example 3, except that
the ethylene pressure was 290 psi. No hydrogen was present during the
polymerization. The initial temperature was 86°C. An exotherm of 4°C was
observed on addition of the first portion of catalyst. An exotherm of 24°C was
observed on addition of the second portion of catalyst. The yield of granular -
polymer having a melt index of zero was 43.2 g.

Example §
Catalyst/support preparation

An aliquiot (4 mL) of a 0.005 M solution (20 gmol) ot
{CsMe4SiMesNCMegz)TiMes in toluene and 4.8 mL of a 0.005 M solution (24
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Bis boron in a valence state of 3, and Qis as previously defined.
O her ,catal ysts which are useful as the cafalyst conpositions of this

i nvention, especially conpounds containing other Goup 4 netals, will, of
course, be apparent to those skil I%i n the art. Description of a

Cont i nuous Pol I i on-. The Pol ri.zation tion . The
pol yrer i zat"f'?ﬂ‘?yﬁééqz'zﬁ injtQlueng VR $E! Wh8t§H$88Fﬁ§ﬁ€"§8§%§’§§B@§ stream of the
monomer s, idengitygeleliiignepoydss whish previepsinhad ieep pleved tairemene@nyr ocess
descri bed |paitisiss laget tisanesteeshi dhé golvent whereatogahtogivefa made al yst poi sons such

as noi st ur eensRiOrdb-fidwidgPeddeid err], with a catalytically effective anount
of the activated catal yst conposition at a tenperature and pressure

suf ficient L .
Polymerization

An amount {0.30 g; 10 pmol titanium complex, 12 pmol borane complex)
of the solid supported catalyst was introduced into a fluidized bed reactor
pressurized to 260 psi ethylene containing 0.25 mol % (based on ethylene 0.65
psi) hydrogen at a temperature of 53°C. After a run time of 5 hours 81 gof
polyethylene having a melt index of 1.30 was removed. The productivity was

169,000 g polymer/g Ti. '

Example 6 o
Catalyst/support preparation

. In a manner substantially the same as in Comparative Example 1,
except that 2 mL (10 pumol) of the (CsMe4SiMeaNCMeg)TiMes solution and
2.4 mL (12 pmol) of the B{CgF5)a solution were combined with 0.600 g of 0.33
meit index polyethylene powder to prepare the supported catalyst. 0.30 g of
the resulting supported catalyst (5 umol titanium complex, 6 pmol borane
complex) was used in the following polymerization.

Polymerization

The polymerization was carried out as in Example 5, except that the
ethylene and hydrogen pressures were 230 psi and 0.46 psi (0.20 mol %),
respectively, at a temperature of 47°C. The yield of polymer having a melt
index of 0.65 was 27.0 g. '
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toinitiate the polynerization reaction. In order to achieve the
desiretl density ranges in the polyners it is necessary to copol ynerize
enough of the conobnomers with ethylene to achieve a | evel of up to 20 nol
percent of the conononer in the copolyner. The amount of cononomer needed
to achieve this result wll dependt®on the particul ar conononer(s) enployed.
33

Example 7
Polymerization

The polymerization was carried out as in Example 6, except that the
ethylens and hydrogen pressures were 280 psi and 1.4 psi (0.50 mol %),
respectively, at a temperature of 556°C. The yield of polymer having a melt
index of 17.3 was 11.6 g.

Example 8
Catalyst/support preparation

2 mL of a 0.005 M solution (10 umol) of (CsMe4SiMeoNCMez)TiMeo
and 2 mL of a 0.005 M solution (10 ymol) of B(CGF5)3 were combined in a
Fisher-Porter bottle with 0.501 g Davison 952 silica (dried at 900°C for 4 hours
under an oxygen stream, then cooled under a stream of nitrogen) and 30 - 40
mL pentane. The container was pressurized with 6 psi ethylene for 2 hours.
The sotvert was removed to give a dry prepolymer support. To 0.500 g of the
supported polymer were added 4 mL of a 0.005 M solution (20 pmol) of
(CsMe4SiMesNCMeg)TiMep and 4 mL of a 0.005 M solution (20 pmol) of
B{CgFs)s. The solvent was removed to give a dry powder.

Polvmerizati

Using the catalyst/support prepared above, the polymerization was
carried out in 2 manner similar to Example 5, except that the ethylene and
hydrogen pressures were 270 psi and 0.3 psi (0.30 mol %), respectively, ata
temperature.of 60°C. The yield of polymer having a melt index of 3.0 was 30.4 ~
c. . .
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Typically the various comonomers that are copol ymerized with ethylene in
order-to provide polyners having the desired density range at any given
melt index range fromO to 20 nol percent in the copolyner. The relative
nmol ar concentration of such comongners to ethylene (Cferr]/Cferr]), which
are present under reaction equilﬂﬂriun1conditions in the reactor will vary
dependi ng @Exainbles-9aldoi ce of conononer and the desired copol yner density.

A fluidized bed reaction system which can be used in the practice of the

process of the deg&ﬁ.ﬁf}s, of EXATHds I 8 ohal Wiaplel). ‘Several il 4, 543, 399 whi ch
IS incorporate reference, cal "flurdize rSe reactor can be
descri bed &dicas,wergyged as supports thrpudhgutihese Examplesy DAMAS tYAgs8P2 ¢ he same
granul ar r @il B5t, Ravisprtype0d Eajsicativeel and Shéltypelffttbr incliteddn during t he
course of trablefciny tefindvduabron pafameters (catalyst ievel, temperature, _

monomer particle pressures, silica type and sliica pretreatment) along with the

resulting polymer's density, 1a, 110/12 and molecular weight distribution (MWD).
Support preparation

~ The silicas were pretreated prior to catalyst addition with
triethylaluminum (TEA). The pretreatment procedure involved first adding 2.0
g of silica to 25 mL of toluene. The amount of TEA indicated in Table 1 was -
then added by syringe to the stirred silica slurry. Stirring was continued for at .
least 15 minutes. The solids were then filtered and washed several times with _
toluene to remove any residual TEA. The treated silica was then dried under
vacuum.

Preparation of the supported catalyst

Appropriate amounts,.as indicated in Table 1, of 0.005 M or of 0.010 M
solutions of B(CgFs5)a In toluene and of very pale yellow 0.005 M solutions of
{CsMe4SiMesNCMeg)TiMe2 in hexane were added to 0.125 g of stirred silica
to give bright yellow slurries. The solvents were then removed under vacuum
from the stirred slurries to give the catalysts as free flowing powders. -

General polymerization procedure

All amounts of support catalyst, titanium loading and borane, pressures -
of ethylene, 1-butene and hydrogen, reactor temperatures and run times and
reaction yields are indicated in Table 1. The given amounts of the solid
supported catalyst were introduced into the fluidized bed reactor pressured to

. 300 psi with nitrogen, ethylene, 1-butene and hydrogen. After the indicated
run times, the polymers were removed from the reactor by venting the '
pressurized contents into a recovery vessel.
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bed conprises formed pol ymer particles, growi ng polynmer particles, and
catal yst particles fluidized by polynerization and nodi fyi ng gaseous
conponents pass upward through the bed at .a flowrate or velocity
sufficient to cause the particles o remain separated with the bed
exhibiting fluid-1like behavior. T#h fluidizing gas conprises the initial
gaseous feed of nononers, nake-up feed, and cycle (recycle) gas, i.e.,
conononers,EQ%ﬂﬂeQQn and, if desired, an inert carrier gas. Exanples of
such inert carrier gases include nitrogen, nethane, ethane or propane,
whi ch are ineéy\Mtr1res ect to the polynerization reaction. The
essential p&@ sﬁ?“?ﬂép¢g%€WWon system are the polynerization reaction
vessel, catalyst injection system the fluidized bed, the gas distribution

plate, inlet andavisbh 852 gilichiwag pretresiod RS RESAMples YGbRINGSISGRKEr . and a
product di Sﬁﬁgéﬂﬁorﬁhﬁhﬁﬁb n\Lnoft'lﬁﬁaYlg%ﬁ)eq silicaN€re is a reaction zone which
. ; :

contains the bed and a velocity reduction zone which I's above the reaction

zone. Both are above the gas distribution plate. Advantages of the product
of subject pr oc dbe catalyst was prepared as in Examples 9-19 under "Preparation of

the Supported Catalyst® using 3 pmole of (C5Me4SiMeoNCMeg)TiMeo, 9
umole of B(CgF5)3 and 0.10 g of the above treated silica.

Polymerization

The solid supported catalyst was introduced into the fluidized bed
reactor pressurized with 240 psi ethylene, 8 psi 1-butene, 1.2 psi hydrogen and '
51 psi nitrogen. The initial temperature was 74C and the run time was 78
minutes. The yield of granular powder was 5.5 g.

Example 21
Catalyst/support preparation

+ Using the silica of Example 20, the sllica-supported catalyst was
prepared analogously to Example 20 except that none of the borane complex
was added to the support. -

Polymerizaﬁon ,

The solid supported catalyst was introduced into the fluidized bed -
reactor pressurized with 240 psi ethylene, @ psi 1-butene, 1.2 psi hydrogen and
51 psi nitrogen. The initial temperature was 75C and the run time was 75
minutes. No polymer was recovered from the reactor, indicating that any
aluminum compounds possibly remaining after washing the silica to remove
residual TEA are only present at non-activating levels. '
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are the honogeneity and uniformty of the physical properties throughout
the resulting polynmer and the high strength and toughness obtai ned w thout

processing difficulty. 34
It will be apparent to the skilled grtisan that use of a supported
constrai ned geonetry catal yst incréases the range of reactor conditions

that nmay be used, before condensi ng conponents in the recycle stream But if
one é'xample_ﬂ

Catalyst/support preparation

Preparation of the supported catalyst was analogous to Example 20
except that 12 pmole of B(CgF5)3 and 4 pmole of
(CsMe4SiMesNCMe3z)TiMes, were added to 0.20 g of the treated silica.

Polymerization

The solid supported catalyst was Introduced into the fluidized bed
reactor pressurized with 240 psi ethylene, 1.5 psi, 1,5-hexadiene, 1.2 psi
hydrogen, and 60 psi nitrogen. The initial temperature was 76 C and the run
time was 126 minutes. 21 g of free fiowing polymer powder were removed. -~

Example 23

-

Ca_talystlsupport preparatién |
| The supported catalyét was prepared analogously to Example 22.
Polymaerization o
"The solid supported catalyst was introduced into the fluidized bed
reactor pressurized with 240 psi ethylene, 0.75 psi 1,5-hexadiene, 1.2 psi

hydrogen, and 60 pis nitrogen. The initial temperature was 80 C and the run
time was 187 minutes. 11.6 g of free flowing polymer powder were removed.
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chooses to condense conponents in the recycle stream then it nay be
desirable in some instances to raise the dew point tenperature of the
recycle streamto further increase heat renoval as taught in U S Patents
4,543,339 and 4,588, 790 which are incorporated by reference. The recycle
stream dew poi nt tenperature can 4B increased by: (1) raising the operating
pressure of action system (2) increasing the concentrations of inert
condensabl e conpounds In the reaction system and/or (3) reducing the
concentrat#&n OZ i nert non-condensabl e conpounds in the reaction system In
one enbodi HEA PR REeRafHOAt i on, the dew point tenperature of the recycle
stream may be increased by the addition of a condensable fluid to the
recycl e streanPmiphtion sfthe suppbriddatanst wad @agbus toExahpREe. and the products

of the poleBstiatbiufidid @BEES 'm‘ﬂéw(@g’?ﬁ@m@m@?ﬁ d into the recycle

streamw th it - r any r ans at’ any ot her point
I n the sys gm’ arrli%tgés%t%#éms é’%’?{? I'ds are saturated hydrocarbons, such as

but anes, pentanes or hexanes. Aprimary limtation on the extent to

whi ch t he Robmasigatiogas st ream can

The solid supported catalyst was introduced into the fluidized bed
reactor pressurized with 240 psi ethylene, 6 psi 1-butene, 0.75 psi 1,7-
octadiene, 1.2 psi hydrogen, and 60 psi nitrogen. The initial temperature was
80 C and the run time was 74 minutes. 14.4 g of free flowing polymer powder ~
wera removed.

Example 25
Catalyst/support preparation

The supported catalyst was prepared analogously to Example 24.
Polymerization

The solid supported catalyst was introduces into the fluidized bed
reactor pressurized with 240 psi ethylene, 6 psi 1-butene, 0.38 psi 1,7-
octadiene, 1.2 psi hydrogen, and 60 psi nitrogen. The initial temperature was

70 C and the run time was 99 minutes. 12.1 g of free flowing polymer powder -
were removed.
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be cool ed bel ow the dew point is in the requirenment the gas-to-liquid ratio
be maintained at a | evel sufficient to keep the liquid phase of the :
t wo- phase recycle mxture in an entrained or suspended condition until the
liquid is vaporized. It is also necessary for sufficient velocity of the
upwardly flowing fluid streamlIn 4 reaction zone to maintain fiuidization
of the bed. This limtation can be overcone by collecting the condensed

phase and introducing it to the fluidized bed separately fromthe recycl ed
Hrpt +ygri zakl on processes are al so

i

gaseous stream [ brirtpt egetet—p
useful in the prgsent]ti Nt gne sof Rps¢ di sglosed in U S. Patents
3,914,342, 5,047,468, | 5] £26,|398 ,44%] 7B&| al | gof which are
i ncorporated herg¢hn by fefierlence ] IfTrpl ¢ reagtors can be operated in
. . . ) 0 N ] o . -
series or in parggl el | Q3 mElat ﬁF & -egcgtﬁ rai ngd geonetry catal yst
enpl oyed in at | eactior]s | | his gspect of this invention
resins are manuf §et urjed! -ahde bklen eatvi’nf(zlsdatg <Mul ti®l e reactor
. - . — -—-oc(?uoi i - -
pol yneri zati on plocesise \ He s f roduce ingsitu bl ended pol yners
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situ blends of .different nolecular weights and/or different densities may
be  .° 35 produced for specific
and desired physical and/or processability requirements. For exanple, two
reactors can be used in series to,produce resins with a binodal nolecul ar
wei ght distribution. In another % nple, two reactors could produce resins
with a binodal i t’IShe'MWﬂ@BﬁhéNolﬁﬁerSﬂ%tExﬁrhalbé\QhQQQQﬁBMn THBE§, than two
reactors 'n%«é?&r’eﬁﬁve@fﬁ]a &nm%q: é@é‘?r? ?r%st‘%ahw%ht or density

conponent s work of I2:amch eta meU ater%% 9%?§ Wi ere re o?(ec? W r(a:r(ilgnedhave a
from 2.67 to 5.00. Table 1 shows that ethylene or ethylene/a-olefin polymers

can be made where the l1g/l> increases without increasing MWD.
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constrai ned geonmetry catal yst or a conventional Ziegler-Natta catalyst as
needed for obtaining the in-situ bl ended polymer with the desired
properties, as long as there is a constrained geonetry catal yst in at

| east one reactor. The constrai ned geonetry catalysts may be used
singularly, in conbination with ot#er constrained geonetry catal ysts, or in
conjunction w th Zeigler-type catalysts in separate reactors connected in
parallel or in serjes. The Zeigler catalyst is generally a titanium based
conpl ex sui t“é% bA‘M‘epared for use as a catalyst for the gas phase

pol yneri zation of olefins. This conplex and nethods for its preparation are
di sclosed in U. 9. Paftddized bedgs phass procesyfor thegrodyctionafery1, 4, 395, 359,

4,405, 495, 4thyiene pdgmerothprsing@adting by contatingwndehpelyreerizatiari n i ncor por at ed by
reference. conditions ethlen®or eftiiinie 208 alBast Bnesteltopaipfiéiableaiphenduct ed in the

gas phase u Ieﬂﬁlo %ﬂ'ﬁh Ssel Eé’b%%ﬂ/P ég ess. A typical fluidized bed

reactor 1s escrl ssued on Nov. 13, 1984.
This patent is comp. xcorrespondmgtot e formula: :
Z
/ \
\M/
N\
(X)q ()q1

wherein:

M is a Group 4 metal in the +3 or +4 formal oxidation state;

L is a group containing a cyclic, delocalized, aromatic, anionic, I
system through which the L group is bound to M, and which L group is also
bound to Z, said L group containing up to 60 nonhydrogen atoms;

. Z is a moiety covalently bound to both L and Y, comprising boron, or a
member of Group 14 of the Periodic Table of the Elements, said mo:ety having
up to 60 nan-hydrogen atoms; ;

Y is a moiety comprising nitrogen, phosphorus, sulfur or oxygen through’
which Y is covalently bound to both Z and M, said moiety having up to 25
nonhydrogen atoms; '

X' independently sach occurrence is a Lewis base containing up to 40
nonhydrogen atoms;

X independently each occurrence is a monovalent anionic moisty
having up to 20 non-hydrogen atoms, provided however that neither X is an
aromatic group that is I1-bonded to M, optionally, two X groups may be
covalently bound together forming a divalent dianionic moiety having both

" valences bound to M, or further optionally one or more X and one X' group may
be bonded together thereby forming a moiety that is both covalently bound to
M and coordinated thereto by means of Lewis base functionality;

- q is a number from O to 1; and

nis 1 or 2 depending on the formal oxidation state of M; and
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I ncorporated by reference herein. As noted, the reactors nmay be connected
ih 'series as taught in U S. Patents 5,047,468,5, 126,398, and 5, 149, 738

whi ch are herein incorporated by reference. Wile two reactors are
preferred, three or nore react orgtlcan be used to further vary the nol ecul ar
wei ght distribution. As nore reactors are added producing copolynmers with
di fferent aver-agez)mmlaetivatizy cosetalyst setictet frodoulté gmeap cdmsistingsaf, t he sharp

diversity qa‘eumL@h.stawasmﬁmaﬁ &n Moo PdNohoRBSINGE, édhg:"a tiged | ess apparent.
It is cont %Etﬁ&r&ﬂ?tﬁ oﬁﬂ%hﬁdsonal reactors could be used to produce
| ces

copol ymers wit ensities, i nterrredl ate to the high and | ow
mel t indice¥ pr evi ousl y referred t noted previously, two or
nore reactors ndy g‘erfﬁﬁ‘Ft'P'hPfﬁﬁﬂ“élfqﬂéFdWQ‘!‘?V‘EW‘F‘EWM@F@‘%I ymeric product
Bei ng bl endabdve fbimda tpaanrctive ¢atalyst byiuseoaf an adivbtingtechniqud epdindent |y, with

di fferent cibéicyetan adivitihgafdintoralmosare! et hyl ene and

2. 'The process according to Claim 1 wherein M is titanium and X
each occurence Is a monovalent ligand group of up to 20 nonhydrogen atoms.

_ 3. The process according to Claim 2 wherein X is a C1-20
hydrocarbyl group or 2X taken together are a hydrocarbadiy! group.

4. The process according to'Claim 1 wherein the ethylene polymer -
contains = 80 mol percent of ethylene and < 20 mol percent of one or more
alpha-olefin or diolefin comonomers.

5. The process according to Claim 1 in which the catalyst is
supported._ :

6. ‘The process aceording to Claim 5 wherein the support is silica,
alumina, clay, comstarch, talc or polyethylene, or a mixture thereof.

7. The process according to Claim 1 wherein Y is -O-, -S-, -NR™-, -
PR"-and R" is independently a hydrocarby! or silyl group having up to 12
nonhydrogen atoms.

8. The process according to Claim 1 wherein the resulting ethylene
polymer has a density of about 0.85 to 0.96 g/cm3 and a I less than100 g/10
min.

9. The process according to Claim 1 wherein the gas phase fluid bed
~ reaction is carried out at a pressure less than 1000 psi and at a temperature of
frpm about 0 to 110°C.
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36 al pha- oleflns different recycle rates and at different productivity

- rateées. 'The various nelt indices can be prepared in any order, i.e., in any
reactor in the series. For exanple, the low nelt index copol yner can be
made .in the first or second reactor in the series and the high nelt index
copol yner can be made in the firs®2or second reactor as well. The actual
conditions used will depend on the conononer used and the desired

copol ymer  pr oRer t g pRRs A BordfaHh Llaim 89AEalthD §dnBingl il | €d -arti san.

is a tris(pentafluorophenyl)borane.

11.  The process according to Claim 2 wherein X is methyl or benzyl.

12.  The process according to Claim 1 wherein said process Is
conducted in at least two fluidized bed gas phase reactors connected in series
or in parallel.

13. The process aocording to Claim 1 wherein sald process is
conducted in at least two fiuldized bed gas phase reactors connected in series.

14]  The process of Claim 12 wherein the catalyst system in one reactor
further comprises a supported Ziegler catalyst.

15.  The process of Claim 6 in which the support is pretreated.

16. Afluidized bed gas phase process for the production of an
sthylene polymer comprising reacting by contacting under polymerization
conditions ethylene or ethylene and at least one of & copolymerizable alpha-
i olefin or diolefin in the presence of a catalyst comprising:
A) 1) ametal compl%x‘ corresponding to the formula;
Z—y '
R M,
" “Xn
R’ U]

wherein:

R’ each occurrence is independently selected from the group
consisting of hydrogen, alkyl, aryl, silyl, germyl, cyano, halo and combinations
thereof having up to 20 nonhydrogen atoms;

X each occurrence independently is selected from the group
consisting of hydride, halo, alkyl, aryl, silyl, germyl, aryloxy, alkoxy, amide,
'siloxy, and combinations thereof, having up to 20 non-hydrogen atoms;

Y is a divalent ligand group comprising nitrogen, phosphorus, oxygen
or sulfur and having up to 20 non-hydrogen atoms, said Y being bonded to Z

A A :
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The constrained geonetry catal yst, the ethyl ene nononer, any cononomers and
hydrdgen, if any, are continuously fed into each reactor and ethyl ene
copol ymer and active catal yst are continuously renoved from one reactor and
i ntroduced into the next reactor. ;he product is continuously renmoved from
the last reactor in the series. The al pha-olefins used in this

aspect of fah&»L NRBR SiniBbgen! HifdsSiaiEs, a,@gtamsmhaﬁdm%ﬁarbeﬁn previously

descri bed i rred al pha- ol efins are 1-butene,
Ed%é@th%p%$gﬁ§eggngg}%fhyl 1- pentene and styrene. Supported

propyl ene,
@P@ ’?ﬁ ort ed hpnngeneous cat gl yst -.conpl exes such

Hompbgeneous Cat aM/ FP
as those taught iZis S6mCH 2»93"BJ2§' peBioi 6H'1GH" CB®SHYL. i | ed Oct ober 2,

1992, whi cl&eR32;i ncor porated by refer ence, can be used in the process taught
by appl i cants.  Re*each occurrence is independently selected from the group

consisting of hydrogen, alkyl, aryl, silyl, halogenated alkyl, halogenated aryl

groups having up to 20 nonhydrogen atoms, and mixtures thereof, or two or

more R* groups from Y, Z, or from Z together with Y form a fused ring system;

nis 1or2; and '

2) an activating cocatalyst selected from the group consisting of
neutral Lewis acids other than an alumoxane, and nonpolymeric, compatible
noncoordinating ion forming compounds, .

or
B) the reaction product formed by converting the complex of formula (i) to
an active catalyst by use of an activating techniqus and in the absence of an
activating amount of alumoxane.

" 17.  The process according to Claim 16 wherein M is titanium..

. 18. The process according to Claim 17 wherein X is a C1.20
hydrocarbyt group.

19. The process according to Claim 16 wherein the ethylene polymer
contains > 80 mol percent of ethylene and < 20 mol percent of one or more

alpha-olefin or diolefin comonomers.

20. The process according to Claim 16 in which the catalystis
supported.
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The, Gatal yst Support Typi cal ly, the support can be any of the known
solid catal yst supports, particularly porous supports, such as talc,

i norgani ¢ oxi des, and resinous support materials such as pol yol efins.
Preferably, the support material is an inorganic oxide in particulate form
Sui tabl e i norganic oxide materials which are desirably enployed in
accordance with this invention include Goup 2, 3, 4, 13, or 14 netal

oxi des. The nost preferred catal yst support materials include silica,

alum na, and silica-alumna, and m xturgg thereof. QO her inorganic oxides
that may be -

GAS PHASE POLYMERIZATION OF OLEFINS

ABSTRACT

Novel gas phase fluidized bed process for producing ethylene polymers having
improved processability. Multiple reactors in series or parallel may be used to produce
in-situ blended polymers. Each reactor can separately have a constrained geometry
catalyst or a conventional Ziegler-Natta catalyst as needed for obtaining in-situ blended
polymer with the desired properties as long as there is a constrained geometry catalyst in
at least one reactor. Olefin polymers can be produced according to this invention having
low susceptibility to melt fracture, even under high shear stress conditions.
PFig. 1A
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37 enpl oyed either alone or in conbination with the silica, al ks By

silica-

al um na are magnesia, titan

terials, however, can be enployed
pol yol efins such as finely divided pol yet hyl ene, The specific

particle size,

determ ne the anount of oxide that
cat al yst conpositi on@AS RHAGE|RCLAMERIZATIONQF ©hEFIpSoperti es of the pol yner
formed. These properties nust frequently be taken into consideration in

choosi ng an i NgkgaRbGRioR¥SIAEs fdd gaSthak SRR e Glcaks pspect of the
nvent i on. g, Qe R ooty ABls! BRI diryon béiyHEd Hdvhg GRbALESd By the use of

i nor gani ¢ ‘OXi . ) ] )
processability. These polymers include olsfin polymers having low

susceptibility to melt fracture, even under high shear stress conditions.

la, zirconia. O her suitable support
, for exanple, finely divided

surface area and pqgre vol unme of -the inorganic oxide

is desirable to enploy in preparing the

The discovery of the fluidized bed process for the production of linear
olefin polymers provided a means for producing these diverse and widely used
polymers with a drastic reduction in capital investment and a dramatic
reduction in energy requirements as compared to then conventional

processes.

To be commercially useful in a gaé phase process, such as the fluid bed
processes of U.S. Pat. Nos. 3,709,853; 4,008,712 and 4,011,382; Canadian
Pat. No. 991,798 and Belgian Pat. No. 839,380, the catalyst einployed must be
a highly active catalyst. Typically, levels of productivity reach from 50,000t0 -
1,000,000 pounds of polymer or more per pound of primary metal in the
catalyst. High broductivity in the gas phase processes is desired to avoid the
expense of catalyst residue removal procedures. Thus, the catalyst residue in
the polymer must be small enough that it can be left in the polymer without
causing any'undue problems to either the resin manufacturer, or to a party
fabricating articles from the resin, or to an ultimate user of such fabricated
articles. Where a high activity catalyst is successfully used in such fluid bed

processes, the transition metal content of the resin is on the order of <20 paris
per million (ppm) of primary metal at a productivity level of > 50,000 pounds of
polymer per pound of metal. Low catalyst residue contents are also important

in heterogeneous catalysts comprising chlorine containing materials such as

the titanium, magnesium and/or aluminum chloride complexes used in some

so-called Ziegler or Ziegler-Natta type catalysts. Use of these heterogeneous

catalysts results in a polymerization reaction product which is a complex

mixture of polymers, with a relatively wide distribution of molecular weights. ~
This wide distribution of molecular weights has an effect (generally
' detrimental) on the physical properties of the polymeric materials, e.g.

decreased tensite strength, dart impact.
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havi ng an average particle size in the range of about 20 to 200 m crons,
preferably about 40 to 100 m crons, nore preferably 50 to 80 microns; a
syrface area of about 50 to 1,000 square neters per gram preferably about
100 to 400 square neters per gram}- and a pore volune of about 0.5 to 3.5 cc
per gram preferably about 0.5 to“2 cc per gram The inorganic
oxi de support . fgedolebuldibight eB@batdnQRIVY), dripelyarbakins is H6wRe any
parti cul at\%ngsﬁés#‘pom}méﬁam& %eéé.baalsbmw%dmetgﬁ %baﬁeantlal ly free of
adsor bed %11%2]‘ k) G SRy (n%g ggm%e,dh( ?s enpl oyed t hat
cont ai ns sur % f\%'lh %Eg ‘25'? %14“&” g@ %/ratlo eat nent nust be
enpl oyed. PR f°h €A% bey BRtoHFNagd difgetlys fof %%‘?pfa%"eﬁ Ocritical, i.e.
dehydratlcnﬁlfqmgiogimmqhﬁﬂé%ﬁ akthellyo/laaatios as deseriad in ASTMUPBRIS, or days bef or e
provi ded cjaa®detaféndidarp of the MWE éhotmvéitionkl hbterdgengbuetetiidend from noi sture and
| mpuri ti esygy nﬂel %ﬁﬁgﬁls Qn%ﬁ&é%@ftﬁegmr%’l&ﬂ tf afy De carried out
|nvacuumor b@p %ggmr L é’&? Iygésuc nitrogen at a
t enper at urf&® ?ﬂss' ¥ 9B BEY ek P EPTABP C to 900C, or nore
pr ef er abl ytypically have a higher l4p/l2 ratio than linear low density polyethylenes

(LLDPE) or ultra low density linear polyethylenes (ULDPE) and are easier to

melt process in fabrication equipment at comparable 15 values.

Ethylene polymers having a narrow MWD and homogeneous
comonomer distribution are known. These polymers can be produced using
homogeneous "single site” catalysts, such as metallocene or vanadium
catalysts= While the physical properties of these polymers are generally
superior t&heterogeneous polymers, they are often difficult to process with
conventional melt fabrication equipment. The problems are manifested, for
example, in their lack of ability to sustain a bubble in a blown film process, and
by a *sag" when evaluated in blow molding processes. In addition, the melt
fracture surface properties of these polymers are often unacceptabls at high
extrusion rates, a feature that makes them less desirable for use in equipment
operating at current high speed extrusion (i.e., production) rates. Extruders
often exhibit increased power consumption due to the low shear sensittivity of
these polymers.

Use of the catalyst systems described in U.S. Application_ Ser. No.
07/955,600, filed October 2, 1892, U.S. Application Ser. No. 07/817,202 filed
January 6, 1992_ and U.S. Application Ser. No. 08/008,003 filed January 21,
1993, all 6t which are incorporated herein by reference, results in the
productidigf unique polymers having the properties as taught in co-pending

' appllcatiori's_ U.S. Applications No.'s 07/776,130 filed October 15, 1991 and
07/339,281, filed September 2, 1992, which are incorporated by reference.
These polymers are substantially linear olefin polymers which are
characterized as having a critical shear rate at the onset of surface melt
fracture of at least 50 percent greater than the critical shear rate at the onset of
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500C to 850C. Pressure considerations are not critical. The duration of the
thermal treatnent can be.for a period of 1-100 hours, preferably 2-24
hoyr s. Chem cal dehydration or chem cal treatnent to dehydrate the

support may be acconplished by slurrying the inorganic particulate
material, such as, for exanple, sili%a in an inert |ow boiling hydrocarbon,
such as, for exanple, silica in an inert |ow boiling hydrocarbon, such as,
for exanpl e surfesr aratt frablure of@ linher addfivmpolymlker ltkyimgdibattitossamaktdndn, t he -support,
preferably siwmea, should be naintained in a noisture and oxygen-free
at nosphere. To the silica slurry -
There is a need for a gas phase olefin polymerization catalyst that can

be used more efficiently and effectively to polymerize or copolymerize ethylene

with higher alpha-olefins, e.g. alpha-olefins having 3 to 20 carbon atoms. In

practice, the commercial copolymers are made using monomers having only 3

to 8 carbon atoms (i.e., propylene, 1-butene, 1-hexene, 1-octene and 4-methyl-

1-pentene) because of the low rate of reactivity and incorporation of the alpha

olefins with larger carbon chains and, for gas phase processes, because of the

lower concentration possible in the reactor for alpha-olefins with larger carbon

chains. The traditional Ziegler catalysts are not particularly 'efﬁciént or

effective in incorporating the higher alpha-olefin comonomers into the polymer. o

The rate of reaction for the ethylene monomer is much greater than the rate of

reaction for the higher alpha-olefin monomers inthe copolymerization reaction -

using traditional mutti-site Ziegler catalysts. Accordingly, due to the lower

reaction rate of incorporating the longer chain comonomer into the growing

polymer chain, the copolymer fractions containing the higher alpha-olefin

comonomers are generally the lower molecular weight.fraéfloh having limited

desirable physical properties. These factors also contribute to polymér

particles sticking together or agglomerating in the gas phase process.

Even in the most current olefin copolymerization systems, there is still a
need for a gas phase olefin polymerization catalyst which is able to incorporate
efficiently larger amounts of higher alpha-olefins into a copolymer chain and
give a polymeric product which has a narrow molecular weight distribution and
is more homogeneous with respect to comonomer distribution than otherwise
would be achieved using a Ziegler catalyst under comparable conditions. The
properties and advantages of linear homogeneous copolymers are described

in U.S. Patent 3,645,992.

Canich et al. teach in U.S. Patent 5,057,475, U.S. Patent 5,026,798,
and '
U. S. Patent 5,096,867 a supported catalyst system which includes an inert -
support méterial, a Group IV B metal component and an alumoxane
component for use in the production of high molecular weight polyolefins.
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38 is then added a |l ow boiling inert hydrocarbon sol ution of the chem cal
dehydrating agent. Useful chem cal agents are for exarrgJ gs F,
such as trinethylchl orosilane or hexanethyl disil azane H § E

cbnpounds

such as di butyl magnesi um diethyl zi ne, trimgthyl af

‘HASL BEEN
AGEDN

triethylalumi num trinethylal um nud and triethylal um num bei ng particufarly
The ratio of mllinoles of netal al kyl per gram of support nmay
be bet weewnit adith QD tesRhéSthe Qs@bf theit AtahStshpidBovapbed eaewd. The cheni cal

dehydrat'%nmunéaeecg%srhe& &uﬁ\pesohﬁgpemsa@r%ﬁah oﬂymé@ to SOOC (preferably

t act 48 h
ro@e?ana%%%cre&aéveé"f‘%sﬁofﬁwf#@? %giﬁtase”%atﬂ%sz 247 (ored of f and
washed wi tRAF higl loves plalunnxaenwhicl senpensive and aselt Brundgsiahlys,

preferred.

0C to 100C
pr ef er abl

act i vat i nghighalevalsitialohingro sesidey inftbe fiedlpatiuctoxanes,

to renmove any
t hen optionally washed

with a light aliphatic hydrocarbon (pentanes or hexanes) before drying in

vacuo or in drygestd B8 Rled i dasPhdse process to produce more

homogeneous narrow molecular weight distribution polyolefins (MWD of 1.5-
2.5), that have improved processability such as provided by substantially linear
olefin polymers. .

A fluidized bed gas phase process for the productxon of an ethylene
polymer or copolymer is comprised of reacting by contacting ethylene or
ethylene in combination with at least one alpha-olefin and/or diolefin in the
presence of a constrained geometry catalyst under polymerization conditions
thereby producing a flowable particulate ethylene polymer or copolymer solid.
The continuous process is particularly suited for ethylene copolymers
containing 2 80 mol percent of ethylene and <20 mol percent of one or more o
-olefins or diolefins with a Group 4 metal-containing constrained geometry
catalyst at a temperature of from about 0°C to about 110°C. The catalyst
system is a constrained geometry catalyst which comprises an activated
homogeneous catalyst complex and optionally, a support, e.g. polyethylene,
clay, comstarch, talc, silica or other suitable materials.

Another aspect of this invention is a process for in situ blending of
polymers comprising continuously contacting, under polymerization conditions,
a mixture of ethylene and at least one or more o-olefin or diolefin in at least
two fluidized bed reactors connected in series, with a catalyst with the
polymerization conditions being such that an ethylene copolymer having a
higher melt index is formed in at least one reactor and an ethylene copolymer
having a lower melt index is formed in at least one other reactor with the
provisos that: '

(a) in a reactor in which the lower melt index copolymer is made:

(1) said alpha-olefin or diolefin is present in a ratio of about 0.01 to
about 3.5 total moles of alpha-olefin and diolefin per mole of ethylene; and
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I order that persons skilled in the art nmay better understand the practice
of supporting honbgeneous catal ysts for the practice of the present

i nvention, the follow ng exanples are provided by way of illustration, and
not by way of limtation. Additional information which may be useful in
state of the art practice may be fdund in each of the references cited
herein, which are incorporated by reference. Experinental Al

pol ymeri zati ons, unless otherw se noted, were carried out under nitrogen
pressures of 2@2) hBbogeniis present & 4 ratie of ghmst Pploabeutrehmblerof havi ng a four inch
di armet er t Rydréyen pie holei@trlylerié;di zati on zone and an ei ght inch diameter ten
i nch 1 ong velocity reduction zone which are connected by a transition

section havi tapered.walls, . Typical operating ranges are 40 to 100[err]C,
250 to 350 pian SR PECR Bt aS ek eseobeiamas! ) dne. comonomer (i f
used), and

(1) said alpha-olefin or diolefin is present in a ratio of about 0.005 to

about 3.0 total moles of alpha-olefin and diolefin per mole of ethylene; and

(2) hydrogen is present in a ratio of about 0.05 to about 2 moles of
hydrogen per mole of ethylene,

(c) the mixture of catalyst and ethylene copolymer formed in one reactor in. -
the series is transferred to an immediately succeeding reactor in the series.

(d) the catalyst system comprises a constrained geometry catalyst and
optionally, another catalyst. :

(e) catalyst'may be optionally added to each reactor in the series, provided
that catalyst is added to at least the first reactor in the series;

Yet another aspect of this invention is the process for in situ blending of
polymi?rs comprising continuously contacting, under polymerization conditions,
a mixture of ethylene and at least one o~olefin and/or diolefin in at least two
fluidized bed reactors connected in parallel, with a catalyst with the .
polymerization conditions being such that an ethylene copolymer having a
higher melt index is formed in at least one reactor and an ethylene copolymer
having a lower melt index is formed in at least one other reactor with the
provisos that: " '

(a) in a reactor in which the lower melt in_de_x copolymer is made:

(1) said alpha-olefin and/or diolefin is present in a ratio of about 0.01 to
about 3.5 total moles of alpha-olefin or diolefin per mole of ethylene; and
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hydrogen enter the bottom of the reactor where they pass through a gas
distributor plate, The flow of the gas is 2 to 8 tines the mninum particle
flui di zation vel ocity, Fluidization Engineering, 2nd Ed., D. Kunii:-and O
Levenspi el , 1991, Butterworth-Hei nemann. Mst of the suspended solids

di sengage in the velocity reductloﬁ zone. The reactant gases exit the top

of the fluidiza n,zone and pass to rem)ve -any
fines. The . 5?1ydrogen|sprese maranoo t(?toa% tdcémoecgg

hydrogen per mole of ethylene;
(b) in a reactor in which higher melt index copolymer is made:

(1) said alpha-olefin or diolefin is present in a ratio of about 0.005 to
about 3.0 total moles of alpha-olefin and diolefin per mole of ethylene; and

(2) hydrogen is present in a ratio of about 0.05 to about 2 moles of
hydrogen per mole of ethylene,

(c) the catalyst system comprises a constrained geometry catalyst and
optionally, another catalyst.

In all embodiments of the invention, the constrained geometry catalyst is
used in at jeast one of the reactors.

An advantage of this invention is that at least one constrained geometry .
catalyst can be used alone or in conjunction with at least one other catalyst in
reactors operated in series or parallel.

Yet another advantage is that due to the ability of supported constrained
geometry cétalysts to incorporate efficiently longer chain higher alpha-olefin
comonomers into a polymer, the range of copolymer densities which can be
made in an conventional gas phase reactor without having to condense the
recycle stream is dramatically increased.

Figure 1 graphically displays the structural characteristics of a
traditional heterogeneods Ziegler polymerized LLDPE copolymer, a highly )
branched high pressure free radical LDPE, a homogeneously branched linear -
copolymer, and a substantially linear sthylene alpha olefin copolymer. '

The Ethylene Copolymers

All reference to the Periodic Table of the Elements herein shall refer to
the Periodic Table of the Elements, published and copyrighted by CRC Press,
inc., 1989. Also, any reference to a Group or Groups shall be to the Group or
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gases then pass through a gas booster punp. The polyner is allowed to
accunul ate in the reactor over the course of the reaction. The total system
pressure is kept constant during the reaction by regulating the flow of the
efhylene into the reactor. Polyner is renoved fromthe reactor to a
recovery vessel by opening a valve [fJocated at the bottom of the

fluidi zati on zone. The polyner recovery vessel is kept at a | ower pressure
t han t he r daroups as réfiectatie sisPediofTablelvf the fsmentsosirtbe IPAC hydr ogen

reported reafysemtior Mniteliad GRupssures. The pol yet hyl ene powders used as
supports were high_density hormpol yners. The titani um conpl ex,

err] Me[err Me I Me daccordln to U S

I(Dg ent ! 5, [189 ]13?' %ﬂ‘? M?efs W )g) %ffé%ec{)'b ﬂ}ee‘?r ?eéﬁ(?é 8 REPSPRte bo?ane

conpl ex, B(esHoN ate SPROiyIESs Pﬂa 'F‘§J°b‘|“@||c?&F°8€F (&80 6 stigyieng. amka pr ocedur e t aught

i'n Z. Nat urmmrsmﬂ Pemety, (< 80%) of(cne @5 more alpha olefin®or divlefins. Jdkeng used as

supports, Bmferd fARSpraSantinbémtioh 6ah bé ﬁdmdpbﬁmél'stﬂﬂeﬂiyléhé okthby

triethyl al %BHFH:&E rs'glflg,h Bt t‘?{}asf e%qpé ﬁ;? to remove from

the sili Ca@ gglem hepoymers& epreséﬁ nvel 1onganagobe 0 '
lnterpolymers of ethylene with at least one C3-C20 alpha—oleﬂn, C4-C18
diolefin and/or other ethylenically unsaturated monomer.

Monomers usefully polymerized according to the present invention
include, for example, ethylenically unsaturated monomers, conjugated or
nonconjugated dienes, polyenes, etc. Preferred monomers include the C2-C10 -
a-olefins especially ethylene, propene, isobutylene, 1-butene, 1-hexene, 4-
methyl-1-pentene, and 1-octene. Other preferred monomers include styrene, -
halo- or alkyl substituted styrenes, tetrafluoroethylene, vinylbenzocyclobutene,
1,4-hexadiene, 1,5-hexadiene, 1,7-octadiene, 4-vinylcyclohexene, and
vinylcyclohexane, 2,5-norbornadiene, ethylidenenorbornene, 1,3-pentadiene,
1,4-pentadiene, 1,3-butadiens, isoprene and naphthenics (e.g., cyclopentens,
cyclohexene and cyclooctene). 1

'i'hroughout this disclosure, *melt index" or *I2" is measured in
accordance with ASTM D-1238 (180°C/2.16 kg); “110" Is measured in
accordance with ASTM D-1238 (190°C/10 kg). For linear polyolefins, ,
especially linear polyethylene, it is well known that as Mw/Mn increases, l1g/l2
also increases. With the ethylene or ethylene/a-olefin or diene substantially
linear olefin polymers that can be made by this invention, the l4p/l2 may be
increased without increasing Mw/Mn. The melt index for the ethylene or
ethylene/c-olefin substantially linear olefin polymers used herein is generally
from about 0.01 grams/10 minutes {g/10 min) to about 1000 g/10 min,
preferably from about 0.01 g/10 min to about 100 g/10 min, and especrally from
about 0.01 g/10 min to about 10 g/10 min.
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the pretreatment, the silicas were then washed several times with tol uene
to renove any residual TEA or al unoxane which may have resulted during the
dehydrati on process. The supports were then dried under reduced pressure.
In some cases the supports were washed with hexane before drying. Any
amount of al unboxane whi ch nmay have Bemai ned on the silica was present in a

non-activatin unt (see Exanples 20 and 21). Exanple 1
Cat al yst/su lpgr' ﬁlﬁ%ﬁ%ﬁrf gave 5oz méﬂwwa{ftfoq‘i%f’m(tﬁ srfEn)% ¥rand 0.005 M
sol ution (GBefeé?t?W BPUlGE7 PG B r I Me[err] Si Me[err] NCMe[err]) Ti Me[err] in
toluene and 4.8 nL of a 0.005 Msolution (60 pnol) of B(CJerr]Flerr])[err]
ihn tol uene wer e Thé whbRethtevpblgmer rﬁé@dcﬂsalﬁlfplé%iﬁh tHORSibYal Ii?{gé Qi ene powder
avi ng zero | ) n ve 0, _renove an
T T e T R T
quipped with three mixed

porosity bed columns (available from Polymer Laboratories), operating ata

system temperature of 140C. The solvent is 1,2,4-trichlorobenzene, from which

0.3 percent by weight solutions of the samples are prepared for injection. The

flow rate is 1.0 milliliters/minute and the injection size is 200 microliters.

-~ “The molecular weight determination is deduced by using narrow
molecular weight distribution polystyrene standards (from Polymer
Laboratories) in conjunction with their elution volumes. The equivalent
polyethylene molecular weights are determined by using appropriate Mark- hy
Houwink coefficients for polyethylene and polystyrene (as described by
Williams and Word in Joumnal of Polymer Science, Polymer Letters, Vol. 6,

(621) 1988, incorporated herein by reference) to derive the following equation:

Mpolyethylene = 2 * (Mpolystyrene)P.
In this equation, a = 0.4316 and b = 1.0. Weight average molecular weight,
Mw, is calculated in the usual manner according to the following formula: My =
Z wi” Mj, where wij and M; are the weight fraction and molecular weight,
respectively, of the ith fraction eluting from the GPC column. -

Tne molecular weight distribution (My/Mp) for the ethylene polymers of
this invention is generally less than about 5, preferably from about 1.5 to about
2.6, and especially from about 1.7 to about 2.3,

Tne density of the polymers in the present invention is measured in
accordance with ASTM D-792 and Is generally from about 0.85 g/cm3 to about
0.96 g’cm3, preferably from about 0.865 g/cm3 to about 0.96 gfem3. The
density of the copolymer, at a given melt index level for the copolymer, is
primarily regulated by the amount of the comonomer which is copolymerized
with the ethylene. in the absence of the comonomer, the ethylene would
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a pale yellow sh free-flow ng powder. The resulting catal yst
was divided into two portions, each wei ghing about 0.32 g. - Polynerization

40

9

homopolymerize with the catalyst of the present invention to provide
homopolymers having a density of about >0.95. Thus, the addition of
progressively larger amounts of the comonomers to the copolymers results up
to a point in a progressive lowering of the density of the copolymer. The
amount of each of the various a-olefin comonomers or dienes needed to
achieve the same result will vary from monomer to monomer, under the same
reaction conditions. Thus to achieve the same resuits, in the copolymers, in
terms of a given density, at a given melt index level, larger molar amounts of
the different comonomers generally would be needed in the order of
C3>C4>C5>Ce>C7>Cs.

The term "linear” as used herein means that the ethylene polymer does not
have long chain branching. That is, the polymer chains comprising the bulk
linear ethylene polymer have an absence of long chain branching, as for

example the traditional linear low density polyethylene polymers or linear high -

denstty polyethylene polymers made using Ziegler polymerization processes
(e.g., USP 4,076,698 (Anderson et al.)), sometimes called heterogeneous
polymers. The term "linear® does not refer to bulk high pressure branched
polyethylene, ethylene/vinyl acetate copolymers, or ethylene/vinyl alcohol
copolymers which are known to those skilled in the art to have numerous long

chain branches. The term “linear" also refers to polymers made using uniform

branching distribution polymerization processes, sometimes called
homogeneous polymers, including narrow MWD {(e.g. about 2) made using
single site catalysts. Such uniformly branched or homogeneous polymers
include those made as described in USP 3,645,892 (Eiston) and those made
using so-called single site catalysts in a batch reactor having relatively high
ethylene concentrations (as described in U.S. Patent 5,026,798 (Canich) or in
U.S. Patent 5,055,438 (Canich)) or those made using constrained geometry

conposition

catalysts in a batch reactor also having relatively high olefin concentrations (as |

described in U.S. Patent 5,064,802 (Stevens et al.) or in EP 0 416 815 A2
(Stevens et al.)). The uniformly branched/homogeneous polymers are those
polymérs in which the comonomer is randomly distributed within a given
interpolymer molecule or chain, and wherein substantially all of the

“interpolymer molecules have the same ethylene/comonomer ratio within that .

interpolymer, but these polymers, too, have an absence of long chain
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One portion of the catal yst prepared above was added to the reactor which
was under ethyl ene and hydrogen pressures of 270 psi and 0.8 psi (0.3 nol
%, respectively, at a tenperature of 57[err]C. A 2[err] C exot herm was
observed. After 1 hour, the second portion of catalyst was added. A 9[err]C
exot herm was observed. The yield of 1ol yner having a 11.24 nelt index was

269. Exarmpirehidg, asCivr akangdld, Sxp@oCiienticat iastaighoin their February\ 992

pol yet hyl en@fﬁmggmatmep@b@bmgg) was formed anal ogously to Exanple 1, except

that 40 [err
0.600 g of polyethyl ene having zero nelt ind

r X
resul ting catal Wte%ﬂﬁgﬁ%"\ﬁég ag UsRIJRRp Wbthﬁ\%ﬁ Yebiss,
about 0. 30 sybstituted, on average, with about 0.01 long chain branches/1000 total
carbons (including both backbone and branch carbons) to about 3 long chain
branches/1000 total carbons. Preferred polymers are substituted with about
0.01 long chain branches/1000 total carbons to about 1 long chain
branch/1000 total carbons, more preferably from about 0.05 long chain
branches/1000 total carbons to about 1 long chain branch/1000 total carbons,

and especially from about 0.3 long chain branches/1000 total carbons to about

1 long chain branch/1000 total carbons.

As used herein, the term “backbone" refers to a discrete molecule, and -
the term "polymer” or "bulk polymer” refers in the conventional sense to the
polymer as formed in a reactor. For the polymer to be a "substantially linear*
polymer, the polymer must have at least enough molecules with long chain
brancﬁing such that the average long chain branching in the bulk polymer is at
_least an average of about 0.01 long chain branches/1000 total carbons.

The term *bulk" polymer means the polymer which results from the

i polymerization process and, for the substantially linear polymers, includes

molecules having both an absence of long chain branching, as well as
. molecules having long chain branching. Thus a "bulk® polymer includes all

molecules formed during polymerization. It is understood that, for the
substantially linear polymers, not all molecules have long chain branching, but
a sufficient amount do such that the average long chain branching content of
the bulk polymer positively affects the melt rheology (i.e., the melt fracture
properties). '

Long chain branching {LCB) is defined herein as a chain length of at
least one (1) carbon less than the number of carbons in the comonomer,.

whereas short chain branching (SCB) is defined herein as a chain length of the

same number of carbons in the residue of the comonomer after it is
incorporated into the polymer molecule backbone. For example, an
ethylene/1-octene substantially linear polymer has backbones with long chain

each of the titanium conplex and the borane conpl ex and
wer e used. The

each wei ghi ng
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Pol yreri zati on _ In a manner simlar to Exanple 1, one portion of the
cat al yst prepared above was added to the reactor which was under ethylene
and hydrogen pressures of 250 psi and 0.55 psi (0.22 nol 9%, respectively,
at a tenperature of 60[err]C. A 1l[err]C exot herm was observed. After about
one hal f hour, the second portion bl catal yst was added. A 74[err]C

exot herrm ot o I ; ed in t ortions, 19 g of

pol ymer po@g?&hﬁgi%%gét s@g’?? Pﬁﬂﬁéﬁé&%ﬁ%?%?ﬁ?‘éﬂs& hff.ségréjgbaf’n pi eces of

pol yner haVI'AY"E" RETTY T°hige 2 BPR0" BP8Mwhi ch had the appearance of having

been nelted. Exanple 3 Catalyst/support preparation -
Long chain branching can be distinguished from short chain branching

by using 13C nuclear magnetic resonance (NMR) spectroscopy and to a
limited extent, e.g. for ethylene homopolymers, it can be quantified using the
method of Randall (Rev. Macromol.Chem. Phys., C29 (2&3), p. 285-297), the
disclosure of which is incorporated herein by reference. However as a
practical matter, current 13C nuclear magnetic resonance spectroscopy cannot
determine the length of a fong chain branch in excess of six (6) carbon atoms
and as such, this analytical technique cannot distinguish between a seven (7)
carbon.branch and a seventy (70) carbon branch. The long chain branch can
be as long as about the same length as the length of the polymer backbone:

U.S. Patent 4,500,648, incorporated herein by reference, teaches that -
long chain branching irequency' (LCB) can be represented by the equation
LCB=b/My, wherein b is the weight average number of long chain branches per
molecule and M,y is the weight average molecular weight. The molecular
weight averagés and the long chain branching characteristics are determined
by gel permeation chromatography and intrinsic viscosity methods.

The SCBDI (Short Chain Branch Distribution Index) or CDBI
(Composition Distribution Branch Index) is defined as the weight percent of the
polymer moleculss having a comonomer content within 50 percent of the
median total molar comonomer content. The CDB! of a polymer is readily
calculated from data obtained from techniques known in the art, such as, for
example, temperature rising elution fractionation (abbreviated herein as
"TREF") as desc:ribed, for example, in Wild et al, Journal of Polymer Science,
Poly. Phys. Ed., Vol. 20, p. 441 (1882), or as described in U.S. Patent
4,798,081. The SCBDI or CDBI for the substantially linear ethylene polymers
of the present invention is typically greater than about 30 percent, preferably
greater than about 50 percent, more preferably greater than about 80 percent,
and most preferably greater than about 90 percent.

*Melt tension” is measured by a specially designed pulley transducer .in
conjunction with the melt indexer. Melt tension is the load that the extrudate or
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In a manner substantially the same as in Exanple 1, except that -2 nL (10
[err]nol) of the (CJerr]Me[err]Si Me[err] NCMe[err])Ti Me[err] solution and
2.4 nmL (12 [err]nol) of the B(C6F5)3 solution were conbined with 0.600 g of
11. 4 melt index 41 pol yet hyl ene
powder to prepare the supported cathd yst 30 g of the resulting supported
cat al yst (5“‘%9?‘eﬁ?'ﬂ%ﬁ"ﬁ@éﬂﬁﬂ@k‘“@”%”@dﬂ&h@“%F’@J()S was used in the
fol | owi ng potating e thasiaodard speed of 30 rpm. The melt tension measurement is

similar to the "Melt Tension Tester” made by Toyoseiki and is described by
John Dealy in "Rheometers for Molten Plastics*, published by Van Nostrand
Reinhold Co. (1982) on page 250-251. The melt tension of the substantially
linear polymers of this invention is also surprisingly good, e.g., as high as
about 2 grams or more. For the substantially linear ethylené interpolymers of
this invention, especially those having a very narrow molecular weight
distribution (i.e., My/Mp, from 1.5 to 2.5), the melt tension is typically at least
about 5 percent, and can bs as much as about 60 percent, greater than the
metlt tension of a convantional linear ethylene interpolymer having a melt
index, polydispersity and density each within ten percent of the substantially )
linear ethylene polymer.

A unique characteristic of the substantially linear polymer is a highly
unexpected flow property where the l1o/lé'"value is essentially Independent of
polydispersity index (i.e., My/Mp). This is contrasted with conventional Ziegler
polymerized heterogénsous polyethylene resins and with conventional single-
site catalyst polymerized homogeneous polyethylene resins having rheological
propetties’such that as the polydispersity index increases; the |1g/lo value also
increases. '

Processing index Determination

The *rheological processing index” {Pl) is the apparent viscosity (in
kpoise) of a polymer and is measured by a gas extrusion rheometer (GER).
The GER is described by M. Shida, R.N. Shroff and L.V. Cancio in Polym. Eng.
Sci., Vol. 17, no. 11, p. 770 (1977), and in "Rheometers for Molten Plastics" by
John Dealy, published by Van Nostrand Reinhold Co. (1982) on page 97-99,
the disclosures of both of which are incorporated in their entirety herein by
reference. The processing index is measured at a temperature of 180C, at
nitrogen pressure of 2500 psig using a 0.0296 inch (752 micrometers)
diameter (preferably 0.0143 inch diameter die for high flow polymers, e.g. 50 -
100 melt index or greater), 20:1 L/D die having an entrance angle of 180
degrees. The GER processing index is-calculated in millipoise units from the

fb]lowing equation:
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Pol yneri zat i on The polynerization was carried out In tw stages,
simlar to Exanple 2, except that the ethylene pressure was 300 psi. No
hydr ogen was present during the polynerization. The initial tenperature was
6l[err]C. The second portion of caﬁglyst was added about 1 hour after the
first portion of catalyst had been“ddded. The yield of granular pol yner
having a nelt index of zero wa 25.4g2 ExanRIe 4 Catal yst/support

prepar ati on APhoRy B NP clye’enpOPe Edneatraplyst was for med anal ogous
to Exanple 3, except that 0.59 nelt index polyethylene and 12 pnol of the
borane conpl ex wkdre: 258X 106 dynefem? Is the shear stress at 2500 psi, and the -

shear rate Is the shear rate at the wall as represented by the following
equation: '
32 QY (60 sec/min)(0.745)(Diameter X 2.54 cm/in)3, where:

Q' is the extrusion rate (g/min),

0.745 is the melt density of polysthylene (g/cm3), and

Diameter is the orifice diameter of the capillary (inches).
The Pl is the apparent viscosity of a material measured at apparent shear
stress of 2.15 x 108 dyne/cm?2 .

For the substantially finear ethylene polymers (or ethylene/alpha-olefin_
copolymers or interpolymers). produced by this invention, the Pl is less than or
equal-to 70 percent of that of a conventional linear ethylene polymer (or
ethylene/alpha-olefin copolymer or interpolymer) having an ls, M,/M, and
density each within ten percent of the substantially linear ethylene polymer.

An:appérent shear stress vs. apparent shear rate plot is used to identify
the melt fracture phenomena over a range of nitrogen pressures from 5250 to
500 psig using the die or GER test apparatus previously described. According
to Ramamurthy in Journal of Rheology, 30(2), 337-357, 1986, above a certain”
critical flow rate, the observed extrudate irregularities may be broadly
classiffed into two main types: surface melt fracture and gross melt fracture.

Surface melt fracture occurs under apparently steady flow conditions
and ranges.in detail from loss of specular gloss to the more severe form of
*sharkskin®. In this disclosure, the onset of surface melt fracture is
characterized at the beginning of losing extrudate gloss at which the surface
roughness of extrudate can only be detected by 40X magnification. The
critical shear rate at onset of surface melt fracture for the substantially linear
ethylene polymers is at least 50 percent greater than the critical shear rate at
the onset of surface melt fracture of a linear ethylene polymer having about the
same l» and My, /Mp,. Preferably, the critical shear stress at onset of surface
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Pol yneri zati on
Exanpl e 3,

except' that the ethyl ene pressure was 290 psi.

The polynerization was carried out anal ogous to
No hydr ogen was

present during the polynerization. The initial tenperature was 66[err]C. An

exot herm of 4C was observed on ad
An exot herm Oitfr%ét

'tion of the first portion of catalyst.
an addi.tion Er{? t he second portion of

fo t st n lm ar lepe pol merso nve t n.is
cat al yst. § ry Rabs ¥| PEMPREEN® of zero was
43.9 g. Eng‘?ﬁ?ééﬁ@ agﬁ"ﬂ t%w s‘{}'ﬂg)?% pr epar atlon An aliquiot (4 m)

of a 0.005 Msolution (20 pnol) of
(d err] Me[ err] SiGvb§sanei fidchdké ecauly Riuvepadyriibwiconditnseng rampes i4. 8 mL of a 0. 005

M sol ution {&di trom regular (akernating rough and smooth, helical, ete.) to random

distortions. For commercial acceptability, (e.g., in blown film products),
surface defects should be minimal, if not absent. The critical shear rate at
onset of surface melt fracture (OSMF) and critical shear stress at onset of
gross melt fracture (OGMF) are based on the changes of surface roughness
and configurations of the extrudates extruded by a GER. For the substantially
linear ethylene polymers of the invention, the critical shear stress at onset of
gross melt fracture is preferably greater than about 4 x 108 dyne/fcm?2.

For the processing index and melt fracture tests, the ethylene polymers
and substantially linear ethylene copolymers contain antioxidants such as
phenols, hindered phenols, phosphites or phosphonites, preferably a
combination of a phenol or hindered phenol and a phosphite or a phosphonite.

Suitable catalysts for use herein comprise constrained geometry

~ complexes in combination with an activating cocatalyst or activating technique.
Examples of such constrained geometry complexes, methods for their
* preparation and for their activation are disclosed in U.S. Application Serial No.

07/545,403, filed August 31, 1989, U.S. Application Serial No. 545,403, filed
July 3, 1980 (EP-A-416,815); U.S. Application Serial No. 547,718, filed July 3,
1980 fEP-A-468,651); U.S. Application Serial No. 702,475, filed May 20, 1991
(EP-A-514,828); U.S. Application Serial No. 876,268, filed May 1, 1992, (EP-A-

- 520,732) and U.S. Application Serial No. 08/008,003, filed January 21, 1993,

as well as U.S. Patents: 5,055,438, 5,057,475, 5,096,867, 5,064,802 and
5,182,380, all of which are incorporated herein by reference.
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42 [err]mol) of B(derr]Flerr])[err] in toluene were stirred with 0.600g of
0.33 nelt index high density polyethyl ene powder which previously had been
sieved to renove any particles |arger than 25 nesh. The solvent was renoved
to give a pale yellow sh free-flomﬁgg powder. Pol ynerization

Suitable provided metal complexes for use herein correspond to the

formula:
; - -
L/ \Y
\u”
7\
(X)q ()q,\

or dimers thereof,
wherein:

M is a Group 4 metal in the +3 or +4 formal oxidation state, preferably M
is titanium or zirconium, most preferably titanium;

L is a group containing a. cyclic, delocalized, aromatic, anionic, IT
system through which the L group is bound to M, and which L group is also
bound to Z, said L group containing up to 60 nonhydrogen atoms;

Z is a moiety covalently bound 1o both L and Y, comprising boron, or a
member of Group 14 of the Periodic Table of the Elements, said moiety hawng
up to 60 non-hydrogen atoms;

Y is a moiety comprising nitrogen, phosphorus, sulfur or oxygen through
which Y is covalently bound to both Z and M, said moiety having up to 25
nonhydrogen atoms;

X' independently each occurrence is a Lewis base containing up to 40
nonhydrogen atoms;

X independently each occurrence is a monovalent anionic moiety
having up to 20 non-hydrogen atoms, provided however that neither X is an
aromatic group that is TT-bonded to M, optionally, two X groups may be
covalently bound together forming a divalent dianionic moiety having both
valences bound to M, or further optionally one or more X and one X' group may
be bonded together thereby forming a moiety that is both covalently bound to
M and coordinated thereto by means of Lewis base functionality; '

q is a number from O to 1; and

n is 1 or 2 depending on the formal oxidation state of M.

In one embodiment of this invention, the complexes can be prepared by
contacting a precursor Group 4 metal compound containing 2 displaceable
figand groups with a source of a dianionic ligand, (L-Z-Y)2", and optionally, if
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An anmount (

0.30 g: 10 [err]mol titanium conplex, 12 [err] nol

bor ane

conpl ex) of the solid supported catalyst was introduced into a fluidized
pressurized to 260 psi ethyl ene containing 0.25 nol % (based on
ethyl ene 0.65 psi) hydrogen at a teqperature of 53[err]C. After a run tine

t hyl Jelt ind f 1.30 d.
PO s S A o v Torovet
pr epar at i onSompIEx, oxi ‘Izﬁgﬁ‘elfﬁ?H'fg‘P cgi?é@i‘-é’ﬁg theIArruFsREcaRRAsing is in A

bed reactor

of 5 hours
The product

Exanmpl e 1,

(Cerr] Me[ econpiésdVe[ err] NCMe[err] ) Ti Me[err]
[err]mol) of theyRk&rlagtdrdi

of 0.33 nel
0.30 g of t

bigher fermahexidatiomstaietoan the dsired yommlex, hasiucing the resulting

L s oo

[err]mol bofossising:

A) 1) one or more of the above metal complexes or the reaction product of
the above described process, and '

2) one or more activating cocatalysts;
or )
B) the reaction product formed by converting one or more of the above
metal complexes or the reaction product of the above described process to an
active catalyst by use of an activating technique.

By the term “divalent derivatives® is meant that L is bonded to both Z
and M. Suitable inert substituents on L include hydrogen, hydrocarbyl, '
halocarbyl, halohydrocarbyi, silyl, germyl, halo, amino, phosphino, cyano,
hydrocarbyloxy}, siloxy and combinations thereof, each of said inert
substituents having up to 20 nonhydrogen atoms, or optionally, two or more
such substituents (except hydrogen, cyano or halo) together form a ring
structure, particularly a fused ring structure. Desirably, such L groups contain
up to 50 non-hydrogen atoms. Cyclopentadienyl, indenyl, fluorenyl,
tetrahy&roindenyl. tetrahydrofluorenyl, and octahydrofluorenyl and the
foregoing inertly substituted derivatives thereof are specifically included within

" the above definition of L groups.

Preferred examples of X groups include: hydrocarbyl, carboxylate,
sulfonate, hydrocarbyloxy, siloxy, amido, phosphido, sulfido, and silyl groups;
as well as halo-, amino-, hydrocarbyloxy-, siloxy-, silyl-, and phosphino-
substituted derivatives of such hydrocarbyl, carboxylate, sulfonate,
hydrocarbyloxy, siloxy, amido, phosphido, sulfido, or silyl groups; hydride,
halide and cyanide, said X group having up to 20 nonhydrogen atoms; or

~ alternatively, two X groups together are a hydrocarbadiyl, or a substituted

hydrocarbadiyl group wherein the substituent is independently each

Conparative

sol.ution and 2.4 nL (12

ﬁ fortﬁ}l Hre€s }nvérfﬁt)h‘{rliepé]is"ﬂlﬁfvﬁiﬁﬁgrﬁgiapgp wi th 0.600 9
%%’%B?e'bﬁo fion spbpepisetiepactes | ST ed coml o 6
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conpl ex) was used in the follow ng polynerization. Polynerization

The pol ynerization was carried out as in Exanple 5, except that the

et hyl ene and hydrogen pressures were 230 psi and 0.46 psi (0.20 nol 9%,
respectively, at a tenperature of 47[err]C. The yield of polyner having a

melt index of 0.65 was 27.0 g.

occurrence a hydrocarbyl or silyl group of up to 20 nonhydrogen atoms, said
group forming a metallacycle, preferably a metallacyclopentene, with M.

More preferred X groups are hydride, hydrocarbyl (including
cyclohydrocarbyl), hydrocarbyloxy, amido, silyl, silylhydrocarbyl, siloxy, halide
and aminobenzyl. Especially suited are hydride, chloride, methyl, neopentyl,
benzyl, phenyl, dimethylamido, 2-(N,N-dimethylamino)benzyl, allyl, methyl-
substituted allyl (all isomers), pentadienyl, 2-methylpentadienyl, 3-
methylpentadienyl, 2,4-dimethylpentadienyl, 6,6-dimethylcyclohexadienyl, and
trimethylsilylmethyl. More preferred of two X groups together are 2-butene-
1,4-diyl, 2,3-dimethyl-1,4-diyl, 2-methyl-2-butene-1,4-diyl, butane-1,4-diyl,
proparie-1,3-diyl, pentane-1,5-diyl, and 2-pentene-1,5-diyl.

Preferred X* groups include phosphines, phosphites, ethers, amines,
carbon monoxide, salts of Group 1 or 2 metals, and mixtures of the foregoing
X' groups. Examples of the foregoing especially include trimethylphosphine,
triethylphosphine, trifluorophosphine, triphenyiphosphine, bis-1,2-
(dimethylphosphino)ethane, trimethylphosphite, triethylphosphite,
dimethyiphenylphosphite, tetrahydrofuran, diethyl ether, carbon monoxide,
‘pyridine, bipyridine, tetramethylethylenediamine (TMEDA), dimethoxyethane
(DME), dioxane, triethylamine, lithium chloride, and magnesium chioride. i

- Further preferred metal coordination complexes used according to the
present invention correspond to the formula:

—Y

/

Cp——M—0
whereinZ, M, Y, X and n are preyiously defined; and

Cp is a CgHg4 group bound to Z and bound in an 115 bonding mode to M
or Is such an 115 bound group substituted with from one to four substituents
. independently selected from’hydrocarbyl, silyl, germyl, halo, cyano, and
combinations thereof, said substituent having up to 20 nonhydrogen atoms, -
and optionally, two such substituents (except cyano or halo) together cause Cp
to have a fused ring structure. :
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43 Exanple 7 Polymnerization - The pol ynerization was carried out
as in Exanple 6, except that the ethylene and hydrogen pressures were 280
psi and 1.4 psi (0.50 nol 9%, respectively, at a tenperature of 55[err]C
The yield of polyner having a nelt _index of 17.3 was 11.6g. Exanple 8
Cat al yst/ support preparation 18

More preferred metal coordination complexes used accdrding to the
present invention correspond to the formula; :

wherein:

R’ each occurrence is independently selected from hydrogen,
_hydrocérbyl, silyl, germyl, halo, cyano, and combinations thereof, said R’
having up to 20 nonhydrogen atoms, and optionally, two R’ groups (where R’ is
not hydrogen, halo or cyano) together form a divalent derivative thereof '
connected to adjacent positions of the cyclopentadienyl ring to form a fused
ring structure; _

Y is -O-, -S-, -NR*, -PR*-;

) Zis SiR", CR"2, SiR*28iR*g, CR*2CR", CR*=CR", CR*2SIiR*s, or
GeR*o; wherein: , :

R* each occurrencs is independently hydrogen, or a member sslected
from hydrocarbyl, silyl, halogenated alkyl, halogenated aryl, and combinations
thereof, said R* having up to 20 non-hydrogen atoms, and optionally, two R*
groups.from Z (when R* is not hydrogen), or an R* group from Z and an R*
group from Y form a ring system.

M is titanium or zirconium in the +3 or +4 formal oxidation state; and

X is chloro, hydrocarby!, hydrocarbyloxy, silylor
N, N-dialkylamino substituted hydrocarbyl group;

nisior2.

Preferably, R' independently each occurrence is hydrogen, h)}drocarbyl,
silyl, halo and combinations thereof said R' having up to 10 nonhydrogen
atoms, or two R' groups (when R' is not hydrogen or halo) together form a
divalent derivative thereof; most preferably, R' is hydrogen, methyl, ethyl,
propyl, butyl, pentyl, hexyl, (including where appropriate all isomers),
cyélopentyl, cyclohexyl, norbornyl, benzyl, or pheny! or two R' groups (except
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2-mL of a 0.005 Msolution (10 [err]nol) of

(derr]Meferr]SiMe[err] NCMe[err])TiMe[err] and 2 nL of a 0.005 M sol ution
(10 [err]nol) of B(C[err]F[err])[err] were conbined in a Fisher-Porter
bottle with 0.501 g Davison 952 silica (dried at 900[err]C for 4 hours
under an oxygen stream then cool d8 under a stream of nitrogen) and 30 - 40

nL pent ane.pydfdgers S Hald) R0 inkBS tdEMRES el cAfrd ONREgrBuPfieredl B¥ingne for 2 hours.
The Sl VentioNBambRY flledyd «ditaffurdingdnd, RIFHOL YRy dRRRL of0 0. 200 g of the
supported po| mF) tver e a'%deeg é nﬁ of “a %%8 E!lgllﬁs%ﬁ'ﬁrutlon %’50 [err]nol) of
(C[err]I\/E[Mﬁr%‘["éﬂy]%@%[err])ﬂ Me[err] and 4 mL of a 0.005 M sol ution

(20 [err]nol) of B(Clerr]F[err])[err]. The solvent was renoved to give a

dry powder. PolFuyiher, ipeedérailp, at least one ctRi anR* isten alextmh giebdtingpport prepar ed
above, the nRadty."By ihedbirOBIoRRS: doRkfiig® @ ridaht that the FBIRRAS nidkdt | ar to Exanpl e 5,
except that, Jfe, 86.4&&{@{1’1%1-. ﬂ{?&o§%€’ "REE higRly PreTLtabTs YIE b Gitfogdn BF! and 0.3 psi

(0. 30 nol bsprh%ﬁg%gntai\é%g%?ou% coﬁ'esponding to the formula -N(R")- or -P(R")-,

wherein R" is C1.12 hydrocarbyl.

Most highly preferred metal coordination complexes are amidosilane- or
amidoalkanediyl- compounds corresponding to the formula:
]

ER2m, .
N—R
R M\/
(Xn

Rl

wheérein:

R' is independently each accurence selected from hydrogen, silyl,
hydrocarbyl and combinations thereof, said R' having up to 10 carbon or
silicon atoms, or two such R' groups on the substituted cyclopentadienyl group
(when R'is not hydrogen) together form a divalent derivative thereof
connected to adjacent positions of cyclopentadienyl ring;

E is Independently each occurrence silicon or carbon.

R"™ is independently each occurrence hydrogen or C4.1g hydrocarbyl;

R* is hydrocarbyt! or silyl, especially an aryl, benzyl, hydrocarby!
substituted aryl, hydrocarbyl substituted benzyl, secondary or tertiary alkyl or
tertiary silyl group of up to 12 nonhydrogen atoms;

M is titanium in the +3 or +4 formal oxidation state;

misito2;

nistor2; ' :

X is methyl, allyl, phenyl, benzyl, chioro, 2-(N,N-dimethylamino)benzy!
or trimethylsilyimethyl.

. Examples of the metal complexes used according to the present
invention include compounds wherein R" is methyl, ethyl, propyl, butyl, pentyl,
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tenperature of 60[err]C. The yield of polynmer having a nelt index of 3.0
was 30.4 g. 44 Exanpl es
9-19 ' A summary of Exanples 9-19 is given in Table 1. Several
different silicas were used as su%rts t hr oughout these Exanpl es: Davi son
types 952  pexyt (including all isomers of the foregoing where applicable), cyclododecyl,

norbornyl, benzyl, or phenyl; (ER"2)y, is dimethylsilans, or ethanediyl; and the

cyclic delocalized aromatic, anionic Il-bonded group is cyclopentadienyl,

- - tetramethylcyclopentadienyl, indenyl,'tetrahydroinde'nyl,'ﬂuorenyl,
tetrahydrofluorenyl or octahydrofluorenyl.

Specific highly preferred compounds include: 1-(tert-butylamido)-2-
(tetramethyl-n5-cyclopentadienyl).ethanediyltitanium dimethyl, 1-(tert-
butylamido)-2-(tetramethyl-n5- cyclopentadienyl),ethanediyltitanium dibenzyi,
1-(tert- butylamido)-2-(tetramethyl-n5- cyclopentadienyl)dimethyisilanetitanium
dimethyl, 1-(teri- butylamido)-2-(tetramethyi-n5-
cyclopentadienyi)dimethylsilanetitanium dibenzyl, (methylamido)(tetramethyl-n

5. cyclopentadienyl)dimethyisilanetitanium dimethyl, (methylamido)(tetra-
methyl-nS- cyclopentadienyl)dimethylsilanetitanium dibenzyl,
(phenylamido)(tetramethyl-nS- cyclopentadienyl)dimethylsilanetiténiuni
dimethyl, (phenylamido)(tetramethyl-n5- cyclopentadienyl)dimeth'ylsﬂane-
titanium dibenzyl, (benzylamido)(tetramethyl-n5- cyclopentadienyl)dimethyl-
silanetitanium dimethyl, (benzylamido)(tetramethyl-n5- cyclopenta- _
dienyl)dimethylsilanetitanium dibenzyl, (tert- butylamido)(n5-cyclopentadienyl)-
1,2-ethanedlyititanium dimethyl, (tert-butylamido)(n5-cyclopentadienyl)-1,2-
ethanediyltitanium dibenzyl, (tert-butylamido)(n5- cyclopentadienyl)-
dimethylsilanetitanium dimethyl, (tert- butylamido}(n5-
cyclopentadienyl)dimethylsilanetitanium dibenzyl, (methylamido)(n5-
cyclopentadienyl)dimethylsilanetitanium dimethyl, (t-butylamido)(ns-
cyclopentadienyl)dimethyisifanetitanium dibenzyl, (t-
butylamido)indenyldimethylisilanetitanium dimethyl, (t-
butylamido)indenylidimethylsilanetitanium dibenzyl,
(benzylamido)indenyldimethylsilanetitanium dibenzyl, (t-
butylamido)(tetramethyl-n5-cyclopentadienyl)dimethylsilanetitanium (HE) allyl,
(t-butylamido)(tetramethyl-ns-cyclopentadienyl)dimethylsilanet‘rtanium '
(1) 2,4-dimethylpentadienyl,

(t-cyclododecylamido)(tetramethyl-nS-
cyclopentadienyl)dimethylsilanetitanium (1lt) 2-(N,N-dimethylamino)-benzyl,
(t-butylamido)(tetramethyl-nS-

cyclopentadienyl)dimethylsilanetitanium (l) 2-(N,N-
‘dimethylamino)benzyl,
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and 951, Davison type 03, Calsicat type D and Shell type 980-H. Included in
Table 1 are the individual run paranmeters (catalyst |evel, tenperature,
nononer particle pressures, silica type and silica pretreatnment) along with
the resulting polyner's density, I[err], I[err]/I[err] and nol ecul ar

‘Sﬂa?P;as;3{-(tj’b!8§'ﬁénﬁ%b)@%meﬁ?y%f’%% gnpr e?ﬁr ﬁ : Ce)'[]h Lal um n-urma( LSI':E!AI) 'Ca:sl_h\éver ©

pretreat ma‘ﬁ’? °B?'3%é}?ﬂ¥ﬁ% g_’g@ etk ?’b’&"%‘&i'ﬂ?gwﬁ"ﬁ"é S¥Silica to 25 nL of

tol uene. ThE-baATHIO)SrnTindepyligthenediytitepumrdifiathyl was t hen added by syringe

to the stit@tddtyinidadg-(aP-indeyyleBanedijltitgnivasibeont.i nued for-at |east 15

m nut es. ThButglamiddinestrahjdicinddnyl)dimemisminetinomsharhergrer al times with

tol uene t g:-sﬁwaeﬁaoﬁﬂ&teﬁﬁﬁ*?ﬁaﬁée@%memgﬁnamé AIGH ahbdyia was then dried under

vacuum 1- &B@&%Hié)or)]-zqaf’jte %h?d’#&ggé&yﬁghgnae&y i%ésmtum dimethyl,
1-(t-buty!amido)-2-(n5-tetrahydroindenyl)ethanediyltitan ium dibenzyl,
(t-butylamldo)(n5-ﬂuorenyl)dimethylsilanetitanium dimsthyl,
(t-butylamido)(mS-fluorenyl)dimethylsilanetitanium dibenzyl,
1-(t-butylamidq)-2-(n5-fluorenyl)ethanediyltitanium dimethyl,
1-(t-butylamido)-2-(nS-fluorenyl)ethanediyltitanium dibenzyl,.
(t-bdtyl,amido)(n5-tetrahydroﬂuorenyl)dimethylsilaneﬂtanium dimethyl,
(t-butylamido)(nS-tetrahydrofluorenyl)dimethylsilanetitanium dibenzyl,
1-(t-butylamido)-2-(nS-tetrahydrofluorenyl)ethanediyttitanium dimethyl,
1-(t-butylamido)-2-('q5-tetrahydroﬂuoreny!)ethanediyﬂitanium dibenzyl
(t-butylamido)n5-octahydrofluorenyl)dimethylsilanetitanium dimethyl
(t-butylamido)(nS-octahydrofluorenyl)dimethylsilanetitanium dibenzyl,
1-(t-butylam1do)-2-(n5-octahydroﬂuoreny!)e’thanediyltitanium dimethyl,
1-(t-butylarpidoi-z-(n5-octahydrofluorenyl)ethanediyltitanium dibenzyl,
and the corresponding zirconium or hafnium coordination complexes.

The skilled artisan will recognize that additional members of the

foregoing list will include the corresponding zirconium or hafnium containing

derivatives, as well as complexes that are variously substituted as herein

defined. '

Most highly preferred metal complexes used according to the present
invention are (1-tert-butylamido)-2-(tetramethyl-n>-
cyclopentadienyl)ethanediyltitanium dimethyl, 1-(tert-butylamido)-2-(tetra-
methyl-n5- cyclopentadienyl)ethanediyltitanium dibenzyl, 1-(tert- butylamido)-
2-(tetramethyl-nS- cyclopentadienyl)dimethylsilanetitanium dimethyl, 1-(tert-
butylamido)-2-(tetramethyl-n5- cyclopentadienyl)dimethyisilanetitanium
dibenzyl,
'(t-butylamido)(tetramethyl-n5-cyclopentadienyl)dimethylsilanetitanium, . :
(t-butylamido)(tetramethyl-n8-cyclopentadienyl)dimethylsilanetitanium, REPLACEMENT SHEET
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Appropriate anounts, as indicated in Table 1, of 0.005 Mor of 0.010 M
solutions of B(Ce[err]F[err])[err] in toluene and of very pale yellow 0.005
M_solutions of (CJerr]Me[err]SiMe[err]NCMe[err])Ti Me[err] .in hexane were
added to 0.125 g of stirred sili cggto‘ give bright yellow slurries. The
solvents were then renoved under cuumfromthe stirred slurries to give
t he cat al ysit@-batylamided-2f(tetrainatpylprirelelopentadBapiEtiadnepiyitiamimi, zat i on pr ocedur e
A Ih ?m)unt sa-mftyusmmbnﬁﬁ-te@ahﬁirmsdanyndiman'ynsmétmmnmama.sn@:,boaane,n F_r rerzs ugﬁz of
et ene, I ; and ru I mes .
rea)c/t I on yijgl:_a ! slgrgragtgft i %ﬁ@‘éﬁfﬁy @gl éﬁ%&#ﬁ%ﬁéﬂ?é@ﬁ &Dunt s of the solid
support ed” ¢at BVYRMIREFdNT-IRARINREY inthenedidtitanitin gimetiVined react or pressured
to 300 psi (putramidelwyterranysiraiypreny)dmethyiisnstianivmuimptivogen. After the
i ndi cat ed r(tbutylamids)(n-tetramairofivereayldimethylsianetedivhy diberzpe r eact or by venting
the pressuniLEgelylaRtioRpI5-1etthRydRofluBeAYRENAnRAR S ium dimethyl,
1-(t-butylamldo)-2-(n5-tetrahydroﬂuorenyl)ethanediyltitanium benzyl
(t-butylamido)(n5-octahydroﬂuorenyl)dimethylsilanetitanium dimethyl
(t-butylamido){n®-octahydrofluorenyl)dimethyisilanetitanium dibenzyl,
1-(t-butylamidb)-2-(n5-octahydrofluorenyl)ethanediyltitanium dimethyl,
1-(t-butylamido)-2-(nS-octahydrofluorenyl)ethanediyititanium dibenzyl,

The metal complexes used in this invention are rendered catalytically - -
active by combination with an activating cocatalyst or by use of an activating
technique. Suitable activating cocatalysts for use herein include neutral Lewis
acids other than an alumoxane, such as C1-30 hydrocarbyl substituted Group
13 compounds, especially tri(hydrocarbyl)aluminum- or tri(hydrocarbyl)boron
.compounds and halogenated (including perhalogenated) derivatives thereof,
having from 1 to 10 carbons in each hydrocarbyl or halogenated hydrocarbyl
group, more especially perfluorinated tri{aryl)boron compounds, and most
especially tris(pentafluorophenyl)borane; nonpolymeric, compatible,
noncoordinating, fon forming compounds (including the use of such
compounds under oxidizing conditions), especially the use of ammonium-,
phosphonium-, oxonium-, carbonium-, silylium- or sulfonium- salts of
compatible, noncoordinating anions, or ferrocenium salts of compatible,
noncoordinating anions; bulk electrolysis (explained in more detail hereinafter);
and combinations of the foregoing activating cocatalysts and techniques. The -
foregoing activating cocatalysts and activating techniques have been
previously taught with respect to different metal complexes in the following
references: EP-A-277,003, US-A-5,153,157, US-A-5,064,802, EP-A-468,651
{equivalent to U. S. Serial No. 07/547,718), EP-A-520,732 (equivalent to U. S.
Serial No. 07/876,268), and EP-A-520,732 (equivalent to U. S. Serial Nos.

- 07/884,966 filed May 1, 1992), the teachings of which are hereby incorporated

by reference.
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45 Exanpl e 20 Cat al yst'/ support preparation Davi son 952 silica
was pretreated as in Exanples 9-19 under "Support preparation” using 0.5
m. of TEA and 2.0 g silica. _

23

- Combinations of neutral Lewis acids, especially the combination of a
trialkyl aluminum compound having from 1 to 4 carbons in each alkyl group
and a halogenated tri(hydrocarbyl)boron compound having from 1 to 10
carbons in each hydrocarbyl group, especially tris(pentafluorophenyl)borane,
and combinations of neutral Lewis acids, especially
tris(pentafluorophenyl)borane, with nonpolymeric, compatible noncoordinating
ion-forming compounds are especially desirable activating cocatalysts.

Suitable ion forming compounds useful as cocatalysts in one
embodiment of the present invention comprise a cation which is a Bronsted
acid capable of donating a proton, and a compatible, noncoordinating anion,
A". As used herein, the term “noncoordinating” means an anion or substance
which sither does not coordinate to the Group 4 metal containing precursor
complex and the catalytic derivative derived therefrom, or which is only weakly:
coordinated to such complexes thereby remaining sufficiently labile to be
displaced by a neutral Lewis base. A noncoordinating anion specifically refers
to an anion which when functioning as a charge balancing anion in a cationic
metal complex does not transfer an anionic substituent or fragment thereof to”
said cation thereby forming neutral complexes. “Compatible anions” are
anions which are not degraded to neutrality when the initially formed complex- :
decomposes and are noninterfering with desired subsequent polymerization or
other uses of the complex. '

! Preferred anions are those containing a single coordination complex
comprising a charge-bearing metal or metalioid core which anion Is capable of
balancing the charge of the active catalyst species (the metal cation) which
may be formed when the two components are combined. Also, said anion
should be sufficiently labile to be displaced by olefinic, diolefinic and
acetylenically unsaturated compounds or other neutral Lewis bases such as
ethers or nitriles. Suitable metals include, but are not limited to, aluminum,
gold and piaitinum. Suitable metalloids include, but are not limited to, boron,
phosphorus, and silicon. Compounds containing anions which comprise
coordination complexes containing a single metal or metalloid atom are, of
course, well known and many, particularly such compounds containing a single
boron atom in the anion portion, are available commercially. '
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The cat al yst was prepared as in Exanples 9-19 under Preparation of the
Supported Catal yst” using 3 [err]nole of

(Jerr]Me[err]SiMe[err] NCMe[err])Ti Me[err], 9 [err]nole of
B(Cerr]F[err])[err] and 0.10 g of ,t he above treated silica.

Pol ynmeri zati on The solid pported catal yst was introduced into the

fluidized bed rieteranly guck sseatalystmay bdre@éSerped byethBydilewing 9 psi  1- but ene,
1.2 psi hydengarnoamtk:51 psi nitrogen. The initial tenperature was 74C and
the run tine was 78 minutes. The yield of granular powder was 5.5 g..

Exanpl e 21 Catal yst/support pre||E);;1i[”§t[|A
d

wherein:

L* is a nautral Lewis base;

[L*-H]* is a Bronsted acid;

Adisa noncoordinating, compatible anion having a charge of d-, and

dis an integer from 1 to 3.

More preferably Ad- corresponds to the formula: [M'k'*'Qn']d' wherein:

Kis an integer from 1 to 3;

n' is an integer from 2 to 6;

I_k = d.

M' is an element selected from Group 13 of the Perlodrc Table of the
Elements; and

Q independently each occurrence is selected from hydride,
dialkylamido, halide, 'hydroca'rbyl hydrocarbyloxy, halosubstituted-hydrocarbyj,
halosubstituted hydrocarbyloxy, and halo substituted snlylhydrocarbyl radicals
(including perhalogenated hydrocarbyl- perhalogenated hydrocarbyloxy- and
perhalogenated silylhydrocarby! radicals), said Q having up to 20 carbons with
the proviso that in not more than one occurrence is Q halide. . Examples of
suitable hydrocarbyloxide Q groups are disclosed in U. S. Patent 5,296,433,
the teachings of which are herein incorporated by reference.

In a more preferred embodiment, d is one, i. e., the counter ion has a
single negative charge and is A". Aciivating cocatalysts comprising boron
which are particularly useful in the preparation of catalysts of this invention
may be represented by the following general formula: [L*-H]* [BQg]"
wherein:

[L*-H]* is as previously defined;

B is boron in a valence state of 3; and

Q is a hydrocarbyl-, hydrocarbyloxy-, fluorinated hydrocarbyl-,

- fluorinated hydrocarbyloxy-, or fluorinated silylhydrocarbyl- group of up to 20
nonhydrogen atoms, with the proviso that in not more than one occasion is Q
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USing the silica of Exanple 20, the silica-supported catal yst was prepared
anal ogously to Exanpl e 20 except that none of the borane conplex was added
to the support. Polynerization The solid supported catal yst was

i nitroduced into the fluidized bed reactor pressurized with 240 psi
ethylene, 9 psi 1l-butene, 1.2 psi28ydrogen and 51 psi nitrogen. The initial

tenper at ur ey3aabylC MitiprleReabliy & it bEE JBSrehce ainnaﬁr@ﬁed, a4 n%&ngy mer was

recovered f he | I ng that any al um nu npounds possi bly
remai ni ng a‘{s?ggré'\%ash%ﬁ%}ul%dghésw#%g to renove residual TEA are only present

at non-activating | evels. )
) lllustrative, but not limiting, examples of boron compounds which may

be used as an activating cocatalyst in the preparation of the improved catalysts
of this invention are tri-substituted ammonium salts such as:
trimethylammonium tetraphenylborate, triethylammonium tetraphenylborate,
tripropylammonium tetraphenylborate, '
tri(n-butyl)ammonium tetraphenyiborate,
tri{t-butyl)ammonium tetraphenylborate,
N,N-dimethylanilinium tetraphenylborate,
-N,N-diethylanilinium tetraphenylborate,
N,N-dimethyl-2.4,6-trimethylanilinium tetraphenylborate, trimethylammonium
tetrakis(pentafiuorophenyl) borate, :
triethylammonium tetrakis(pentafluoropheny!) borate,
tripropylammonium tetrakis(pentafluorophenyl) borate,
tri(n-butyl)ammonium tetrakis(pentafluorophenyl) borate, tri(sec-
butyl)Jammonium tetrakis(pentafluorophenyl) borate,
N,N-dimethylanilinium tetrakis(pentafiuorophenyl) borate,
N.N-dimethylanifinium n-butyltris(pentafluorophenyl).borate,
N,N-dimethylanilinium benzyitris(pentafluorophenyl) borats,
N,N-dimethylanilinium tetrakis(4-(trimethylsilyl)-2, 3, 5, 6-tetrafluorophenyl)
borate, N,N-dimethylanilinium tetrakis(4-(triisopropylsily)-2, 3, 5, 6-
tetrafiuorophenyl) boratse, N,N-dimethylanilinium’
pentafluorophenoxytris(pentafluorophenyl) borate,
N,N-diethylanilinium tetrakis(pentafluorophenyl): borate, N,N-dimethyl-2,4,6-
trimethylanilinium tetrakis(pentafluoropheny!) borate,
trimethylamﬁ\onium tetrakis(2,3,4,6-tetrafluorophenyl)borate,
triethylammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate,
tripropylammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate,
tri(n-butyl)ammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate,
dimethyl(t-butyl)lammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate,
N,N-dimethylanilinium tetrakis(2,3,4,6-tetrafluorophenyl) borate,

- N,N-diethylanilinium 1etrékis(2,3,4,6-tetraﬂuorophenyl) borate, and
N,N-dimethyl-2,4,6-trimethylanilinium tetrakis(2,3,4,6-tetrafluorophenyf) boréte;

dialkyt ammonium salts such as:
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46 Exanple 22 Catal yst/support preparation Preparation of the
supported catal yst was anal ogous to Exanple 20 except that 12 [err]nple of

B((err]F[err])[err] and 4 [err]nole of
(derr]Me[err]SiMe[err] NCMe[err])Ti I\/E[err] were added to 0.20 g of the

treated silica. Polynerization 26

di-(i-propyl)ammonium tetrakis(pentafluorophenyl) borate, and
dicyclohexylammonium tetrakis(pentafiuorophenyl) borate;
tri-suostituted phosphonium salts such as:

triphenylphosphonium tetrakis(pentafluorophenyl) borate,
tri(o-tolyl)phosphonium tetrakfs(pentaﬂuorophenyl) borate, and
tri(2,6-dimethylphenyl)phosphonium tetrakis(pentafluorophenyl) borate;
di-substituted oxonium salts such as:

diphenyloxonium tetrakis(pentafiuorophenyl) borate,
di(o-tolyl)oxonium tetrakis(pentafluorophenyl) borate, and
di(2,6-dimethylphenyl)oxonium tetrakis(pentafluorophenyl) borate;
di-substituted sulfonium salts such as:

diphenylsulfonium tetrakis(pentafluorophenyl) borate,
di(o-tolyl)sulfonium tetrakis(pentafluorophenyl) borate, and
di(2,6-dimethyliphenyl)sulfonium tetrakis(pentaﬂuorophenyl) borate.

Preferred [L*-H]* cations are N N-drmethylamhmum and
tributylammonium.

Ancther suitable ion forming, activating cocatalyst comprises a salt of a
cationic oxidizing agent and a noncoordinating, compatible anion represented
by the formula: f

(Oxe"')d(Ad' e :

whersin:
‘Ox€+ is a cationic oxidizing agent having a charge of et;
e is an integer from 1 to 3; and
Ad- and d are as previously defined.

Examples of cationic oxidizing agents include: ferrocenium, hydrocarbyl-
substituted ferrocenium, Agt, or Pb+2. Preferred embodiments of Ad- are
those anions previously defined with respect to the Bronsted acid containing
activating cocatalysts, especially tetrakis(pentafiuorophenyl)borate.
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The solid supported catal yst was introduced into the fluidized bed reactor
pressurized with 240 psi ethylene, 1.5 psi, 1 ,5-hexadiene, 1.2 psi
hydrogen, and 60 psi nitrogen. The initial tenperature was 76C and the run
tfme was 126 m nutes. 21g of free flow ng polynmer powder were renoved.
Exanpl e 23 Catal yst/support prepggation The supported catal yst was
prepared anal ogously to Exanple 22. Polynerization The solid

supported catal ﬁﬁ&th\é@sﬁnté@& idac#&ﬁ% h&k&.@@@&éx%&bﬁﬁﬁs g%d react or

pressurized, w i ene, 1.2 psi

hydr ogen, c'i"pé’bm nglcmsta}'%%té(a%?%gmmﬁ '?néanﬁat"é’ﬂﬁ%or’%{?%m was 80 C and the run

companble anion represented by the formula:
©tA"

whersin:

©+is a C4.90 carbenium ion; and

A is as previously defined. A preferred carbenium ion is the trityl
cation, i.e., triphenylmethylium.

‘A further suitable ion fomiing. activating cocatalyst comprises a
compound which is a salt of a silylium ion and a noncoordinating, compatible
anion represented by the formula:

RaSI(X)q+A"

whersin:

R is C1.1g hydrocarbyl, and X', q and A" are as previously defined.

Preferred silylium salt activating cocatalysts are trimethylisilylium
tetrakis(pentafluorophenyf)borate,
triethyisilylium(tetrakispentafluoro)phenylborate and ether substituted adducts
thereof. Silylium salts have been previously generically disclosed in J. Chem
Soc. Chem.Comm., 1893, 383-384, as well as Lambert, J. B., et al.,
Organometallics, 1994, 13, 2430-2443. The use of the above silylium salts as
activating cocatalysts for addition polymerization catalysts is claimed in United
States Patent Application entitied, Silylium Cationic Polymerization Activators . -
For Metallocene Complexes, filed in the names of David Neithamer, David
Devore, Robert LaPointe and Robert Mussell on September 12, 1994,

Certain complexes of alcohols, mercaptans, silanols, and oximes with .
tris(pentaflucrophenylf)borane are also effective catalyst activators and may be
used according to the present invention. Such cocatalysts are disclosed in

USP 5,296,433, the teachings of which are herein incorporated by reference.
Preferred complexes include phenol, especially fluorinated phenol adducts of | REPLACEMENT SHEET
tris(pentafluorophenyl)borane. The latter cocatalysts are disclosed and
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time was 187 minutes. 11.6 g of free flow ng pol ymer powder were renopved.
47 Exanple 24 Cat al yst/ support preparation Preparation of the
supported catal yst was anal ogous to Exanple 20 except that 9 [err]nole of

B(Cerr]F[err])[err], 3 [err]nole of

(Clerr]Me[err] SiMe[err] NCMe[err]) T28&[err],
claimed in United States Patent Application entitied, Phenol-Borane Adduct
Polymerization Activators For Metallocene Complexes, filed in the name of

Peter Nickias on September 12, 1984.

The technique of bulk electrolysis involves the electrochemical oxidation
of the metal complex under electrolysis conditions in the presence of a
supporting electrolyte comprising a noncoordinating, inert anion. In the
technique, solvents, supporting electrolytes and electrolytic potentials for the
electrolysis are used such that electrolysis byproducts that would render the
metal complex catalytically inactive are not substantially formed during the
reaction. More particularly, sultable solvents are materials that are: liquids
underthe conditions of the electrolysis (generally temperatures from 0 to
100C), capable of dissolving the supporting electrolyte, and inert. “Inert
solvents” are those that are not reduced or oxidized under the reaction
conditions employed for the electrolysis. It is generally possible in view of the
desired electrolysis reaction to choose a solvent and a supporting electrolyte
that are unaffected by the electrical potential used for the desired elsctrolysis.
Preferred solvents include difluorobenzene (all isomers), dimethoxyethane
- (DME), and mixtures thereof.

The electrolysis may be conducted in a standard electrolytic cell
containing an anode and cathode (also referred to as the working electrode
and counter electrode respectively). Suitable materials of construction for the
cell arb glass, plastic, ceramic and glass coated metal. The electrodes are
prepared from inert conductive materials, by which are meant conductive
materials that are unaffected by the reaction mixture or reaction conditions.
Platinum or palladium are preferred inert conductive materials. Normally an
ion permeable membrane such as a fine glass frit separates the cell into
separate compartments, the working electrode compartment and counter
electrode compartment. The working electrode is immersed in a reaction :
medium comprising the metal complex to be activated, solvent, supporting .
electrolyte, and any other materials desired for moderating the electrolysis or
stabilizing the resulting complex. The counter electrode is immersed in a

mixture of the solvent and supporting electrolyte. The desired voltage may be
determined by theoretical calculations or experimentally by sweeping the cell
using a reference electrode such as a silver electrode immersed in the cell

REPLAGEMENT SHEET
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and 0.10g of the treated silica were used. Polynerization The
solid supported catal yst was introduced into the fluidized bed
reactorpressurized with 240 psi ethylene, 6 psi 1l-butene, 0.75 psi 1,7-
oct adi ene, 1.2 psi hydrogen, and 60 psi nitrogen. The initial tenperature
was 80 C and the run tine was 74 m2%utes. 14.4 g of free flow ng pol yner
powder were renoved. Exanple 25 Catal yst/support preparation The

supported cai@bhte. WS bREIRPEUNE GeRBiReRD Héudterdt irdwX AT Sbséfce of
the desired electrolysis, is also determined. The electrolysis is completed
when the current drops from the desired level to the background level. In this
manner, complete conversion of the initial metal complex can be easily
detected.

Suitable supporting electrolytes are salts comprising a cation and a
compatible, noncoordinating anion, A”. Preferred supporting electrolytes are
salts corresponding to the formula G*A"; wherein:

Gt is a cation which is nonreactive towards the starting and resulting
complex, and

A" is as previously defined.

Examples of cations, G¥, include tetrahydrocarbyl substituted
ammonium or phosphonium cations having up to 40 nonhydrogen atoms.
Preferred cations are the tetra-n-butylammonium- and tetraethylammonium-

During activation of the complexes of the present invention by bulk
electrolysis the cation of the supporting electrolyte passes to the counter
ellctrodes and A” migrates to the working electrode to become the anion of the
resulting oxidized product. Either the solvent or the cation of the supporting
electrolyte is reduced at the counter electrode in equal molar quantity with the
amount of oxidized metal complex formed-at the working electrode. Preferred
supporting electrolytes are tetrahydrocarbylammonium salts of
tetrakis(perflucroaryl) borates having from 1 to 10 carbons in each hydrocarbyl
or perfluordaryl group, especially tetra-n-butylammonium
tstrakisipantafiuorophenyl) borate.

A further recently discovered electrochemical technique for generation
of activating cocatalysts is the electrolysis of a disilane compound in the
presence of a sourcs of a noncoordinating compatible anion. This technique is
more fully disclosed and claimed in the previously mentioned United States

Patent zpplicaticn entitled, “Silylium Cationic Polymerization Activators For BT CMERT '-'FFT
Metalkocene Complexes”, filed on September 12, 1894. e er——
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PSl ymeri zati on The solid supported catal yst was introduces into the
fluidized bed reactor pressurized with 240 psi ethylene, 6 psi 1-butene,
0.38 psi 1,7- octadiene, 1.2 psi hydrogen, and 60 psi nitrogen. The initi al
tenperature was 70 C and the run tinme was 99 nminutes. 12.1 g of free
f1 owi ng pol yner powder were renpved0
REPLACEMENT  SHEEfhe foregoing activating techniques and ion forming cocatalysts are

also preferably used in combination with a tri(hydrocarbylyaluminum or

tri(hydrocarbyl)borane compound having from 1 to 4 carbons in each

hydrocarbyl group.

The molar ratio of catalyst/cocatalyst employed preferably ranges from ) .
1:10,000 to 100:1, more preferably from 1:5000 to 10:1, most preferably from
1:10 to 1:1. In a particularly preferred embodiment of the invention the
cocatalyst can be used in combination with a tri(hydrocarbyl)aluminum
compound having from 1 to 10 carbons in each hydrocarby! group. Mixtures of
activating cocatalysts may also be employed. It is possible to employ these
aluminum compounds for their beneficial ability to scavenge impurities such as
oxygen, water, and aldehydes from the polymerization mixture. Preferred
aluminum compounds include trialkyl aluminum compounds having from 1 to 6"
carbons in each alkyl group, especially those wherein the alkyl groups are
methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, pentyl, neopentyl or isopentyl.
The molar ratio of metal complex to aluminum compound is preferably from
1:10,000 fo 100:1, more preferably from 1:1000 to 10:1, most preferably from

.1:500 to 1:1. A most preferred activating cocatalyst comprises a-strong Lewis
acid, especially tris(pentafluorophenyl)borane.

Upon activation of the metal complexes containing two distinct X
groups, utilizing one of the preceding cation forming activating cocatalysts or
activating techniques, there is believed to be formed, without wishing to be
bound by such belief, a cationic metal complex corresponding to the formula:

Z—Y

-
T'\(X')q
-1

whersin:

ML ZY,X, X n, and q are as previously defined, and
_ A" is as previously defined and is the noncoordinating anion from the
activating cocatalyst or is formed concurrently by the activating technique.

REPLACEMENT SpgeT
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50 W claim 1. A fluidized bed, gas phase process for the
production of an ethylene polyner, the process conprising contacting under
pol ymeri zation conditions (i) ethylene, or (ii) ethylene and at | east one
bf a copol yneri zabl e al pha-olefin _qr diolefin, in the presence of a
supported catal yst characterized an absence of an activating amount of
al unoxane and .prepared from A a netal conplex corresponding to

the forml a: _ e gerr] or diners
. ‘ I

t hereof, wherei H:tlhzmg the p "’Rﬂ"FS nSUtf;ar (%ﬁ“ﬁs ﬂc'dn'ea(ftg?t'r\lgncof: %tgly t3 or +4 formal

oxi dati on <FGeES5)3. A of the foregoing cationic metal complexes is belisved to

correspond to the formula: XB(CgF5)3~.wherein X is as previously defined.

The preceding formula can be considered as a limiting, charge
separated structure. However, it is to be understood that, particularly in solid
form, the catalyst may not be fully charge separated. That is, the X group may
retain a partial covalent bond to the metal atom, M.

It is further believed, without wishing to be bound by such belief, that
Group.4 metal complexes in the +4 oxidation state wherein two X groups
together with the metal M form a metaliacycle, uniquely form novel zwitterionic .
complexes upon activation by combination with the previously mentioned
neutral Lewis acid activating cocatalysts. Such zwitterionic metal complexes
are believed correspond to the formula: '

z—Y
|

L— X —A

wherein: | - i i

M is a Group 4 metal in the +4 oxidation state;

L, Z,, are as previously defined;

X** is the divalent remnant formed by ring opening at one of the carbon
to metal bonds of the metallacycle formed by M and two X groups taken
together; and

A" is the moiety derived from a neutral Lewis acid activating cocatalyst . -
When M and two X groups taken together form a metallacyclopentene it is
believed such zwitterionic complexes preferably correspond to one of the two
equilibrium structures of the formula:

7Y REPLACESGENT SHEET
r&
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L'is a group containing a cyclic, delocalized, aromatic, anionic, Il system
conpri si ng a cycl opent adi enyl, indenyl, fluorenyl,

t et rahydr oi ndenyl, tetrahydrofluorenyl, octahydrofluorenyl group, or an
iTertly substituted derivative thg2eof through which the L group i s bound
to M and which L group is also bound to Z, said L group containing up to

60 nonhydr ogen at ons; Zis a noiety covalently bound to both L and
Y, conprising boron, or a nmenber of G oup 14 of the Periodic Table of the
El ements, said noiety having up to Rpnhydrogen at ons; Yis a

moi ety conprising nitroged—pko ord§>\su1fyr or oxygen through which Y is
coval ently bound to both an smtjrdﬁQWy havi ng up to 25 nonhydrogen
at ons; X' i ndependebHymMbaechi OBgurrence is a Lewi s base containing up
to 40 nonhydrogen atons; %F%édependently each occurrence is a’
nonoval ent ani oni ¢ noi ety havingitg to 20 nonhydrogen atons, provided
however that neither X is an aromatic group that is |Il- bonded to M

optional | yuhdp: X groups may be coval ently bound together formng a

M is titanium or zirconium;

L, Z, and Y are as previously defined;

R4, Ro, R3, R4, Rs, and Rg are independently each occurrence
hydrogén or a hydrocarbyl or silyl group having from 1 to 20 nonhydrogen
atoms; o

B is boron in a valence state of 3, and

Q is as previously defined.

Other catalysts which are useful as the catalyst compositions of this
invention, especially compounds containing other Group 4 metals, will, of
"course, be apparent to those skilled in the art. :

Description-of a Continuous Polymerization ;
The Polymerization Reaction '

The polymerization reaction is conducted by contacting a gaseous
stream of the monomers, in a gas phase process, such as in the fluid bed
process described below, and substantially in the absence of catalyst poisons
such as moisture, oxygen, CO and CO,, with a catalytically effective amount
of the activated catalyst composition at a temperature and pressure sufficient
to initiate the polymerization reaction.

In order to achieve the desired density ranges in the polymers it is .

necessary to copolymerize enough of the comonomers with ethylene to —éEPLACEMEN i
achieve a level of up to 20 mol percent of the comonomer in the copolymer. - . T SHEET
The amount of comonomer needed to achieve this result will depend on the

particular comonomer(s) employed.
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di val ent di ani oni ¢ noi ety having both val ences bound to M or further
optionally one or nore X and one X group may be bonded together thereby
formng a noiety that is both covalently bound to M and coordinated thereto
by means of Lewi s base functio’nali? ; q is_a nunber fromO to 1; and
nis 1 or 2 depending on the formal~oxidation state of M and either
B) 1. an activating cocatalyst selected fromthe group consisting of
neutral Lew s aciy ca;ﬂgn\%.rvaﬁglﬁrlo%n !dg‘ﬂé?gr%’coﬁﬁ% %@B%}itxgﬁ&%ﬁe conpat i EI e
noncoor di nat.i ng, i on [ coggoun S, Qrd . o erting the
conpl ex of t'ﬂ-@gdﬂ) °‘f'%er‘?ﬂ9ii'éerf AP YR fesred densilly jaroe 3 aysdve  an activating
t echni que; aRgit index range from 0 to 20 mol percent in the copolymer. The relative molar

concentration of such comonomers to ethylene (Cx/Co), which are present

under reaction equilibrium conditions in the reactor will vary depending on the

choice of comonomer and the desired copolymer density.

A fluidized bed reaction system which can be used in the practice of the
process of the present invention is taught in U.S. Patent 4,543,399 which is
incorporated by reference. A typical fluidized bed reactor can be described as
follows:

The bed is usually made up of the same granular resin that is to be
produced in the reactor. Thus, during the course of the polymerization, the
bed comprises formed polymer particles, growing polymer particles, and
catalyst particles fluidized by polymerization and modifying gaseous
components pass upward through the bed at a flow rate or velocity sufficient to

. cause the particles to remain separated with the bed exhibiting fluid-like
behavior. The fluidizing gas comprises the initial gaseous feed of monomers,
make-up feed, and cycle (recycle) gas, i.e., comonomers, hydrogen and, if -
desired, an inert carrier gas. Examples of such inert carrier gases include
nitrogen, methane, ethane or propane, which are inert with respect to the
polyrierization reaction.

The essential parts of the reaction system are the polymerization
reaction vessel, catalyst injection system, the fluidized bed, the gas distribution
plate, inlet and outlet piping, a compressor, cycle gas cooler, and a product
discharge system. inthe vessel, there is a reaction zone which éontair_xs the -
bed and a-velocity reduction zone which is above the reaction zone. Both are’
above the gas distribution plate. Advantages of the product of subject process .
are the homogeneity and uniformity of the physical properties throughout the
resulting polymer and the high strength and toughness obtained without
processing difficulty.

REPLACEMENT SneeT
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51 (@) an inorgani c oxi de support substantially free of adsorbed

wat er and surface hydroxyl groups. 2. The process according to
Claim1 wherein Mis titaniumand X each occurrence is a nonoval ent |igand
group of up to 20 nonhydrogen at oHR. 3. The process according to

Caim2 wherein Xis a CJerr] hyrocarbyl group or wherein nis 2 and the
two X groups for m.g daVdbpQen! B3 Miled bR that use of a $upported N€ Pr OCESS
according to. ?Ai@%emg{ tdlal t'irﬁﬁréli%&mg ra%{;a/ﬁ%é&kr qqnditions that The |
process according tad.a ne of clarns 1- ereln e sn ene pol yner has
| ong chai n HP2REYSE ,be{é&c%!gﬁq%gr@mpowt%}heldgq:yglgrﬁr egn- P¥ne and -20 nol
percent of mhoosss tereenaemecgonipodinds inthexiepyisl-streami thewit mdlybeef i N conononers.
6.  The prdugkatie nGoMeiHsthcbotoasize Moded ol temBrafurd ofhiefegytle t he support is
silica, al urdyagm1&hdher IGAEASIHECBmOobd aE1al htﬂ‘P!!J)S?bE%hEQ%?%@Fa_ m xture
thereof. d g887 0w-£|cﬁlﬁgerfrjrgoerss t%ggor(s’l '%et q.ragé/ éne 0 ains 1-6
V\herelnYlsa"-df, g - - COMEFEEEs PR @5 RELFAT 9% hydr ocar byl
or silyl grQ@tteFReHUEsaR Be nsreasrrhiie F1d Erisinathe ARerating pressure of

the reaction system; (2) increasing the concentrations of inert condensable

compounds in the reaction system; and/or (3) reducing the concentration of

inert non-condensable compounds in the reaction system. In one embodiment

of this invention, the dew point temperature of the recycle stream may be

increased by the addition of a condensable fluid to the recycle stream which iqs};

inert to the catalyst, reactants, and the products of the polymerization reaction:

The fluid can be introduced into the recycle stream with the make-up fluid or by

any other means or at any other point in the syétem. Examples of such fluids

are saturated hydrocarbons, such as butanes, pentanes or hexanes.

A primary limitation on the extent to which the recycle gas stream can
be cooled below the dew point is in the requirement the gas-to-liquid ratio be
maintained at a level sufficient to keep the liquid phase of the two-phase
recycle mixture in an _entrain'ed!or suspended condition until the liquid is
vaporized. It is also necessary for sufficient velocity of the upwardly flowing
fluid Stream in the reaction zone to maintain fluidization of the bed. This
limitation can be overcoma by collecting the condensed phase and introducing
it to the fluidized bed separately from the recycled gaseous stream.

Mufiiple reactor polymerization processes are also useful in the present:.”
invention, such as those disclosed in U.S. Patents 3,914,342, 5,047,468,
5,126,398 and 5,149,738, all of which are incorporated herein by reference.
The multiple reactors can be operated in series or in parallel, with at least one .
constrained geometry catalyst employed in at least one of the reactors.
In this aspect of this invention resins are manufactured and blended in situ.
Muttiple reactor polymerization processes may be used to produce in-situ
blended polymers with enhanced physical properties and/or processability. Ifi-
situ blends of different molecular weights and/or different densities may be

REPLACEMENT srprs



8: The process according to any one of clainms 1-7 wherein the resulting
et hyl ene polyner has a density of 0.85 to 0.96g/cnferr] and a nelt index of
| ess than 100g/ 10 m n neasured in accordance with ASTM D- 1238

(190[err]C 2. 16 ko). 9. he process according to any one of
clainms 1-8 wherein the gas phase #Puid bed reaction is carried out at a

| t Ot
e 8[52 ur fc. Q;‘E&ddc@@fbr Z&éi%Tﬂg d@%lﬂzd"yhyﬁcatl ﬁ{aib%mceés%bm{r,{ %.ﬁ%}ngp{ggl Oto

ording fo a
wherein th ?58xﬁmféi?w° e _c?ést%ln%(séte,ig ?%%ggrt'ers?%f %8H%Bafff'ﬁ%}‘”8'bﬁen | ) bor ane.
11.  The S’FB% S 8@8?‘8‘?'% disgToytigp- dmenadter examnlg tre @C’Rﬂf?é?oé?én sai d process
i s conduct ®fPduge msinseiibra himedalitvin densérionsbart ohein blanshéng. ddoreor s connected in
series or ithangepaédctirs in series cankid.used Bieakp Moeemsleagsavsigiier t o Cl ai m 11
wher ei n - saidénsiy@empsndnts BPNGHE bRAdS. "Exdh rdaBiBSdephidielf b4t kv gd bed gas phase
e cat ol y oNelred gbbinafy iyt o o converinal ZielOENBREEIRRe Gy % 0471 g er
cat al yst. neea%é%orl%atalmn%phﬁlrﬁfﬁl g%’?f'eggaly'@%fsw"ﬁH@@%ﬁ%é@@@“iﬁﬁr t he production

of an et hyP&fpBg as there is a constrained geometry catalyst in at least one reactor.

The constrained geometry catalysts may be used singularly, in
combination with other constrained geometry catalysts, or in conjunction with
Zeigler-type catalysts in separate reactors connected in parallel or in series.
The Zeigler catalyst is generally a titanium based complex suitably prepared
for use as a catalyst for the gas phase polymerization of olefins. This complex =
and methods for its preparation are disclosed in U.S. Patents 4,302,565,
4,302,568, 4,303,771, 4,395,359, 4,405,495, 4,481,301, and 4,562,169 all of
which are herein incorporated by reference.

_ The polymerization in éach reactor is conducted in the gas phase using
a continuou; fluidized bed process. A typical fluidized bed reactor is
described in U.S. Pat. No. 4,482,687 issued on Nov. 13, 1984. This patent is
incorporated by reference herein. As noted, the reactors may be connected in
series as taught in U.S. Patents 5,047,468, 5,126,398, and 5,149,738 which
are herein incorporated by reference. While two reactors are preferred, three
or more reactors can be used to further vary the molecular weight distribution.
As more reactors are added producing copolymers with different average
molecular weight distributions, however, the sharp diversity of which two
reactors are capable becomes less and less apparent. It is contemplated that
these additional reactors could be used to produce copolymers with melt
indices or densities, intermediate to the high and low melt indices previotisly
referred to. '

As noted previously, two or more reactors may be run in parallel with the
resulting polymeric product being blended. This permits the reactors to be r "
independently, with different catalysts, different amounts of ethylene and

R_EPLACEMENT SHEET
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pol ymer, the process conprising contacting under polynerization conditions
(i) ethylene, or (ii) ethylene and at |east one of a copol ynerizable
al pha-olefin or diolefin, in the presence of a supported catal yst

characteri zed by an absence of an3éactivati ng anount of al unbxane and
prepared from REPLACENMENT

SHEET  aiphdlolefins2aifEiof reGRIAREY ah@UPlert BIuGaRRNAldl0 the the formula

52 various melt indices can be prepared in any order, i.e., in any reactor in the
series. For example, the low melt index copolymer can be made in the firstor
second reactor in the series and the high melt index copolymer can be mads in
the first or second reactor as well.. The actual conditions used will depend on
the comonomer used and the desired copolymer properties and are readily
ascertained by the skilled artisan.

The constrained geometry catalyst, the ethylene monomer, any
comonomers and hydrogen, if any, are continuously fed into each reactor and
ethylene copolymer and active catalyst are continuously removed from one
reactor and introduced into the next reactor. The product is continuously
removed from the last reactor in the series. -

The alpha-olefins used in this aspect of the invention are the same as
those that have been previously described in this application. Preferred alpha-
olefins are 1-butene, propylene, 1-hexene, 1-octene, 4-methyl-1-pentene and
styrene. '

Supported Homogeneous Qgtalﬁté .

iSup;:;orted homogeneous catalyst complexes such as those taught in
copending U.S. Application No. 955,600 fited October 2, 1992, which is
incorpc;rated by reference, can be used in the process taught by applicants.

The Catalyst Support

Typicail'y, the support can be any of the known solid catalyst supports,
particularly porous supports, such as tale, inorganic oxides, and resinous
support materials such as polyolefins. Preferably, the support material is an
inorganic oxide in particulate form.

Suitable inorganic oxide materials which are desirably employed in
accordance with this invention include Group 2, 3, 4, 13, or 14 metal oxides. _
The most preferred catalyst support materials include silica, alumina, and

silica-alumina, and mixtures thereof. Other inorganic oxides that may be

REFLACEMENT SHEET
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t~~a (D fl (i wher ei n: R each occurrence is

i ndependent | y selected from hydrogen, hydrocarbyl, silyl, gernyl; halo,
cyano, and conbinations thereof, said R having up to 20 nonhydrogen atons,
and optionally, two R groups (wh ¢ R is not hydrogen, halo or cyano)
together forma dival ent derivative thereof connected to adjacent positions
of the cycl epwinyadeihsyrione ayincompBriianavithikeesilica; glymipar ercsiliga-e; Yis
-0, -S, -[HRmina alBMiagnesia, titania, ZircomiaSiORidr euitable sﬁ@cﬁrﬁﬂhﬁﬂenals

Si R‘[err] S Roledr cangg*e[rr?prd' LR Shbre, C){'of'gﬁked ﬁrasrgaéggg[er r], or GeR2Z;

wher ei n: finel 4 tﬁqeurrence I s 1 ndependent I y gen or a menber
selected from K?d ch YIes yl, hal ogenated al kyl, haI ogenated aryl, and
conbi nati ons thereof, said R* having up to 20 nonhydr ogen atons, and
optionally, two TRe ays@ﬁxpmrﬁqi@sizez spridre raand poreotolumedefdgeingrganie an. R* gr oup
fromY to foxifedetehiiige gkt of oxide that is desirable to employ in preparing

the catalyst compositions, as well as affecting the properties of the polymer

formed. These properties must frequently be taken into consideration in

choosing an inorganic oxide for use in a particular aspect of the invention. in

general, optimum results are usually obtained by the use of inorganic oxides

having an average particle size in the range of about 20 to 200 microns,

preferably about 40 to 100 microns, more preferably 50 to 80 microns; a

surface area of about §0 to 1,000 square meters per gram, preferably about

100 to 400 square meters per gram; and a pore volume of about O 510 3.5 cc

. per gram; preferably about 0.5 to 2 cc per gram. -

The inorganic oxide support used in the preparation of the catalyst may
be any particulate oxide or mixed oxide such that it is substantially free of
‘adsorbed moisture or surface hydroxyl groups. If a support is employed that
contains surface hydroxyl groups, & drying or dehydration treatment must be
employed. -Timing for the dehydration of the supportiis not critical, i.s., _
dehydration may occur immediately before use of the support or days before

! provided once the support is dehydrated, it is protected from moisture and
impurities. Thermal treatment to dehydrate the support may be carried out in
vacuum or while purging with a dry inert gas such as nitrogen at a temperature
of 100C to 1000C, and preferably, above 300C to 900C, or more preferably
500C to 850C. Pressure considerations are not critical. The duration of the
thermal treatment can be for a period of 1-100 hours, preferably 2-24 hours.

Chemical dehydration or chemical treatment to dehydrate the support
may be accomplished by slurrying the inorganic particulate material, such as,
for example, silica in an inert low boiling hydrocarbon, such as, for example,
silica in an inert low boiling hydrocarbon, such as, for example, hexane.
During the chemical dehydration reaction, the support, preferably silica, should
Ee maintained in a moisture and oxygen-free atmosphere. To the silica slurry

[ “EPLACEMENT SHEET
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Mis titaniumor zirconiumin the +3 or +4 oxidation state; and Xis
chl oro, hydrocarbyl, hydrocarbyl oxy, silyl or NN-dial kyl am no substituted
hydr ocar byl group; nis 1 or 2; and B. an activating
cocatal yst selected fromthe gro consisting of (i) neutral Lewi s acids

ot her than al unoxane, and (ii) ng'%pol ynmeric, conpatible noncoordinating ion
form ng compOHadsddedntow boiling inért hydrédardoR Q5IGERAI & tHOUhERicaHPPOrt substantial |y

f f ads a I S i o 15. The
p:ggegs accg% |ntw?%8§:@§%§?% h\%\ﬁﬁgle%arél éyfl’r &%QE% fctve silanes, 16. The

. 1S tl
process accdlf ‘1%3"&“8”‘ apg 0666’_‘1?3’8%%'8'?'%2?1"%@'7‘;539& B r]1 hydrocar byl
group. compaunds sugheas sitytisagnasitsr dethidzineo trimejhyiatumiotme| ai ns 14- 16
wher ei n t hetristhylaluerieunp alitstaylalomiiual angl trichylaRlinupebeiegpareéutalyhy| ene and - 20
mol - per cent pRferfeRe TRE rdiBoPmilntdidd of ﬂﬁ?ﬁ( @Hd?&ﬁ'o%xf'p%?ﬂn%&\,t\)%' olefin

comonomers. between ?.1%@100. a-l;:g}% J?r1qg"?3§eir?g pre eﬁ'eé? ﬁeocrhemlca‘ n ich the diolefin

Is at | east OnE o - .
dehydration may be carried out at temperatures of -100C to 300C (preferably

0C to 100C) and contact times can range from 1 minute to 48 hours, preferably
15 minutes to 2 hours. The treated silica is filtered off and washed with an
aromatic solvent, such as toluene or xylenes, to remove any activating
amounts of possibly formed alumoxanes, then optionally washed with a light
aliphatic hydrocarbon (pentanes or hexanes) before drying in vacuo or in dry
stream of inert gas. :

In order that persons skilled in the art may better understand the
practice of supporting homogeneous catalysts for the practice of the present
invention, the following examples are provided by way of illustration, and not’

-by Way of limitation. Additional information which may be useful in state of the
art practice may be found in each of the referénces cited herein, which are
incorporated by reference.

Experimental

All polymeri;ations, uniess otherwise noted, were carried out under
nitrogen pressures of 20 - 80 psi in a 6 liter gas phase reactor having a four
inch diameter thirty inch long fluidization zone and an eight inch diameter ten
inch long velocity reduction zone which are connected by a transition section
having tapered walls. Typical operating ranges are 40 to 100°C, 250 to 350
psia, and up to 8 hours reaction time. Ethylene, comonomer (if used), and
hydrogen enter the bottom of the reactor where they pass through a gas .
distributor plate, The flow of the gas is 2 to 8 times the minimum patrticle
fluidization velocity, Fluidization Enagineering, 2nd Ed., D. Kunii and O.
Levenspiel, 1991, Butterworth-Heinemann. Most of the suspended solids
disengage in the velocity reduction zone. The reactant gases exit the top of
the fluidization zone and péss through a dust filter to remove any fines. The
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et hyl i dene- 2- nor bor nene and pi peryl ene. 19. The process accordi ng
to any one of claim 14-17 wherein the support is silica, alumna, clay,
cornstarch, talc or polyethylene, or a mxture thereof.

53 20. The process of Claim1 or 14 in which the support is

thermal |y dehydrated at a tenper@Qre between 100-1000C for a period of

1- 100 hour gases then pask.througiha gy waostes pusfip. Gihgipeiymer sralidwed o whi ch t he support

i s chemi caldeyunii@dty i Rk eshowdr blierahatpde@hine dedatich. eltiengtabgeRin 22. The
process of diu@ighet Bortdlint ByrdGne14RBARA by leyuBlreithe ablv s flghydrated with a
chem cal  defvolr atl 0heBE8H:. Bolyier KNSR RSN tnd RabBFh MeldeRehydr at ed.

vessel by opening a valve located at the bottom of the fluidization zone. The

polymer recovery vessel is kept at a lower pressure than the reactor. The

pressures of ethylene, comonomer and hydrogen reported refer to partial

pressures. The polysthylene powders used as supports were high density

homopolymers. The titanium complex, (CsMe4SiMeaNCMe3)TiMes is

prepared according to U.S. Patent 5,189,192, which is incorporated by

reference and the borane complex, B(CgFs)3 is prepared according to the

procedure taught in Z. Naturforsch. 20b, 5-11 {1965).

Prior to being used as supports, the silicas were treated with the

_aluminum alkyl, triethylaluminum (TEA). The purpose of this pretreatment was
to remove from the silica any residual water and/or hydroxyl groups. Following
the pretreatment, the silicas were then washed several times with toluene to
remove any residual TEA or alumoxane which may have resulted during the -
dehydration process. The supports were then dried under reduced pressure.

In some cases the supporis were washed with hexane before drying. Any
amount of alumoxane which may have remained on the silica was presentina
non-activating amount (see Examples 20 and 21). i

Example 1 ; :
Catalyst/support preparation.

An aliquot (4 mL) of a 0.005 M solution (60 pmol) of )
(CsMey4SiMegNCMegz)TiMeg in toluene and 4.8 mL of a 0.005 M solution (60
pmol) of B(CgFs)3 in toluene were stirred with 0.640 g of high density
polyethylene powder having zero meit index which previously had been sieved
to remove any particles larger than 25 mesh. The solvent was removed to give
a pale yellowish free-flowing powder. The resulting catalyst composition was

~ divided into two portions, each weighing about 0.32g.

PBlymerization




23. The process of daim22 in which the activating cocatalyst is a boron

conpound, and the chem cal dehydrating agent is triethylal um num ' 24.
The process of daim22 in which the activating cocatalyst is a boron
conpound, and the chem cal dehydrating agent is an al unobxane. 25.

The process of Claim24 in which@he support is washed with a nonaqueous
sol vent to rempve al unbxane in excess of that necessary to dehydrate the

surface of the support The process of Claim24 or 25 in which
t he boron cor d?ﬂ?cfgqné"”e?ff“rel%‘H&’éh‘?’ﬁ??ﬁ%ﬁ’%ﬁé’ﬁ???%ﬁ%ﬁ@ reactor

was under ethylene and hydrogen pressures of 270 psi and 0.8 psi (0.3
mol %), respectively, at a temperature of 57°C. A 2°C exotherm was
observed. After 1 hour, the second portion of catalyst was added. A 9°C

- exothenm was observed. The yield of polymer having a 11.24 melt index was

26¢g.
Example 2

Catalyst/support preparation

A polyethylene-supported catalyst was formed analogously to Example -
1, except that 40 pmol each of the titanium complex and the borane complex ™
and 0.600 g of polyethylene powder having zero melt index were used. The
resulting catalyst composition was divided into two portions, each weighing
about 0.30 g.

-Polymerization

In a manner similar to Example 1, one portion of the catalyst prepared
above was added to the reactor which was under ethylene and hydrog'en
pressures of 250 psi and 0.55 psi (0.22 mol %), respectwely, at a temperature
of 60°C. A 1°C exotherm was observed. After about one half hour, the second
portion of catalyst was added. A 74°C exotherm was observed. The polymer
was removed in two portions, 19 g of polymer powder having a melt index of
0.185, and 21.3 g of pieces of polymer having a melt index of 0.575 which had
the appearance of having been metted. -

Example 3.
Catalyst/support preparation
In a manner substantially the same as in Example 1, except that 2 mL '

(10 pymol) of the (CsMe4SiMesNCMe3)TiMes solution and 2.4 mL (12 pmol) of
the B(CgFs5)g solution were combined with 0.600 g of 11.4 melt index
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polysthylene powder to prepare the supported catalyst. 0.30 g of the resulting
supported catalyst (5§ pmol titanium complex, 6 pmol borane complex) was
used in the following polymerizaticn.

Polymerization

The polymerization was carried out in two stages, similar to Example 2,
except that the ethylene pressure was 300 psi. No hydrogen was present
during the polymerization. The initial temperature was 61°C. The second
portion of catalyst was added about 1 hour after the first portion of catalyst had
been added. The yield of granular polymer having a melt index of zero was

254q.
xample 4 -
Catalyst/support preparation’

A polyethylene-supported catalyst was formed analogous to Example 3;
except that 0.59 melt index polyethylene and 12 pmol of the borane complex
were used. ' : |

Polymerization

The polymerization was camied out analogous to Example 3, except that
the ethylene pressure was 290 psi. No hydrogen was present during the
polymerization. The initial temperature was 66°C. An exotherm of 4°C was
observed on addition of the first portion of catalyst. An exotherm of 24°C was
observed on addition of the second portion of catalyst. The yield of granular -
polymer having a metlt index of zero was 43.9 g.

Example 5 . .
Catalyst/support preparation

. Analiquiot {4 mL) of 2 0.005 M solution (20 ymol) of
(C5Me4SiMeoNCMe3)TiMes in toluene and 4.8 mL of a 0.005 M solution (24

— g
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52 10. = The process according to Caim5 wherein the activating
cocatalyst is a tris(pentafluorophenyl)borane. 11. The process
according to Claim2 wherein X is nethyl or benzyl. 12. The process
according to Claim1l wherein said process is conducted in at |east two

fluidized bed gas phase reactors c ?mect ed in series or i aral | el
pmol) of B(CgFs)3 in toluene were stirred with 0.600 g of 0.33 melt indexq'li&'u '

density polyethylene powder which previously had been sieved to remove any
particles larger than 25 mesh. . The solvent was removed to give a pale
yellowish free-flowing powder. -

Polymerization

An amount (0.30 g; 10 pmol titanium complex, 12 pmol borane complex)
of the solid supported catalyst was introduced into a fluidized bed reactor
pressurized to 260 psi ethylene containing 0.25 mol % (based on ethylene 0.65
psi) hydrogen at a temperature of 53°C. After a run time of 5 hours 81 g of
polyethylene having a melt index of 1.30 was removed. The productivity was

" 169,000 g polymer/g Ti.

Example 6 ’ .'_f,._;.-
Catalyst/support preparation

) in a manner substantially the same as in Comparative Example 1,

except that 2 mL (10 pmol) of the (C5Me4SiMesNCMeg)TiMep solution and

2.4 mL (12 pmol) of the B(CgF5)3 solution were combined with 0.600 g of 0.33

melt index polyethylene powder to prepars the supported catalyst. 0.30 g of

the resulting supported catalyst (5 pmol titanium complex, € ymotl borane

complex) was used in the following polymerization. !

Polymerization

The polymerization was carried out as in Example 5, except that the
ethylene and hydrogen pressures were 230 psi and 0.46 psi (0.20 mol %),
respectively, at a temperature of 47°C. The yield of polymer having a melt
index of 0.65 was 27.0 g.
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-13. The process according to Claim1l wherein said process is conducted in
-at least two fluidized bed gas phase reactors connected in series.

“14. The process of Caim1l2 wherein the catal yst systemin one reactor
further conprises a supported Ziegler catal yst. 15. The process of
Claim6 in which the support is p#2treat ed. 16. A fluidized bed gas
phase process for the production of an ethyl ene polyner conprising reacting
by contacting under polynerization conditions ethylene or ethylene and at

| east one BRIRIEHpol yneri zabl e al pha- olefin or diolefin in the presence of
a catal yst conpri sing: A) 1) a netal conplex corresponding to the

‘formul a:  polymerization

The polymerization was carried out as in Example 6, except that the
ethylene and hydrogen pressures were 280 psi and 1.4 psi (0.50 mol %),
respectively, at a temperature of 55°C. The yield of polymer having a melt
index of 17.3 was 11.6 g.

Example 8
Catalyst/support preparation

2 mL of a 0.005 M solution (10 pmol) of (C5sMe4SiMeoNCMeg)TiMes
and 2 mL of a 0.005 M solution (10 pmol) of B(CGF5)3 were combined in a
Fisher-Porter bottle with 0.501 g Davison 952 silica (dried at 800°C for 4 hours
undar an oxygen stream, then cooled under a stream of nitrogen) and 30 - 40
mbL pentane. The container was pressurized with € psi ethylene for 2 hours.
The solvent was removed to give a dry prepolymer support. To 0.500 g of the
supported polymer were added 4 mL of 2 0.005 M solution (20 ymol) of
(CsMe4SiMeoNCMe3z)TiMep and 4 mL of a 0.005 M solution (20 pmof) of
'B(Cst)s. The solvent was removed to give a dry powder.

Polymerization

Using the catalyst/support prepared above, the polymerization was
czrried out in 2 manner similar to Example §, except that the ethylene and
hydrogen pressures were 270 psi and.0.3 psi (0.30 mol %), respectively, ata
temperature.of 60°C. The yield of polymer having a melt index of 3.0 was 30.4 ~
c.

~
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Ferr] wher ei n: R each occurrence is independently

sel ected fromthe group consisting of hydrogen, alkyl, aryl, silyl, gernyl,
&yano, hal o and conbi nati ons thereof having up to 20 nonhydrogen at ons;

X each occurrence independently is selected fromthe group consisting of
hydride, halo, alkyl, aryl, silyl,44ernyl, aryloxy, alkoxy, amde, siloxy,

and conbi natiapipfestohgy eof , having up to 20 non-hydrogen at ons; : Yis
a divalent ligand group conprising nitrogen, phosphorus, oxygen or sul fur

[ said Y being bonded to Z
and having up tngrng%nof EX &gse & 18&sogr|r\§en in Table 1. Several different

silicas were used as supports throughout these Examples; Davison types 852
and 951, Davison type 03, Calsicat type D and Shell type 980-H. included in
Table 1 are the individual run parameters (catalyst level, temperaturs,
monomer particle pressures, silica type and silica pretreatment) along with the
resulting polymer's densitty, g, 110/12 and molecular weight distribution (MWD).

Support preparation

The silicas were pretreated prior to catalyst addition with
tnethylalummum (TEA). The pretreatment procedure involved first adding 2.0
g of silica to 25 mL of toluene. The amount of TEA indicated in Table 1 was -
then added by syringe to the stirred silica slurry. Stimring was continued forat - ~-
" least 15 minutes. The solids were then filtered and washed several times with- '
toluene to remove any residual TEA. The treated silica was then dried under
vacuum.

Preparation of the supported catalyst

Appropriate’amounts,.as indicated in Table 1, of 0.005 M or of 0.010 M
solutions of B(CgFs)3 In toluene and of very pale yellow 0.005 M solutions of
(CsMé4SiMe2NCMea)TiMe2 in hexane were added to 0.125 g of stirred silica
to give bright yellow slurries. The solvents were then removed tinder vacuum
from the stirred slurries to give the catalysts as free flowing powders.

General polymerization procedure

Ali amounts of support catalyst, titanium loading and borane, pressures -
of ethylene, 1-butene and hydrogen, reactor temperatures and run times and
reaction yields are indicated in Table 1. The given amounts of the solid
supported catalyst were introduced into the fluidized bed reactor pressured to
300 psi with nitrogen, ethylene, 1-butene and hydrogen. After the indicated
run times, the polymers were removed from the reactor by venting the '
pressurized contents into a recovery vessel,
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53 and Mthrough said nitrogen, phosphorus, oxygen or sulfur, and

eptionally Y and Z together forma fused ring system Mis Ti,
Zr, Hf, Zis SiR[err], CR*[err], SiR*[err]SiR*[err],
CR*[err]CR*[err], CR*=CR*, CR*[err]SiR*[err], or GeR*[err]; R*

each occurrence is independently 43l ected fromthe group consisting of
hydr ogen, al kyt, aryl, silyl, hal ogenated al kyl, hal ogenated aryl groups

havi ng up t%gﬁ%@_@hydrogen atons, and m xtures thereof, or two or nore R*
groups fromY, Z or fromZ together with Y forma fused ring system

Catalyst/support preparation

Davison 952 silica was pretreated as in Examples 9-19 under "Support
preparation” using 0.5 mL of TEA and 2.0 g silica.

The catalyst was prepared as in Examples 9-19 under "Preparation of
 the Supported Catalyst” using 3 umole of (CsMe4SiMeaNCMeg)TiMes, 8
umole of B(CgFs)3 and 0.10 g of the above treated silica.

Polynierization

The solid supported catalyst was introduced into the fluidized bed
reactor pressurized with 240 psi ethylene, 8 psi 1-butene, 1.2 psi hydrogen and
51 psi nitrogen. The initial temperature was 74C and the run time was 78
minutes. The yield of granular powder was 5.5 g.. "

Example 21
i Catalyst/support préparation

+Using the silica of Example 20, the sllica-supported catalyst was
prepared analogously to Example 20 except that none of the borane complex
was added to the support.

Polymerization

The solid supported catalyst was introduced into the fluidized bed -
reactor pressurized with 240 psi ethylene, 9 psi 1-butene, 1.2 psi hydrogen and
51 psi nitrogen. The initial temperature was 75C and the run time was 75
minutes. No polymer was recovered from the reactor, indicating that any
aluminum compounds possibly remaining after washing the silica to remove
residual TEA are only present at non-activating levels. '
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ARis 1 or 2; and 2) an activating cocatal yst selected fromthe
group consisting of neutral Lew s acids other than an al unoxane, and
nonpol yneri c, conpati bl e noncoordi nating ion form ng conpounds, or B)
t'he reaction .product forned by converting the conplex of formula (1) to an
active catal yst by use of an activﬁgi ng techni que and in the absence of an

activating anount of al unoxane. 17. The process according to Claim
16 wherei n KEBRIE2Lani um 18. The process according to Caim17
wherein X Is a (Jerr] hydrodarbyt group. 19. The process accordi ng

t 0.0 ai m 16Cakéys¥supperthprepatatidrene pol yner contains [err] 80 nmol percent of
ethylene and [err] 20 nol percent of one or nore ’

Preparation of the supported catalyst was analogous to Example 20
except that 12 pmole of B(CgF5)3 and 4 pmole of
(CsMe4SiMesNCMez)TiMeg, were added to 0.20 g of the treated silica.

Polymerization

The solid supported catalyst was introduced into the fluidized bed
reactor pressurized with 240 psi ethylene, 1.5 psi, 1,5-hexadiene, 1.2 psi
hydrogen, and 60 psli nitrogen. The initial temperature was 76 C and the run
time was 126 minutes. 21 g of free flowing polymer powder were removed.

Example 23

-

Cgtalyst/support preparation |
| ’_The supported catalyst was prepared analogously to Example 22.
Polymerization |
The solid supported cata_lyst was intraduced into the fluidized bed
reactor pressurized with 240 psi ethylene, 0.75 psi 1,5-hexadiene, 1.2 psi

hydrogen, and 60 pis nitrogen. The initial temperature was 80 C and the run '
time was 187 minutes. 11.6 g of free flowing polymer powder were removed.




al pha-ol efin or diolefin conononers. 20. The process according to
Claim1l6 in which the catalyst is supported.
REPLACEMENT SHEET
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Example 24

Catalyst/support preparation )

Preparation of the supported catalyst was analogous to Example 20
except that 9 umole of B(CgF5)3. 3 umole of (CsMe4SiMesNCMegz)TiMes,
and 0.10 g of the treated silica were used.

Polymerization

The solid supported catalyst was introduced into the fluidized bed
reactor pressurized with 240 psi ethylene, 6 psi 1-butene, 0.75 psi 1,7-
octadiene, 1.2 psi hydrogen, and 60 psi nitrogen. The initial temperature was
80 C and the run time was 74 minutes. 14.4 g of free flowing pdlymer powder
were removed.

Examp le 25
Catalyst/support preparation
The supported catalyst was prepared analogously to Example 24.

i .
Polymerization

_ The solid supported catalyst Was introduces into the fluidized bed
reactor pressurized with 240 psi ethylene, 6 psi 1-butene, 0.38 psi 1,7-
octadiene, 1.2 psi hydrogen, and 60 psi nitrogen. The initial temperature was

70 C and the run time was 99 minutes. 12.1 g of free flowing polymer powder
were removed.
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- The MWDs of the polymers from Examples 9-19 as shown in Table 1,
were relatively narrow ranging in value from 1.98 to 2.58, in contrast to the
work of Canich ef al in U.S. Patent 5,057,475 where reported MWDs ranged
from 2.67 10 5.00. Table 1 shows that ethylene or ethylene/o-olefin polymers
can be made where the Ig/ls increases without increasing MWD.
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While Canich et al. teaches the use of their catalysts under various reaction conditions,
the gas phase examples of their '475 patent report polymer products having a relatively
broad MWD (e.g. >2.6). These catalyst systems require high levels of alumoxane
which is expensive and result in undesirably high levels of aluminum residues in the final
product. ' —_—

There is also a need for a gas phase process to produce more homogeneous
narrow molecular weight distribution polyolefins (MWD of 1.5-2.5), that have improved
processability such as provided by substantially linear olefin polymers.

A fluidized bed gas phase process for the production of an ethylene polymer or
copolymer is comprised of reacting by contacting ethylene or ethylene in combination
with at least one alpha-olefin and/or diolefin in the preéence of a constrained geometry
catalyst under polymerization conditions thereby producing a flowable particulate
ethylene polymer or copolymer solid. The continuous process is particularly suited for
ethylene copolymers containing - 80 mol percent of ethylene and ~20 mol percent of one
or. more o-olefins or diolefins with a Group 4 metal-containing constrained geometry
catalyst at a temperature of from about 0°C to about 110°C. The catalyst system is a
constrained geometry catalyst which comprises an activated homogeneous catalyst
complex and optionaily, a support, e.g. polyethylene, clay, cornstarch, talc, silica or
other suitable materials.

Accordingly, one aspect of this invention is a fluidized bed, gas phase process for
the production of an ethylene polymer, the process comprising contacting under
polymerization conditions (i) ethylene, or (ii) ethylene and at least one of a

. copolymerizable alpha-olefin or diolefin, in the presence of a supported catalyst
characterized by an absence of an activating amount of alumoxane and prepared from:

A) - ametal complex corresponding to the formula;

e e a

N 3! 4 i .
L ' Y ]
N ] ('S), Y}c;"'«d.ﬂ. to paged »
N | S ingis) : paged ... to paged.....
(X)q Xn . L Abstract  :paged ... to paged ...,

or dimers thereof, wherein:

5 e rw* RFCLIPM ..!slp'lq‘r

M is a Group 4 metal in the +3 or +4 formal ox1dat10n‘stafe -------------

L is a group containing a cycllc, delocalized, aromatic, anionic, IT system
comprising a  cyclopentadienyl, - indenyl, fluorenyl, tetrahydroindenyl,
tetrahydrofluorenyl, octahydrofluorenyl group, or an inertly substituted derivative
thereof through which the L group is bound to M, and which L group is also bound to Z,
said L group containing up to 60 nonhydrogen atoms;

Z is a moiety covalently bound to both L and Y, comprising boron, or a member
of Group 14 of the Periodic Table of the Elements, said moiety having up to 60
nonhydrogen atoms;



4a

Y is a moiety comprising nitrogen, phosphorus, sulfur or oxygen through which
Y is covalently bound to both Z and M, said moiety having up to 25 nonhydrogen
atoms;

X' independently each occurrence is a Lewis base containing up to 40
nonhydrogen atoms; ' _

X independently each occurrence is a monovalent anionic moiety having up to 20
nonhydrogen atoms, provided however that neither X is an aromatic group that is II-
bonded to M, optionally, two X groups may be covalently bound together forming a
divalent dianionic moiety having both valences bound to M, or further optionally one or
more X and one X' group may be bonded together thereby forming a moiety that is both
covalently bound to M and coordinated thereto by means of Lewis base functionality;

q is a pumber from O to 1; and ' ’

n is 1 or 2 depending on the formal oxidation state of M; and either

B) 1. an activating cocatalyst selected from the group consisting of
neutral Lewis acids other than an alumoxane, and nonpolymeriq_, compatible
noncoordinating ion forming compounds, or

B) 2. converting the complex of the above formula to an active catalyst
by use of an activating technique; and

6] an inorganic oxide support substantially free of adsorbed water and
surface hydroxyl groups.

Another aspect of this invention is a fluidized bed gas phase process for the
production of an ethylene polymer, the process comprising contacting under
polymerization conditions (i) ethylene, or (ii) ethylene and at least one of a
copolymerizable alpha-olefin or diolefin, in the presence of a supported catalyst
characterized by an absence of an activating amount of alumoxane and prepared from:

A. a metal complex complex corresponding to the formula
i Z—y REPLACEMENT SHEET
/
R M
' “SXn O _ 15 DEC 1997
R
R
wherein:

R' each occurrence is independently selected from hydrogen, hydrocarbyl, silyl,
germyl, halo, cyano, and combinations thereof, said R' having up to 20 nonhydrogen
atoms, and optionally, two R' groups (where R' is not hydrogen, halo or cyano) together
form a divalent derivative thereof connected to adjacent positions of the cyclopentadienyl
ring to form a fused ring structure; :

Y is -O-, -S-, -NR*-, -PR*-;



4b

Z is SiR*,, CR*,, SiR*,;SiR*,, CR*,CR*,;, CR*=CR*, CR*,SiR*,, or GeR*,;
wherein: '

R* each occurrence is independently hydrogen or a member selected from
hydrocarbyl, silyl, halogenated alkyl, halogenated aryl, and combinations thereof, said
R* having up to 20 nonhydrogen atoms, and optionally, two R* groups from Z (when
R* is not hydrogen), or an R* group from Y to form a ring system; B

M is titanium or zirconium in the +3 or +4 oxidation state; and

X is chloro, hydrocarbyl, hydrocarbyloxy, silyl or N,N-dialkylamino substituted
hydrocarbyl group; |

- nis1or2;and . _
B. an activating cocatalyst selected from the group consisting of (i) neutral

 Lewis acids other than alumoxane, and (ii) nonpolymeric, compatible noncoordinating

ion forming compounds; and

C. - an inorganic oxide support substantially free of adsorbed water and
surface hydroxyl groups.

Still another aspect of this invention is a process for in situ blending of polymers
comprising continuously contacting, under polymerization conditions, a mixture of
ethylene and at least one or more c-olefin or diolefin in at least two fluidized bed
reactors connected in series, with a catalyst with the polymerization conditions being
such that an ethylene copolymer having a higher melt index is formed in at least one
reactor and an ethylene copolymer having a lower melt index is formed in at least one
other reactor with the provisos that:

(@  inareactor in which the lower melt index copolymer is made:

(1) said alpha-olefin or diolefin is present in a ratio of about 0.01 to
about 3.5 total moles of alpha-olefin and diolefin per mole of ethylene; and
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1

We claim: i

1. A fluidized bed, gas phase process for the production of an ethylene
polymer, the process comprising coritacting under polymerization conditions (i) ethylene,
or (ii) ethylene and at least one of a copolymerizable alpha-olefin or diolefin, in the
presence of a supported catalyst characterized by an absence of an activating amount of
alumoxane and prepared from:

A) a metal complex corresponding to the formula: REPLA
CEMENT SHEET -
L’Z‘Y
Ve . 15 DEC w997
®{

or dimers thereof, wherein:

M is a Group 4 metal inthe +3 or +4 formal oxidation state;

L is a group containing a cyclic, delocalized, aromatic, anionic, IT system
comprising a cyclopentadienyl,  indenyl, fluorenyl, | tetrahydroindenyl,
tetrahydrofluorenyl, octahydrofluorenyl group, or an inertly substituted derivative
thereof through which the L group is bound to M, and which L group is also bound to Z,
said L group containing up to 60 nonhydrogen atbms;

Z is a moiety covalently bound to both L, and Y, comprising boron, or a member
of Group 14 of the Periodic Table of the Elements said moiety having up to 60
nonhydrogen atoms; -

Y is a moiety comprising nitrogen, phosphorus, sulfur or oxygen through which
Y is covalently bound to both Z and M, said moiety having up to 25 nonhydrogen
atoms; _

X' independently each occurrence is a Lewis base containing up to 40
nonhydrogen atoms; _

X independently each occurrence is a monovalent anionic moiety having up to 20
nonhydrogen atoms, provided however that neither X is an aromatic group that is IT-
bonded to M, optionally, two:X groups may be covalently bound together forming a
divalent dianionic moiety having both valences bound to M, or further optionally one or
more X and one X' group may be bonded together thereby forming a moiety that is both
covalently bound to M and coordmated thereto by means of Lewis base functlonahty,

q is a number from O to 1; and

n is 1 or 2 depending on the formal oxidation state of M; and either

B). 1. . an activating cocatalyst selected from the group consisting of
neutral Lewis acids other than an alumoxane, and nonpolymeric, compatible
noncoordinating ion forming compounds, or

B) 2. converting the complex of the above formula to an active catalyst

Iy

by use of an activating technique; and
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6} an inorganic oxide support substantially free of adsorbed water and
surface hydroxyl groups. '

2. The process according to Claim 1 wherein M is titanium and X each
occurrence is a monovalent ligand group of up to 20 nonhydrogen atoms.

3. The process according to Claim 2 wherein X is a C1.20 hydrocarbyl group
or wherein n is 2 and the two X groups form a hydrocarbadiyl group. -

4. The process according to Claim 2 wherein X is methyl or benzyl.

5. The process according to any one of claims 1-4 wherein the ethylene
polymer has long chain branching, and contains -80 mol percent of ethylene and -20
mol percent of one or more C,-Cq alpha-olefin or diolefin comonomers.

6.  The process according to any one of claims 1-5 wherein the support is
silica, alumina, clay, cornstarch, talc or polyethylene, or a mixture thereof.

7.  The process according to any one of claims 1-6 wherein Y is -O-, -S-,
-NR*-, -PR*- and R* is independently a hydrocarbyl or silyl group having up to 12
nonhydrogen atoms.

8. The process according to any one of claims 1-7 wherein the resulting
ethylene polymer has a density of 0.85 to 0.96g/cm3 and a melt index of less than
100g/10 min measured in accordance with ASTM D-1238 (190°C/2.16 kg) '

9. The process according to any cne of claims 1-8 wherein the gas phase
fluid bed reaction is carried out at a pressure less than 70kg/cm? and at a temperature of
from about 0 to 110°C.

10. The process according to any one of claims 1- 8 wherein the activating
cocatalyst is a tris(pentafluorophenyl)borane.

11.  The process according to any one of claims 1-10 wherein said process is
conducted in at least two ﬂuldlzed bed gas phase reactors connected in series or in
parallel.

12.  The process according to Claim 11 wherein said process is conducted in at
least two fluidized bed gas phase reactors connected in series.

13.  The process of Claim 11 wherein the catalyst system in one reactor further
comprlses a supported Ziegler catalyst.

14. A fluidized bed gas phase process for the productlon of an ethylene
polymer, the process comprising contacting under polymerization conditions (i) ethylene,
or (ii) ethylene and at least one of a copolymerizable alpha-olefin or diolefin, in the
presence of a supported catalyst characterized by an absence of an activating amount of

alumoxane and prepared from: . REPLACEMENT SHEET
A. a metal complex complex corresponding to the formula
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wherein: :

R’ each occurrence is independently selected from hydrogen, hydrocarbyl, silyl,
germyl, halo, cyano, and combinations thereof, said R' having up to 20 nonhydrogen
atoms, and optionally, two R' groups (where R’ is not hydrogen, halo or cyano) together
form a divalent derivative theréof connected to adjacent positions of the cyclopentadienyl
ring to form a fused ring structufe; |

Y is -O-, -S-, -NR*-, -PR*-;

Z is-SiR*,, CR*,, SiR*,SiR*,, CR*,CR*,, CR*=CR*, CR*,SiR*;, or GeR*,;
wherein: _

R* each occurrence is independently hydrogen or a member selected from
hydrocarbyl, silyl, halogenated alkyl, halogenated aryl, and combinations thereof, said
R* having up to 20 nonhydrogeli atoms, and optionally, two R* groups from Z (when
R* is not hydrogén), or an R* group from Y to form a ring system,;

M is titanium or zirconium in the +3 or +4 oxidation state; and

X is chloro, hydrocarbyl, hydrocarbyloxy, silyl or'N-,N-dialkylamino substituted
hydrocarbyl group;

nis 1 or 2; and

B. an activating cocatalyst selected from the group consisting of (i) neutral
Lewis acids other than alumoxane, and (ii) nonpolymeric, compatible noncoordinating
ion forming compounds; and _

C. an inorganic oxide support substantially free of adsorbed water and’
surface hydroxyl groups. |

15. The prdcess according to Claim 14 wherein M is titanium.

16.  The process according to Claim 14 or 15 wherein X is a Cj g
hydroéarbyl gi'oup.

17.  The proéess according to any one of claims 14-16 wherein the ethylene
polymer contains =80 mol percent of ethylene and -20 mol percent of one or more Cs-
Cg alpha-olefin or diolefin comonomers.

18.  The process of Claim 5 or 15 in which the diolefin is at least one of 5-
ethylidene-2-norbornene and piperylene. |

19.  The process according to any one of claim 14-17 wherein the support is
silica, alumina, clay, cornstarch, talc or polyethylene, or a mixture thereof.
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20.  The process of Claim 1 or 14 in which the suppbrt is thermafly dehydrated
at a temperature between 100-1000C for a period of 1-100 hours. .

21.  The process of Claim 1 or 14 in which the support is chemically
dehydrated with a chemical dehydrating agent. -

22.  The process of Claim 20 in which the support is' chemically dehydrated
with a chemical dehydrating agent after the support is thermally dehydrated: _

23.  The process of Claim 22 in which the activating cocatalyst is a boron
compound, and the chemical dehydrating agent is triethylaluminum. '

24.  The process of Claim 22 in which the activating cocatalyst is a boron
compound, and the chemical dehydrating agent is an alumoxane.

25. The process of Claim 24 in which the support is washed with a
nonaqueous solvent to remove alumoxane in excess of that necessary to dehydrate the
surface of the support.

26. The process of Claim 24 or 25 in which the boron compound is a
tris(pentafluorophenyl)borane .
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