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‘Et hvl ene This invention relates to a catal yst conposition for use in the
pol ydreri zati on and copol ynmeri zaticn of ethylene, particularly of binpdal
nol ecul ar wei ght distribution high density and linear |ow density pol yners
~and copolynmers of 5 ethylene. Polyethylene is produced commercially in a
gas phase reaction in the absence of solvents and in slurry by catalysis To
be commercially useful in the gas phase fluid bed process, the catal yst
must exhibit high activity, with concom tant high 10 catal yst productivity,
because gas phase process systens do not include catal yst residue renoval
pr ocedur es. Accordingly, catalyst residde”in the pol ymer product nust be

so small that it can daeal@ftt chibdsheidioleyrRisaVit haUt oSS ENL Ry undue
problens in the fabrication mﬁ?@g Ivmet-heatitbhi siAtEEhEXEIBUNET | To this 15
end, the patent literature is replete with devel opnents of new catal ysts,
of hlgh act|V|ty W t o] i ' pr o IVIt val he use of
net al | ocene co dﬁi%f E{‘?%%gm ‘%Qamsgqlo 55‘%*%%{5‘[ PRO$% ?‘°Bog%7‘rre’lsf’zat i on
and copol yneri z | oY‘F“bf PELRATRRE 198 | nEoRT YP‘FIB%"@“&I%’WeI%prrEﬁ’Hélener

Met al | ocenes caPapeiqidsciy be%l bimadad ampequlan| wvebshnldisteiriticfheden
conpounds i n coniphabityi candwitiheart byt adansdxpneo el caaPeLpsiSTRaY e sBeen
used to produee eghfidna.pol yners and copol yners, such as ethyl ene and

propyl ene homopol yimesg, o &1AXhENe: PULEARANLghIN§TE; NEXERe gopol yrrers,

reaction in the absance of solvents and in slurry by catalysis.
To be commercially useful in the gas phase fluid bed process,
the catalyst must exhibit high activity, with concomitant high

10 catalyst productivity, because gas phase process systens do not
include catalyst residue removal procedures. Accordingly,
catalyst residue in the polymer product must be so small that
it can be left in the polymer without causing any undue problems
in the fabrication and/or £o the ultimate consumer. To this

15 end, the patent 1itératur° is replete with developments of new
catalysts, of h:.qh actlvz.ty with ccrrespending high productivity
values.. ™ o

The use qf,metallocené'ccmpcunds of transition metals as

catalysﬁs for polymerizatidn and copolymerization of athylene
20 is one of those developmants. Metallocenes can te deseribed by

the empirical formuia CPJ1A,B, .. Theselccmpounds in combination

with methylalumoxane (MAO) compounds have been used to pPrcduce

olefin polymers and copolymers, such as -ethylene and Fropylene

homopolywrers, ethylene-butene and ethylene- hexene copolymers,
25 e.g., see US-A-43424.99 US=-3-4404344. -

More recently, as exempllf;ed in Us-A-soszssz, netallocene
catalysts containing a2 sacond transition metal, such as titanium
have been daeveloped which produce bimedal molecular weight
distribution preducts, having 2 high molecular weight comporent

30 and .a relatively lower molecular weight cemponent. The
develcpment cf a catalyst which can produce bimodal products in
a single reacter is significant par se. That Cevelopment also
provides a commercial alternative to processes which reguire two’
reactsrs tc produce kimodal production with productien cf cne
35 of the molecular weight components in a first reactsr and



25 e.g., see US-A-4542199 US- A-4404344. More recently, as exenplified in
US- A- 5032562, netal | ocene catal ysts containing a second transition netal,
suchras titani um have been devel oped whi ch produce bi nodal nol ecul ar wei ght
di stribution products, having a high nol ecul ar wei ght conponent 30 and a
relatively |ower nolecular weight conponent. The devel opnent of a
catal yst which can produce binodal products in a single reactor is
significant per se. That devel opnent al so provides a commercial alternative
to processes which require two reactors to produce binodal production with

production of one 35 of the nol ecul ar wei ght conponents in a first reactor
and 2 transfer of that conponent to a~-$econd reactor and conpl etion of

the polyneri zat 'i&gngﬂy J2 ggycctéog& t@?e otstelgrnd onent of different
mol ecul ar wei ght_, ane rret hyl & GnoXané {TiR®) andwemgiekions co- 5
catalyst with nméta %88 ’Q%e“?ﬁﬁl‘% WL 8¥°déﬂcﬁh?)‘3<8nef§mc®mrl STWBLAYRITET | C

| i near and/ or cféFFﬁr%U&Wbﬁ%Raﬁéﬂ?epresent ed by the fornula:
[err] for ol igonmerdilamoxahésneargal nevhy balempxadt (MRGY ] fQr uggaghgnf‘crl c
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b Al ocene TS TS ST ol g e
}=C)a . or ol:.qomerlc linear
alumoxanes; and (-Al(R)-0-), for oligomeric cyclic alumoxanes
wherein n is 1-40, prefe”ably 10-20, m is 3-40, preferably 3-20
10 and R is a ¢;-C; alkyl group and preferably methyil,

Methylalumoxare is commenly produced by react ing
trimethylaluminum with’ wate* or with hydrated inorganic salts,
such as CuSo,.5H,0 or A12(304)3.5H~0. Metnylalumoxane can be also

- generated in situ in polymerization reactors by adding to the
15 resacter trimethylalumirum and water or water-containing
inorganic salts. MAO is a mixture of oligomers with a very wide
distribution of molecular welgbts and usually with an average
molecular weight of about 12060. MAO is typically kept in
solution in toluene. While the MAQ sslutions remain liquid at
20 fluid bed reactor temperaturss, the MAO jitsel? i< a salia at
recom temperature.

Most of the experiments reported in the literatur= relating
to methylalumoxane used a2s a ¢ocatalyst with metallecene
catalysts are undertaken in a slurry cr soiutien krocess, rather

25 than in a gas phase fluid bed reactcr process.
Reactor fouling results when MAO solutions a-e fed directly
into the gas phase reactor in large erough quantities “o provide
. liquid contact with the metrallocene component of the catalyst.
The fouling occurs because the MAC solution forms a liquid film
30 on the interior walls of the reactor. The catalyst is activated
when it comes inte contact with this liguid film, and the
activated catalyst reacts with ethylene to forp a2 polymer
coating which grows larger in size until the reactor is fouled.
In addition, since substantially all of the activat -ion takes
35 place on the walls, the MAO is not uni forzly distributed tc the
catalyst - particles. The Testiting  non-hemogeneous
Polymerization gives low catalyst activity and peor product



tri*met hyl al umi nun with water or with hydrated inorganic salts, such as
[err] or [err]. Methyl al unoxane can be al so generated in situ in

polymeri zation reactors by adding to the 15 reactor trinethylal um num and
_water or water-containing inorganic salts. MAOis a mxture of oligoners
with a very wde distribution of nolecular weights and usually wi'th an
average nol ecul ar wei ght of about 1200. MAO is typically kept in solution
in toluene. While the MAO solutions remain liquid at 20 fluid bed reactor
tenperatures, the MAOitself is a solid at roomtenperature. Mst of the
experinments reported in the literature relating to nethyl al unoxane used as
a cocatalyst with nmetallocene catal ysts-ase-undertaken in a slurry or

sol ution process, rather 25 than in-a gas phase fluid bed reactor process.
React or fouli ngﬁ‘é@ﬁﬂ%&v\hen MAO solutions are fed directly into the gas
phase reactor in | ahgeomtiogghe qelenpresent tovertorndettsrguild eeavided avith t he
nmet al | ocene conagﬁqut oécﬁﬁt&mﬁ&ralgm-t prélecimgulbingadc cwiecieraweegithe MAO
sol uti on £orms. 2 ddlhdl ke bharknt ks 19ldena0fy Hhsyiseaciey . The
catal yst is t|va ggzh%gngs%ﬁ? q@tact V\nththlsllqwdfllm and
the activated® cSUEAYBET FAcf th’ e § ene fo forma pol yner coating which
grows |larger in sizdéalnt3n AHBIFELALEY? | T EEVET TR Y i BRtLVaFaLie
substantially all of thersctivation takes 35 place on the malls, the MO is
not uniformy distriggyt ed &eyt henmyakabsy,St supgeatt icchesining compcEiieion
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10 transition metal and a non-metailocene transition
metal activated by said aluminum aikyl activator,
wherein the support is the reaction product of:
(1) silica having OH grcups, impregnated with R® MgR’,,
wherein each of R, and R, is alkyl group containing 1
15 to 12 carbon atoms, each of m and n is 0, 1 or 2
provided that m+n is equal to the valency of Mg, and
R,MgR’, is present in an amount to provide a R,MgR’,:CH
molar ratio of 0.5:1 to 4:1; and
(2) an organic alcchcl reagent providing alkoxy greups
20 having a formula R’’0-, wherein R’’ is alkyl group
containing 1 to 12 carbons; said alkoxy groups being
effective to displace the R, and R/, of said R MgR’,;
and said reagent being used in an amcunt effective to
provide an alcchol:Mg molar ratio of 0.5 tc 2.9.
In an embcdiment said alkyl aluminum activator astivates
said non-metallocene transition metal.
In a preferred embodiment, the r2action product is formed

td
N

oy
(1) providing a slurry cf a non-polar solvent and a
30 solid porous silica having ~-OH groups:
(ii) impregnating said sillca, with sald R Mgr’,, to

fcrm an intermediate (ii), wherein the Mg:-OH
groups ratio is less than 2., wherein said R_MgR’,
is soluble in saig non-ﬁclar solvent:

35 (iil) treating the intermediate from step (ii)} with an
amount of R”’'OH, whicsh azcunt is effactive to
provide a R//OH:R MgR’, mclar ratio of 0.5 te



3 properties. According to the present invention, there is provided a
catal yst conposition for producing bi nrodal nol ecul ar wei ght distribution
high. density and linear |ow density polyners and 5 copol ymers of ethyl ene,
conprising: (a) an alum num al kyl non-oxygen containing activator; and (b)
a dry, anhydrous, support containing conposition conprising an activated
net al | ocene conpound of a 10 transition netal and a
non-netal | ocene transition netal activated by said al um num al kyl
activator, wherein the support is the reaction product of: (1) silica
having OH groups, inpregnated with J[err], wherein each of [err] and [err]
Is alkyl group containing 1 15 - 80-12 carbon atons, each of m and
nis O, 1 or 2 provided that mn is equal to the valency of My, and [err]
is present in an anmount to préWf-de a [err] nolar ratio of 0.5:1 to 4:1; and
(2) an organic al coltsl iseggefernedorhdt nghis kenbpddgmentpsimzQudes further
having a fornul ag{dyd,] astdierei [ ebkgrisingd kyl group containing 1 to 12
carbons; said al koxy (@pups beldig:gf et buesdee &b SBLACA sk NGrbBhdd 300 [err]
of said [err];, Ticl, to form a titanium containing
intermediate; and
(v) combining the titaniua containiag intermediate
with a said activator.
- As explained above, the catalyst comprises at least two
10 transition mnetal coméonents on a support; one of the two
transiticn metal cot:pcgnents iga provided in the form of a
metallocene. The supp'c‘ft'ed transiticn retals are activated by
an aluminum compound, free of water and of oligomeric and
polymeric oxygen-containing compounds of aluminum.
15 Polymerization products comprise two components of different
molecular weight, thus one being of higher molecular weight. than
the other. The film products exhikit excellent Drop Dart Impact
(DDI) and excellent bubble stability in high stalk extrusion.
The invention relates to a catalyst and its use in the
20 preparation of bimodal molecular weight distributicn polymers
and copolymers of ethylene, which can be precared ia cne
reactor. The catalyst comprises at least two transition metal
components on a support; one of the two transition metal
compaonents is provided in the form of a metallocene. - The
. 25 supported transition metals are activatad by a non-axygen
containing aluminunm compound. In accordancs with the invention,
nc alumoxane {(e.g. methylalumoxane) feed to the reaczor (slurry
or gas phase fluid bed} is required for the aetivaziosn cf the
transition metal providaed as a metallccene.
30 Catalysts which contain at least two transition metals, cne
in the form of a metallocene and one transiticn metal in the
form of a non-metallccene, have an activity 9f at least about
1ood g polymer/g catalyst or about 230 kg pclymar/g of each
transition metal.
s The catalysts of the invention comprise a cocatalyst
conprising an aluminum alkyl compound, suchk as a trialkyl
aluninum, frea of alumoxane and. free o?f water, or oxygen-



and‘said reagent being used in an anount effective to provide an al cohol: My

nolar ratio of 0.5 to 2.0. 25 In an enbodi nent said al kyl al um num
activator activates said non-netallocene transition netal. In a preferred
enbodi ment, the reaction product is formed by (i) . providing a slurry
of a non-polar solvent and a 30 solid porous silica having
. -OH groups: (ii) I npregnating said silica, with said [err], to form
“an internediate (11), wherein the My:-OH groups ratio is |less than 2,
wherein said [err] is soluble in said non-polar solvent; 35 (i)
treating the intermediate fromstep (ii) with an anmount of [err], which
amount is effective to provide a [err] nplar ratio of 0.5 to 4 2.0. It

ts preferred that this enbodiment includes further steps, after (iii),
conpri'sing: (iv)containingeatliyyrede pnddpolywdrsstep thei Jalpebdiuct awyilh 5
[err] to for&Bmpodnd, tdniani ¢dBaly SO Hrabiidty cohsy iRy a4 € caaRdef V)an
conbining the tijARYIREURLEALNI1A:d Thel RBAN13bEane; in one embodiment the
' catalysts further include a non-metallocene transiticn retal
5 sourcas.

The carrier material may ba a solig, particuléta, porous,
preferably inorganic material, such as an oxide of silicon
and/or of aluminum. The carrier material inay be used in the
form of a dry pewder having an average particle size of from

10 about 1 micren to about 500 microns, preferably from ahout 10
microns te about 250 microns. The surface area of the carrier
may be at least about 3 square meters per graa (ml/g), and
preferably at least abcut 50 m?’/g up to abou: 350 ='/g. The
carrier material should be dry, that is, free of abscrbed water.

15 Drying of the carrier material can ba effected by teating at
about 100¢C to abcut 1000°C, preferably at about 5C0°C. Wwhen
the carrier is silica, it is heated to at least 200°C,
preferably about 200°C to about 850°C and most preferably at
about 600°C. The carrier material must have at least some

20 active hydroxyl (OH) groups to produce the catalyst composition
of this invention. '

In the most prefarred embodiment, .the carrier is silica
which, prior to the use therecf ln the first catalyst synthesis
step, has been dehydrated by fluidizing it with nitragen and

25 heating at about 600°C for about 16 hours to achieve a surface
hydroxyl group cencentration of about 0.7 millimcles per granm
(mmols/qg). The silica of the most preferrad emkbodiment is a
high surface area, amorphous silica (surface area = 300 m’/g;
pore volume of akout 1.65 em’/g), and it is a material marketed

30 under the tradenames of Davison 952 or Davison 955 ky the
Davison Chemical Division of W.R. Grace and Company. This
silica is in the form of spherical varticles, e.g., as obtained
by a spray-drying process. As procured, these silicas are not
calcined; and this must be dehydraied, as indicated above.

35 The catalyst synthesis is undertaken under inert
conditions, in tha absence ¢f water and of oxygen. The carrier
is dispersed in sclvent to form a slurry.



with a said activator. As expl ai ned above, the catalyst conprises at |east
two 10 transition netal conponents on a support; one of the two transition
met@al components is provided in the formof a netallocene. The supported
transition netals are activated by an al um num conpound, free of water and
of oligoneric and polyneric oxygen-contai ni ng conpounds of

alum num 15 Pol ymeri zation products conprise two conponents of different
mol ecul ar wei ght, thus one being of higher nol ecul ar wei ght than the other.
The film products exhibit excellent Drop Dart. Inpact (DDI) and excell ent
bubbl e stability in high stalk extrusion. The invention relates to a
catalyst and its use in the 20 preparati-om of binodal nol ecul ar wei ght
distritution polynmers and copol yners of ethylene, which can be prepared in
one reactor. The cat #P§sE3RTHHSr patarial, |haYdpot oRid r @i SFPSEmAY be
conponents on a suppdet; ione wh-phlart selvensngind the meswlticgnpbnegt $si s
_provided in the tédyactbdaigRtazl le@enma orghhi@nadnesiipiposimidnd MaRShd k@ et al s
~are activated byeapﬂqeap&%macgmaal NitRg ALHA} REMHL08pad. maluar%cqadance

(peh the inveng! 8y Q. BhUNDX aREpdRa0n, %x!;eéﬂqv%ﬁ@eéarwsp ! cactor

(slurry or gas p ase FSre 4 act |vat|on e
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10 is temperatures in this slurry of about 90°C result in
deactivation of the transiticn metal added subsequently.
Accordingly, all cataiyst precursor synthesis steps are
preferably conducted below 90°C. The slurry is then contacted
with the aforementicned organowmagnesium compound, while tha

15 heating is continued as indicated. :

The organomagnesium cempound has the empirical formula
RMgR’,

where R and R’ are the same or different ¢, to C;; alkyl groups,
preferahbly C;-C;; alkyl groups, nore prefarably C.~C, alkyl

20 groups, more preferably C,-Cy normal alkyl groups, and most
preferably both R and R’ are mostly n-butyl groups; m and n are
each 0, 1L or 2, praviding that m + n is equal to the valence of
Mg.

Suitable nen~pclar solvents are materials in which all of

25 the reactants may be used heresin, i.e., the organoragnasium
compound, and the transition metal compound, are at least
partially soluble and which are liquid at reaction temperatures.
Preferred non-pelar solvents are alkanes, such as iscopentane,
hexane, n-heptane, octane, nonane, and decane, although a

30 variety of other materials including cyclcalkanes, such as
cyclohexane, aromatics, such as Lkenzene, toluene and
etQylbenzene, may also be employed. The mest preferred non-
polar solvent is isopentane. Prior to use, the non-polar
solvent should be purified, such as by percolatien through

35 silica gel and/or molecular sieves, to remove traces of water,
oxygen, polar corpounds, and. other materxrials capable of
adversely affecting catalyst activity. '



trénsition netal. 35 The catalysts of the invention conprise a
cocat al yst conprising an al um num al kyl conmpound, such as a trial kyl
al umi num free of al unoxane and free of water, or oxygen- cont ai ni ng
ol rgonmers and polyners of the alumnum alkyl conpound, and a catal yst
precursor conprising a carrier, an alunoxane and at |east one netall ocene;
I n one enbodi nent the catal ysts.further include a non-netall ocene
transition nmetal 5 source. The carrier nmaterial nay be a solid,
particul ate, porous, preferably inorganic material, such as an oxide of
silicon and/or of alum num The carrier material may be used in the form of
a dry powder having an average particle-size of from 10 about 1 mcron to
about 500 microns, preferably from abou m.crons to out 250 _.m crons.
The surface area of g?h@%&??géfemegeem%f’%’?mee §t°1§5°§ﬁtsy§%gﬁ%%sr é’?n%l}r%rs per
gram [err], andegradfet abt yimtirPersittaB8utdbPTier FECh R G BBt °B5% err] .
The carrier naté&fdahonsdhislidn tenpoynd thext wild, bd deposifted bs phvridardy e, 15
Drying of the cagddiehiipt erigtteCathebes@ipbect adndy hept iexgasdt albouthel err] to
heated (o & Tegcfpagndid ulpopfd ih HPoLIARRY Beabl T Bner et
preferably at abOtRhepds F}‘.e‘&c}f‘ﬁe“gaélrrefé?&r?ﬁ%éjﬁ %%Téenﬁg'? gﬁas\l/%sé{d'l 212‘%»[ sone
carriar drying temperature affects the number of sites on the
carrier available for the organomagnesium compound - the higher
the drying temperature the lower tha number of sites. Thus, the
10 exact molar ratio of the organomagnesium compound to the
hydroxyl groups will vary and must be determined on a case-by-
case basis preferably to ensure that saly so much of the
organomagnesiur compound is added to the soluticn as will be
deposited onto the support without leaving any excess of the
15 organomagnesium ccmpound in the solution. Furthermore, it is
beliaved that the molar amount of the organomagnesium compound
deposited onto the support is greater than the molar conteat of
the hydroxyl groups on the support. Thus, the molar ratios
given below are intended only as an approximate guideline ancd
20 tha exact amount of the organomagnesium compound in this
embodiment must be controlled by the functicnal limitation
discussed above, i.e., it is preferably nct g¢greater than that
which can be deposited osnto the support. If greater than that
amount is added to the sclvent, the excess may react with the
25 non-metallocene transition nmetal compound, thereby forming a
precipitate outside of the support which is detrimental in the
synthesis of our catalyst: this is generally undesirable. The
amount of the crganomagnesium compound which is not greater than
that deposited onto the support can be determined in any
30 conventional manner, e.q9., by adding the crganomagnesium
compound to the slurxy of the carrier in the sclvent, while
stirring the slurry, until the organomagnasiun compound is
detected as a solution in the solvent.
For example, for the silica carrier Leated at about €00°¢,
35 the amount cf the organomagnesium conmpound added to the slurry
is such that the molar ratio of Mg ts the hydrexyl groups (OH}
on the solid cazrier is about 0.5:1 t> about 4:1, preferably



20 "active hydroxyl (OH) groups to produce the catal yst conposition of this
I nvention. In the nost preferred enbodinent, the carrier is silica which,
prizor to the use thereof In the first catal yst synthesis step, has been
dehydrated by fluidizing it with nitrogen and 25 heating at about [err] for
about 16 hours to achieve a surface hydroxyl group concentration of about
0.7 mllinoles per gram (muvols/g). The silica of the nost preferred

enbodi ment is a high surface area, anorphous silica (surface area = 300
[err] pore volunme of about 1.65 [err]), and it is a material marketed 30
under the tradenanes of Davison 952 or Davison 955 by the Davi son Chem cal
Dvision of WR G ace and Conpany. Thi s silicais in the fornlof

spherical partic as,_obtained b -dryin r ocess.
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ba dapasited onto the support, and then remove, e.g., by
filtration and washing, any excess of the organomagnesium
compound. However, this alternative is less desxrable than the

10 most preferred embodiment described abave.

_ The crganomagnesxum treated support is contacted with an
organic alcohol reaqent '(ROH) containing RO- groups which are
reactive or capable of displacing alkyl groups on the nagnesium.
The amocunt of this organic alcshul ceagent is affactive to

15 provide a ROH:Mg ratic of 0.5 to 2.0, preferably G.2 to 1.5.

Contact of the silica supported magnesium compound, with
the organic alcohol reagent is undertaken in the slurry.
Contact is undertaken at a temperaturs ranging from 25°C to
80°C, preferably 40°C to 70°C.

20 The alkyl group in the organic alecchol reagent can contain
1 to 12 carbon atoms, preferably I toa &; in the empodiments
below, it is an alkxyl containing 2 to 4 carben atons,
particulariy of 4 carbon atoms (butvl). The inclusion of the
alcohol reagent step in the catalyst synthasis cf the invention

.25 produces a catalyst which, relative to the absence of this step,
is much more active, requires much less non-transition metal
(e.g. titanium), and is much nore active with respect Lo the
product component produced with the metallocere-transition
metal component.

30 After the addition of the orgaric alcohol reagent wc the
slurry is ccmpleted,' the slurxy is contactad with a non-
metqllccene transition retal compound, free of substituted or
unsubstituted cyclopentadienyl groups. The slurry temperature
is preferably be maintained at abcut 25 tc akout 79°C, more

35 preferably at about 40 to about ¢gc°cC. AsS noted abova,
temperatures in this slurry of ahout s3°C or greater result in
deactivation cf the non-metallsccene transition metal. Suitable



5 the solvent is prepared by introducing the carrier into the solvent,
preferably while stirring, and heating the m xture to about 25 to about
[enr] preferably to about 40 to about [err]. Tenperatures here are
crltlcal with respect to the non- netallocene transition netal which is
subsequent|ly added; that 10 is tenperatures in this slurry of about [err]
result in deactivation of the transition netal added subsequently.
Accordingly, all catalyst precursor synthesis steps are preferably
conducted below [err]. The slurry is then contacted with the aforenenti oned
or ganomagnesi um conpound, while the 15 heating is continued as indicated.
The organonagnesiunlconpound has t he eanrkcaI formula where R and R are

the sane or different rr aIk groups. referal err] al kyl
groups, nore pl“@f‘e‘P“aPﬁg ﬁﬂ'/’fg"?o grStIJ Cc’mgro"i"dg rer %rgﬁ%( err]r nor nal

al kyl groups, &AuUeeHNsS ?ﬁé‘feéil%ﬁ)P? BEURs F%Aanﬂ“‘*?sﬁar%‘ FFF?F%’U I%r’:groups
mand n are eaelf the klatents, propukliisged et ChamicalandeBngineerinch®ewsa| ence of
~My. Suitable nga{ep) Qr-,,sgéygnTPSo&rd&naBﬁm al:en idompbids aké safluBbe tite

reactants may Qfa Y edo DB Brvents €. uoﬁhempeg@nem@ms@Iourgueermga&indsand the
transition net Bun

rei l,
liquid at reactaFBr?’Féﬁb‘é’f ﬁ?%lyégaaatlﬁﬁ}%'f"rige)g’ tﬁb “p jr"a%xg‘g:t\gitén%g‘l\g?éggl ?rﬁ es,
sucn as i sopentfafb, yeradiaun tetraghigride. F¢ten ’a“aﬂb‘ﬁ“ar?é“ft*’aﬁ‘l"&°ﬁk‘{'?a
al though a 30vear),etitariw had waiaiibal slkiqadkasi diecpin cta’lekmgxlamh as
cycl ohexane, 3k @PPhiaGSa brafdfdd ol unbPAithRBEs 1kyll AldieEP ofats about
10 20 carbon atoms, praferahly 1 to about 6 carbon atoms. The
preferred transition metal compounds are titanium compounds,
preferably tetravalent“%itanium compounds. The most preferred
titanium compound 1ls titanium tetrachloride. The amount of
titanium or vanadium, in non-metallocene form preferably ranges
15 from a Ti:Mg molar ratio of 0.3 to 1.0, preferably from 0.53 to
0.80. : .
Mixtures of such non-metallocene transition metal compounds
may also be used and qeneraliy no restrictions are imposed on
the transition metal compounds which may be included. Any
20 transition metal compound that may be used alone may also be
usaed in conjunction withk other transition metal compounds.
After the addition of the non-metallocene trarnsition metal
compound is complete, the slurry solvent is removed by
evaporation or filtering to cbtain a frse-flowing powder. Hext,
25 incorporation of the metallocene can be undertaken. The
matallocene is.activated with an alumoxane.
The metallocene compound has the formula CpMAB, in which
Cp is an unsubstituted or substituted csyalopentadienyl greoup,
M is zirconium or hafnium and A and B belong to the group
30 including a halogen atom, hydrogen or an alkyl group. In the
above formula of the metallozenes compound, the preferred
transition metal atom M is zirconium. In the abova formula of
the metallocene compound, the Cp group 1s an unsubstituted, a
monc~ or a polysubstituted cyclopentadienyl groups and x is at
35 least 1. The substituents on the cyclcpentadienyl group can be
preferably traight-chain C.=Cq aikyl groups. The
cycleopentadienyl group can be alsc a part of a bicyclic or a



et:hyl benzene, may al so be enpl oyed. The nost preferred non- pol ar sol vent
I S | sopent ane. Prior to use, the non-pol ar sol vent should be purified,
such as by percolation through 35 silica gel and/or nolecular sieves, to
renmove traces of water, oxygen, polar conpounds, and other materials

capabl e of adversely affecting catal yst activity. 7 In the nost
preferred enbodi nent of the synthesis of this catalyst it is inportant to
add only such an ampunt of the organomagnesi um conpound that will be

deposited - physically or chemcally - onto the support since any excess of
the 5 organomagnesi um conpound in the solution may react wi th other
synthesis chem cals and precipitate outLsigde of the support. The carrier
drying tenperature affects the nunber of sites on the carrier available for
t he or ganonmagnesdicgerinmpoliesty sudbhas Hingerstt .t REETGhYETRINEeMer AFtAe Yhe | ower
the nunber of sit @Sparbidsiy Hperdy@nseteaictlurzienyl rexbhp, @ ¥4ld 68 grpeRBgnesi um
compound to the, ngfb%?u&ﬁ%cmd br @byydind maiskybandetierasanatdedn a

case- by- case basi's preferahl - TRY . b i to:
or ganomagnesi unf ¢8nptA °‘|’%t}§¥imd;el§ ?P%%{ﬁe“ttgﬂ QRkYcifpolHE s 3; A€ to

| ut.i
the support w thouth®efCAGPHITH IR ssgrgf'g%hgztafgr%e?sﬁﬁ%%r;g‘%gg %Ogﬁrgguﬁgt °
in the sol uti orpelymetideneras, dialkyeidant SFRHFPS hEIH %é T ar ~FHotHT? of the
or ganorragnesi um@pﬁpowi\d ~CRIR"-CR/R"~ whare R’ and R" are short alkyl groups
| or hydregen, -Si(CHj;);~, Si(CH,),~CH,~CH.~51 (CHy) ,~ and similar
bridge groups. If the A and B substituents inr the abeve formula
10 of the metallocane coméound are halagen atoms, thay »elong ta
the group of Eluorine,_fhlorine, bromine or iodine; and y + 2
is 3 ar less, provided’that x + y + 2 eguals the valence sf M.
1Tf the substituents A and B in the above furaula of the
metallocene compound are alkyl groups, they are preferably
1S straight-chain or branched C,-GCg alkyl groups, such as methyl,
‘ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-pentyl, n-hexvl
or n-octyl.

Suitable metallocene comgpounds include
bis(cyclopentadienyl)metal-dihalides, risfeyclapentadienyl)ratal

20 hydridchalides, bis{(cyclopentadienyl)retal monoalkyl
monchalidaes, bis{cyclepentadiaenyl)metal dialkyis and

bis(indenyl)metal dihalides wherein the metal is zirconium or
hagnivm, halide groups are preferasiy ¢alorine and the alkyl
groups are ¢;~C; alkyls. Illustrative, but non-limiting examples

25 of metallocenes include bis{cycicpantadienvl) zirconiun
dichloride, bis(cyclopentadienyl)hafnium dichloride,
bisfcyclopentadienyl)zirccnium dimethyl,
bis(cyclopentadienyl)hafniun dimethvyl,
bis(cyclopentadienyl)zirconiun hydridcchloride,

30 bis(cyclopentadienyl)hafnium hydridschloride, bis(n-
butyleyclopentadienyl)zircenium  dichloride, bis(n-
bu;ylcyclopentadienyl)hafnium dichloride, - bis(n~
butylcyclopentadienyl)zirconium dimethyl, bis(n-
butylcyclcpentadienyl)hafnium dimethyl, vis{n~

15 butylcyclcpentadienyl)zirconium hydridochlcride, bis({n=- -

butylcyclcpettadienyl)hatniuz hydridockloricde,
bis(Pentamethylcyclqpentadienyl}zirconium dichlerige,



deposited onto the support is greater than the nolar content of the

hydr oxyl groups on the support. Thus, the nolar ratios given below are

i ntended only as an approxi mate gU|deI|ne and 20 the exact anount of the
or ganomagnesi um conpound in this embodi ment nust be controlled by the
functional Ilimtation discussed above, i.e., it is preferably not greater
than that which can be deposited onto the support. |If greater than that
anount is added to the solvent, the excess may react with the 25
ndn-net al | ocone transition netal conpound, thereby formng a precipitate
outsi de of the support which is detrimental in the synthesis of our
catalyst: this is generally undesirable, ;The anount of the organonmagnesi um
conmpound which is not greater than that déposited onto the support can be
determ ned in apys§entametnylcyslabemmdienyl)dafniunby diddiiegidehe bis(n-

Cr ganomagnesi Um,GRPROUNShdnR 2l hys) 2ircy¥n Oin tdientariEeagr chelddeacstlengnt, while

st.rring the slzgr{ ujﬂntl glgﬁ%rgg?anzgmgga% 1§ Q1 UL | glgﬂoq.gagd as a
sol ution in the s8TVant. Forf anpl e, f

I ca carri heated at -
about [err], 35°the érrﬁu?ﬂteﬁ“tyﬁﬁ or gan orﬁéﬁé@?ﬂrﬁ%o oun aaaed £8% ¢t he
slurry is such eshyleme s, PaPrEfﬁﬁtqﬁgy 5F he 'HVHPH%QI grdtpsnted) on
the solid carri dichralleut Ghs; getadlateng Fmpounsisefuididbisd withbnuth®. 8:1 to
about 3:1, nore pE&figeabl ye aBeytald ad B whAULs Zrlsearh imessoxiksf easbl y
about 1:1. The Orguatr}.onsgpnea H&Qﬁ%%@gamoms or in a supported form.

The alumcxane can be impregnated into the carrier at any

10 staga of tha process of catalyst preparation. In this
embodiment, the amount of Al, provided by alumoxane, is
sufficient to provide an Al:transition metal (provided by
metallocene) mole ratio ranging from 50 to 500, preferably 75
to 300. .

15 The class of alumoxanes conprises aligomeric linear and/or
cyclic alkylalumoxanes represented by the fermula:
R-(ALl(R)-0),~AlR, for oligomeric, linear alumoxanes ard
(-Al(R} -0-),, for oligomeric cyciic alumoxane
wherein n is 1-40, preferably 1¢-20, m is 3-40, preferably 3-20

' 20 and R is a ¢,-C; alkyl group and praferably methyl. MAO is a
mixture of oligomers with a very wide distribution of moleculax
weights and usually with an average rclecular weight of about
1200. Ma0 is typically kept in solution in toluene. The MAQ
solutions remain liquid at fluid bed reactor temperatures.

25 Incorperation of the activated metalleocene component onto
the carrier can be accomplished in various ways. Incorporation
of either or both the aluminoxane can be ints the slurry
resulting from the addition, i.e. after the addition, of the
non-metallocene transition metal. |

30 Alternatively, and {in accordance with the unique rethod of
infusion of alumoxane into the pores of the carrier, the carrier
slprry can be stripped of solvent, after the additisn of the
non-metallocene transition metal compound, to form a free-
flowing powder. The free flowing powder can thar be impregnated

15 by determining the pore volume of the carrier and providing an
alumcxane (or metallocene-alumoxane) solutien in 2 velume equal
to or lass than the total pore volume <Z the carrier, and



di Ssol ves in the non-polar solvent to forma solution fromwhich the

or ganomagnesi um conpound i s deposited onto the carrier. 5 It is
also possible to add such an amount of the organomagnesi um conpound
which is in excess of that which will be deposited onto the support, and
then renove, e.g., by filtration and washing, any excess of the

or ganomagnesi um conpound. However, this alternative is | ess desirable than
the 10 nost preferred enbodi nent descri bed above. The organomagnesi um
treated support is contacted with an organic al cohol reagent (ROH)

contai ning RO groups which are reactive or capabl e of displacing alkyl
groups on the nmagnesi um The anount of t-hizs -organi C aI cohol reagent is
affective to 15 rovi de k l\% %J Ir referably 0.8 to
1.5. Contact of ﬁ%"eﬁlf’ﬁcaa Y, 5pHYE pﬁﬁg zéss"irum '&%Frf)%‘ﬂﬁ "g\ﬁf??l'ftlﬁ@“& gani ¢
al cohol reagent PPedfmdERTATeR YonbetfdnsdsiAr At a4 BEeCUTsoTINderdcmkénedat a
tenperature rangity dw epriwncel (sgmpeimels refazked alsl ¥ qogatiivsayferr]. 20
The al kyl group in tie €5 1@a8icE Bl obRitibr aYRPE s AR aCANiadl A1 uhotdhelanLar bon

atons, prefergb Ey s&l&é?u-ﬁ 1tnL£’e§oQ~ec E'b@ﬁ‘y”e”tﬁ b e;lz%‘ﬁ’eré ‘E;’O eﬁb&ﬂm%l"fbu? yl). The

t 2 t i
el uston of 1 hE HTPBRA L PESRRRELe! hEY HEF ehrTiory R oL bR Rk Ling b

i nvention 25 pr AT i SAe A V%Q*a%ﬁl@ﬁ?’?ﬁaéf‘?‘\/éﬂi%t’”ﬁea%émeohlt hi s
step, is nuch neprtalysti yepthesiwiise Shanrsire L esioraorf thansilticon mat ki e. g.
titanium, and pPefBieBdVedsdasénit;e thé tgrobesPtt ipgreliher RGO lcagpigONENt
produced Wb b 68118t 3kl @¢ERRridiBASLEI @Re alumoxane solution, without
forming a slurry of the carrier material, such as silica, in the
alumoxane solution. The volume of the solution of the alumoxane
is sufficient to fill the pores of the carrier material without
forming a slurry in which the volume of the solution exceeds the
15 pore volume of the silica; accordingly and preferably, the
maximum volume of the alumoxane solution is, does not exceead,
the total pore volume of the carrier naterial sample. That
maximum volume of the alumoxane soluticn ensures that no slurry
of silica is formed. Accerdingly, if the pore volume of the
20 carrier matarial is 1.65cm,/g,' then the volume of alumoxane will
be equal to or less than 1.65 cm;/gram of carrier material. As
a result of this proviso, the iznnregﬂate'd carrier material will
appear dry immediately following impregnation although the pores
i of the carrier will be filled with inter aljia solvent.

25 Solvent may be removed from the alumoxane impregnated pores
of the carrier material by heating and/or under a positive
pressure induced by an inert gas, such ag nitrecgen. If
employed, the conditions in this step are controlled to reduce,
i not to eliminate, agglomeration of impregnated carrier

30 particles and/or crosslinking of the aiumoxane. In this step,
. S0lvent can be removed by evaporation effected at relatively low
elgvated tamperatures of above about 40°C and helow about S0°C
to obviata agglomeration of catalyst particles argd crasslinking
of the alumoxana. Although solvent can be removed by
35 evaporation at relatively higher temperatures than that defined
by the range above 40°C and below about 50°C, vary short heating
times schedules must ke employed to okviate agglomeration of



metal conponent. 30 After the addition of the organic al cohol reagent
to the slurry is conpleted, the slurry is contacted with a non-

netal | ocene transition netal conpound, free of substituted or unsubstituted
cyCl opent adi enyl groups. The slurry tenperature is preferably be maintained
at about 25 to about [err], nore 35 preferably at about 40 to about

[err]. As noted above, tenperatures in this slurry of about [err] or
greater result in deactivation of the non-netall ocene transition netal.
Sui t abl e 9 non-netall ocene transition netal conmpounds used herein are

conpounds of netals of Groups 4A, and 5A, of the Periodic Chart of the

El enents, as published by Chem cal and &nfi reeri ng News, 63(5), 27, 1985,
provi di ng that such conpounds are sol ub&e iin 5 %h& nogu-mpgall%r sol vent s.
Non-limiting exSAPAYSEEORAERIELeT SRBSThIFS L AMEE Phni it and Vanadi um hal i des,
e.g., titanium tetrdoht erpéRcrefanbPdingitadithh TSR E RIS riSdRAdedchg Fhe
vanadi um oxytri eblwiictient Eind alundkaheamprinr dedixcaraok timg ilecsardéer wikter ei n
the al koxi de NDigl eoh@fidh.0raAche thsORotdth aBs) ethabliyinuhaci 1wk oFf tdet O

g?ggter rlg dZ?r gg;? ‘I?%Og}agrgf%ﬁﬁl&?éﬂm Yink1b @i RPOHE oeG BN AlOtRe wolkf

_ conpounds are ti.t ani um. conpy ‘énmdsi’e referably
tetraval ent titBAFENMCLBRDSINERE AT nBRES PP et & Feq” titan) Uum %%%oﬁ%d s
titani umtetrachlond@dse providednpliypingh, expressed as Al, to metallccene
metal expressed as M (e.g. 2r), preferably ranges from 50 to
500, more preferably 75 to 300, and wost preferakbly 100 to 200.
10 An added advantage of tha present invention is that this Al:2r
ratio can be directly controlled. In a preferred embodiment the
alunoxane and metallcéene compound are nixed together at a
tempeiature of about 20 to 80°C, for 0.1 to 6.0 hours, prior to
use in the infusion step. The solvent for the metallocene and
15 alumoxane can be appropriate solvents, such as aromatic
hydrocarbons, halogenated aronatic hydrocarbons, ethers, cyciic
ethers or esters, preferably it is toluene.
The catalyst precursor component formed from the
organomagnes ium compound, the non-metallocene transition netal
20 and the actlivated metallocene, must now be activated with a
cocatalyst, which is an alkyl aluminum compound, free of water
and free of oxygen-containing oligomers.
| The cocatalyst can be a trialkylaluninum, £ree of an
alumoxane. Prefaerably, trimsthylaluminua (TMA)} is the
25 cocatalyst or activator. The amount of the TMA activater is
preferably sufficient to give an ALl:Ti wolar ratio of about 10:1
to about 1000:1, more preferably abcocut 15:1 to akcut 300:1, and
mest preferably about 20:1 to about 100:1i. The catalyst
exhibits high activity for long periocds of time, and exhibits
30 little deactivation.
' Thé catalyst precursar of this 1invention comprisses a
metallaocena compound and an alumoxane which is fed te the fluid
bad’ reactor for gas phase polymerizatiosns and copolymerizaticns
of ethylene in particulate form. Moreover, in accerdance with
35 the inventicn, the cccatalyst or activatcr is fed vc the rluid
bed reactor for polymerizations and copolymerizations <of
ethylene in the absence of alumoxane salution.



titaniumor vanadium in non-netallocene formpreferably ranges 15 froma
Ti:My nmolar ratio of 0.3 to 1.0, preferably fromO0.50 to 0.80. M xtures of
such non-netal |l ocene transition netal conpounds may al so be used and
generally no restrictions are inposed on the transition nmetal conpounds
whi ch may be i ncl uded. Any 20 transition nmetal conpound that may be used
al one may al so be used in conjunction with other transition netal
conpounds. After the addition of the non-netallocene transition netal
conpound is conplete;, the slurry solvent is renoved by evaporation or
filtering to obtain a free-flowi ng powder. Next, 25 incorporation of the
nmet al | ocene can bé undert aken. The netdll ocene is activated with an

al umoxane. The met alghgCEOREAIPAURH Bafitle LAULE ISLG] chd JACHLP TS an

unsubstitutad or substituted cyclop Lenyl . g s zirconium or
haf ni um and A afECBHER FRGH% ETREGPD A5 B0 BT U AP R R o oLk Ao
hydrogen or an &Plgaulgr o¥gightn v 98y Y¥Yf ePRRANENBfbeing Aft Belasdvely
conpound, the phifrerr sdldcudasivieigt banlthat orheyl.i STk relstiivaly highde above
formula of the mBiaddleseRelghe B hent NEoOPEE MiRodSl abldBsINSAigwed, a
mono- of A POl Y §HDSLhH e ffl-8P UG AL 1 QM Rar QR dcB1 & WdRlAST 1
The ;ubstltugntﬁ.on. e,gyg ﬁgenfa Jeqét.gpggp ﬁgn qqprq%ﬁna %y
strai ght-chai n S*SY3PPTLom IPRST TS YPFotife " “rhe" BYRY 53_% Attt ng'i‘a’broup
can be also a pﬁ?‘fizﬁf p@qbtpe?ayi et:tmr %_atalysts in which the MWD of the high
MW component is relatively broad. Bubkle stability is a
10 prerequisite to use of the resin product in high stalk extrusion
film eguipment operating under commercially acceptable rates.
(10-20 lb/hr.inch (0.18":1:0 0.36 Kgs/hr.cm) die rate at thin gauge
(< 1 mil (25 u«))).
. The products exhibit excellent Dart Drop Impact (DDI)} as
15 measured by ASTM D 1709. The products exhibit Dart Drop Impact
(DDI) in the range of 150 to 800g, preferably from 300 to 8aog,
and most preferably from 400 tc 800g {or a nominal 1 mil (25 u)
gauge film. - '
' Ethylene polymers, as well as copolymers of ethylene with
20 one or more C,~C,y, alpha-olafins, can be produced ir accordance
with the invention. Thus, -copolymérs having two moncmeric units
are possible as well as tarpoclymers having three mnonomeric
units. Particular examples of such polymers inciude eth}lene[l-
butane copolymers, ethylene/l-hexene copolymers and sthylene/4-
25 methyl-li-pentsne copolymers.

Hydrogen may be used as a chain transfer agent in the
polymerization reaction ¢f the present invention. The ratio of
hydrogen/ethylene ermployed will vary betwsen about ¢ to abour
2.0 moles of hydrogen per mole of ethylene in the gas phasa.

30 Any gas inert to the catalyst and veactants can also ke present
in the gas stream.

. Ethylene/l-butene and ethylerne/l-hexere copolynmers are the
most preferred copolymers polymerized in the process of and with
the catalyst of this invention. The ethylene copolymers produced

35 in accordance with the present invention preferasly ccntain at
least about 80 percent by weight of sthylene units. The
cocatalyst of this invention can also he used with the catalyst



- 16 - tricyclic nDiety such as indenyl, tatrahydroindenyl, fluorenyl or a

partially hydrogenated fluorenyl group, as well as a part of a substituted
bicyclic or tricyclic noiety. In the case when x in the above fornul a of

the metal |l ocene compound is equal to 5 2, the cyclopentadienyl groups
can be also bridged by polynethylene or dialkylgilane groups, such as
[err] [err] and [err] where R and R' are short al kyl groups or hydrogen,
[err] bridge groups. |If the A and B substituents ir the above fornula 10
of the metall ocane conmpound are hal ogen atons, they belong to the group of
fluorine, chlorine, bromne or iodine; and [err] is 3 or |less, provided
that [err] equals the valence of K |f thdSsubstituents A and B in the

above formula o t u are al kyl groups, they are
preferably 15 st E%%éﬁ_t‘ggpg hggiqg’rvgﬁ!crﬁgd{l ,éDrQrJ'fm%ﬁﬁfél Pg?%ﬁg? e Rther
nethyl, ethyl, niptopyle-i§op? 6§’/|,‘3°Pﬁ-1¥f‘tﬁ;§|=? teBhut yl , n-pentyl, n-hexyl or
n-octyl. Suitable THeAnRERee eperd imentopf Shadsvantiang| tidkecatalyst of the
bi s(cycl opent adi émyanEies akhihital iigbsactietty] £@6 pbygtid:dabeldrd8s .ethyiene
Bi sEcyc: Opent agli eﬁﬂ/|h)i33?ﬁ|alpha-_rmaﬁﬁisk¥hd rmlleh@léh_@egymhl sis of ethylene,

i s(cycl opent adi i s(indenyl) nmetal di es
V\/nereiyn tﬁe met a???ggkgi?r?éﬁi u%ﬂé‘g&rl‘bﬁ%%ni w%ﬂghla%l,i %5°E|$oy =Sz BPigOl y

chlorine and t he® 81 Ry yrPBup<™r e ’f&?‘iﬂﬂér kyPameday yspelecniar bueight
?ﬁﬁqgébutlon with a relatively high molecular weight component

non-limting exa
and with a relatively lower molecular weight component in the
10 resin blend. The molaecular weight distributisn of the kimodal
resin, expressed as MFR, is about 70 to about 200.
- Reference is now made to the acconpanying drawings, in
whichs '
Figure 1 is a gel permeaticn chromatogram of Example 4

13 product;

Figure 2 is a gel permeétion chromatogram of Zxample 3
product;

Flgure 3 is a gel permeation chromatogram of bimodal
molecular weight distribution resin preduct, in which cne

20 ccmponent of the resin was produced under one set of
polymerization conditions and the other component was produced
under a second set of conditions; and

Figure 4 1s a schematic drawing cf a fluid bed reactaer for
gas phase polymerization (and copolymerization).

25 Referring to Figure 4, a reactor 10 consists of a reaction
Zone 12, a valocity reduction zone 14 and the distributor plate
?O. Although feuling can occur in all cf the cold areas (areas
~N & reactor at a temperature which is less than the temparature
at which any component(s), in the gas phase reactor are liquid

30 rather than gaseous) distributor plate fouling is the one rost
easily detected, since it results in a rapig increase in the
p:@fsure drop across the distributor plate due to <flow
restriction. Such flow restrictisrs aisoc result in changing
fluidization patterns and contributs tc reactor wall fouling.

35 The lowest temperature in the reactcr leoop ig in the reactor
inlet beneath the distributor plate. othex areas representing
the coldest sections in the fluid bed reactor systen include =ha



[err] bi s( pent anet hyl cycl opent adi enyl ) haf nium  di chl ori de, bi s(n-
but yl cycl opent adi enyl ) zi rconi um di chl ori de, cycl opentadi enyl - zirconi um
trichloride, bi s(i ndenyl ) zirconium dichloride, bis(4,5,86,
7-tetrahydro-1-indenyl) zirconium dichloride, and 5

et hyl ene- (bi s(4,5,6,7-tetrahydro-1-indenyl)] zi rconi um di chl ori de. The
mat al | ocene conpounds utilized within the enbodi nent of this art can be
used as crystalline solids, as solutions in aromati c hydrocarbons or in a
supported form The al unobxane can be inpregnated into the carrier at any 10
stage of the process of catalyst preparation. In this enbodi nent,
the amount of - Al, provided by alumxage, 1is sufficient to provide an
Al :transition nmetal (provided by netallocene) nole ratio rangi ng from50
to 500, preferabbyleFSatd p300ns PEtween tipheceler &ndf thd BABKIMESatoNnpri ses
oligoneric |inear amgéoredsitibh Czankekyt atamppisnes bedresenbetind)pdllmef or mul a:

[err] for oligo f?:aeé g mahmmnﬁso%@t&ﬁ;gd p;ﬁrmgéé ctqn?ai-%dcwl ic
al unoxane vvhere

r ef era 10-.2
20 and Ris a [E} C%HW}“"bdr oﬁr? r°e 4 %ﬂe rﬁd el H\%“’e dag abl% 3rgoof
ol i gomers wi th aowynw-de GI%":‘I“Ith |30|’f1"c‘??lenﬁl~%ﬁj-lz§? ‘v%%gﬁf‘% ua%d 83%al ly
vmth an averageﬂm} efatearchweugtht tigf ldowust be akove the minizum flow
required for fluidizaticn, and preferably from about 1.5 to
about 10 times Gaf and more preferably from about 3 to akout 6
times caf. cmf is used in the accepted form as the abbreviation
10 for the minimum mass gas flow required to achieve fluidization,
C. 7. Wen and Y. H. Yu, "Mechanizs of Fluidization”, ghemical
Engineering Drogress Symposium Series, Val. 62, p. 100-111
(1966). The distributicn plate 20 serves %The purpose of
diffusing recycle gas through the bed at a rate sufficient to
15 maintain fluidization at the base of the bed. Fluidization is
achieved by a high rate of gas recycle to and through the bed,
typically in the order of about SO times the rate of fsed of
' make-up gas. Make-up gas is fed to unity *o drop back intc the
bed, through a cyclone 22, thrcugh a filter 24 (opticnally} and
20 is conpressed in a compressor 25, passes through a heat
exchanger 26 and is returned to tha bed. The distribution plate
20 sarves the purpoée of diffusing rscycle gas tnrcugh the bed
at a rate sufficient ¢o maintain fluidizaticn. The plate may
be a screen, slotted plate, perfecratad plate, a plate of the
. 25 bubble cap type, and the like. The elements of the plate may
all be stationary, or the plate may be of the mobile bLype
disclosed in US-a-3298792.
It is generally important to operate the fluid bed reactor
at a temperature beiow the sintering temparaturs of the polymer
30 particles. For the productlon of ethylene copolymers in the
proéess of the prasent invention an cperating temperaturs of
abgut 30° to 115°C is preferred, and a temperature of about 75°
to §5°C is nost preferred. Temperatures c¢i about 75° to 90°C
are used to prepare products having a deasity of about 0.91L to
35 0.92 g/cm?, and hempe*aturcs o2 about S0° t2 100°C are used %0
prepare products havirng a density of about .92 to 0.94 agfor?,
and temperatures of about 90° td 115°C are used to prepare



a—

1200. MAO is typically kept in solution in toluene. The MAO sol utions
remain liquid at fluid bed reactor tenperatures. 25 | ncor poration of
the activated netall ocene conponent onto the carrier can be acconplished in
vari ous ways. |ncorporation of either or both the alum noxane can be into
the slurry resulting fromthe addition, i.e. after the addition, of the
non-netal | ocene transition netal. 30 Alternatively, and in accordance
wi th the uni que nmethod of infusion of alunpbxane into the pores of the
carrier, the carrier slurry can be. stripped of solvent, after the addition
of the non-netall ocene transition netal conmpound, to forma free- flow ng
powder. The free flow ng powder can thenibe-inpregnated 35 by det er m ni ng
the pore volune of the carrier and providing an al unoxane (

met al | ocene- al PRPEHAEY PAYADE joARH*® ?/folaﬁFfé’ &gkt 8- Y 9&’%‘@3 than the total
pore vol une of theTharflvdg, beghgeactar 13 opgraged aiti Rpesswiry efatugl yet
precursor. The awssl ticog biﬁeee‘ sowray, powdels, preferabey sperateei gcas a

cat al yst precurpwssufé SOFRbR Gbholk L 1500 R840 $8E OF1.0S08®E JaMRBay ehgkfed as a
o Bl ) o Dk BLUIP o0l s Rk e Oy ST 'saiﬁgqea%%okwmgumxaﬂe and 5

a sol vent there or can Vv erred

i ncor por ati on i TROSERe SE8F iaﬁrmcﬁ?f'@eolfn Pﬁ%ss(‘fﬁﬁtlf‘Sﬁﬁsﬁﬁ T HESY IR he

al umoxano i ncorprAtachRATityt of the @@arrier materi al
The partially or completely activated catalyst is injected

intoc the bed at a point above the distribution plate at a rate
10 equal ts its consumpt;on. Since the catalysts used in the
practice of this invention are highly active, injection of the
fully activated catalyst into the area kelow the distribution
plate may cause polymerization to begin there and eventually
cause plugging of the distribution plate. 1Injection into tha
15 bed, instead, aids in distributing the catalyst thrcughout the
bed and precludes the formation of localized spoks of high
catalyst concentration.
The production rate of polymer in the bed is controlled by
the rate of catalyst injection. Since any change in the rate
20 of catalyst injection changes the rate of generation of tha haeat
¢f reaction, the temperature of the recycle gas is adjusted to
accomnodate the change in rate of nsat ganeration. Complete
instrumentation of both the fluidized bed and the recycle gas
cooling system 1is, of coursa, necessary 'tc detect any
25 temperatura change in the bed so as to enable the sperator to
make a suitable adjustment in the temperature of the recycle
gas.
Since the rate of heat generation is directly related to
product forration, a measurement of the tamperature rise c¢f the
30 gas across the reactor (the difference between inlet gas
temperature and exit gas temperature) !5 determinative of the
rate of particulate polymer formation at a constant gas
velocxty.
Under a g*vpn set of operating conditions, the fluidized
35 bed is maintained at essentlally 2 constant height by
withdraving a particn of the bed as product at a rate equal to
the rate cof formation of the particulaze polymer product.



catal yst synthesis is the pore volunme of the silica. In this preferred
enbodi ment, the process of inpregnating the carrier 10 material is by

i nfusi on of the al unoxane solution, without formng a slurry of the carrier
material, such as silica, in the alunoxane solution. The volune of the

solution of the alunoxane is sufficient to fill the pores of the carrier
material wthout formng a slurry in which the volume of the solution
exceeds the 15 pore volune of the silica; accordingly and preferably, the

maxi mum vol une of the al unbxane solution is, does not exceed, the total

. pore volunme of the carrier material sanple. That maxi num vol unme of the

- al unoxane sol ution ensures that no slurryl®f-silica is formed. Accordingly,
(i f the pore vol
al unoxane wi ||

the 20 carrier material is [err], then the volune of

to or Iess than 1.65 [err] of carrier material. As

a result of this-prevs : “rfpregnated carrier material will appear dry

i medi ately follow n'gha rtﬁteghmt campontrttholigthet hatalysesway prBFaredr fin W | |

be filled with iahdeisdllaitad 2@ ¥ Frke-Awing powdadl.Vefife gfycogguﬁedmg&%n rom t he
eat

2l uroxane | prseant gl AAAEROhad Eeillell BuPL oIl RIS under

. a positive pressyre éré ag by an inert gas
errpl oyed, the con TONns A" this step are controlled to reduce, |t not to

“elinmnate, aggl%?—%ﬂ—ﬂ-on or inpregnated carrier 30 particles and/or
crosslinking of the &éhuRbsenign Catalysti Compoepnt Pobpmniticn bel eaRy Qg by
evapor ati on ef f @akesoftgragk ad$3:alyodc0watt Hiadl &4l ﬁ%ﬂ?é@;ﬂgje§19{caa%\§e about
[err] and belw.abghla 1586]a k9o ARth8k § o266 GPPIAL: OfkQf scal Al gl particles
and crosslinki n%ontainmg a stirring paddle.  Next, about 4.8 litres of dry
lsopentane was added to the autoclave and the stirring rate was
set at 100 rpm. The temperature of the silicay/ isorentane slurry
was 54-58°C. Next, 546 ca’ of dibutylmagnesium (0.713 mmol/ml)
15 was added to the slurry. The contents of the autoclave were
stirred for 60 minutes. Then, 35.6 cm® of neat 1-butanocl were
added and stirring was continued fer one hour. Finally, 21.4
em? of titanium tetrachloride was added to the autoclave and
stirring continued for 60 minutes. Aftar this time, all
20 solvents were removed by evaporation under a nitrogen purge.
Catalyst yield was 496 grams of a tan frae-flowl’*g powder. Ti
found 1.48 wt.%; Mg found 1.438 wt.%.
(B) Small-Scale Catalyst Preparation: Sclution {A}: 0.0850
grams of (BuCp),2rCl, was transferred to a 30 cm’® serum-bcttle
25 and 4.5 cm’ of a 4.67 Molar (13.7 wt.$ Al) solution of
methylalumoxane were added. The bottle was shaken for about one
minute to form a yellow solution which was used immediately as
described balow.
Under an inert atmosphere, 2.508 grams of the titanium-
30 containing catalyst described above [(a) Tltanluzn,Catalyst
Component Preparaticn! was added to a 2360 o pear flask
captaining a magnetic stirring bar which was used to ag1tate the
catalyst powder vigecrously. Then at room temperature, 3.76 cw?
of sclution (A) described above, was added dropwise ta the flask
35 over a 12 minute pericd. The total volume of solutien {A) used
was such that the titanium containing catalyst always appeared
dry during the entire addition time. However, during this



of the al unoxane. Al t hough solvent can be renoved by 35
evaporation at relatively higher tenperatures than that defined by the
range above [err] and bel ow about [err], very short heating times schedul es
nmust be enpl oyed to obvi ate aggl onerati on of - 13 - catalyst particles
and crosslinking of the alunoxane. In a preferred enbodi nent, the

netall ocene is added to the solution of the al unoxane prior to inpregnating
the carrier with the solution. Again, as noted above, the nmaxi mum vol une
of the 5 al unoxane solution also including the netallocene is the total
pore volune of the carrier material sanple. The nole ratio of al unoxane
provi ded al umi num expressed as A, to ret&lTocene netal expressed as M

(e.g. 2r), pref epdillyod 39465k er@t&ptwﬂuﬂm&&{ﬁf Ay o ihed00, and
nost preferably 10 f: IVent i on

% y g g nt age I
is that this Al :Z %5 z":”"5‘a‘r‘i'° erd eg‘a*?’?'n"'a ‘e’FéFr’ o
enmbodi nent the a?%r%@arﬂétﬁnée%t‘%l Pi’)?ﬁé’n cB‘i‘ﬁao’%ﬁ‘Fd r&Féd‘Fﬂlxé@ltlelgettm at a
tenperature of AIUELIRD (R) fas rdempyrd @ith t20 nétibdrpoupscgeprs OfivieOa U&s,i N t he
i nfusion step.5 tHwg Sedargmbwirgy pbdderiet al | ocene and 15 al unbxane can be -

appropriate solyﬁﬁﬁﬁlggych as aromati c hydrocarbons, halogenated aromatic
hydr ocar bons, ethers her.s Qrpesters, pref.er abl I s toluene.

The cat al yst precurso?r srgc)aleetc€t?1 S L’cra?raf)arﬁltoﬁé Somtlon : 12 95 grams
of (BuCp),2rCl, was transfer ed to a ons~litre bottle and 687 ml
of a 4.67 Molar (13.7 wt.% Al) sclution of methylalumoxane were

10 added. The bottle was shaken for about one minute to form a
yYellow solution which was transferrad into 2 1.5 litre stainless
steel hoke bomb and used immediately as described below.

Under  an inert atmosphere, 4465 grams of the titanium-
containing catalyst described above [(A) Titanium catalyst

15 Component Preparaticn] was added to a 2-gallon (0.008 m, glass-
reactor vessel containing a helical stirrer toc agitate the
catalyst powder and a temperature jacket which was set at about
30°C. The stirrer was set at 125 rpm. Then, the contents of
the hoke beomb (solution B) was added to- the titanium-containing

20 catalyst in approximately 5-10 cm® aliquots every 310-60 seconds
over a 45 minute period. The total volume of soluticn {B) used
was such that the titanium containing catalyst always appeared
"dry" during the entire addition time. =However, during this
addition time, the light tan titanium~containing catalyst turned

25 a dark brown colour. After the addition of sciution (B) was
complete, the jacket temperature was set at 45°C and the
residual toluene was removed with a nitrogen purge for 5 hrs.
After this time the catalyst was a dark brown free-£lowing
powder. Analytical results: Mg, 0.99 wt.%; Ti, 0.96 wt.%; Al,

30 11.09 wt.% and 2r, 0.43 wt.%.

Example 3
« Zolymerization - Slurry
Ethylene/l-hexens copolymer was prepared with the
bimetalilic (Ti/2r) compositior of Example 2 to preduce HDPE with

35 a relatively high molecular weight.

A 1.6 litre stainless steal autcclave, at about 47°C. was
filled with 0.750 litres of dry hexane, 0.530 litres of dry 1i-



' for gas phase p

or ganomagnesi um conpound, the non-netall ocene transition netal 20 and the
activated netal |l ocene, nust now be activated with a cocatalyst, which is an
al kyl al um num conpound, free of water and free of oxygen-containing .

ol i goners. The cocatal yst can be a trial kylalum num free of an al unoxane.
Preferably, trinmethylalumnum (TMA) is the 25 cocatalyst or activator
The anpunt of the TMA activator is preferably sufficient to give an Al :Ti
nolar ratio of about 10:1 to about 1000:1, nore preferably about 15:1 to
about 300:1, and nost preferably about 20:1 to about 100: 1. The cat al yst
exhibits high activity for long periods of tinme, and exhibits 30 little
deactivation. The catal yst precursor of -t¥#'s invention conprises a

met al | ocene conpound and an al y L l.yid _bed reactor
3R 2040 T PE BRI L B (B U, ot oFE
particul ate forhﬁn dRBr BoYEIY ir?"&%%’br%ﬁfﬁée Wth 3%1%RE Fﬁ%eﬁ’cqsﬁﬁr 2,3

cocat al yst or actiyesingrrate et seb athabobl (A0} IRvd theaéaternébiepprrpherd zat i ons
and copol yneri zabtkOeredsed Bylsgne. hAdithe aksemnneppissate WAy Fas&D et ON.

- 14 - The pokymgeriszatd on I%dest Staprs@d d A8k NGakBartat %Larﬁtenacm di nghto

the invention cQURILEE.bIp, G r{g&pent&e oot CLAI LR UL Wolh9DL,
one MW conponent

(1.4 a). Next Q. o 44 grams of catalyst composition of
Example 2 was introduced into the reactcr with ethylene over-
pressure and the temperature was increased and nheld at 95°C.

10 The polymerization was continued for 60 minutes, and then the
ethylene supply was stopped and the reacter allowed to cool to
room temperature. 36. 6 grams of polyethylene were collected.
The HLMI of the polymer was 4.3 lndicating a relatively high
molecular weight and the GPC chromatogram is shown in Figure 2,

15 _Example 4

Polyrerization — Gas Phase Fluid-bed Reactor
Tha catalyst of Example 2 was added to a fluid-bed gas
phase reactor under the falldwinq conditions:

Ethylene 183 psi (1.28 MPa)
20 H/Cy 0.309
Hexene/ethylene 0.013
Reactor Temp. ¢03C
Cocatalyst ' TMA (trimethylaluminum) 300
PEm based on ethylene feeqd
25 Example S
. Product = ine Fi e:

Polymer produced in Example 4 with a HIMI of 5.%, MFR of

128, which gave a GPC chromatogram with a2 HMW/IMW ratic of
64.2/35.8 as shown in Figure 1, was fabricated into HDPE €ilm

30 at 0.5 and 1.0 mil (i3 and 25 p). The impact data is shown

beleow: .
RESIN FI/MFR. 1.0 mil Dart Dro» 0.5 mil Dart Drop
) (254) {13u)
Exanple 4 5/111 752 415
35 herein . '
Tandem _ 7/110 275 395

values for pellets obtained alter stajilizer package +as



hi gFler nol ecul ar wei ght than the other. The relatively higher 5 nol ecul ar
wei ght conponent, of the binodal nol ecul ar wei ght distribution product, has
a relatively narrow nol ecul ar wei ght distribution. These resins exhibit
better bubble stability than resins produced by other catalysts in which
the MAD of the high VWconponent is relatively broad. Bubbl e stability is
a 10 prerequisite to use of the resin product in high stalk extrusion film
equi pnent operating under comrercially acceptable rates. [err] The products
exhi bit excellent Dart Drop Inpact (DDI) as 15 neasured by ASTM D 1709. The
products exhibit Dart Drop Inpact (DDI) in the range of 150 to 800g,
preferably from 300 to 800g, and nost pr"ef’er'abl y from400 to 800g for a
nom nal 1 ml| (Z&de8rdd hroauige fddim Et hyl ene polymers, as well as
- copol yners of ethyl | o Fad rel,. -ol.efins an be
:prgduged in accar)é ﬁ'g}%‘\‘v&% :%%eggfnlq\?gnﬁ%%?b&rﬁﬁél(@% %ﬁe‘%‘ﬁ&ﬁ%&‘f’v\o
nononeric units & g"b’%?sl& Bl EFE WRe| 20 $7PET pRATHRT SHaFPhEEhEER® fdoner i ¢
units. Particul &tUERANRAEEHI (SRR PoPYnEPSe | iEmiaed cihydendernaaticane
~copol ynmers, etshydhgpedtbghextendGeopolandetses arrbudtéyd¢imaeld-stidr that both
et hyl - 1- pent engoagpsd=y ABVS a bitbaagemp Ry i edSEGnaS2 A Chaidk< sansfer agent
in the pol yneri zabl ghk Eﬁ?ﬁzfaitg%m £bP& absé%tzyinwis@%gma : ettagggi %adf
hydr ogen/ et hyl ene _enpl oyed w é vary bet n p_o { to abo_u_ 0 %8l es of
hydr ogen per moPB2EY TEANYAEne CIPTHECT-Y PRASEC SCRAPGAES (EHE FEL he
catal yst and r edBeaPRlymeR PrePabehdnph cSidigle reacter (either gas phase or
10 slurry) with the catalyst of this invention has a bimodal MWD
similar to the polymer prepared in tandem rsactors,
Presently, ccmmerdial samples of HPPE with a bimodal MWD
are produced with a tandem reactor process. 1In such a process,
the catalyst is exposed to one r=actor in the presence of very
15 low levels of hydrogen as <chain transfer agent, and then
transferred into a second reactor with relatively large amounts
of hydrogen. The first reactor produces the high-molecular
weight component, while the ‘second reactor produces the low-
molecular weight component.
20 Film toughness properties, as measured by Dart Orop ixmpact
(DDI), show that the resin prepared with the bimernallic catalyst
in a single reactor has significantly better properties than the
resin produced in tandem gas jhase rsaccteors. The peclymer cf
this invention alsc axhibited good fila bukble stabjlity without
25 having to tailor %the rasin in an extrudsr prior to the film
forming process.



I n fhe gas stream Ethyl ene 1-butene and ethyl ene/ 1- hexene copol yners are
the nost preferred copolymers polymerized in the process of and with the

catal yst of this invention. The ethyl ene copol yners produced 35 in
accordance with the gﬁ - L ?‘f’epr eferably contain at | east about 80
percent by wei ght of el - The cocatal yst ofirthrs—thaventt e
al so be used with the ecursor -of this invﬁE’Ef’dﬁ‘]St’Etbb‘fl’i‘-“rﬁﬁﬁl‘fzu
propyl ene and ot her al pha-olefins and to copol ynerize them | RER,
enbodi nent of the invention, the catalyst of the invention exhibits high
activity for polynerization of ethylene 5 and hi gher al pha-clef ins and
all ows the synthesis of ethylene polynerszz2and copolyners with a broad
nol ecul ar wei ght, distribution and general ly, bi nodal nmol ecul ar
wei ght distri butiéhi th a rel ati vel y hi gh nol ecul ar wei ght conponent and
with a relatively | ower nolecular weight conmponent in the 10 resin bl end.
The nol ecul ar wei.ghtarnlisital st iceapaditibe trpatabudfg binSdd §Ricchas VR
s about 70 10 dkgyke d0Ber Rt ebeRLsh héndlOy SFRUA Qr LG AGEOIPRALYIIG,
drawi ngs, ingwi,g 'oﬁlg_uggs jof'étn%égfi gg{lﬁeﬁ%op chr omat ogr o) il anple 4
1S product; Figure ) IS”a geluper ati‘on c roma?og'ram of Exanple 3
(a) an aluminum alkyl non-oxygen containing activater;

and ' '
(v} a dry, anhydrous, support containing composition

comprising an activated metallocene compound of a
10 transition metal and a non-metallecena transitiaon

netal activated by said alupinum alkyl activatoer,

wherein the support is the reacticn praduct of:
(1) silica having OH groups, impregnated with R.MgR’_,
wherein each of Ry and R, is alkvl grour containing 1
15 .to 12 carbon atoms, each of m and n is 0, 1 or 2
provided that m+n is equal to the valency of Mg, and
RqMgR’, is present in an amount to provide a R,MgR’,:0H
molar ratio of 0.5:1 to 4:1; and '
(2) an organic alcohol reagent groviding alkoxy groups
20 having a formula R’’C-, wherein R‘‘’ is alkyl group
containing 1 to 12 carbons; said alkoxy gxoups being
effective to displace the R, and R’, c¢f said R MR’ ,;
and said reagent keing used in an amount effective to
provide an alcchel:Mg molar ratio of 0.5 to 2.0.
25 '
2. A catalyst composition according te Claim 1, wherein each
of R, and R’, is alkyl group containing 4 to 19 carkon atons.

3. A catalyst according tc Claim 2, wherein each of R, and R/,
30 is a butyl group.

4., A catalyst according to Claim 2, wherein each of R, and R’ a

35 5. A catalyst according to any one of Claims 1 to 4, wherein
R/’ is an alkyl group containing 1 o ¢ carbens atons.

) R A 5



product; Figure 3 is a gel perneation chromatogram of binodal nolecular _

restn was produced__under—ehre——set—of pol ynerization A&H3 P
ot her conponent was produced. under @1§§cond set of conditijpns:
Is a schematic draw ng Sheet reactor for gas phase polynerization
(and copol yneri zation). tring to Figure 4, a reactor 10
consists of a reaction city reduction zone 14 and the.

di stributor plate 20. Although fouling can occur in all of the cold areas
(areas in a reactor at a tenperature which is less than the tenperature at
whi ch any conponent(s), in the gas phase reactor are liquid 30 rather than
gaseous) distributor plate fouling is the one host easily detected, since
it results in a rapid increase in the pressure drop across the distributor
plate due to flow restriction. Such flow zestrictions also result in
changing fluidization patterns and contribute to_reactor |1 fou{ing. 35
The | owest tenpei-at ubefatalyde 326EHRP FOSRYi 9 7%t B rpéﬁﬁ%l%ﬂqi ft&t™seneat h
t he di stributor yheatin wBehRt’ %r darreeifedsantdmyle®lcol dest sections in the
fluid bad reactor systeminclude the -16- cool er and piping between the
cooler and the bpttom é'hec%q._yst according to any one of the preceding Claims,

5 wherein the reaction product is formad by

wei ght distribution resin product, in which one 20 coanﬂéﬁFﬁ‘ f—the .

(i) providing a slurry of a non-pclar solvent and a
solid porous silica having -0OH groups;
(ii) impregnating said silica, with said R,MgR’,, to

form an’ intermediate (ii), wherein the Mg:-OH
10 o groups ratio is less than 2, wherein said R MgR’,
| is soluble in said non-polar solvent;
{(iii) treating the intermediate from step (ii) with an
amount of R#’0H, which amount is effective to
. provide a R’‘‘OH:R,MgR’, rolar ratis of 0.5 to
15 2.0.

8. A catalyst according tc Claim 7, which includes further
steps, after (iii), comprising:

(iv) treating the product of step (iii) product with

20 Ticl, to form a titaniun containing
intermediate; and

(v) compining the titanium ccntaining intermediate

with a said activator.

25 9. A catalyst according to any one of the preceding Claims,
wherein the non-metallocene transition metal is titanium.

10. A catalyst according te Claim 9, wherein the non~
metallocene transition metal is titanium tetrachloride.

30 .
11. A catalyst according tc any one of the precsding Claims,
whgerein the activater is trimethylaluainums.

12. A catalyst according to any one of the preceding Claims,
35 wherein the metallocene transitlion metal is provided as a
compound which has the formul CpMAB.,, wherein Cp is
cyclopentadienyl unsubstituted or substitucsd zy alkyl or

* c L M s * '
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The reaction zone 12 conprises a bed of growi ng polyner particles and a
m nor anmount of catal yst particles fluidized by the continuous flow of

pol yireri zabl e and nodi fyi ng-gaseous—5—conponents. To nmaintain a viable

fluidized bed, the nass gas lfhks ' through the bed nust he above the
mnlrrumflowreqwredfor qu referablyfrorra}p,%l,_ £ P A

about 10 times Grf and nore p m,m about 3 to aboq E £ QE%BEEN
Grf is used in the accepted f reviation 10 forikthe mn.m.m -

mass gas flour required to achieve fluidization, C Y. Wn and Y. H Yu,
"Mechani cs of Fluidization", Chem cal Engineering Progress Synposium
Series, Vol. 62, p. 100-111 (1966). The distribution plate 20 serves

t he purpose of diffusing recycle gas through the bed at a rate sufficient
to 15 maintain fluidization at the base-opgt-he bed. Fluidization is
achieved by a high rate of gas recycle to and through the bed, typically in
the order of abeikyBmet pfids tohe cagben gkorwved HF 2fplkedshptigaach ON/ak@ndp gas
is fed to unityst 9s HflpgbAck iankel tdre1bead 8 chrismghtenscyshdne p2ds 4 hsough a
filter 24 (optlené’é'ml;sag}%vagea TnEO YR S ebih12c6 AHRI R38Rk 27 ¥ PAFIES

t hrough a heat g{chang a%6=za”d5ﬂ$1;¥:§v3# g,e&cs;:%&egg th.eg%r];hg (1|§ ’Ibig‘ﬁt :a?na

pl ate 20 serves ose 0 usin ou

rate suffici efit SF hdiitHRai n fIU|d|zat|on The plate may be a screen,
slotted plate, perforated plate, a plate of the 25 bubble cap type, and the
li ke. The el emants Micathbygl ateordiyng ald Cheimstiaf ivheaein tbe rctelldasine may be

of the nobile E%tmdscké)s%dl.b&éds' frol 98P 2 group consisting of kis-
{cyclopentadienyl) .zirconium dichloride and bis-({n-
10 butylcyclopentadianyl}Jzirccnium dichloride.

14. A catalyst according to any one of the preceding claims,
wherein the metallocene compound is activated with a solution
of methylalumoxane; wherein the silica has a pare valume in the

15 range of 1.0 ex’/qg to 4.0 cn’/g; and wherein the solution has a
volume which is equal to the total pore volume.

15. A process for procducing bimedal molecular weight
distribution high density and linear low density polymers and
20 copolymers of ethylene, comprising polymerizing ethylene in the
presence of a catalyst as defined in any preceding Claim in a
single reactor to produce bimodal nolecular weight distributicn
high density and linear low density polymers of said ethylene.

25 16. A process according to Claim 1§, wherein said ethylene is
copolymerized with a C; to €y alpha clefin teo produce bimodal
molecular weight distribution high density and linear low
density copciymers of said ethylane.

LI :



It is generally inportant to operate the fluid bed reactor at a tenperature
bel ow the sintering tenperature of the polyner 30 particles. For the
production of ethylene copolyners in the process of the present invention
an operating tenperature of about [err] to [err] is preferred, and a
tenperature of about [err] to [err] is nost preferred. Tenperatures of
about [err] to [err] are used to prepare products having a density of about
0.9 to 35 0.92 [err], and tenperatures O about [err] to [err] are used to
prepare products having a density of about 0.92 to 0.94 [err], and
tenperatures of about [err] to [err] are uged to prepare - 17 - products
having a density of about C. 94 to 0.96 [err]. The fluid bed reactor is
operated at pressures of up to about 1000 psi (6.9 MPa), and is preferably
operated at a prEXRGFE EMPOTIBANAFRBUISEI BOTHROPHAWERISATIPN AP t 0 2.4 MPa), with
5 operation at tHhe& T ENE ing heat transfer
since an ‘i ncr eas&kgiraptessure i ncreases the unit vol une heat capacity of
the qas. The partially or conpletely activated catalyst is injected into
the bed at a poi } P’L L i H{ e rate 10 _equal . to its
consunpti on. S‘i{%\c%%%gn% ?’é y%lgaggc;é{d%?ﬁr ﬂtet C%La%rt%fégé ot °t AT s”l’_‘ﬁ§7‘éﬁ‘?1ti on
are highly acti vESAnFERRIEATH R He SPERTY A¢EF vt c it tFasdtith area
bel ow t he di st%iPhalsn in the form of a wmetallocene, An aluminum alkyl

activator for the non-metallocene transition metal component is

also present. The support is an anhydrous rmaterial prepared by

reacting (i) a silanol-containing silica impregnated with a

magnesium alkyl with (ii) an alcchol. The catalyst produces

10 ethylena copelymers in a single reactor, with a bimodal
molecular weight distributionr.

15

FIGURE 4 IS SUGGESTED FOR PUBLICATION.



plafe may cause polynerization to begin there and event

| uggi ng
of the distribution plate. Injection into the 15 bed, i §ﬂ&a®HE§F§T‘Tn“
distributing the catal yst throughout the bed and precl ydes tfﬂsp&g&%ﬁi?%ﬁN

| ocal i zed spots of high catalyst concentration. The pro
polymer in the bed is controlled by the rate of catalyst injection. Since
any change in the rate 20 of catal yst injection changes the rate of
~generation of the heat of reaction, the tenperature of the recycle gas is
adjusted to accommpdate the change in rate of heat generation. Conplete
i nstrunentation of both the fluidized bed and the recycle gas cooling
systemis, of course, necessary to detect any 25 tenperature change'in the
bed so as to enable the operator to nake a suitable-adjustnent in the
tenperature of the recycle gas. Since the rate of heat generation is
directly related to product formation, a neasurenent of the tenperature
rise of the 30 gas across the reactor (the difference between inlet gae
tenperature and exit gas tenperature) is determinative of the pate of g
particul ate polyner formation at a constant gas velocity. U%
set of operating conditions, the fluidized 35 bed is maintainejl-
essentially a constant helght by withdrawing a portion of thejfbed as

product at a rate equal to the rate of fornatton of the parjfcul ate poly
product .
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Resin prodiiced in gas phase reactor
R = & as et po SRV UL S R TS hius S et e 'rru"""'"lai"

eet Has Been Re laced

T




Exéhples (1) CATALYST PREPARATI ON The titani um conponent of the catalyst
~was prepared first and isolated as a free- flomﬁng powder .
- component 5 of the catal yst was prepared using a "dry"

descri bed above. (A) Titanium Catal yst Conponent Preparati

Davi son grade [err] calcination tenperature] silica was 1

two-gallon (0.008 [err]) stainless steel autoclave containing a stirring

paddl e. Next, about 4.8 litres of dry isopentane was added to the
autoclave and the stirring rate was set at 100 rpm The tenperature of the
silicalisopentane slurry was [err]. Next, 546 [err] of dibutyl magnesi um

(0.713 mmol /m ) 15 was added to the slurry. The contents of the autoclave
were stirred for 60 mnutes. Then, 35.6 [err] of neat 1-butanol were added
and stirring was continued for one hour. Finally, 21.4 cnB of titanium
tetrachl qri de was added to the autoclave and stirring eontinued for 60
m nut es. After this time, all 20 solvents were renoved by evaporation
under a nitrogen purge. Catalyst yield was 496 grans of a tan-freesfl ow ng
powder. Ti found 1.48 w.% M found 1.48 w.% (B) Small-Scal e | al yst
Preparation: Solution (A): 0.0850 grans of [err] was transferred™*® a 30

[err] serumbottle 25 and 4.5 [err] of a 4.67 Mdlar (13.7 wt.?9 )
sol ution of

FIG £
resin produced in slurry phase reactor

. This Sheet Has Been Replaced
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met h,yI al uroxane were added. The bottle was shaken for aboeut“ﬂﬂ&m AUteto=—;
formra yell ow sol uti on which was used i medi ately as desq iTHe9 Shek bwias ey
an iznert atnosphere, 2.508 granms of the titanium 30 cont| i_ni n@&@&{”l&it%t
descri bed above [(A) Titanium Catalyst Conponent Preparation] Was added
to a 300 [err] pear flask containing a magnetic stirring bar which was used
to agitate the catal yst powder vigorously. Then at roomtenperature, 3.76
[err] of solution (A) described above, was added dropwi se to the flask 35
over a 12 mnute period. The total volunme of solution (A) used was such
that the titanium containing catal yst always appeared dry during the entir
addition tine. However, during this - 19 - addition tine, the |light
tan titaniumcontaining catalyst turned a dark brown col our. FKinally, the]:}
pear flask was placed into an oil bath set at [err], and the rgsidual -
toluene fromsolution (A) was renoved with a nitrogen purge to}give a dryl-
5 tan, free-flow ng powder. Exanple 2 Large-Scal e Catal yst Pregparation: P
Sol ution B: 12.95 grans of [err] was transferred to a one-lit Ebottle and,
687 m of a 4.67 Mdlar (13.7 w.% Al ) solution of nethyl al ne*were 10 s
added. The bottle was shaken for about one mnute to fg :
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yeIIOM/squtlon which was transferred into a 1.5 |i tre_stainless steel
hoke bonb and used i mmedi ately as described bel ow. Unde ﬁﬂs&#@!

RIET HAS BEEN |
-a;nnsphere 465 granms of the titani'um containing catallyst ogsgyided abovie
2=cat-an—

[¢A) Titanium Catal yst 15 Conponent Preparation] was ad g
(0.008 [err], glass- reactor vessel containing a helical stirrer to agitate
the catal yst powder and a tenperature jacket which was set at about [err].
The stirrer was set at 125 rpm Then, the contents of the hoke bonb
(solution B) was added to the titani um contai ni
approximately 5-10 [err] aliquots every 30-60
period. The total volume of solution (B)
cont ai ni ng catal yst al ways appeared "dr

ends over a 45 mifnut e
£ich that” the tiltani um

t-he entire additijon tine.
However, during this addition tine, titani um contai F{I ng
cat al yst turned 25 a dark brown colpur. addition of solytion (B)
was conplete, the jacket tenperaturg rr] and the resifual
tol uene was renoved with a nitr ' rs. After this tifre the
catal yst was a dark brOvvn . Anal ytical resultsj M,
0.99 % Ti, 0.96 w. A T-11.

ﬁr;, 0.43 wt.% Exangle 3
Pol yneri zation - S urry Et hylféne/ 1- ymer was prepared with

the binetallic (Ti/Zr) conposition ofyExanplfe 2 to produce HDPE. witlh 35 a

rel atively high nolecular weight. A 116 Il”;,re stai nl ess steal autocfave, at
about [err] was
* CATALYST FEED
GAS FEE2
]
! '
- L4

-
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filled with 0.750 litres of dry hexane, O. 030 litres of dry 1. -.20-
\Ahlf‘l' '~"

hexene and 4.0 mmol s of trinmethylal uni num (TMA) was added giicke '; .
the. stlrrlgﬁhFhﬁéﬁkﬁ@ﬂé SHEET

sl ow nitrogen purge. . The reactor was cl osed,

about 900 rpm the internal tenperature was |ncreased to T—and the
internal pressure was raised from5 7 psi to, 13 psi (48 t ANoYHigs
hydr ogen. Et hyl ene was i ntroduced to n the reactqr {préSsure at
about 200 psi (1.4 MPa). Next, 0.0244 drAns?of catal yst |cOrpestti+or—of
Exanple 2 was introduced into the reactor with ethylene oJer- pressure and
the tenperature was increased and held at [err]. 10 The pdofymertzation was
~continued for 60 mnutes, and then the ethylene supply was stopped and the
reactor allowed to cool to roomtenperature. 36.6 grans of polyethyl ene
were collected. The FlAAEQi the polyner was 4.3 indicating a relatlvEIy
hi gh nol ecul ar wei ght and_t.he GPC chromatogramis shown ip Figure 2.F15
Exanpl e 4 Polynerlzatlon s Phase Fluid-bed Reactor Th¢ catal yst [of
Exanpl e 2 was added to aLIIU|d bed gas phase reactor un the Toll gwi ng

condi tions: Ethylene 185 psi (1.28 MPa) 20 —
[err] [err] Hexenel/ et hyl ene 0.0 '

RESIN PRODUCED IN GAS PHASE REACTOR
T T T T T T T T T l
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React or , Tenp. [err] Cocat al yst TMA  ( trinethylaluninun) 300

ppm bdsed on et hylene feed 25 Exanple 5 Product - Al pine Filn[klnud o

‘produced in-Exanple 4 with a HLM of 5. 9, MFR of 128, whi chii{j& @1"&1& @EE&

-chromatogramwith a HW 1MNratio of 64.2/35.8 as shown in i

fabricated into HDPE film30 at 0.5 and 1.0 m| (13 and 25 [fry )Z%ere'Q%
ar {

“inpact data is showh bel ow RESIN I/MFR 1.0 m1}D

0.5 nmil Dart Drop (25[err]) dgmy(zﬁ) Exanpl e 4 5/ 414
752 415 35 herein Tan 7/ 110 275
395 values for pellets obtained after stabilizer package was'——72T -

added to granul ar resin The nol ecul ar wei ght distribution (MAD) of polyner
produced in Exanple 4 fromthe gas phase reactor and polymer fromthe

slurry reactor (Exanple 3) were exam ned by Gel Perneation 5 Chromatography
(GPC), and the results &\Qarly show t hat both pol yners have a bi nodal MAD

(Figures 1 and 2). Figure .3 shows

T |
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RESIN PRODUCED IN SLURRY PHASE REACTOR
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t he ,GPC chromat ogram for a HDPE pol ymer prepared in tandem gas phase

reactdrs. Conpari so
i prepared in.a singl
.of this invention h
tandem reactors. Pr

“are produced with a’tandem reactor proc

is exposed to one r

Ad

n of the GPC chromat ograns shows that t o NT SHE]
e reactor (either gas phase or slurry) E. * mﬁﬁ%ﬂ?ggg
as a. binmodal MAD simlar to the pol yner |priepared in
esently, commerci al e’;}ﬂ s of HDPE witH 4 b22day %

i

i\

n such a procegssl, the catalys
of very 15 |l ow | eelS of hydrogen -

eactor in the presenc

as chain transfer agent, and then transferred into a second|reactor w-th
relatively | arge anounts of hydrogen. The first reactor produces the

hi gh- nol ecul ar wei g
nol ecul ar wei ght ¢

by Dart Drop inpact
catalyst in a singl
resin produced in t,
al so exhi bited goo

resin in an extrude
An cat al yst conposi

RESIN PRODUCED IN TANDEM REACTORS

ht conponent whil e the second reactor produces the | ow
onent Fi | m toughness properties, as peasured
shom1that the resin prepared with the bfnetal lic

i eactor has significantly better pxoperties than the
m gas phase reactors. The polyn% of this fnvention

11 mbubble stability w thout 25 ing to tailor the
rior to the filmform ng process. - 22 - Jains 1.
tion for producing binodal nol ecul ' —

PP T TR T T TTTTI
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P .' ‘\_’\
meight di stribution high density and |inear |ow density polyners 5 and
copol yners of ethylene, conprising: (a) an alum num al kyl non- @xygern —— >
contai ning activator; and (b) a dry, anhydrous, support contai ﬂﬁﬂﬁﬂﬂﬁhNT’SHEEi
conposi tion conprising an activated netall ocene conpound of a 10 _
transition nmetal and a‘rion-netallocene transition metal activated by23@iVd199s
al um ni um al kyl activator, wherein the support is the reaction|pfoduct of:
(1) _silica having OH groups, inpregnated with [err] wherein ¢ach-of—ferri—
and [err] is alkyl group containing 1 15 to 12 carbén atains,
each of mand nis O, 1 or 2 provided tf\jy}mwlis equal to the valency of

A

My, and [err]-is present in an anmount t ide a [err] nolar ratio of
0.5:1 to 4:1; and (2) an organi c al cohol ent providing al koxy groups -20
having a fornmula [err] wherein [err] is alkyl group containing 1 to 12
carbons; said al koxy groups being effective to displace the [err] and [err]
of said [err]; and said reagent being used in an anount effective to
provi de an al cohol: My nolar ratio of 0.5 to 2.0. 25 2. A cat al yst
conposition according to Claimi, wherein each of [err] and [err] is alkyl
group containing 4 to 10 carbon atons. 3. Ac taMﬁéS‘agQQQﬁkpg to Caim

. a : . .
f * : F T e i TR o Y
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4. A catalyst according to Claim2, wherein each of [err] and [err], is

n- butyl . 35 5. A catal yst according to any one of C ai MBgdwt-gmrdor—tft@Hm@imiim-o

[err] is an alkyl group containing 1 to 9 carbons atons. REPIACEMENT SHEET
1111111111111112 - 23 - 6. A catalyst according to anyjo trhe=""
preceding Cl ains, wherein the [err] is provided as an al coho '276 r_-PAigg-]
catal yst according to any one of the preceding clains, 5 wheyein tsﬁe
reaction product is formed by (i) provi di a slurryjo -ROR PO
solvent and a solid porous silica having -OH groups; (ii) i npregnati ng
said silica, with said [err], to forman internediate (ii);—wrEerermthe
[err] 10 groups ratio is less than 2, wherein said [err] is
sol ubl e in said nonypol ar solvent; (iii) CLAIMS ng the internediate from

step (ii) with an arjount of [err] which anpbunt is effective to provide a

[err] nolar ratio off 0.5 tAnl&ctivated catalyst composifio.fo produdingabimiodal molecular
according to C ai m 7, welght hdistributioke shifhir dénsity sar@pJineaf lew (@ensity, polymers and
conprising: (iv) copoiphérs Of ety lepe ORUCuAY of e@PpRdsk irdactr OGMich elntifates the

use of an aluminoxane solution feed to the reactor, comprising

@) an aluminum alkyl non-oxygen containing activator, free of
aluminoxane, and for activation of (b) as defined below, and

(b) an anhydrous supported composition, in particle form,
comprising an aluminoxane activated metallocene of a transition metal and a
non-metallocene transition metal, wherein the ratio of Al (provided by
alumoxane) to transition metal ranges from 50 to 500;

- ()  wherein the metallocene transition metal is provided as a
compound which has the formula Cp,MA,B,, wherein Cp is cyclopentadienyl
substituted by alkyl or alkylene of 1 to 6 carbon atoms; x is at least 1; each
of A and B is halogen or alkyl of 1 to 8 carbon atoms, and y plus z is 3 or
less provided that x+y+z is equal to the valence of M, which is selected from
the group consisting of titanium or zirconium or hafnium;

wherein the supported composition is the contact product of (a) silica
impregnated with R, MgR’,, wherein each of R and R’ is alkyl of 2 to 12
carbon atoms,

wherein R, MgR ,, is present in an amount to provide a R, MgR': OH
molar ratio of 0.5:1 to 4:1; m-+n equal the valence of Mg and each of m and
nis 0, 1 or 2; and (b) an organic alcohol reagent providing alkoxy groups
having a formula R"O-, wherein R" is alkyl of 1 to 12 carbons; said alkoxy
groups being effective to displace R and R’ of said R, MgR |,

wherein said reagent is used in an amount effective to provide an
alcohol/Mg molar ratio of 0.5 to 2.0.

2. The catalyst of Claim 1, wherein the (a) and (b) are fed separately to
the reactor.

3. The catalyst of Claim 2, wherein the reactor is a gas phase reactor.

4.  The catalyst of Claim 1, wherein R is an alkyl of 4 to 10 carbons.

* c L L] s *



20 _ [err] to form a titanium containing

i nternedi ate; and (V) conbi'ning the titaniumcontaining internediate
with a said activator. 25 9. A catal yst according to any G IT SHVET
precedi ng C ai ns, wherein the non-netallocene transition neg Mo
10. A catalyst according to Claim9, wherein the non- netal| ocene

transition netal is.titaniumtetrachloride. 30 11. A catal ypt a%ﬁ&?nﬁ%o
any one of the preceding Cains, wherein the activator is
trinethylalumnum 12. A catal yst according to2®ry one of jhé precedi ng
Cl ai ns, 35 wherein tjhhe netall ocene transition netal is provided as a

conpound which hasf the forrmula J[err], wherein J[err] is

cycl opent adi enyl unsjulastit 8 . - .
a%lkyl gne of 1 %lo 6 a%&@ﬁ%ﬁiﬁ?*? %itnt #g%%;ﬂe%a@? 1sAfr%eno a}'hémmoxane
0

hal ogen or al kyl of |1 carpon‘atons, and y plus z is 3 or |less provided
that [err] is equal Jtg the valence of M and M.is selected fromthe grou
consi [st i n]g of t ?t anifuf or e’li];xq%qﬂy%lgggllﬂn ﬁé’(%ﬁ'%thel%".“"atﬂr %QFWEPQHM%
to Caim12, wherein teastordnghe absenes ebalpByRXane saluiiet ed from the group
consi sting of bis- '
; 7. The catalyst of Claim 1, wherein the metallocene compound is activated
with a solution of methylalumoxane; wherein the silica has a pore volume in
the range of 1.0 cc/g to 4.0 cc/g; wherein the solution has a maximum volume
which is sufficient to fill the pores of the silica without forming a slurry of the
silica.

8.  The catalyst of Claim 7, wherein the activator is free of an aluminoxane
and. free of water.

9.  The catalyst of Claim 8, wherein the activator is fed to a polymerization
reactor in the absence of aluminoxane solution.

10. The catalyst of Claim 1, wherein the contact product is formed by

(i) providing a slurry of a non-polar solvent and a solid porous silica
having -OH groups;

(ii) impregnating said silica, with R, MgR', to form an intermediate
(ii) wherein the Mg:-OH groups ratio is less than 2, wherein each of said R
and R’ is alkyl of 4 to 10 carbon atoms and is the same or different, wherein
said R MgR’, is soluble in said non-polar solvent;

(iii) treating the intermediate (ii) with an amount of ROH, which amount
is effective to provide R"OH:R MgR', molar ratio of 0.5 to 2.0 to form a step
(iii) product.

11. The catalyst of Claim 10, wherein the non-metallocene transition metal
is titanium.

12. The catalyst of Claim 11, wherein the non-metallocene transition metal
is titanjum tetrachloride.

13.  The catalyst of Claim 12, wherein the metallocene compound is bis(n-
butylcyclopentadienyl) zirconium dichloride.

| 14. The catalyst of Claim 13, wherein the organic alcohol is butanol.

A



(cycl opent adi enyl ) zirconium dichloride and bis-(n- 10

but ylcycl opent adi enyl ) zirconi um'dichloride. 14. A catalyst according to
any one of the preceding Cains, wherein the netall ocene c Tk AT O
activated with a solution of methylal unoxane; wherein the ﬁ'ﬁ?@é}ﬁ,@ Hﬂ S@ T
volunme in the 15 range of 1.0 cnB/g to 4.0 [err]; and whergir] the solution
has a volume which is equal to the total pore volume. 15. dr o2 ésSEP 4897
produci ng bi nodal nol ecul ar wei ght distribution high densitly Jand |inear | oy
density polynmers and 20 copol ynmers of et hyl ene,2&onpri sing |potymmer T z1 ng
ethylene in the preslence of a catalyst as defined in any prieceding Cajmin

a single reactor to Jproduce bi nodal nol ecul ar wei ght distribution high

density and |inear oy dengj.t ta‘?ﬂt ' t %’&B% S
according to Caim 15\,1\5'\/vher?li:ﬂgidf‘ll sal éﬁg{lﬁwie‘hﬁége@otg% yneﬁrﬁgﬁme?ﬁﬁé& erri

to [err] al pha olefijn,to ad i al | ecular. wei ght. di strihutign hi.gh
density and |i near %ﬁﬁ‘éﬁfﬁ%&ﬁ%@%&?&%ﬁ?ﬁi@%ﬁfﬁy > 4 step H‘L/l),a?terbm)q

treating the step (iii) product with TiCl, to form a titanium containing
intermediate; and

(v) combining the titanium containing intermediate with a said
activator.

17. The catalyst of Claim 16, wherein the activator is trimethylaluminum.
18. The catalyst of Claim 15, wherein the organic alcohol is butanol.
19. The catalyst of Claim 10, wherein the organic alcohol is butanol.

20. The catalyst of Claim 10, wherein the metallocene compound is
activated with a solution of methylalumoxane; wherein the silica has a pore
volume in the range of 1.0 cc/g to 4.0 cc/g; wherein the solution has a
maximum volume which is sufficient to fill the pores of the silica without
forming a slurry of the silica.

21. The catalyst of Claim 20, wherein the activator is free of an
aluminoxane and free of water.

22. The catalyst of Claim 10, wherein the activator is fed to a
polymerization reactor in the absence of aluminoxane solution.

23. The catalyst of Claim 1, wherein each of R and R’ is alkyl of 4 to 8
carbon atoms. '

24. The catalyst of Claim 1, wherein each of R and R’ is butyl.

25. The catalyst of Claim 1, wherein R"O is provided as an alcohol
containing 1 to 8 carbon atoms.

26. The catalyst of Claim 15, wherein the metallocene compound is
activated with a solution of methylalumoxane; wherein the silica has a pore
volume in the range of 1.0 cc/g to 4.0 cc/g; wherein the solution has a
maximum volume which is equal to the total silica pore volume.
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