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SI LI CA SUPPORT MATERI ALS AND METHODS OF USE | N PCLYMERI ZATI ON  REACTI ONS
FIELD OF THE | NVENTI ON [0001] The present invention relates to a

pol yner m@tdoersspgsocess using i nproved catal yst COWD@%?- JisSHRsezespeci fically,
the catal yst conpositions of the present invention relate to a
Ziegler-Natta type catal yst conpound that includes a small silica support
material, and denonstrate inproved productivity. ( BACKGROUND OF THE

| NVENTI ON [ 0002] Advances in polynerization and catalysis have resulted in
t he abili ty to gr oduce ma% new pol ymers havi ng i nproved physical and
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pol ymeri zation (solution, slurryREACGITONS essure or gas phase) for producing
a particular polynmer have been greatly expanded. Al so, advances in

pol ymeri zation technol ogy provided nore efficient, highly productive
and econom cal |y enhanced Eﬁﬁ&éﬂé BN T ith any new t echnol ogy

field, par eyl Bd preicht idvenl 4BkeRftb ASolyatiShtion prodess %nﬁ Lags in cost
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pol ymers, ers on i nprov oper nor e I npr ovi
cat al yst pmhdum@pmdnymmihemb&nmanMvunymmﬁimm@mmmkyst that is, the anDunt
of pol ynmer produced per gram of the catalyst, usually is the key econom ¢
factor that can make or break a new comerci al devel opnment in the

( pol yol efin industry. [RRCKIGROESIEOFNITE INVENIION Systens are utilized

“extensively in comercjal _ processes_that produce high den5|ty and
| ow densi t EJI’G%| Hdvangeseinerolymerization ped 9att4tr81s reTetasrltad inethgabyity #r oduct i on

(i schar e Tae paD; 2RY Pafml RO et Pl o5 bkl Bloberd Y 7 ng

the reacti wefullin gewidei marety sufictupedseprodaats mndrqqﬂxeatmmst h&vidulthe density of
t he polyrre rticl may . incr the roductlon rate of the.reactor.
General |y, eng’ gt (?Pétet”a a&%}{s gt?t oier; 8t %WE“?%E?é?E‘?“r?& sy 3115 and

producti vi f)ﬁéssurelor gas phase) for producing a particular polymer have been greatly

expanded. Also, advances in polymerizati't)n technology have provided more
efficient, highly productive and economic':'ally enhanced processes.

[0003] As with any new technology field, particularly in the polyolefins industry,
a small savings in cost often determines whether a commercial endeavor is even
feasible. The industry has been extremely focused on developing new and
improved catalyst systems. Some have focused on designing the catalyst systems
to produce new polymers, others on improved operability, and many more on
improving catalyst productivity. The productivity of a catalyst, that is, the amount
of polymer produced per gram of the catalyst, usnally is the key economic factor
that can make or break 2 new commercial development in the polyolefin industry.
[0004] Ziegler-Natta catalyst systems are utilized extensively in commercial
processes that produce high density and low-density polyethylenes in a variety of
molecular weights. Production rates in certain gas phase reactors may be limited
in their ability to discharge from the reactor the polymer particles that are
produced during the reaction. In certain of such cases, an increase in the bulk
density of the polymer particles may increase the préquction rate of the reactor.

Generally, Ziegler-Natta catalysts that have increasing activity and productivity,
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- BRIEF DESCRIPTION OF THE DRAWINGS

[0007] A more complete understanding of the present disclosure and advantages

thereof may be acquired by referring to the following description taken in
conjunction with the accompanying drawings, wherein:

[0008] Figure 1 is an exemplary process flow diagram for an exemplary reaction
system with which an exemplary catalyst system of the present invention may be
employed.

[0009] Figure 2 is an exemplary silica dehydration profile used in certain
exemplary embodiments of the present invention.

[0010] Figure 3 illustrates particle size distributions for a sample of Davison 955
silica, a sample of Davison 955 silica that was screened through 325 mesh, and a
sample of Ineos ES757 silica.

[0011] Figure 4 is a graphical illustration of ethylene flow versus reaction time for
certain exemplary polymerization processes employing exemplary catalyst
systems that used a variety of exemplary support materials.

[0012] Figure 5 is a graphical illustration of the relationship between catalyst
system productivity and polymer product bulk density for certain exemplary

catalyst systems.

ure 6 is a



system productivity and pol ymer product bul k density for certain exenplary
catal yst systens. [0014] Wiile the present invention is susceptible to
various nodifications and alternative forns, specific exenplary enbodi nents
t her eof shown by way of exanple in the draw are herein
descri béﬁl@%ﬁm@ﬁ% | . It should be wunderstood, homv?%ﬂggﬂa??)a%ﬂg descri ption
herein of specific enbodinents is not intended tolimt the invention to
the particular fornms disclosed, but on the contrary, the intentionis to
cover all nodifications, equivalents, and alternatives falling within the
spirit and scope of the invention as defined by the appended clains.
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DETAILED DESCRIPTION

[0015] It now has been found that polymers {e.g., ethylene homopolymers and '
copolymers) readily can be produced with desirable physical properties and
catalyst system productivities in a low pressure gas phase fluid bed reaction
process in the presence of a specific high productivity catalyst that is impregnated
on a porous particulate silica having a particle size in a particular range, as is also

detailed below.

HIGH ACTIVITY CATALYST

[0016] The compounds used to form the catalysts of the present invention include
at least one titanium compound, at least one magnesium compound, at least one
electron donor compound, at least one activator compound and at least one silica
material, exemplary embodiments of which are illustrated below.
[0017]1 Generally, the titanium compound has the formula
Ti(OR). Xy
wherein
a. R is a Cy io Cy4 aliphatic or aromatic hydrocarbon radical, or COR'
where R’ is a C; to Cy4 aliphatic or aromatic hydrocarbon radical;
b. X is selected from the group consisting of Cl, Br, I or a mixture
thereof;



e. a+b=3 or 4. [0018] The titani um conpounds individually may be present in
the catal ysts of the present invention, or the titanium conpounds may be
present in conbinations thereof. A nonlimting list of suitable titanium
conmpoun Ti C13, T[Cl4, Ti(OCH3)C13, Ti(0OC6H5)C13, Ti(OCOCH3)dC 3
and Ti (MI—@%GS [0019] Generally, the magnesium g g the formula
MgX2 wherein a. X is selected fromthe group consisting of C, Br, | or

m xtures thereof. [0020] Such nagnesi um conpounds nay be present
individually in the catalysts of the present invention, or the magnesium
conpounds may be present in conbinations thereof. Anonlimting list of

sui t abl e nmagnesi urg, cap@uni®; includes MyCl2, MyBr2 and Myl 2. In certain
exenpl ary enbodi rrents of the present invention, the magnesi um conpound nay
be anhydrous MyClA- @h@r‘hlﬂpk}dswﬁ,wg magnesi um corrpound may be present in the
catal ysts of the pregent imnvention in an amount in the range of fromO0.5 to
56 nol es of magnesi um corrpound per nole of titanium corrpound In certain

| d f th f d |
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conmpound. |n certain exenplary enbodi nents o resent invention, the
magnesi um Ssrgbu AunorlipiEBe st suitably fifaninm @m%tlgcbﬁest'figlspi‘@ent i nvention

in an anourt d(ﬂ{')@ﬁ T@%@?@éfﬁ@ﬁ%ﬁﬂbﬁ &dt an| u @iagney um conpound per

nol e of ti tam um conp fpound and t he
magnesi um ¢ o Geoeraky, ﬂhnamagmsﬁurm:ompbmdhas ket forihTh faC| litate their

di ssolution in the el ectron donor c und, as described herein bel ow
10021] The el ectron donor conpound rally may be any organi ¢ conpound
~that is liquid aheBC, and that may be capabl e of di.ssolving both the
titanium 4 WO 2006/ 138036 PCT/ US2006/ 020327 conmpound and the magnesi um
conpound. A nonli it fnij sefested drom thet grepR cansisting of CldBaok or oWgviends i ncl udes
such conpounds as al kyl.,psters of aliphatic and

[0020] Such magnesivm compounds may be present individually in the catalysts
of the present invention, or the magnesium compounds may be present in
combinations thereof. A nonlimiting list of suitable magnesium compounds
includes MgCl,, MgBr; and Mgly. In certain exemplary embodiments of the
present invention, the magnesium compound may be anhydrous MgCls.
Generally, the magnesium compound may be present in the catalysts of the
present invention in an amount in the range of from 0.5 to 56 moles of magnesium
cormpound per mole of titantum compound. In certain exemplary embodiments of
the present invention, the magnesium compound may be present in the catalysts of
the present invention in an amount in the range of from 1.5 to 11 moles of
magnesium compound per mole of titanium compound. In certain exemplary
embodiments of the present invention, the magnesium compound may be present
in the catalysts of the present invention in an amount in the range of from 1.5 to 7
moles of magnesium compound per mole of titanium compound. Generally, the
titanium compound and the magnesium compound may be used in a form that will
facilitate their dissolution in the electron donor compound, as described herein
below.

10021] The electron donor compound generally may be any organic compound

that is liquid at 25°C, and that may be capable of dissolving both the titanium



c

aromatic carboxylic acids, aliphatic ethers, cyclic ethers and aliphatic
ketones. In certain enbodi nents, suitable el ectron donor conpounds nmay be
al kyl esters of Cl to C4 saturated aliphatic carboxylic acids; alkyl esters
of C7 t tic carboxylic acids; C2 to C8, an C3 to 4,
aliphatﬁg§%? ggg? C3 to G4 cyclic ethers, and, in ch£§$%ﬁéﬁ§%%inents, c4
cyclic nono- or di-ethers; C3 to C6, and, in certain enbodinents, C3 to 4,
al i phatic ketones. In certain exenplary enbodinents, the electron donor
conpound may be nethyl formate, ethyl acetate, butyl acetate, ethyl ether,
hexyl ether, tetrahydrofuran, dioxane, acetone or nethyl isobutyl ketone,
anmong ot heksmphidd2all tid@aglesitin @mpdand’ AGRAEMKRESIIBF shRbRIARaoi
individually in the catalysfs of the present_invention, or they may be
present i ndeRFpraTROUBES Molikdes shich compengs | 35, alke ewtera afr #iPhadh ard conpound may

be present ,j : f : : nrdonor
comgound pgfrdﬁlrf%ﬁggaﬂg? Qgﬁe&ﬁsi %lﬁzlﬁ%@n% %:tgermsa’g%ﬁ%e.) étﬁ%m q%%%ltﬁgllaﬁé gﬁt%%egi rrhgnt s, the
el ect ron deertain emhpdimedtssnitable ghcger dondrrconipeundst mhy be slkybestehef pr esent

i nvention in . an.amunt.in.the range. of .fro to 1 es of the electron
donor conpﬁﬁﬂrbﬁésgpuﬁ%?%a@?hagﬁé’a’ip i iﬁ‘ﬁ%&%ﬁﬁﬂg’s C?Cfg’g%’] aﬂl’ﬁré’mo? tivator
conmpound gendbRtcyadidss G,1te ¢ madlpeeferdblf R € HHEiphaiieshéng, & g0 G, or OR ..

R' and R'' are the sane or different, and are Cl to Cl4 saturated
hydr ocar bosy¢ligcthess, nd.dp sextain embodimpnls. (pupycligpgue- or direthess=8s t19@924] Such

activator %M%ﬁan%oa&naﬁs%ig% dm%égrﬂaﬁy%ﬂoxeé. Ny E&taﬁﬁéﬁggg&f of ~the

present invention, or they nmay be pres I'n conbi nations t eof. A
nonl i mi t i ngmbbdiments, thaicleatrdredenot compand coybe syl ifomata ethyPaceBRES) 3,

Al( C2H5) 2C 5 2006/ 138036, PCTI US2006/ 020327 Al (i - CAHI) 3
N 2(Cort) eyt Sl SEiaTEE I pagk Ay e oot MATEST B ang
Al (C2HS) 2( G¥oBing) ketdf¥)2Bdnge@sal | y, the activator conpound may be present in

the catal ysts of the o . :
[0022] The electron donor compounds may be present individually in the catalysts

of the present invention, or they may be present in combinations thereof.
Generally, the electron donor compound may be present in the range of from 2 to
85 moles of the electron donor compound per mole of the titanium compound. In
certain embodiments, the electron donor compound may be present in the catalysts
of the present invention in an amount in the range of from 3 to 10 moles of the
electron donor compound per mol_e of the titanium compound.

[0023] The activator compound generally has the formula

AlR")cX'gHe

wherein
X'is Cl, or OR™,;

R" and R™ are the same or different, and are C; to C,4 saturated
hydrocarbon radicals;

dis0toc 1.5,
eis 1 or0O;

and ¢ +d +e=3.
[0024] Such activator compounds may be present individually in the catalysts of
the present invention, or they may be present in combinations thereof. A

nonlimiting list of suitable activator compounds includes Al(CyHs)s, AKC,Hs):Cl,
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feaRoCH e microns to 35 mictons, and in the range of from 20 to 30

microns in certain exemplary embodiments. In certain exemplary embodiments,
the silica support has a particle size distribution in which no more than 10% of the
particles have a size below 10 microns, and no more than 10% of the particles
have a size greater than 50 microns. In certain exemplary embodiments, the silica
support has a particle size distribution in which no more than 10% of the particles
have a size below 12 microns, and no more than 8% of the particles have a size
greater than 50 microns. As the size of the silica support decreases, the
productivity of the supported catalyst generally increases, as does the FAR value
of film formed from resin produced by the supported catalyst. In certain
exemplary embodiments, this may be accompanied by an increase in the bulk
density and a decrease in the average particle size of such resin. Accotdingly, the
silica supports used in the improved catalysts of the present invention may
facilitate, inter alin, greater productivity from the improved catalysts as well as
the production of polymers having greater bulk density. In certain exemplary
embodiments, the improved catalysts of the present invention comprising these

silica supports may have a productivity (as based on a mass balance) that is at

ancpaiticle §¥° Mt al yst per



enbodi nents, and that is at |east 6,000 pounds polymer per pound of catal yst
per hour in certain exenplary enbodinents, and that is at |east 7,000
pounds polyner per pound of catalyst per hour in certain exenplary

enbodi ngry ﬁ& fht hat is at |least 9,000 pounds polynggﬂg ound of
catalyst per hour in certain exenplary enbodi nments Y 51ﬂ“@%§nplary
enbodi nents of the catal ysts of the present invention nmay have even greater
productivities. In certain exenplary enbodi nents, the polymers produced
fromthe processes of the present invention that enploy inproved catal ysts
that include these silica supports may have a settled bulk density of at
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the processes of the present invention that employ improved catalysts that include

these silica supports may have even greater settled bulk densities.

[0027] It also may be desirable for such silica support to have a surface area of

>200 square meters per gram, and in certain exemplary embodiments, 2250 square

meters per gram. In certain exemplary embodiments, the average pore volume of
- such silica support ranges from 1.4 ml/gram to 1.8 ml/gram.

& [0028] The silica support generally should be dry, that is, free of absorbed water.
Drying of the silica support generally is performed by heating it at a temperature
of >600°C,

[0029] In any of the embodiments described herein, the silica or at least one silica
support materials may have an average pore diameter > 220 Angstroms;
alternatively, an average pore diameter > 225 Angstroms; alternatively, an average
pore diameter > 230 Angstroms; alternatively, an average pore diameter = 235
Angstroms; alternatively, an average pore diameter > 240 Angstroms;
alternatively, an average pore diameter > 245 Angstroms; aliernatively, an average
pore diameter > 250 Angstroms; alternatively, an average pore diameter 2 255

Angstroms; alternatively, an average pore diameter > 260 Angstroms; and,



t he met hod of neasurenent in nore detail below CATALYST SYSTEM FORMVATI ON OF
PRECURSOR [ 0030] The inproved catal ysts of the present invention may be
prepared by first preparing a precursor conposition fromthe titanium
conmpoun t esium conpound, and the el ectron donor conpound, as
descri bgﬁ/ogg@g&?ﬂg?hen ( inpregnating the silica suppo]?qTWZP??%Wy pr ecur sor
conposition, and then treating the inpregnated precursor conposition with
an activator conpound as described below [0031] Cenerally, the precursor
conposition may be formed by dissolving the titanium conpound and the
magnesi um conpound in the el ectron donor conpound at a tenperature in the
range of f raiiinaidvely, 4R abérakdorb AidueRd > Unglfomi NS delcebbd Adnd @R conpound.
The titani um conpound can be added to the "electron donor cofpound before,
or after, thiomethed of wepsgremenkinragraderilhelowonpound, or concurrent therewith.
The di ssolution of the titaniumconpound and the nmagnesi um conpound may be
facilitat e%ﬂggwﬁsﬁ%@ﬂnd in some instances by refluxing, these two
conmpounds i onor conmpound. After the titani um conpound and
t he magnesi um conmpound are di ssol ved, the precursor conposition nmay be

i sol ated by cryFORMATIONOFRRBYUBRSEOR pitation with a C5 to Cs aliphatic
or aromati c hydrocarbon such as hexane, isopentane or benzene. The

crystalliz r.precipitat recyrsor conposition may be | sol.ated,
Genorai 1y Tl T8 bR T o8 Of HeaRtee b PR Goh PR FabeRtEd R TR aver age
particle sipepaiiflg b iRecufsdn g6mPdsitidrofdrAhd ftadidth BIEHRAY; theARabsiien prepared
according to the procedure_above, the precursor COHBOSIIIOH has the

s}

formul a;  M§EIPPYGR) #dp [thep) ectiph e e - cqmpquady 158 dessbedo rbelshoteBonpound; in
i's >0.51 : i i, S < 11; 8
(Wb 28067 13 grééé%@%?u%séﬁz)l% §55k4 I?ﬂmﬁﬁ?gm(?%fxf %H?gﬂ%?h%ﬁ’.”%“iﬂl?*ﬂf%ﬁ% 26, Tand, in

certai n exdmpimgrsgnateld quitamesor spmp@sition witd 4n activator compound as described

below.

[0031) Generally, the precursor composition may be formed by dissolving the

titanium compound and' the magnesium compound in the electron donor

compound at a temperature in the range of from 20° C up to the boiling point of

the electron donor compound. The titanium compound can be added to the

electton donor compound before, or after, the addition of the magnesium

cornpound, or concurrent therewith. The dissolution of the titanium compound

and the magnesium compound may be facilitated by stirring, and in some

instances by refluxing, these two compounds in the eleciron donor compound.

After the titanium compound and the magnesium compound are dissolved, the
Q precursor composition may be isolated by crystallization or by precipitation with a

Cs to Cs aliphatic or aromatic hydrocarbon such as hexane, isopentane or benzene.

The crystallized or precipitated precursor composition may be isolated, generally

in the form of fine, free-flowing particles having an average particle size in the

range of from 10 to 100 microns.

[0032] When prepared according to the procedure above, the precursor

composition has the formula:

Mg, Ti1(OR )X [ED]q
wherein:
ED is the electron donor compound;

m is >0.5 to <56, and, in certain exemplary embodiments, >1.5 to <11;



P

~

gis >2 to S85, and, in certain exenplary enbodinents, > 3 to 510; Ris a Cl
to Cl4 aliphatic or aromatic hydrocarbon radical, or COR wherein R is a
Cl to Cl4 aliphatic or aromatic hydrocarbon radical; X is selected fromthe
group colsi St f d, Br, | or mxtures thereof; apd the subscript for
the el erre“ﬁjtﬁ)?é/{kg%?um (Ti) is the arabic nuneral one. P%ﬂ?ﬁWOﬁEPARATI ON:
| MPREGNATI ON OF PRECURSOR I N  SUPPORT [0033] The precursor conposition then
may be inpregnated, in a weight ratio of about 0.003 to 1, and, in certain
exenpl ary enbodi nents, about 0.1 to 0.33, parts of the precursor
conposition into one part by weight of the carrier material. [0034] Before
bei ng i npregnat eglig(f, hergi | i ca support is dehydrated at 600C, and also is
treated with an al um num al kyl conmpound (e.g., "TEAL"). Dehydrated silica
supports that haﬁﬂé?Bé@ﬁllﬁsé&acémcwaﬂmexﬂ@ﬁarmyb%mpﬁﬁ,e?&tecﬁlﬂb herein as

TEAL-on-silica, " . i A [ | .he d dr at.ed, activated
silica support %zg@%@ﬁ@%ﬁﬁf%&% g%?%&ﬂ#lglgpts%o%bti on may be
acconpl i shed by Rdi ss @} byt Aiphptice ot amdiatic oigdasdattioa nratiizal, e @HRCt ron donor
conmpound, ang bié&{'hen ad m .the dehydrated, actjvated silica support
with the pr¥egrady Thn9de pipiatic gr srpme Qearbee rflitaldr at ed, acti vat ed
silica support. Fhesqb@st ;oM HOBRIup CAURRMNS CBR, MBY nbfur by drying
at tenperatures of EGOC. [ 0035] klllg silica suppor’tﬂg%/so nggrﬁge\é&?"npregnat ed

with the pr@ursor conposition by adding the silica support to a sol ution

of the chem cal | . formthe precursor conposition in the
el ectron donor c‘%?rp%&%&%rvtﬁ% S%Eﬁglé%ﬁ%?mght‘ﬁ%a‘%@%w%@; m&%rrposi tion from

such solution. The excess electron donor compound then nay be renoved by
dryi ng, or b CAEBARYST PRIEPARATION: IMRREGNAIION-OF FTRECERSORIINO 2006/ 138036

PCT/ US2006/ 020327 ACTI VATI ON OF PRE COWPOSI TI ON [ 0036] General ly, the
precursor conposition wll be ful I%«Uu letely activated, e.g., it wll
be treated with sufficient activator conpound to transformthe Ti _atons in
t he precur Spe3sp edurddR ch@peskiccthby ta§ batiRprephidtbd oh @ Wkl ¥atoss | ncl ude,

but are not limted to, tri-n-hexyl alumnpum triethyl alum num diethyl
al umi num  about 0.003 to 1, and, in certain exemplary embodiments, abouit 0.1 to 0.33, parts

of the precursor composition into one part by weight of the carrier material.

[0034] Before being impregnated, the silica support is dehydrated at 600°C, and
also is treated with an aluminum alkyl compound (e.g., “TEAL”). Dehydrated
silica supports that have been treated with TEAL may be referred to herein as
TEAL-on-silica, or “TOS.” The impregnation of the dehydrated, activated silica
support (e.g., the TOS) with the precursor composition may be accomplished by
dissolving the precursor composition in the electron donor compound, and by then
admixing the dehydrated, activated silica support with the precursor composition
to impregnate the dehydrated, activated silica support. The electron donor
compound then may be removed by drying at temperatures of <60°C.

[0035] The silica support also may be impregnated with the precursor
composition by adding the silica support to a solution of the chemical raw
materials used to form the precursor composition in the electron donor compound,
without isolating the precursor composition from such solution. The excess
electron donor compound then may be removed by drying, or by washing and

drying at temperatures of <60°C.



chloride, trimethyl alum num dinethyl alum num chloride, nethyl alum num
dichloride triisobutyl alumnum tri-n-butyl alum num diisobutyl alum num
chl oride, isobutyl alum numdichloride, (C2H5)AICl2, (C2H50 AlCI 2,
(C6H5) Al C12, (C6H50) AICl2, (C6H120) Al Cl2 and the correspondi ng brom ne and
i odi ne eaResEe. [0037] The precursor conposition bifskiBiele Partially
activated outside the polynerization reactor with enough activator conpound
so as to provide a partially activated precursor conposition having an
activator conpound/Ti nolar ratio of >0 to <10:1, and, in certain exenplary
enbodi nents, from4 to 8:1. This partial activation reaction may be carried
out in a hydrocarbon solvent slurry followed by drying of the resulting

m xture (to r emMETTVATIONVGH PRECHRSQRGEOVROSIAIODEt ween 20 to 80C, and, in

certain exenplary enbodi nents, between 50 to 7OC The sol vent for the

activator ( sso I ng 1 he

activator ( j;mﬁﬂct?’enﬁg{ﬂyt @8 Pﬁeggréﬁ{ ﬁ{ri’gﬂ%ﬁ’g@i‘ﬂ’ O,BﬁBWB eyeh%gct’%tle‘\ife nts which
can be enployee will 8¢ S&Qde&awmhmfae“enwm@atbﬁko@p@ﬂayﬁr fe@rdenthesnl vents, such
as isopentane, hexane, heptane, toluene, xylene, naptha and aliphatic

m neral oi |20m8%EHhe PrOSHSOTEAMAORIFPR A %F“P@?fé@l 'ﬁ‘v‘[ltabﬁ?é?tb‘{ﬁqf% @FWF%SO and the
i ke. [0038y Thend: gﬁaﬂea quw@gg@aumﬁu 251 bhutthlf. ddhlhBaihic U ate

material that readi e po yrrerl zat'ion teactor. The
partial |y adiaridat @ntnahyl ahxmmwgn&mﬂlybtahmunmmcmmomdthﬁmlmmume fed to the

pol yneri zat a he Ctl b ed. with
addi ti onal Aé&q?r\yga‘t 351188 a bHﬁ{‘/ %Hmfur‘%’ g‘r]rst?%gﬁ% aFﬁ‘HF’P’f‘@r ent
conmpound. [, ﬁa:aﬁﬁranxﬁmﬁummnﬂrﬂey(ognxaAmErqugﬁgoﬁmh,a@gHg)maI acti vat or
corrpound and the Eart i all \Fl)hfél ctivated inpregnated precursor composition

A

(optionally Gelfs®lehy (GeBipalGle sadofther kpwergandiag Jbraming cagd [qdigs. | n
certain of c%&iﬁ:'&uﬁd&’?‘)d' ments, the 10 WD 2006/ 138036 PCT/ US2006/ 020327
addi ti onal act’ivator conpound may be sprayed into the reactor in either
undi | uted masrmTbe. ppcg:urﬁmecam'tp))mtlom first mhy begpanialy activetedtduwideofhet he

addi ti onal activat hydr ocar bon I vent i sopent ane,
hexane} ? 8‘8}} Ir?aCt rS‘G’ e%?%’t %thvaﬁﬁycoé%% ﬁ%ﬁé Pfg‘f‘ge 30 wei ght
per cent of ﬂaﬁ@aﬂ@%tﬁa’ié@precﬁ@cﬁmﬁ@dsmdmhﬁ@ig al ﬁbn@fitoﬁ vep@maadini@at s, the

addi ti onal activator conpound
ratio of >0 to <10:1, and, in certain exemplary embodiments, from 4 to 8:1. This

partial activation reaction may be carried out in a hydrocarbon solvent slurry
followed by drying of the resulting mixture (to remove the solvent), at
temperatures between 20 to 80°C, and, in certain exemplary embodiments,
between 50 to 70°C, The solvent for the activator(s) should be non-polar and
capable of dissolving the activator(s), but not the precursor composition. Among
the solvents which can be employed to dissolve the activator(s) are hydrocarbon
(,, solvents, such as isopentane, hexane, heptane, toluene, xylene, naptha and
aliphatic mineral oils such as but not limited to Kaydol™, Hydrobrite™ 3550 and
the like.
[0038] The resulting product is a free-flowing solid particulate material that
readily may be fed to the polymerization reactor. The partially activated and
impregnated precursor composition may be fed to the polymerization reactor
where the activation may be completed with additional activator compound,
which may be the same or a different compound.
[0039] In certain exemplary embodiments, the additional activator compound and
the partially activated impregnated precursor composition optionaily may be fed

to the reactor through separate feed lines. In certain of such embodiments, the

10



may be added to the reactor in such anbunts as to provide, along with the
anmopunts of activator conpound and titanium conpound fed with the partially
activated and inpregnated precursor conposition, a total A/Ti nolar ratio
in the r >10 to 400, and, in certain exenplgs ﬂp pents, from
15 to 6638%(§hy§%%tlonal anount s of activator conpoun&MK% Q to the reactor
may react with, and conplete the activation of, the titanium conpound in

t he reactor. [0040] In a continuous gas phase process, such as the fluid bed
process disclosed below, discrete portions of the partially activated
precursor conposition inpregnated on the silica support are continuously
fed to the addiiohadmetivt@rgmpotid mdy be spreyedpinnithoreactof iraethet watiiatedact i vat or

conpound, duri the continui ol ri Ke) rocess, and.may replace
acm)ve cat P%R‘g,&’té@att%a? ’é?rggegg’g@ %fms &B’ﬁe f@ﬁm@ga@m{ e rgact i on.
[0041] In apipeind BEa efaREhBBA tsElvERSE/gl, bi@@behﬁh@' Rbxahd) CorCaindtay 9i1).Syst em may

exhi bit high cat alyst activity. In certain enbodi ment's, the catal yst
activity chy esolusionomgp ceonpin gbgue?) o 30 gwelglyopga:@@myp‘ért@ [ActiNatas| ~ Ti

) (h)
| t ti I%{B% . 0 T h
gl tg; zgt : xel Y, %lﬂbgagggg&g%% ymer?&nmﬁ .ai,e ﬁg%eneff%m ruhTi I)%é\) g%
22,000 (g pmdyyomd)iedmtgereactpnin)sacmq&hmmm/a[s(tmrpmvzd‘é; 316ing With tlel sreuntat i vel y,

—4

22,500 (g p e | ene/ alternatively,
25,000 (g r?g @%@r%r CO‘QPg““d a“@cﬂt%’é‘f P%‘FHBF“ %‘%P%’ﬂ%%"}y a"%\Yﬁ“‘éf;%gt i vely,
27,500 (g R :pyegﬁétéd pf%cﬂ:sor coﬂ@oﬁﬁb@w t8RABAL/TTHB]ar Iau)o(lﬁ)m& icad@bil SF10L i vely,
28,000 (g polyrrer) pol yet hyl ene/ [ (mmol Ti) %))] . alternatively, ?
gg, 388 Eg ri@|49ﬁearyi nzacgtam exfongiay repbedindntsmbiom ﬁ}q R )]Theaﬂdﬂ@hﬂndt i ve: y, ?
29, g r , ; ively,
29,500 (g A HE e} ne o comBnGh 65 pdiBey ok oo BfR8) | 1)
30, 000 (g phd yonieatjon of, t@emanpmlymﬂmuhéhem&temmt Ti)(h))]; aI ternatively, ?
(

32,500 I , e.q., 11 WD 20061138036, PCT/ US 006/ 02 327

ol yet hy erOHH aiconiliohy g5 phithisrogen ShAnt Gefyid B BRCeg g 75 yrer).
e.g., pol yRidw/ anekele Pemtondi bf Nthe | parlifif4 2btivdiedt fHedur@Ab estiy
alternatively stated, the catal yst act|V|ty nay be > 6,50 gvggol yner),

e.g., polydmydgaaied op the slica Sppirt aw) qoatimpuplydpq to the rpaqwrpalopg Wifh! yrrer ) |
€. 9., POl Y iy e NG rfiShsPHf CollaR ki a@ﬁ&a‘?&r”@&hﬁ!&i&i, Furifhg2BQ CoheRg ). €. 9.,
"polymerization process, and may replace active catalyst sites that are expended
during the course of the reaction.
[0041] In any of the embodiments descnbed herein, the catalyst system may
exhibit high catalyst activity. In certain embodiments, the catalyst activity may be
> 20,000 (g polymer), e.g., polyethylene/[(mmol Ti}h))]; alternatively, = 20,500
(g polymer), e.g., polyethylene/[(mmol Ti)(h))]; alternatively, = 21,000 (g
polymer), e.g., polyethylene/[(mmol Ti)(h))}; = 22,000 (g polymer), eg.,
polyethylene/[(mmol Ti)h))]; alternatively, 22,500 (g polymer), e.g.,
polyethylene/[(mmol Ti)(h))]; alternatively, 25,000 (g polymer), e.g., '

polyethylene/[(mmol Ti)(h))]; alternatively, 27,500 (g polymer), e.g.

v v v v

28,000 (g polymer), eg.,
28,500 (g polymer), e.g.,

polyethylene/[(mmol Ti)(h))l; alternatively,
polyethylene/[(mmol Ti)(h))]; alternatively,

v v

polyethylene/[(mmol Ti)h))]; alternatively, 29,000 (g polymer), eg.,
29,500 (g polymer), e.g.,

30,000 (g polymer), eg.

polyethylene/[(mmol Ti)(h))]; alternatively,

v v

polyethylene/[(mmol Ti)th))]; alternatively,

polyethylene/[(mmol Ti)(h))]; alternatively, 32,500 (g polymer), e.g.,

v
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pol yet hyl ene/ (g precursor); alternatively, > 7,500 (g polyner), e.g.,
pol yet hyl ene/ (g precursor); alternatively, > 8,000 (g polyner), e.g.,
pol yet hyl ene/ (g precursor); alternatively, > 8,500 (g polyner), e.qg.,

pol yet hyLapahé Bsisecursor); and alternatively, > 9,00 ) e.g.,
pol yet hyl ene/ (g precursor). POLYMERI ZATI ON [0043] Thgc*ﬁﬁgjnéyﬁ%tlon may be

conducted by contacting a streamof nononer(s), in a gas phase process
(such as in the fluid bed process described below), and substantially in
t he absence of catal yst poisons (e.g., noisture, oxygen, CO (€02, and
acetylene) with a catalytically effective anount of the conpletely
activat ed ppagethgene/GanpbsTHhNh atd, alttwapedyt s G00d (@ tpoynkrl ST €

sufficient t |t| e the., pol.ymerization reaction. [0044] In order to
achi eve t heP @3@# ?&98333nges in certain exenplary copolyners produced

by the presgppdz 'Ii&V&Hér'éi’ﬂbodhﬁedﬂﬁi)élt&ﬁat%U st&t@d CrBé’%tXH@t"écﬁ%t gRguRh of the >C3
conononers wWith ethylene to achieve a I'evel n% percent of the

C3 to C8 cobbPdrarpdlymerhee. E@mﬂ#ﬂﬁleﬂeffb@fmm ahﬂmabvﬂmohe'}ooq et may be

ed to achj I
el oyed. [ BOSErDTAE; bR p o oSG ANy £2 251 BB ™! o e,
of various p@iwtbyienm(tgs pleadrsariRy eerenipellyy ner i 7,600 V\A(gh peﬂymérﬁneegn order to
provi de poI ?w ngrﬁa deil red density ranﬁ wi thin the range of
fromo.91 t¥® yﬁ{‘é?l}e & senlirEnaiveligex %Qe(ﬁ HoLENGhdi %t es t he
relative m?ﬁ&ethﬁ@ﬂh‘?@”t 1%&1&:96}), oéue'%ﬁaabd OMBNORIEHS ggreﬁowh& f1€, o yhi ch may be

present in recycl ed gas stream of norrers un reaction equilibrium
condi ti ons pelyethdens/(@apresursol)? a0 20emeidEnN3e PENOUIL006W0R)3245., TABLE 1

nononer g@‘hﬁ%ﬂ%f%&g%%?%‘%&g{ Gas Stream Conononer/Ethylene nolar ratio

ropyl ene butene-1 >0 to 7.0 >0 to 0.7
POLYMERIZATION

[0043] The polymerization may be conducted by contacting a stream of
monomer(s), in a gas phase process (such as in the fluid bed process described
below), and substantially in the absence of catalyst poisoms (e.g., moisture,
oxygen, CO, CO;, and acetylene) with a catalytically effective amount of the
| completely activated precursor composition at a temperature and at a pressure
sufficient to initiate the polymerization reaction.
[0044] In order to achieve the desired density' ranges in certain exemplary
copolymers produced by the present invention, it may be well to copolymerize
Q enough of the >C; comonomers with ethylene to achieve a level of >0 to 10 mol
percent of the Cs to Cg comonomer in the copolymer. The amount of comonomer
that may be used to achieve this result will depend on the particular comonomer(s)
employed.
{0045] Table 1 below provides a listing of the amounts, in moles, of various
comonomers that may be copolymerized with ethylene in order to provide
polymers having a desired density range (e.g., within the range of from 0.91 to
0.97) at any given melt index. Table 1 also indicates the relative molar
concentration, of such comonomers to ethylene, which may be present in the
recycled gas stream of monomers under reaction equilibrium conditions in the

Teactor.
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e e 3 ”

sl i

pentene-1 >0 to 6.0 >0 to 0.4§"Bé;éne-l >0 to 5.0 >0 to 0.4 ( octene-1 >0

to 4.5 >0 to 0.35 [0046] Referring nowto Figure 1,

illustrated therein is

an exenplary fluidized bed reaction systemthat nmay be used in the practice

of the processes of the

react or WQENEIEPI%y | ncl udes a

zone 3.
particles,

form of nmake-up feed and recycle
mai ntain a viable fluidized bed, thle

generally will be above the m ni num

pr esent

i nventi on.

Wth reference thereto,
reaction zone 2 and aP¢&USRI6A208Educt i on
[ 0047] The reaction zone 2 includes a bed of grow ng pol yner

t he

formed polyner particles and a m nor anount of catalyst
particles fluidized by the
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ui di zed bed of the
fiibg . Prpeposes] of | the cer t ai n
tion

e

stored

f or servi cerdantien zoms @rand iarveldcicdnctionldoanket of a gas that is inert to the

stored mat ﬁ)ro:itﬁl

such,as nitroge
Theé reaction zone 2 inclades

0

2 bd ot gr}bwing polymer particles, formed

polymer particles and a minor amount of catalyst particles fluidized by the

continuous flow of gaseous components in the form of make-up feed and recycle

gas through the reaction zone 2. To maintain a viable fluidized bed, the mass gas

flow rate through the bed generally will be above the minimum flow required for

fluidization, and, in certain exemplary embodiments, may be in the range of from

1.5 to 10 times Gqy and, in certain exemplary embodiments, in the range of from 3

to 6 times Gur. Gur is used in the accepted form as the abbreviation for the

minimum mass gas flow required to achieve fluidization, as may be set forth
further i, for example, C.Y. Wen and Y.H. Yu, “Mechanics of Fluidization,”
Chemical Engineering Progress Symposium Series, Vol. 62, p. 100-111 (1966).

[0048] Generally, the bed will contain particles that may prevent the formation of

localized “hot spots” and that may entrap and distribute the particulate catalyst

throughout the reaction zone 2. On start up, the reactor 1 usually may be charged

with a base of particulate polymer particles before gas flow is initiated. Such

particles may be identical in nature to the polymer to be formed, or may be

different therefrom. When different, the particulate polymer particles provided as

a base may be withdrawn with the desired formed polymer particles as the first

13



[0050] Flurdrzatron IS achreved by a hrgh rate of gas recycle to and through
the bed, typically in the order of about 50 tines the rate of feed of
make-up gas. The fluidized bed has the general appearance of a dense nmss
of viabI% ﬁartr |es in possible free-vortex flom1as created %X t he
percoldWr& 6 égs t hrough the bed. The pressure dr { he bed may
be equal to, or slightly greater than, the mass of the bed di vi ded by the
cross-sectional area, and thus may depend on the geonetry of the reactor 1.
[ 0051] Make-up gas may be fed to the bed at a rate equal to the rate at
which particul ate pol ymer product is withdrawn. The conposition of the
nmeke- up gagodutBYERainedllyed fluidRed bad oF (HedesBBRbIIFREr Farfidlsd upplasd tabove the bed.
The gas analyzer 5 may determ ne the conposition of the gas bei ng recycl ed,
and the c#pBRPEd-on of the make-up gas may be adjusted accordingiy to

mai nt ai n e ga n t he
reaction g[gor? ]eg[ﬁ F%%@ i bg&p Pﬁ’%a e bertﬁ};?g@n ?Surg‘grwzalaegr BMGHS‘?]e recycl e gas
and, wher ecodpeiitionl (1tqquegnatedfontthe81ﬁzlsappqnt)gaexi innthy finilizedthed mexy tever gas

recycl e li bel ow the bed, A

to th t
di stri but |%‘?¥“€F‘gt%3rv§’%ﬁ%§%%gglggc ﬁr%'?q“ﬂﬁt%fap%ﬁsﬁktat ISineT & félﬁémg% nt of return

to aid in fhhtyﬂlﬂl &ich s hine é}p@{-aréc@lOSS] The portion of the gas stream t hat does
not react in the bed constitutes the recycle gas which is renmoved fromthe

reaction 881 Fluigizatier isachiensd pia diishgrate of gastrecyslovisl i thlgpugledmu on zone 3
above the ‘?ﬂgtyﬁggﬂf[fg@é z?f’d %’_ﬁ@'aﬂ%ﬂf 5 ﬁ&@?th@?étﬁgf’feeﬁ'oi’ﬁﬂk RPOffeuni ty to drop

back into e recycl e gas en m ressed in a
conpr essorﬂtﬁdiaetﬂbedthas ﬂtp@s&dl fppearagle & ahda:_tse mhaﬁgmblellﬁhrﬂd:l&rml n the heat

_-of reaction

fgo fromr(t? b fore is.ret ne@otho t&,e bed. The
_tenper at ur®sy the&mx VE gh EFgRE &y ?pegﬁaggggf]tgp% €5t tenperature
under ste Headfu tih@f ife€acti on. No
not i ceabl gﬂtée%%ﬁt%?g%g@?ﬁwgﬁt S W '%ﬂyto 618%%%%\%%%%6%38036

PCT/ US2006nes @ e begpdizided by theorosstseetinnaloaser, and thsgeiadepeed gp tei ent wi | |
exist in t%gmlgg m[eggactdgq bed in a layer of about 6 to 12 inches, between

the tenperature’ o hée Tnl'et gas and the tenperature of the renmi nder of
t he bed. Thesty ddykelmgammaybbrfechtdmbthed@d atrate etcjuel tocthetrate ai whichi t s base 7
and to the f|lui d bed thraough.di strifution ate e corrpressor 9
al so can DX thdggﬂf%fthgﬁ@mheﬂte B’érof%@ ik ~Up gas

may be determmed by a gas analyzer 5 positioned above the bed. The gas
analyzer 5 may determine the composition of the gas being recycled, and the
composition of the make-up gas may be adjusted accordingly to maintain an
essentially steady state gaseous composition within the reaction zone 2.

[0052] To facilitate complete fluidization, the recycle gas and, where desired, part
of the make-up gas, may be returned over gas recycle line 6 to the reactor 1 at
point 7 below the bed. A gas distribution plate 8 may be located at this point
above the point of return to aid in fluidizing the bed.

[0053]1 The portion of the gas stream that does not react in the bed constitutes the
recycle gas which is removed from the reaction zone 2, preferably by passing it
into a velocity reduction zone 3 above the bed where entrained particles may be
given an opportunity to drop back into the bed.

[0054] The recycle gas then may be compressed in a compressor 9 and then
passed through a heat exchanger 10 wherein the heat of reaction may be removed
from it before it is returned to the bed. The temperature of the bed is controlled at
an essentially constant temperature under steady state conditions by constantly

removing heat of reaction. No noticeable temperature gradient exists within the
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[ 00551 The dlstrlbutlon plate 8 nay play an |nportant role I n the operation
of the reactor 1. The fluidized bed contains growing and forned particul ate
pol ymer particles as well as catalyst particles. As the polynmer particles
are hot and possibly active, it may be well to prevent themfromsettling,
for if amPRABE3BI6 nass is allowed to exist, any actPUBURMO@2YBT cont ai ned
therein nmay continue to react and cause fusion. D ffusing recycle gas
through the bed at a rate sufficient to maintain fluidization throughout
the bed is, therefore, beneficial. The distribution plate 8 serves this

pur pose, and may be a screen, slotted plate, perforated plate, a plate of

t he bubble ca e a t.he | The el epent s of . the I strihuti | ate 8
all may be %E@HJ ?gﬁrbe%hék(ﬁ?rgﬂeﬁtﬁﬁt? e Wil exist %@eg’@t%‘iﬂf’?ﬁ@' Opmgi fiee
type discl Oﬁ&ﬁn'aﬂaﬁr §f atidat 6 tdN® indhed HbiviélA thaNBAlpEMEBIre bf the A& gdand t

generally will diffuse the recycle tgngs through"the particles at the base of
the bed to thrdapparsuremidhe rﬁr@amdenpﬁ é@dca"hﬂlmth gasirithan swurmed toe t o support

a qui escent gﬁg?&cﬂ%l at ﬁﬁgaﬁ %ﬁ VX&%& bEt{'&){(;u%g%s%b%lohi%a@ Of ’i‘lrf'e oper at i on.

The nobil e enen tion q>to di sl odge any
pol ymer partomﬁmoﬂnhlsmm:ﬂﬂplme@ﬂowmﬂraﬁﬂn@f tedicat dauhangar 11] ate 8. 10056]

Hydr ogen ma be sed as a chain transfer ent inth [rerlzatlon
reaction of ’Eti‘?e‘g‘ (H'&/lg %dﬂay Fr\lﬂfémilg’ﬁ‘ Waﬂ?foﬂ’ﬁ/’&rtgﬁg émw & nonomer
enpl oyed geﬂﬁétai hy el fuiBEy b@@h‘ﬁﬁﬂs rotvﬁn%aﬁ’d rahRa ﬁaﬁxé&}’a‘?é PaGHePEr mol e of

the ethylene nonomer in the gas stream 0571 Any gas inert"to the
cat al yst anpartidsteamedl annatalystopdrticles: es“énﬂlel pelymer g@@dﬁswfeaﬁﬁ anch certain

qzii?ﬁ'ma&%mﬁé'%“ R e R i e A

e fed int Omhknexsgﬂswe@myekst Syt tactinef catilysdlicomains® thekdin trhayoegitinbe e 12.

00581 Corrpounds of the forpmula.Zn(Ra)( erei.n .Ra and are the same
or dif f er effect@Endcguse tusign.; PLysing I'SFY ifr%ﬂ‘?éflt’qovw}h%rh?éé‘?‘ Béﬁeﬁ’%‘ﬁ?@ﬁ s, may be

used (in 1f WRidAR6ALABIAZGK REB&%!%”Q@&%QBW th&eFrd! NGerleBRialV tméwdrogen)

with the catalysts of the presen vention, as nolecular weight control or
chai n tr anséistribatiemphite 8. servest Bisi perpeses and taasmbe ta iserden slatted pleteof t he

L
distribution plate 8 all may be stationary, or the distribution plate 8 may be of the
mobile type disclosed in U.S. Pat. No. 3,298,792. Whatever its design, it
generally will diffuse the recycle gas through the particles at the base of the bed to
keep the bed in a fluidized condition, and also serve to support a quiescent bed of
resin particles when the reactor 1 is not in operation. The mobile elements of the
distribution plate 8 may be used to dislodge any polymer particles entrapped in or

on the distribution plate 8.

( [0056] Hydrogen may be used as a chain transfer agent in the polymerization
reaction of the present invention. The ratio of hydrogen/ethylene monomer
employed generally will vary between 0 to 2.0 moles of hydrogen per mole of the
ethylene monomer in the gas stream.

[0057] Any gas inert to the catalyst and reactants can also be present in the gas
stream. In certain exemplary embodiments, the activator compound may be added
to the reaction system downstream from heat exchanger 10. Thus, the activator
compound may be fed into the gas recycle system from dispenser 11 through line
12.

[0058]1 Compounds of the formula Zn(R,)(Ry), wherein R, and Ry, are the same or

different C; to Cia aliphatic or aromatic hydrocarbon radicals, may be used (in
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the gas streamin the reactor 1 per nol of titanium conpound (as Ti) in the
reactor 1. The zinc conpound woul d be introduced into the reactor 1,
preferably in the formof a dilute solution (2 to 30 weight percent) in a

hydr ocar. vent or absorbed on a solid diluent j h as
silica, \?ﬁrl%oﬁé@ésrg)ﬁg of 10 to 50 weight percent. Thes%ﬁ#ﬁ@ﬂ%‘ﬁgﬁs tend to

be pyrophoric. The zinc conpound may be added al one, or with any additional
portions of the activator conmpound that are to be added to the reactor 1,

froma feeder (not shown) which could be positioned adjacent dispenser 11.
[ 0059] Cenerally, the fluid bed reactor 1 will be operated at a tenperature

bel ow t he dhjherionngithengaioghlr #ithf the Natapgatsy 6B th ardses! @Svehoren§ur e t hat
sintering will not  occur. For_the production of the polynmers in the process
of the prededleculavusight sautrol on chaip tapsferpoeifyres atoipercate thomelf indsgC general | y
may be enpl@yed-of e ¢ h&s HBxeap! ngCf' 1ohEREnAt of 70 to
95C may be used Ogoﬂ%r%%%&sprod%gt@%g%ﬁ?% etrtgilto?/’ %%Etlﬁeclélﬁtgﬁge of from
0.91 to 0. $Hbodinkntse figoey 24 tor3@snoéles ofttheZn aompowfd (hs Bn) BOult be 18AGnmay be used

to prepare products hayin ensity J .the range of _>0.92 to 0.94. [0060]
The f1 uid G e i o %‘“"ﬁ’ﬁgrpﬁf E&yﬁtRﬂP‘é‘%B’inB@g@f@ﬁEﬂt“&3’}?66“%?055i, and in
certain exenpri@d ¥in€ ehagbuianrGldBY itRdeRa ialbate &acr AT fRfdily &f thkr om 150 to
400 psi, with gperation at the higher pressures in such ranges favoring

heat transffein of gedibie solufion € toa3Q Feighhperaentbis e hydrogebes gelaentimr eases the
a1 vol unt 6l GRPASI duel mtBi 8% of ARG In FRERLE 1! 56 Ak va! ed and

f
Si @ supported precursor élgrrpomtl on IS Infec edat a rate
equal to i tpereentsThest campaattioas Eadnd bd Pybpladrici sTiebrneconjoend nmyibebut i on pl ate

8. | t ai | nbodi,. th t al yst be . i njected at
doint i« SRS Bt B Ry POty R o be Feadibg lag o The
injection ok ddbed fihel¥ftoral, fRNDLifdeR@BY Showis vilidi Edulldibe PBsibRle 8 nmay be

beneficial because, inter alia, the catalysts used in the practice of the
i nventi on ddiscentgispensenth.i ve, such that injection of the catalyst into the

L grovy Srasti v 0 020327 8
o e SO Bk R R e

di stributi ahe gihetieg &mpergtere tof dre joyrae: tparticles ad basulzetiiat simstigadill atds i n
O DU e kb3t B BY IR S50 bR GG, 0o he
an operating temperature of 30 to 150°C generally may be employed. In certain
exemplary embodiments, temperatures of 70 to 95°C.may be used to prepare
products ha'ving a density 1r’1 the range of from 0.91 to 0.92, and temperatures in
the range of from 80 to 100°C may be used to prepare products having a density in
the range of >0.92 to 0.94. _
[0060] The fluid bed reactor 1 is operated at pressures of up to 1000 psi, and in
certain exemplary embodiments may be operated at a pressure of from 150 to 400
psi, with operation at the higher pressures in such ranges favoring heat transfer,
because, inter alia, an increase in pressure increases the unit volume heat capacity
of the gas.
[0061] The partially activated and SiO, supported precursor composition is
injected into the bed at a rate equal to its consumption at a point 13 that is above
the distribution plate 8. In certain exemplary embodiments, the catalyst may be
injected at a point in the bed where good mixing of polymer particles occurs. The
injection of the catalyst at a point above the distribution plate 8 may be beneficial
because, inter alia, the catalysts used in the practice of the invention are highly

active, such that injection of the catalyst into the area below the distribution plate
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—of~high catal yst concentration which may result in the formation of "hot
spots.” Injection of the catalyst into the reactor 1 above the bed may
result in excessive catalyst carryover into the recycle |ine where

pol yneri zati on may begin and plugging of the |line and heat exchanger 10
event ual ¥y x0@myizeeeur . [0062] A gas that is inert to tfieyeah@osshy; such as
nitrogen or argon, may be used to <carry the partially reduced precursor
conposition, and any additional activator conpound or non-gaseous chain
transfer agent that is used, into the bed. [0063] The production rate of the
bed is controlled by the rate of catalyst injection. The production rate
may be increased by sinply increasing the rate of catalyst injection, and
may be decrnspdalbse pobdurrizatiort tochegit thenofand avedtyally ¢anpeeplupging of [8064] Because

any change j.n.the rateof. catalyst.injectiqn will change the rate of

gener ati on %ﬁuﬁlﬂbont@% SOfmleg%P& %(‘%’nqle { ﬁg%tbgﬁp@yﬁ?du raléﬂd’? %{Sﬁg’%%l e gas
entering t hatalysea@bWhodt 8 Yed Snd@idiSh ebcli@v@iciBraasbndsIbMBL&Espo acconmodat e
the change in rate of heat generation. This facilitates the mintenance of

an essent i AfIjek s#alysroncengptien whichangyresbingibe formntion &f shotrappisiinent ati on of
both the flwj.di : re l1e. [ .he useful to
facilitat e,m“'eg?éfgfa@?%?%ﬁ%m%%@géﬂ(%1 %lgggr?%oéggnlggf g%lﬁjltrt %ﬁ%@% i n the bed
so as to emabilmt tdagyoperiaiothet moyrik fina whsrd pallyinerizadjonsinage heginnadidhe
tenperature_,of .t he. recycl as. 1006 Under,. a gi ven set of operating
condi ti ons,f_’l?ggéng ?&Pﬁﬁf’%%@%ﬁ%at qxgl[“i‘?ﬁ?r aelvﬁléﬂauya"flg%g%c@ﬁt ially a constant
hei ght by WodeBfr&whsBatds RRft!th &2 cafalyst) Sudhel nifogbh 6FuEbn,Hhayde sa ® equal to
the rate of formation of the particulate pol ynmer product. Because the rate
of heat gerf@patthepaptisllyirpdiced procersax eRMPASitiono gud eny GAdHEID MCtivatIFeas ur enent
(O wihe L AR ALHA Br S fos O Ll HRFAGEAR Tk RsbEFEh Mo tha(t e, di Ffer ence

e t exi t gas

between inlet ™ gas t erature an | tenpérature) may be
det er m nat i 0@s3pfTHehprodad¢t®nofate phrthé dad ais ecoptrbNede by fthe natei ofh cattlyst const ant

gas velocity. [ 00 I n. certain ex | ar odi pents, th articul ate
pol ymer pr &\éﬁ_ﬁ%‘mﬁg@’ pRRAvEion ?aﬁe_u@ﬂ% g%ﬁ%ﬁfgﬁﬂﬁﬁmﬁﬁﬁlﬂg %fzraﬁt"for close to
the di stri bhiatal @piniciibe, AAd AR be!d@cr@éé%@ﬁf‘ﬁdﬁﬂn%‘ﬂfehﬁt@pﬂ@ﬁﬁl‘}wﬁﬁﬂj@éﬁoﬁhe gas stream
that may be vented as the particles settle to mnimze further
pol ymer i zat/P§A! Brgausespr change ihie ratp af epalyst dnjectionawillichange thyateors/ 138036
PCT/ 1352006 i L4 1 Ch Iéh% ' i.ng gas may
al so be use‘%fg%gﬁéﬁrzﬁ/g@t eét dfﬁlra%: ucft%hﬁg%h}l E%b#ggf:tﬁ%?g%ygla St%ﬁteﬁﬁﬁggigct or.
reactor 1 may be adjusted upwards and downwards to accommodate the change in

rate of heat generation. This facilitates the maintenance of an essentially constant
temperature in the bed. Complete instrumentation of both the fluidized bed and
the recycle gas cooling system may be useful to facilitate, inter alia, the detection
of any temperature change in the bed so as to enable the operator to make a
suitable adjustment in the temperature of the recycle gas.

[0065] Under a given set of operating conditions, the fluidized bed is maintained
at essentially a constant height by withdrawing a portion of the bed as product at a
rate equal to the rate of formation of the particulate polymer product. Because the
rate of heat generation is directly related to product formation, a measurement of
the temperature rise of the gas across the reactor 1 (the difference between inlet
gas temperature and exit gas femperature) may be determinative of the rate of
particulate polymer formation at a constant gas velocity.

[0066] In certain exemplary embodiments, the particulate polymer product may
be continnously withdrawn at a point 14 at or close to the distribution plate 8 and
in suspension with a portion of the gas stream that may be vented as the particles

settle to minimize further polymerization and sintering when the particles reach
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[ 0067] The particul ate pol yner product conveniently may be w t hdrawn through
the sequential operation of a pair of tinmed valves 15 and 16 defining a
segregation zone 17. Wiile valve 16 is closed, valve 15 may be opened to

emt a and product to the zone 17 betwe i ve 15,
R Jode 13836 2@:1‘(%52%{320‘59}

whi ch then may be closed. Valve 16 then may be open rver the
product to an external recovery zone. Valve 16 then may be closed to await
t he next product recovery operation. The vented gas contai ning unreacted
nononers nmay be recovered fromzone 17 through Iine 18 and reconpressed in
conpressor 19 and returned directly, or through a purifier 20, over line 21
to gas rec\hb¢ieulkimate ®llatticm gvoe.nThe psperiing o mdyealsa beyselao dompthessor 9.

[ 0068] Fi nal lcﬁirqtihe fl u%ﬁg_i zed .bed reactor 1 is equipped with an adequate
venting syt o Pngreaster (MRS T8F % he bed during start up and shut down.
The react orjosk7] dbeafRiitateestitymher prbducy senvehiely ffal e viRRRSvAREARR Wal |

scrapi ng neans. The recycle gas line 6 and the elenents therein (e.g.,

conpr essor the seqrentiaboperatiogef a paiy of Hmad vaivesyl Seand 6 dlehining asagregdiosur f aces, and
shoul d be [ ; 0 [ tQ . e the flow
of recycl e%ggglllﬂ[ g‘@“éfé?@%?ﬁ?é% 6351’ g@%‘% vi?é}‘fégt@gf’g‘g}eaz‘§§’?ﬁetrﬁ Eg?é ?ﬁ%g i nvention
may yi el d anfllppediicbiedthe powed LT bethvaen itgnd ivabre diSagbichahen alag beickmedf from 0. 01

to 0.04 ingh d, i t ai | di nents, f 0.02 to 0.03
nches. i n Vi e gl b hedtido Bl B e KRR eV,  The
pol yner parydled s thahendyebeaélbded!ty a®af Yhd ext blodust ré€oviery pekdtiond ‘ipgd. [ 0070]

The feed stream of gaseous nononmer, with or without inert gaseous diluents,
may be fed VeAled §a8ccontaitng ungpactgd Spepomers mayyhe reoptredifr zong 4710

( pounds/ hourtﬁl%‘dgi Gink ARt Yl 1268 fé?geﬁrfﬁ'coirﬁ)g)e%gﬂr ird‘ﬁn& ?%tﬂ?n%ﬂrcﬁfegﬂ ! N or

pol ymer as used herein neans Bo ymer, | granular form as it Is recovered
from the pahyngh & patifio20; eestline 21[t0 @@decydhelinat afl a/point wistredre opthesent
invention also, may be used in the gas phase reaction process and appar at us
di scl osed irﬁ")ﬁ!es?.o\é’lﬁés.sor . 4,255,542, which corresponds to European Patent

Appl i cati onpddey FhRLQ.1de Huidizethbedvelidds: 1 isl @Eippb@Fiith allhddpS&@V&ﬂﬁgVW ch was
publ i shed on Cctober 31, 1979 as Publication No. 18 WO 2006/ 138036
PCTI US2006/s9stom4q alloygentingrefsthe ped dipingetast wp and gt dowe Joe rsetoph entirel y

straight siged b E’éqﬂnp% use of stirring means and/or wall scraping means. The
recycle gas line 6 and the elements therein (e.g., compressor 9, heat exchanger 10)
generally should have smooth surfaces, and should be devoid of unnecessary
obstructions so as not to impede the flow of recycle gas.

[00691 The highly active catalyst system of this invention may yield a fluid bed
product having an average particle size of from 0.01 to 0.04 inches, and, in certain
exemplary embodiments, from 0.02 to 0.03 inches, in diameter wherein the
catalyst residue may be very low. The polymer particles are relatively easy to
fluidize in a fluid bed.

{0070 The feed stream of gaseous monomer, with or without inert gaseous
diluents, may be fed into the reactor at a space time yield of about 2 fo 10
pounds/hour/cubic foot of bed volume.

(00711 The term virgin resin or polymer as used herein means polymer, in
granular form, as it is recovered from the polymerization reactor.

10072] The catalysts of the present invention also may be used in the gas phase
reaction process and apparatus disclosed in U.S. Pat. No. 4,255,542, which
corresponds to European Patent Application No. 79101169.5, which was filed
April 17, 1979 and which was published on October 31, 1979 as Publication No.
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reactor that enploys heat exchange neans within the reactor. POLYMER(S)
[00731 A variety of polyners may be produced as products of the nethods of
the present invention. The polyners that may be prepared with the catalysts
of the WHbEsRAks0 (pventlon include, inter alia, copolyners that include a

maj or nol percen , > 90% of ethylene, and a hGToYS2PR8102458% cent (e. g
<109 of one or m)re C3 to Cs alpha olefins. CGenerally, the C3 to Cs al pha
olefins will not contain any branching on any of their carbon atons that

may be cl oser than the fourth carbon atomfromthe doubl e bond. Exanpl es of
suitable C3 to C8 al pha olefins include, but are not limted to, propylene,
but ene- 1, @eH6.eMhesk rehReRBEdibclods @i@tlﬁé”of aﬂ%aheges&m es%eﬁnﬁm& pafd_octene- 1.
In certain exenplary enbodi nents of rese en lon, the C3 to Cs

al pha ol ef F%@?ﬁgﬁtPﬁﬁbﬁﬁ@%?@%&@n@%ﬂbm@m@dﬁa@mxene 1, 4-nmethyl pentene-1
and octene-1. [00741 The polymers that may be prepared W|th the catal ysts of

the present i npgjityo: erally have a nol ecul ar wei ght distribution
(MM M) in the I’a'n'g'e—mlg—gg]romZ 5to06.0. In certain exenpl ary errbodi ment s

i stribut S A NERbL R Genees pBRod Py opSifGrlhs Hetbaflole Mo cati ng

t he nol eculpwseman@lmtm@h sme Eblﬁrleﬁlth‘dﬁhﬂ? be (pwafe'ﬂ)wﬁ{ iR Redipkeesf hevol ves a
parameter referred to e nelt flowratio (MR). For the polyners of the

present i nPEERtdRvention Wﬂﬁ $:dpigE 4, copalpmers ﬂ&atmlud@@rme@peﬁhﬁermta MA/ Mh

val ue range, pf MER g
correspondge o>g0n%&l\t}|§"1€y§l%{§dar%%e o ﬁgﬂﬂﬁ (&85 “got%{%fo%%%ﬁu BI ynmers that
may be prepafgdiphatdiefitie Gaerllyste (bsftot(lﬁzealphzesbﬁns wﬂhmenmmmngayler ally have

anbot mont Sracpie AT Pl i8aGiots bl Yy Voot ReSTis Bty eSFEM 8 016 10

50. 935. | namai fremthe et bond. eixangiereniiitable®; Wansdliha &éfneaﬁéladm exenpl ary
copol yners_t hat ma(;;ébe pr epar ed W|th the catal ysts of the resent

i nvent i on, PHt 3 &Py dinitedplo, yirepyleas tbutshgdx negirae-1. heyensel. &gl ed by, inter
alia, t he E&H’f lfgp eh eﬁ’ﬁe?&énenpr Gn CRrtdif XPm! @ﬁﬂgﬁﬁleot?a&f By be

copol yneri ged ene. In certain e di nents the present
i nvention presetthm%n@anttbe C.‘Isg:o\,@ apmebnaﬁaoa@ymwsm@ﬁkﬁemc-ms conononer s
are not react ed th et1 Ien the Qresence of a catalyst of the

gxene-1 -meth dnt&ieSt Al octbne!

[0074]1 The polymers that may be prepared with the catalysts of the present
invention generally have a molecular weight distribution (Mw/Mn) in the range of
from 2.5 to 6.0. In certain exemplary embodiments of the present inveﬁtion, the
polymers may have a molecular weight distribution in the range of from 2.7 to
4.1. Another means of indicating the molecular weight distribution value
(Mw/Mn) of a polymer involves a parameter referred to as the melt flow ratio
(MFER). For the polymers of the present invention, an MFR range of >20 to <40
corresponds to a Mw/Mn value range of 2.5 to 6.0, and an MFR value range of
>22 to <32 corresponds to an Mw/Mn value range of 2.7 to 4.1.

[0075] The polymers that may be prepared with the catalysts of the present
invention generally have a density in the range of from >0.91 to <0.97. In certain
exemplary embodiments, the polymers may have a density in the range of from
>0.916 to <0.935. In certain exemplary embodiments, the density of certain
exemplary copolymers that may be prepared with the catalysts of the present
invention, at a given copolymer melt index level, may be regulated by, inter alia,
the amount of the one or more Cs to Cg comonomers that may be copolymerized

with the ethylene. In ceriain embodiments of the present invention in which C; to
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present invention, the ethylene generally wll honopol ynerize with the
catalysts of the present invention, thereby providing honopolyners. In
certain exenplary enbodinents, the honopol ynmers produced in accordance with

the presgpfjod tion may have a density of ?0.96. T h ensity of the
polynersﬁﬁﬁzgkﬂﬁgg be prepared with the catal ysts of g#éuﬁigﬁgﬁp7invention
progressively may be |owered through the addition of progressively |arger
amounts of one or nore C3 to C8 comononers. The anobunt of each of the

various C3 to Cs conononers that nmay be used to provide a copol yner having
a desired density generally will vary from conononer to conononer, under

the sane rexcdonhomentid heteactcwih eth9lenslih the PRdsahd@r oftaCcafil @Y bfl@iea copol ymer
havi ng the sane given density at a gjven nelt _index |evel, the operator

general |y rsSseRigavensiogathe eihiyiane gapsiattcwik hemepalymerizearith thezatalysies
CONMDNONEr S, 4fi 1.N - > 61 The

pol ymers t ﬁgttﬁhng%&gtemg%@%ggf %&H&??ﬁoﬂl eg ?é@gﬁﬁ?gggfﬁ?%%ﬁﬁgsén I nvention
general | y rambodanetsandiar kbnsypolyarens |prods@ed el scchrbdace ivitht e peasge of from

>0.01 to ahout .100. I.n certai.n exemplary enpodi nents,. th ol yrers may have
a st andar dUGPURR MY have 2 eﬁﬁmmﬁi@é i ust,ﬁﬁe a?mﬁ% ogfthefp‘gwgﬁr.ség%o 80. The
pol yners hepepaed ivith thoahliged 6f the gedert iddion ProhSsivapagy®e from 11 to
2000. The rﬂirré'eylt |n1(31ex of the poﬁm&rs ?hat may be grreparledy‘vm h the

cat al ysts deweme thspughidhe additisneofirregiessiyplydager dgvets ofivnepr moteitet y of
factors inghudi LIt | t rq.Zation

reacti on, ﬁ]se&gdg%gﬁe{/é' 0 hetaghdé&gl(t)%g %;:Reo?'{ﬂcfﬁﬁ%ﬁ#ﬁgﬁ 335 égfh&ﬁr&g?%g% nth%to et hyl ene
nononer pr esgne uked itogrovide a epolyien havingla tbsired alengityofen€3lly tvill €ayconmononer to
et hyl ene omer pr esent duri n% t he reaction. .Thus,.an qﬁer tor may
increase tHETEPPOIGREELO GHmqyeat b&Pgﬁé]F%saW,re?WBFo'%ﬂlﬁl‘g{S' At & &ng -t he

pol yner i zatdpeptdrahpesaddli RepdiBiétiava BEGhRaSive delftyIRNShilvin afeltt he

copol ymer, ~and/or "by increasing the hydrogen/ethyl ene nmononer ratio, and/or

by i ncr easiipdex leyed theopesater gesrally ey lag ginguniy pEte differeter . | n
ddition t : : i.onal ' th hai
o L pBthom IR BEINRIREBEORILY ERL el g of her chaln

transfer age3nts zl nc & increase the nelt
i ndex of t heo7gio|Thaepatymé® GEat1lman deppkyared svithf theheatgdyes efitthé pwseti on

I R
PCTI US2006/:92$13:3 abohtN0ON T Settaifbokelipkey ambotifmehty,) e pelygefURaci@Rtant in the
range of from> 0.1 to < 0.3 :
standard or normal load melt index in the range of from 0.5 to 80. The polymers
may have a high load melt index (HLMI) in the range of from 11 to 2000. The
melt index of the polymers that may be prepared with the catalysts of the present
invention may be a function of a variety of factors inchluding, inter alia, the
(, temperature of the polymerization reaction, the density of the copolymer, the ratio
= of hydrogen to ethylene monomer present during the reaction, and the ratio of C;
to Cg comonomer to ethylene monomer present during the reaction. Thus, an
operator may increase the melt index of the polymers by, inter alia, increasing the
polymerization temperature, and/or by decreasing the density of the copolymer,
and/or by increasing the hydrogen/ethylene monomer ratio, and/or by increasing
the ratio of Cs to Cg comonomer to ethylene monomer. In addition to hydrogen,
an operator optionally may include other chain transfer agents (e.g., dialkyl zinc
compounds) to further increase the melt index of the polymers.

[00771 The polymers of the present invention generally have an unsaturated group

content of <. Tn certain exemplary embodiments, the polymers of the present
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car bon-carbon doubl e bond per 1000 carbon atons. [0078] The polymers of the
present invention generally have a residual catalyst content, which may
vary depending on the productivity of the catal yst system For a catal yst
syst em Reybdv@dnggopy oductivity | evel of ?_100,000 poun per pound
of residual netal in the polynmer, the polynmers of thgégﬁgégﬁbxgﬁéention
produced t hrough a process using such catal yst system may have a resi dual
catal yst content, expressed in terns of parts per mllion (ppm) of titanium
netal, in the range of from>0 to <10 ppm For catal yst systens having a
productivity |evel of ?_200,000 pounds of polyner per pound of residual
metal in tlwevepddnmey havetahensatebiedd gtoup abmtbiytgh tiRaatRYr fivky>0etd €0.3 he range of

from>0 to < For at gl ys stens having a productivity |evel of
?_500, 000 ﬁ@rgﬂ’g’gar ‘Png%}%”%ﬁ%ﬂm%y&ﬁmné?o%si dual netal in the polyner, the
resi dual cadopd)y The PORERR of ﬂﬁetﬂi‘é‘sent%{réﬁ%ﬁ%gﬂérﬁlﬁ“g% &Fel%fdﬁ&lf&'fglﬁy be in the

range of from>0 t0o 52 ppm The honopolyrfers dnd copolynmers ot the present
i nventi on &pPeentewhichymay yenycdegenling oméhepprodestivity affthe hatalystesyetetn. i nvent i on at

productivi td P 000 nd f I er pound, of residual
netal in t?“é‘e%&%?{%l‘ﬁyh[g’é‘g%P%ﬁ%‘gg‘g‘i“yﬁ%f%’ e‘o%t%@@?%&‘é‘?ﬂ% O:tlr?\‘?]é’ﬁ’[efon general |y
are granul per poanéof sdsilubiattal clkepelmay eeaiydas of He@r&editniditibhie range of
fromO0.01 to 0.06 inches in diameter. In_certain enbodi nents, the polyners

have an av&Fodgeedothiroueh; a mipcess using such Saglysiopystem gR0heE # geBdwd | nches, in

di anet er. ThelyRadohient, %xgﬂegs%d TRYerRS ﬁgﬁgﬂ%ﬁ&ﬁﬁi&h@@f%@%ﬁﬂfn hig purposes of

readily fluidizing the polyner parti n a reactor. The
granul ar cdptheyargesofzram kO rto 50 0 \ppox. sSFafcatalyst systesmitaving\eeproduntivithave a bul k

“density in;th f. from.19, pounds pe ubic foot. to 35.pounds per

~cubi ¢ foot }evﬁg%ﬁ%ggg)gaipﬁmﬁﬁfoffgp - BﬁiR@?&PﬁgsgPﬁﬁH&%m%%ql ts and

honmopol yrretis efidid ecapilyss ediitehtviey be o tHeareaga ob tilokn d@nsidsyppnn tHae range of
p

from 0.304 gram per cubic centineter to 0.561rp&aram er_ cubic centineter.

[0080] The HBIVFrPEM MaYRE oMBLEHYILY IRYEefi BIOPRY) noundssftralymmes p&r vari ety of
anner S, 1 Rkl Gesidil nRAH1 i He! Sohnh e B0 Ao e 1 g e f rom s

wel | as ot her nol di ng applicati'ons. Wien the polyners of the present

i nvent i on gekymers proéucgd debréfoom fdynbeniakthe gange rof dwes >0dm Bpemat $he may el ect to

S o0 S o Ghes W8 HRUNTES 4 s RGP SR60 LIS SEabRBE )2 °

the processes of the present invention at productivities of up to 500,000 pounds of

polymer per pound of residual metal in the polymer.

[0079] The polymers of the present invention generally are granular materials that
have an average particle size in the range of from 0.01 to 0.06 inches in diameter.
In certain embodiments, the polymers have an average particle size in the range of
from 0.02 to 0.03 inches, in diameter. The particle size may be an important
factor for the purposes of readily fluidizing the polymer particles in a fluid bed
reactor. The granular copolymers and homopolymers of the present invention
have a bulk density in the range of from 19 pounds per cubic foot to 35 pounds
per cubic foot. Expressed in different units, the granular copolymers and
homopolymers of the present invention have a bulk density in the range of from
0.304 gram per cubic centimeter to 0.561 gram per cubic centimeter.

[0080] The polymers of the present invention may be useful in a variety of
manmers, including, but not limited to, the production of film therefrom, as well as
in other molding applications. When the polymers of the present invention are to
be used for film-making purposes, an operator may elect to use embodiments of

the polymers of the present invention that have a density in the range of from
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>0.916 to :0.935, and in certain enbodinents, a density in the range of from
?0.917 to :0.928; a nolecular weight distribution (MvV M) in the range of
from > 2.7 to <4.1, and in certain enbodi ments, a nol ecul ar wei ght

distrib M1) in the range of from>28t0' standard
mel t ingé(i%la?\n{s e range of from>0.5to <_5.0, and Pﬁ%%é% %P’%s%nbodl ment s,

a standard nmelt index in the range of from> 0.7 to <4.0. Generally, the
films that may be produced fromthe polynmers of the present invention may
have a thickness in the range of from>0 to :510 mls, and in certain

enbodi ments, a thickness in the range of from >0 to : 5 mls, and in

certai n enb0diloremt<8,935, 4 inkm:n embddiments ng derpfty fin ahe rdhgt @f $omni | . [00Si |

ol di ng- of PP IbRE2 eraRbSTE g et i tabia b i Hea et fiBbr at or ey
elect to pse grkadi @ats eénaqxbeeﬁmahm@fss aOEndIé&maPr@ gﬁ@ distiRfbA on that have
a density in the range of from? . 0.940, In certaln exenplary

enbodi nent §MwiMnkimhe rapee ﬁfﬁmﬁéﬁgéBdt aﬁdrmﬁ’mdermat index BCh®BOZE a ol ecul ar
wei ght dis t nd in
certgai n en‘%f H'l£ gto WONFDLH étgr}ﬁ\lfxrl{e%l dﬂg % ot on% wﬁ& ]gttl%e range of

from>_2. Srm;geﬁﬂfrbm z(h’dtca<49t detiaratly ntheé fﬂmmtlm(mla;a btahneoduaag&omfthérom 2
t0: 5100, an rtain eppodi pents a standard nelt in the range of
from 8 toPg]é@@rs C[E%(SIE?BQTFSE’FB‘“F%}%W%’t@VSaB}B? 1S 1815‘6%’@%% 198 >0 t he present

i nventi on, <§@%nfs°£ﬂ@ﬂ¥'déﬁam%ﬁin@e%tsoﬁ SR s Ofn th@?an%é%?%‘oﬁfyo gjrodi ments are
given. In no way should such exanples be read to Iimt, or to define, the

scope of t imilsj anddncértain erEbONVRERES, B @b%&lﬂllb‘?ralﬂﬁfb@ﬁmlnwt@éép’a} ed precursors,

L L SO i R L O gLy

Carbolite, n‘ldhhng of)ﬂmdbldeﬂnmst@ga, Ipusaviaze glameials), tanlpentor Indy deotont er di anet er
and 70 cmin tota) |en her mocoupl es e thernmpcoupl e was

pl aced in 4% $BPASRENt gé\ﬂ’lerﬂ"%"? thhgrpgege 1'% @t@ﬁﬂ@%ﬂfﬁ?gmsfﬂén ot her was

af fixed toghgnskih e $@92cﬂ@@k@94@'@aasntdéﬂgnt&e Fﬁ@y BEbbdisRfsWeen the two
fol ding hal ves of the furnace, then cla | ng ol'di ng hal ves shut. The

t her nocoupﬂ%ltwenéhmmg@éf tﬁ@nﬁt 30.82Neme0.2 @Dlﬁ@@laﬁwgm ddutistippl i ed by
Orega Engi ng, £ fQr ess a;was attached
at the togﬁgé\}h%h tﬁu%glll Q}Wbﬁfjgon%é%gﬁtécﬁggﬂ%,\% aogﬁrl)b ef via a gl ass
el bow. 22 molecular weight d;stnbutlon Mw/Mn in the range of from >2.8 to <3.1; and &

standard melt index in the range of from >2 to <100, and in certain embodiments a
standard melt index in the range of from >8 to <80.

[0082] To facilitate a better understanding of the presént invention, the following
examples of some of the exemplary embodiments are given. In no way should

such examples be read to limit, or to define, the scope of the invention.

EXAMPLE 1
[00831 For laboratory-prepared precursors, silicas first were dehydrated under
nitrogen flow in a laboratory Carbolite Vertical Furnace, Model No. VST
12/32/400/ 2408 CP-FM supplied by Carbolite, Inc., provided with a quartz glass
tube of 3.0 cm outer diameter and 70 cm in total length, and two thermocouples,
One thermocouple was placed in a thermowell within the quartz glass tube, while
the other was affixed to the skin of the quartz glass tube by placing it between the
two folding halves of the furnace, then clamping the folding halves shut. The
thermocouples were hooked up to a Nomad OM-SP1700 data logger supplied by
Omega Engineering. A collection flask for excess blowout silica was attached at

the top of the tube, which in turn was attached to a bubbler via a glass elbow.
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C

WO 2006/ 138036 PCT/ US2006/ 020327 [0084] About 25-30 granms of silica was
poured via a funnel into the quartz glass tube to fill the tube about 2/3
full within the heating zone. A preset programwas started to begin the
dehydr aty i1g a Eurot herm 2408 Programmable Te ntroller. A
typicalhﬁg%%agﬁgﬁsoak profile is shown in Figure 2. T'%@%EQ&?%§M/(in this
case nitrogen) was preset to about 50 -100 cubic centineters per mnute.

[ 0085] At the end of the dehydration cycle (typically overnight), the silica
was discharged into a clean, dry, N2-purged bottle and nmaintained in an
inert atnosphere. The data | ogger information was downl oaded to a conputer
file. [0086] Three different silicas, (DAVISON 955TH silica (conparative),

screened S TM silica ..conparative), nd. I. NE ES757TM si |l i ca
Crvemee e i St SR T ity SREEORERAILY T o BN NG (e GRAE IR L by | ot
precursor abeReSithombe abdudRiFfull WikleP SetHefingOionk.NBSresel bitdkadin ¢ Present ed
in the Tables 2 and 3 bel ow. The screened vi son-955 silica consisted of

the fracti SAtes 'Pabesinbosdehydration, psing a JFuehem HA98gRagrammatlesh (44 m

screen. TA RHFBY i~ ﬁlﬂ%{ AV(e"™ of Davi son
600, Davi sghﬁggrg Scr e%or%%% ?tﬁ?ic%alg Zéﬂﬁ/sed%??oafgg%l ér?%g@ ‘E?}%’?%n i cas 5-pt
Cunul at i ve T gad faw (ie tiSh oask aitfgent wBpresetioi abeut 38.-HO0T cibis oerpintaters Adsor pti on
Desorption_Total, Pore Silica Type Surface Pore S. A S. A Volunme Area g n2/$
m 2/ g cc/ §5HEY cc/ g Davi son 955 317.5453 330.0554 407.9166 1. 646722

1. 618345  [aays) SAN tibénd of 0B R AlrkbnadycROQ RIS ﬁﬁ%lﬁﬂ Ghe9ifida 46. 0159
1. 652932 1.619226 Davison 955 - Screened(t hrough 330.6516 336.0729 398. 6051

1. 643374 1d8charged imo s glesn) drneleprrged oo ang 7Zpaiptained oino an 3gergg20 1. 601038

R

[0086] Three different silicas, (DAVISON-955™ silica (comparative), screened
DAVISON-955™ silica (comparative), and INEOS ES757™ silica (inventive),

were used to prepare laboratory-scale supported catalyst precursor compositions.

Certain properties of these silicas are presented in the Tables 2 and 3 below. The
screened Davison—9535 silica consisted of the fraction of Davison 955 silica that

passed through a 325 mesh (44 pm) screen.

TABLE 2
Summary of B.E.T. Surface Area and Pore Volume of Davison 600, Davison 955
Screened (through 325 Mesh) and Incos ES757 Silicas

B5]~§) .}. Cumulative | Cumulative Single Point ilg;:)ulattg:

- C Adsorption Desorption Total Pore P

Sitica Type - Surface Pore

S.A. S.A Volume
Area 2 m?/ oclg Volume

m?/g mig & colg
Davison 9535 317.5453 330.0554 407.9166 1.646722 1.618345
Davison 955 - Dehydrated at 600°C 306.1673 306.3902 376.0159 1.652032 1.619226
o won 1?)55 ~Soreened (fough 3 53065161 3360729 | 398.6051 1643374 | 1607446

es

Tneos ES757 280.1078 270.5809 330.8820 1.601038 1.568156
Ineos ES757 - Dehydrated at 600°C | 269.6506 2644110 331.4600 1.567730 1.536919
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TABLE 3 Summary of Pore Size by B.E T. of Davison 600, Davison 955 Screened
(through 325 Mesh) and I neos ES757 Silicas Cunul ative Average Pore
Desorption Desorption D aneter Adsorption Average Pore Silica Type Pore
Vol une verage Pore Dianeter cc/g (4V/I A by . ' ter (4VIA
(4VI A) R 1 635065 207, 0535 196, 1302 160.4£%§5U%Q@W@%ﬂ9855 -
Dehydrated at 600C 1.637997 215.9515 211.394 174.2476 Davison 955 -
Screened (through 1.625029 198.8043 191. 3211 163.0715 325 Meh) | neosES757
1.587304 228.6317 231.8121 186.8064 |I|neos ES757 - Dehydrated at 600C

1. 555146 232.5572 232.5045 187.6722 [0087] The nitrogen

adsor pti on/ desorption anal ysis wasTa®Iffodned on a Mcroneritics Accel erated
Surface Area & Porosinetry instrunment (ASAP 2405). The silica sanples were
out - gassed overnight at 200 C whil e under vacuumprior to analysis to
remove any Slhﬁﬁﬂa.réﬂff%ﬁa &E@Bﬂ; Baa’rlof@amaﬁsm lﬂa%)soﬁmrsér%ea ugh surface.
Approximately O gr am of | e was used for the analysis. 88]

Typically, B.E T. surface 52 gsh) eat FieapBRti7ritlicas t he nethodology devel oped
by Brunauer, Emmett, and Teller, are achieved with a precision of <3%

rel ati ve standard devi ation (RSD). The instrunent enploys a static
(volunetric) nethod of dosing sanples and neasures the quantity of gas

(ni trogenr}—that can-be— physically a rbed - (physi QnLhncLL a-solid at
liquid nitrogen tenperature] Fowmiatirchg rmﬂetage—fpm n meps Desenpéiont || t he
vol umg of ni t reg@etypipt ake Mas%%@%‘l&red Blamgefprq BRLS rIfeltij,mr b | Agerpp Eorpriessur e
points| (0.06, 0.08, 0.12, 0 f@m Hﬁﬂd nﬁﬁﬁa&eh&ﬂp

ngsg 0 3 * The

relatijve pressure is the ra th E’[ﬁ? iftrogen.__pregssu 4;gmgﬂ_the

vapor Ragisea?b of nitrogen a'r M@%ﬁ Iv<| s%%ﬁ%ﬁm at ur 89P0 K 160315d si zes
-3,0 aﬁiﬁ%ﬁm@hj{d@eﬂﬂwﬁcn _at8389% | det e@i5l%y t hi s248Phhd bi424%4n be

det ect [deviggnops T?é‘ie?,"@‘}hf%‘él% os| et qmsoigd089] Teshaclondi t iong1f pr t he omist|r ogen

adsor dnlpeo £ SOLPLi-0a—-Sot-herAs 443%4' do— l%zgfﬁ%wmm@rval ,
Sura t dc)\éﬁéq Nn—1904 A 24 * &g él)

IQDZ;T}OB' N :ydr‘fte“dg latesoéchlg PSR T | 255508 87.6722

{00871 The nitrogen adsorption/desorption analysis was performed on a
Micromeritics Accelerated Surface Area & Porosimetry instrument (ASAP 2405),

The silica samples were out-gassed overnight at 200 °C while under vacuum prior
to analysis to remove any physisorbed species (i.e., moisture) from the sample’s
surface. Approximately 0.5 gram of sample was used for the analysis.

[0088] Typically, B.E.T. surface areas, corresponding to the methodology
developed by Brunauer, Emmett, and Teller, are achievefi with a precision of <3%
relative standard deviation (RSD). The instrument employs a static (volumetric)
method of dosing samples and measures the quantity of gas (nitrogen) that can be
physically adsorbed (physisorbed) on a solid at liquid nitrogen temperature. For
the multi-point B.E.T. measurement, the volume of nitrogen uptake was measured
at 5 pre-selected relative pressure points (0.06, 0.08, 0.12, 0.16, and 0.20) at
constant temperature. The relative pressure is the ratio of the applied nitrogen
pressure to the vapor pressure of nitrogen at the analysis temperature of 77 K.
Pore sizes >~3,000 A diameter (>0.30 jm) are not detected by this method but
can be detected with mercury porosimetry.

[0089] Test conditions for the nitrogen adsorption/desorption isotherms include

15 second equilibration interval, 97-point pressure table (40 adsorption points, 40
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desorption points, 5-point B.E T. surface area, 15 m cropore points, and
l-point total pore volune), 2.5% 2.5 mmHg P/ Po tol erance, and 120 mn Po
interval. [00901 The B.E. T. surface area, pore volune, and pore size results
i nclude surface area and porosinetry data for pore sizes up to 3,000

angst r on¥VQi208#E38e36 for the silica sanples. The adsor ptieszmeokosesor ption
results includes pore sizes between -17-3,000 A dianeter, -0.0017-0.3 gm A
single point TPV was input at P/Po 0.995. [0091] There was conpl ete closure
of desorption curve with the adsorption curve for the silica sanples.
However, differences in results in adsorption vs. desorption _ data can
occur and is | argel c)’/ because desorption process behaves differently than the
adsor ption %Bg%.? HSp P PRI B-Ed sdRes 2k &5 grisroperethogie Andvli-Peinidesor b nuch
sl over thanoigse vbingRIIIHBLS hiHd B/bo %léﬁc@fiﬁalléé ﬁHﬁ'PG%tel[vgpgz] General ly,
desorption branch of an 1sothermis used to relate the anount of adsorbate
| ost in a ol pEhiedhEst ewface ardacpaw volage, aid perecdizepesudts imolyuteisadfaden t he st ep.

A pore | oses.| ondensed | i.qui d adsorbate,. known as f.he core of the pore,
at a part i%ﬁ% %nfd ﬁoé Séﬁ?‘?t\r/%gﬁt?g%sllﬂr%weél%tgﬁ%togbtﬂ§S@We&1%ﬁF@r the Kelvin
equation. Aficrsamples. The adsofptiduang desofflion desuBy Bicludés Rsls eizbabwb@ai ns on the
wal | of t he thickness of this adsorbed |ayer is calculated for a

he pore. The : ) )
particul ar TIJriQQQ,é Hreesty 8001503 wRe A singlenain B avas dpput ph PP ayer
becones thigggy W th successive decreases in pressure, so that the nmeasured
guantity of gas desorbed in a step is conposed of a quantity equivalent to
the |iquid 8@k sTheweawar congdete wlostratof desepptioh gsrve hvdathgthe adsargtiondmser bed from

t he pore | s af,. pore se cor have, evaporated i.n that and previous
opb. Bar ot fio Suigh Riehed 135l et GRS iRyl Besciblion PLEY el
P.P., J. Andafheid oct@cCand i hkeel bechdsedtBorbticiepobap dehdvee difRid@d thdenown as t he
BJH net hod) which jncorporates these ideas. [0093] A pore filled with
condensed | ¢ adsorntion nseeess- hAxpicallye Ak ddsoflptrogas (riwesery el desgragBiclt es al | at
once when t ol oM f Fadius is reached; the
rel ationshi E) %tﬂllv\%en t 1@6@%%&$§J?L%h§%f&altsﬁg)&%é“ tical pressure is defined
by the Kel Vito92k diraeiably, destnption/bantied andyotherm icwedde ediate fheamismnbefd gas t hat
is stripped off a,bit at a time with each pressure step;.the relationship
ot ween” ¢ SRR b Pl Siebo et L e BREORAEART oo BpRed b S et | ned by
t he t hi cknes porelfosdds26iBénk3d Bghid Rdddrbie, 02614 2@ 3R/ core of the pore, at a

particular relative pressure related to the core radius by the Kelvin equation. After

the core is evaporated, a layer of adsorbate remains on the wall of the pore. The
thickness of this adsorbed layer is calculated for a particular relative pressure from
| the. thickness equation. This layer becomes thinner with successive decreases in
pressure', so that the measured quantity of gas desorbed in a step is composed of a
quantity equivalent to the liquid cores evaporated in that step plus the quantity
desorbed from the pore walls of pores whose cores have evaporated in that and
previous steps. Barrett, Joyner, and Halenda [Barrett, E.P., Joyner, 1..G., Halenda,
P.P., . Am Chem. Soc. 1951 73 373-380.] developed the method (known as the
BJH method) which incorporates these ideas.
[0093] A pore filled with condensed liquid nitrogen has 3 zones:
[0094) The core ~ evaporates all at once when the critical pressure for that radins
is reached; the relationship between the core radius and the critical pressure is
defined by the Kelvin equation. The adsorbed layer — composed of adsorbed gas
that is stripped off a bit at a time with each pressure step; the relationship between

the thickness of the layer and the relative pressure is defined by the thickness
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equation. The walls of the cylindrical pore itself - the dianeter of the
enpty pore is required to determ ne the pore volune and area. End area is
negl ected. [0095] The reconmendati on for using either adsorption or
desorption data is to use the adsorption data instead of the desorption
data forWeaMmMeasdtky results between sanpl es. Typi cal IRCI/USA6AASTT pt i on
process is very clean for BJH calculations. The desorption process of N2
out of bottle-shaped pores can not usually distinguish what fraction of
pores is open vs. closed (sone open-ended vs. sone cl osed-ended pores).
[0096] In general, the BET surface area, single point total pore volune

(TPV), and avera pore di.anef.er. (AV/I A by. BET)..is best to yse for conparing
sanpl e  dat@ %N _ fvalls gg{%gfnaiqc%ﬁgoaﬁgs%fn—y%d&% X %‘E%PL{XPT? A di anet er

but not  <- 4s requiedlioai¥tir@ine droyiy ¢slumb bed 245 OF iedisdRiRciedn al so be used for
conparing sanple data but is limted to surface area and gorosi metry

anal ysi s bd#ifsle The rpcomypepdationfiy yaing; sithern adsorption oy desgpti ¥y content of
the th ok j t] ti ith
e three ﬂﬁé 'tﬁ@%dﬂﬁ'?&fcg{ ﬁ&tﬁqﬂﬁ:acﬁgp ﬁxewﬁésarpgiﬁgr@ag&r ;?/61‘ E&ﬂ?a{}%ﬁﬁefe%ﬁl% lon w

Ti C14 in a hexane sof ution. er washin I'ng O reated silica,
the titani Umiwsent sxmiplest Typicallye dice ddwiptionapfoaessemsvarg déan tfbre BJHesence of

hydr oxyl gro dnt ilica) was de m ned . by. a. spectrophotaonetric
mthod. | ThEAYBHBRY/ e et ot Pﬁ_ﬁ‘f@e"”éﬂg ibé’ﬁkf*’“ﬁhép‘“?’gm{?i 9t the tabl e
bel ow. The WRisliykstingaRA xdiat frivdion SEHEspeh By clbsédlGomne bpad-tRRdRat  binds to
the surface OHgroups, The final titaniumcontent, measured by a.

spect r ophotSgHe sed-grdeddarest-s an i ndication of the OH group content at a

gi ven deh ti t ko o T Ll e Hydr oxyl

Cont ont _at {80 R bR MEBRT Rulfhed it Mgl foipy Gt pofe WHEATIDS D20l com
C955 0. 59 Scanéenergdpuicstian@bS(4V/5Dy BEEDS HeS7%H1s0 fHOcordgaring sampl1138036

PCT! US20081 020367 . 009811, THS. 8 o S5l oS YPGB SR A he Uhree

5 A diameter. However, the adsorption data can also be used for comparing

sample data but is limited to surface area and porosimetry analysis between ~17
and ~3,000 A diameter. | .

[0097]1 The hydroxyl content of the three silicas dehydrated at 600°C was
characterized by titration with TiCla in a hexane solution. After washing and
drying of the treated silica, the titanium content of the treated silica (a measure of
the presence of hydroxyl groups in the silica) was determined by a
spectrophotometric method. The hydroxyl content of the three silicas is reported
in the table below. The hydroxyl content was determined by TiCly titration that
binds to the swiface OH-groups. The final titanium content, measured by a
spectrophotometric method, is an indication of the OH-group content at a given

dehydration temperature of the silica.

TABLE 4
Silica Type Hydroxyl Content at 600° C
as determined by TiCly
titration (mmol OH/g)
Davison 955 0.59
Screened Davison-955 0.55
Ineos ES757 0.59
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precursors have a particle size distribution, measured in a MALVERN

Mast ersi zer 2000 anal yzer, as shown below, and in Figure 3. TABLE 5 [ 0099]
MALVERN Particle Size Distribution of Davison 600, Davison 955 Screened
(thr ougg,é;%gﬁﬁ ) and |Ineos ES757 Silicas 27 WO 2006{488038020327

PCT/ US20061 é 7 Size Davison Davison Ineas Size Davison Davison955 Incas
Si ze 1 Davi son Davison 955 Incas pm 955 955 ES757 I nn 955 Screened pm 955
Screened ES757 Vol une % Screened Vol une % Vol une % Vol unme % Vol ume % Vol une
% Vol ume % 0,0250.02 .125 44.7 4 00 0005.73.924.3 .2620.280000
0 5.39 235 0.028 1418 56368 0 0 0 0 499 16 104 0032 589 63246 0 0 00O
4.5 0.31 0,16 0.036 3.783: 1 70.963 0000 -0-03.94900 0.04279.621 O

s g 508 Bl 0
:2326 191 OpRcélséls Bate Dpditidle ﬁz@d@tﬁﬁu&lﬁ&eﬁﬂ&etﬁﬁ& MAILVHRNMisterse?/ -0-0 0.08

9911588660000 00.0100
2000 analyzer, as shown below, and in Figure 3.

TABLE 5
[0099] MALVERN Particle Size Distribution of Davison 600, Davison 955
Screened (through 325 Mesh) and Ineos ES757 Silicas
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0.089 447 178250 00 0 0.02 0 0 0 0 0 0.1 5.024 200.000 0 0 0 0.07 0 0 O
00 0.112 5.637 4.404 000 .26 0 0 0 0 0 0.128 6.325 251.785 0 0 O 0.48
0000O0O0.142 7.098 62.508 0 0 0 0.76 0.02 00 0 0 0.159 7.962 316.979 0
00 .12 009 0.03 00 0 0.178 8.934 355.656 0 0 0, 10.024 0 0 0 2.01 0.93
0.53 0 0 Wo2dockibsid¢7 0 0 ,53 1.81 1.25 0 0 0o 0 .53 0. 2. 456
0.283 12.619 0 0 0 .08 3.06 2.35 0 0 F .317 14.159 0 gﬁﬁggéﬁ%%%ﬁgg.g 00
0.356 5. 887 0 0 0 4.2 6.47 5.79 -0-0 0.399 17.825 709.r27 0.448 4.71 6. 34
7.86 000 00 0 20.000 798.214 0.502 5.15 9.92 9.76 0 0 a 0 0 0 22440
893.387 0.564 .53 1 .01 11.23 000 0 0 0 25.1 9 1002.374 0.63 5.68 11.36
11.92 0 00 0 0 0 26.21 1124.663 0.71 5.98 10.87 11. 7000 0 0 0 31.698
72-6-1- 15 0.798 6.06 9.36 10.51 0 0 O

Size Davison | Davison Inecs Size Davison |Davison 955 Inoos Slze Davison |BDavison 955 Ineos
um 955 955 ES757 pm 955 Screened | ES757 pm 985 Screened | ES757
Volume %} Secreened | Volume % Volume %| Volume % | Volume % Volume % | Volume % | Volume %
0.02 1125 49774
] [} i ] [ 4 5.7 5.02 4.3
0.025 0,262 [ 50,208 -
_ [i] 0 ] ] i 0 5.50 2.30 2.45
0.026 1.416 56.268,
7] 0 [1 [} 0 0 4.50 1,16 1,04
0.032] 1,569 | 65,245
0 [} 1] — 0 (] [i] 45 0.31 0.16
0.050 1.763 70,862
¥ [ 7 0 0 0 3.04 ] ]
0.04 2 79.629
0 s 1] ] [ 1] 3.1 ° 0
0,045 224 : B8.337
D B [l i 0 7 2.66 1] ]
) 0.05 2.518 I 100.857
(' ] 1 7] 0 [} [ 2.02 0 0
0.056 B.625 192,468
i) q 4] G 0 7 143 0 i}
0.063 BT 198,761
o i} 4 0 ] 0 0.0 0 0
0,071 5567 1471588
0 ] 0 _ [ ] [ 0.27 ] ]
0.08 R 156.966
] 0 0 D 1 0 0 001 0 ]
0.089 4477 178.250
] ] 0 0.02 0 0| 0 i 0
0.1 5,024 200.000
D 0 0 0.07 i} 0 i 0 0
0.112] 5687 204,404
] 4 i 0.6 [i] 0] | 8 ] ]
0.128 6,325 251,765
— i [ [} g{ 048 0 5} [V [ [1]
0.142 7.080) 202,508
— [ 0 0 0.78 0.02] 7] I i 0 ]
0.158 7.962 216.979
0 0 i 112 0.0 0.08 ] 0 [
0.178 8.994) — [ 555.656
[} 0 0 .59 0.29 0.14] | ] [ [i]
0.2 10,024 305,052
_ i] [ [ 207 D.53 0.53 [ 0 0
0224 11,247 N 447,744,
0 0 1] 253 T.81 105 0 [} D]
| 0.269 12619 [ 502377
- 0 0 0 5.05 B.06 2.35 i [] 1]
D27 12,150 563,677
( ] 0 ¢ 5865 4.66 3.9 0 ] 0
0.956/ 15887 532,456
] i] 0 4.2 647 578 Q0 [ [1
0,589 17.625 700,627
0,448 471 8.34] 7.06 0 0 [0
i i [0 20,000 796.214
0.502] - 5.15 952 §.76 0 g 0
] ¥ [T 0 22,440 - 593,367,
0564 T 558 1.0 11.23 1] ] 0
0 0 0] | 25179 1002374
0.632] — G658 1136 . 1102 . [} ] 0
[ [ [} 28,251 1124,688
0.71 598 16.87 1187 [ 0 0
0 0 [/ 21,668 _ 1261,015
0,796 .00 986 1051 0 g a
D 0 1] B5,560 1415.892
0,803 6.04 7.86 B.60 D ] D
0 [ [ 59,805 588,656
1.002 5.62 5,831 6.45 0 0 1]
0 0 0 44,774 | 2000.000

[0100] The particle size distribution was measured with accuracy + 1% on the

D(0.5) in the size range 0.020 -2000.000 microns. Measurements were made in n-
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0 0 0 35.566 1415.392 0.893 6,04 7.86 8.88 0 00 0 0 0O "' 9.905 1588. 658
1.002 5.92 5.83 6.45 000 0 0 0 44.774 2000.000 [0100] The particle size
di stribution was nmeasured with accuracy 1%on the D(0.5) in the size range
0. 020 - i.crons. Measurenents were made in n- 138036

PCT/ USZ(%%%B@%%% hept ane di spersion at room tenper a’f%ﬁg&&ﬁ?@gﬁ dro 20005,
smal | vol une general - purpose autonated sanpl e dispersion unit. [01011

Val ues of silicas particle size distribution are given in Table 6, where
D(0.5) refers to the particle size in mcron at which 50 w of the sanple is
bel ow that value, D(0.1) and D(0.9) respectively, 10 and 90 w¥% of the

sanpl e bel dwptanSphisperstorn aneasnr empérapes tusimg e Hydioe 20008, rinpillt volme
[(0.9)-D(0.1 0.5). TABLE 6 f‘ .ticle Size Distribution of Davison 955,
Screened ( t8TREEGRITE2Y affogigie Sﬁ‘ﬁﬂea‘i‘sﬁ’éré?nl?ﬁ%? Silicas Determned by MALVERN
Anal ysi's Sithiosp VMRS & {ifead )paRicdd 28 dRubihiB) SP@venhdMle Bawhs@n 955 13.244
33.638 81.139 2.02 Davison 955 - Screened (through 325 Mesh) 15.562 26. 033
42.617 1. 0PN eferspsitmpatleayize ingnigng an whigh§00v% ®f tHeGam@le inbelsfown i n

Tabl es 2, , | SQn i i f and

conpar abl e?ﬂﬁ%&gm\%bpmj %ﬁatn)af%e@ eég%‘g?@#c %ggtyﬂ-%he%%?&plgﬁegg‘g‘ ES757 silica
has | ar ger Spagisgmepareofdanickistse dndhgionl= [EX0.0B(AYITEASY.I cl e size and
narrower particle size distribution than Davison 955 silica. [01041 About
9.5 grans of each of the three types of silica was placed in an oven- dried,
air-free 100 m, Schlenk flask hpxgnge stir bar and rubber septum to which
about 50 nml of dry, degassed hexane and 3 nL of triethylal um num ( TEAL)

hept ane sol utRagiclg JizeWiskybusien ef Badsan 9Batdeanrd (theough Ba2Metlt endes was stirred
~for about 30 rrinutﬁg0

stenperature was ral Séﬁ%??@%&%ﬁ%&@%@%%?ﬁ?%léﬁéﬁ% %{gir?%{lefgi 3? ytnggs?i !I'hgat "

resulting m xtures

Silica Type D ODIDb O3»|{D {09/ Span
pm pm nm

Davison 955 13.244 33.638 81.139 2.02

Davison 955 - Screened (through 325 Mesh) 15.562 26.033 42.617 1.04

Ineos BES757 16.541 26.989 42,966 0.98

[0103] As shown in Tables 2, 3 and 5, Davison-955 silica has higher surface area
and comparable pore volume than Inecos ES757 silica. However, Ineos ES757
silicé has larger average pore diameter and smaller average particle size and
narrower particle size distribution than Davison 953 silica.

[0104] About 9.5 grams of each of the three types of silica was placed in an oven-
dried, air-free 100 mL Schienk flask having a stir bar and rubber septum, to which
about 50 ml of dry, degassed hexane and 3 mL of triethylaluminum (TEAL)
heptane solution (1.54 M) were added. Each of the three mixtures was stirred for
about 30 minutes in an oil bath at 40°C, after which point the oil bath temperature
was raised to 70°C and vacuum dried to complete dryness. The resulting mixtures
may be referred to as laboratory TEAL-on-silica (laboratory TOS).

[0105] For each type silica, laboratory catalyst precursor compositions at mole
ratios Mg/Ti=3 and Mg/Ti=5 were prepared according to the following procedure.
Tn an oven dried, air-free 100 mL Schlenk flask provided with stir bar and rubber
septum, about 0.35 grams of [TiCls, 0.33 AlCls], and 0.50 g of MgCl; were mixed
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may be referred to as | aboratory TEAL-on-silica (laboratory TOS).

each type silica,

rubber

| aboratory catal yst precursor conpositions at nole
My/ Ti =3 and My/ Ti =5 were prepared according to the foll ow ng procedure.
an oven @iy B6k138ds6-free 100 nL Schlenk flask provide
septum about 0.35 granms of [TiCl3, 0.33 AlLCIL

were m xed 29 WD 2006/ 138036 PCT/ US2006/ 020327
tetrahydrofuran (THF) supplied by Al drich. The
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resulting catalyst precursors further were dried for 4 hours under vacuum
(mechanical pump, 10° mmHg) in a water bath at 45°C. The elemental

composition of the laboratory prepared precursors was determined by Induced

baitand

Lica,

had a

the mixture was stirr

nm

MR b

mti
out 3

d

aniumra
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Coupled Plasma (ICP) analysis and is reported in the table below.

0|°8, then
fiushed with a N, vent for about 4-5 hours until most of the THF evaporated. The

TABLE 7
Precursor Ti Mg Al THF Mg/Ti
{mmole/gram) | (mmole/gram) | (mmole/gram) (weight%)
Precursor 1 0.268 0.841 0.466 13.4 31
Precursor 2 0.247 0.751 0.45 14.1 3.0
Precursor 3 0.303 0.814 0.498 13.0 27

[0106] Precursor 1 comprised Davison 955 silica, had a magnesium/titanium ratio

of 3, and is taken as a control.

[0107] Precursor 2 comprised Ineos ES-757 silica, and had a magnesium/titanium

tatio of 3.
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of 3, and is taken as a control. 10107] Precursor 2 conprised |Ineos ES-757
silica, and had a magnesiunmititanium ratio of 3. 30 WD 2006/ 138036

PCT/ 1JS2006/ 020327 [0108] Precursor 3 conprised screened Davi son 955
silica, magnesiuntitaniumratio of 3. [0109] \Wen precursors
havi ng m@r{?gzopgrﬁ %és My/ Ti =5 were prepared, the Myd 2 &H?WB 7 ner eased
to neet this ratio (e.g., the ratio of I\/g/Tl 5). To facrlltate t he
solubility of MgC 2 in THF, an amount of ethanol (ranging within EtOH M
nole ratios of fromabout 0.5 to about 2) was added to the THE sol vent.
[0110] The light pink free-fl owi ng powder precursors were then ready to be
tested in YISy eibgirsme pebyprsddz aticemedr Exvisonn955 [ Qliddl] afi oRg ld ter stirred
stainless s et.ed rea r-aut ocl ave equi pped with a stirrer and a

t her m)couplltelg eglluﬂ’ztkt ayq, %gsgolyrreri zation reactions with Precursors 1-3.

The react orjoyap Whei preghdsyrs Habia n‘xﬁlé’%ﬁo@l\ﬂ I%Q%&eg}ﬂé]ga‘? edhe BloBY,At €d
tenperatures (,>100C) before each run. dee ed 1- hexene

(a co-m)non]é??- ngH&Es HHEF@'@PWP@@?WW@’@Of%giﬂ?érﬁmmg/é‘&fft)oﬂbtfhahtaWas cool ed
at 60 C aft 1501 r 11 8 40 ensed 1-

but ene was %Hdl %%h@?%z&?%}%%%ﬁygﬁ% Pﬁénﬁn%wr%ﬁﬂ%%t 500 nL of
dry degassemolesaitmtoﬁﬁem/mmbﬁweahmmymraddadqurﬂﬁbTfmFeolwnessure tower and fed
to there oint tri-eth al um num TEAL) was injected
to react or%&ﬁ Hl‘hghsgé? iRy &egdloying no Ericlgiprweﬁég‘?"arﬁ%dys@lbﬁtt‘?s%‘ The TEAL
acts as codatpalyysiylenapél leﬁﬁhtﬁﬁ@éé@ﬁrﬂﬁs inpurities (e.g., oxygen or nmpisture)
that could deactjvate t catal yst. Unless otherw se noted, 0.4 mmol e TEAL

was used i nYHAcH eng bfer ﬁ@ﬁ‘td Sta“ﬂﬁéﬁ' steckinckesedyenaeton eitpelave equiBd withm whi | e t he
hed.
R e

conmput er-contro ter introduce m. of
hydr ogen, altt@rsomhileh (Tedrehytort tves stamsughtye diiechiusdgr aeﬁ:h;dgemq)uy@smf ed until

thereactor re ed a tot " e of 125 T r|zt|on
reaction t H&R %ggemﬂ?rﬁw} (g{/(e’fﬁ?%’i‘}ofiﬁ‘fil?ﬁﬁl OREQPtéPJﬁEﬁ gany S84t or y
catal yst prekses®©(a ByniBRaMsr) Olasaddsd SRUS @t&ﬂie'éﬁiptﬁ@éﬁcﬁﬁ,thd@m&h further
wi |l be described. The final pressure o e reactor was 380 psi. Ethylene

was al | onecroplsdpf 60y '€ slmmprginenon tfisce’p't&MqWPﬂ%F@&sd@r@L@f condengadi - The react or

butene was loaded to reactor by an automated injection pump. About 500 mL of
dry degassed isobutane was converted into liquid in a pressure tower and fed to
the reactor. At this point tri-ethyl aluminum alkyl (TEAL) was injected to reactor
with a syringe as a dilute (1.54 M) heptane solution, The TEAL acts as cocatalyst
and also scavenges impurities (e.g., oxygen or moisture) that could deactivate the
catalyst. Unless otherwise noted, 0.4 mmole TEAL was used in each experiment.
The liquids were stirred at 650 rpm while the reactor was heated until the working
. temperatare of 85°C was reached.  Next, a computer-conirolled flow meter
introduced about 1000 or 1500 mL of hydrogen, afier which (and by the same
mechanism) ethylene was fed until the reactor reached a total pressure of 125 psi.
The polymerization reaction then was initiated by introducing 0.04 grams of
laboratory catalyst precursor by means of a pressure injection device, which
further will be described. The final pressure of the reactor was 380 psi. Ethylene
was allowed to flow to maintain its partial pressure of 125 psi. The reactor
operative variables (e.g., temperature, pressure and ethylene flow) were recorded
along the reaction time, and stored in 4 computer through a data acquisition
system. After a reaction period of 30 minutes, the ethylene flow was stopped, and

the reactor was depressurized to ambient pressure while the temperature of the
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- operative variables (e.g., tenperature, pressure and ethylene flow) were
recorded along the reaction tinme, and stored in a conputer through a data
acquisition system After a reaction period of 30 mnutes, the ethylene

fl ow was stopped, and the reactor was depressurized to anbi ent pressure
whi | e t hgdmmpesasure of the 31 WO 2006/ 138036 PCT/ Us2f)D&bbkRe37 reactor
was reduced to about 45C, at which point the reactor was opened. The nmass
of polymer produced by the reaction was deternmined after allowing all of the
remai ni ng conononer to evaporate, until the polynmer weight stabilized for a
desired period of time, which generally was in the range of from1l to 4
hours. [01121 The catal yst |njection system used to conduct these

exper i ment sTERkVay edyged tg a%C"H:r‘]l_s G & Witigh Boigt the reaciari wrseeridov IRfed wi t h

val ves and hiddd , = Vrgnder that is
attached vi %Q%%g%f g%r%{é%eglbyﬁgﬁeﬁgﬁt‘%&g%%ﬂ Fﬁi_gfst%aalﬁ %‘Iﬂeﬂgsa@lsdtfg%? bonmb. The
st ai nl ess stegwining womppness fabivepattehohtili thg polymeroweiglt gabilizdd 2.2 The

catal yst precursor. fir.st . yei gh and_pl aced i.nsid e .5 nmL cylinder.
Sbout o e SetFE ikl ine, RRich B RA0, Fin Bed8TE b Find B, T Y] Gere
then were cpup| ethd datdrgijdction SRRACEIA KScondudt b vaRritreaseadistngf gl obe

val ves) isolated the content of each fromthe other. Al these operations

were carri el ol sidgleps siech rlindsr. prayided wigh drlvgs oA ORREAE R #he devi ce
was e”DV_e&A}emg) Jr(])lﬂg[e&i kYa l@@massqi_naalqﬁa% &ached FialLAGHEL Ol {ubify ough the

smal |l cylinder. nearly vertical position, ‘ m.-50 nL cylinders
t andem was tocofifeniathinleassteghbarhly  Ehe sisindssosted thembae gapablel dfhglding o t he bonb

pressurized_wt N2 4 psi by a flexi . i T onb was

P o et  wid B Pséﬁfﬁ%dg‘?‘% %{?‘3’5%%&5%‘5?0%?r@v@?sn@%@%e‘ftﬁ}aatﬂ?‘??g O 1  be
(Pressur i zedihgistMBleyligfear aboay s Mt d@risdpentag: wapleciddd theo50 e w¥ihdader s.
Through a fast, .and coordi nat ed, openit?lg/ cl osi ng. of \ial v(:res, f),e nitrogen
confined i nThevlingats thasswerg conpled thegpab the gennegiors PHEYRY S ¢95emPiige cyl i nder

through the @H@%@éﬂi&dﬂ&f& thel fent bIBRh! frdte thd18thEAL AlVBset Gpetdibng €act or. It
was proved F at the’catalyst was quantitatively transferred into the
pressuri zedweracaned oft0ingidd aTdry boss ubfier ordingdhg entglysts itheadevine West s using

| aboratory catalySl PUecULSBLS o PESuRGba tO% Mali bE hBlliP cReb 32 VO

20061138036 BEHF
cylinder, In a nearly vertical position, the 5 mL-50 mL cylinders tandem was

connected through the extreme of the large cylinder to the bomb pressurized with
N, at 400 psi by a flexible metal tubing. The bomb was isolated from the
cylinders by another valve, such that the bomb could be pressurized either before
or after being connected to the cylinders. Through a fast, and coordinated,
opening/closing of valves, the nitrogen confined in the bomb pushed the
isopentane contained in the large cylinder through the small cylinder, thus
(-w impelling the catalyst to the reactor. It was proved that the catalyst was
quantitatively transferred into the pressurized reactor.
jo113] The results of the polymerization tests using laboratory catalyst precursors
are set forth in the table below.
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TABLE 8 Run Precursor Precursor Titanium Yield Activity “Brodtet ity No:

Loaded to Loaded to (grans) (grams PE)/ (grams PE)/
Ti)( h)] (grans Precursor)

0. 02058 178 17,296 4,635 2 Precursor |
Precur sorW@ 20064143086 0. 0 1101 999 17,976 4,818 4 Precurs@iuskoilddas 0. 01080

101 88, 703 5,012 Aver age:

18, 088 Aver age:

0. 0402

4, 847

(grams) (mmol) (conparative)
0.01077 99 18,378 4,925 3

React or

(i nventive)

React or
1 Precursor

5 Precursor

[ ( nmol

0.0768

2

0.0409 0.0101 152 30,092 7,433 6 Precursor2 0.0404 0.0100 123 24,652 6, 089

7 Precursor

26,532 6,553 9 Precursor

2

2 0.0409 0.0101 191 37,813 9,340 8 Precursor2 0.0412 0.0102 135
2 0.0408 0.0101 136 26,691 6,667 Average:

9, 098

um nol e

but
, and
ne fl ow
lurry

a
eaction
SLPM ,

Average: 7,186 (conparative) 10 Prféggi,%g 3 0.0408 0.01024 134 21,679 6,569
11 Precursor 3 0.0404_0.0122 122 19 040 12 Precursor3 0.0416 0, 0126
131 20, 7&8n 6} 2F8cser agé’:ec@i:;OMTmﬁmace Y370  [AGEFT T e pmducuwty
| abor at briye: pr epar ed cdt absd o P e,gbg‘gegg,rc E@a\g g a rran%%E)Z Q)F”i
rati o of 3, th small} particle size EE Sl rso
denonst | at ed| superi or |pefP8Mahc&eteHr ¢ Fat di spl é@ﬂé’dl Ty bt h@famsl’recursor)
| abor at pry- pr epar ed dat wayrs)t Dr Qmmol}sors havi ng similar conpositions
di ffereft E‘(bdn{pgxgtwé)uppUT s——Tthese—find ngs—af aﬁdi%%n&! H—SHppori-e
may be visualided__hy Flgure 4 ch depicts _a pliot of ethyle
versus feact| dieEsed t|haP %8s bb04%&d | difs ngd | abB2% or y| | sobwsane S
pol yner Z_atIOI’E'ecuEdrgure dosespl aysigrne [eTRyT ene  Tigayy (as| I ECQoeEd
conput ef-= gsti RSS—-ow metm N
tinme. et hyl g‘}h&i{fll aw I'S expreg'gga as stgndard \e& s per fithut e (
which is fhe VtewseslodcupP®d by 80HR¥en mids qf gds7est stlandarsdiz
( Average: 18,088 Average: 4,847
. {inventive) )

5 Precursor 2 0.0409 0.0101 152 30,092 7433

6 Precursor 2 0.0404 0.0100 123 24,652 6,089

7 Precursor 2 0.0409 0.0101 191 37,813 9,340

8 Precursor 2 0.0412 0.0102 135 26,532 6,553

9 Precursor 2 0.0408 0.0101 136 26,691 6,667

Average: 29,098 Average: 7,186
(comparative)

10 Precursor 3 0.0408 0.01024 134 21,679 6,569

11 Precursor 3 0.0404 0.0122 122 19,933 6,040

12 Precursor 3 0.0416 0.0126 131 20,786 6,298

Average: 21,024 Average: 6,370

[0114) The laboratory-prepared catalyst precursors having a magnesium-to-

titanium mole ratio of 3, with small particle size ES757 silica (“Precursor 2”)

demonstrated superior performance to that displayed by other laboratory-prepared

catalyst precursors having similar compositions but different silica supports.

These findings are additionally supported, and may be better visualized, by Figure

4, which depicts a plot of ethylene flow versus reaction time that was obtained

during laboratory isobutane slurry polymetizations. Figure 4 displays the ethylene

flow (as recorded by a computer-controlled Hastings mass flow meter Model HFC

202) versus reaction time. The ethylene flow is expressed as standard liters per

minute (SLPM), which is the volume occupied by a given mass of gas at standard

temperature and pressure (e.g., 0 degrees C and 1 atmosphere of pressure). The
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tenperaturée and pressure (e.g., 0 degrees C and 1 atnosphere of pressure).
The 33 WD 2006/ 138036 PCT/ US2006/ 020327 representation of the ethyl ene
flow during the reaction time nay be referred to as the "kinetic profile.”
(01151 The greater ethylene uptake corresponding to |aboratory prepared
precursors @iPieaiRessES7’S57 silica (as conpared to precur g{_@ # %/I ng
different silica support materials) is consistent with t 8%@% A vel y
greater yield of polymer product that was shown in Table 8. (01161 A
statistical analysis of the |laboratory polynerization results (perforned

usi ng software supplied by I MP Software) established the standard devi ation
and confidence interval by analyzing the variance (anova). The anal ysis of
the variance thteseationetiliby ethiyledefien desngtimneictibeine ang Wetkred (Pdsl 71 The
statisti cal I‘E&lgkggﬁ] ﬁ‘ @{esent ed in Table 9 The conpari son between neans
and the correspondi % 8¥%Confi dence interval indicates that silica |neos

ES 757 d CHieal gredt t 4
producepts] chical geedter RUSES Aptaltd (dridfonlingy td Naborktdry®! fBias ant | ¥

hi gher than activi té of cat alhgsts precursors made with and

Davi son 955 sPPEEHREY (RNPHNghESET mish)(as Toampered te\prtcunonb empldying St d.

S55 1°17 5 SO ARl i iy 0 B3 B S L,
955 | neosES- 75571615UZQQUQ&proﬁutzmtﬁv’hsmo’iﬁﬂnIam 8568 35,629 C [01181 Thus,
Exanpl e | deno e er ,alia | abor at o cat al yst pr ecur sor s
prepared with @flﬁs 6{5 %ﬁlﬁ &ﬁfmﬂ%?se?fﬁﬂega}?‘)ﬁ%{? r@%ﬂa@m resilts, @eroened size, a
narrower partiedigy siffRraaupbliddby P SRcaRY SStAIRhAPIHE s%h@é’fﬁtd%{}la%n Aq | east ?
220 angstrons Og?é denpnstrate desirable productivity and may be useful in

pol yneri zati on® gsigteryed hyemealyring s yartance (vwyek s Thevimdysiseef thebl e
ph&f' cal  propgikh&heEEMNRMEE differences among the means exist.

{0117} The statistical results are presented in Table 9 The comparison between

means and the corresponding 95% confidence interval indicates that silica Ineos
ES 757 produced a catalysts precursor with activity that is significantly higher
than activity of catalysts precursors made with Davison 955 and Davison 955
screened (through 325 Mesh). |

TABLE 9
Level Number Mean Std. Dev, 5td. Err. Lower Upper
Mean 095% 95%
Davison 955 4 18,088.3 606.12 303.1 17,124 19,053
Screened 3 21,024.3 826.22 477.0 18,972 23,077
Davison 955
Ineos ES-757 3 29,0984 5,259.61 2,352.2 22,568 35,629

[0118]) Thus, Example 1 demonstraies, infer alig, that laboratory catalyst
precursors prepared with silica support materials that have a smaller particle size,
a narrower particle size distribution and average pore diameter of at least > 220
angstroms may demonsirate desirable productivity and may be useful in
polymerization processes to generate polymer products having desirable physical

properties.

EXAMPLE 2
{0119] Scaled-up catalyst compositions were prepared in a pilot plant laboratory

using a jacketed vessel (that may be referred to as a mix tank) according to the
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i g

[01191 Scal ed-up cat al yst corrp05| tions were pr epar edin a p| | ot Blant

| aboratory using a jacketed vessel (that nay be referred to as a m x tank)
according to the 34 WD 2006/ 138036 PCTI US2006/ 020327 procedure set forth
bel ow. The capacity of the mx tank is on the order of about 2 pounds of
catal yst Wet2004/18B036[ 0120] Silica dehydrated at 600C hagcayuseh@yshk nom nal
concentration of 0.7 mole OH/ gram The TEAL-on-Silica ("TOS") prepared for
t hese scal ed-up batches has a target alum num |l oading of 0.5 mmol e/ gram As
TEAL reacts with hydroxyl according to a 1-to-1 nolar ratio, then about 0.2
mole OH/ gramw |l remain unreact ed on the TGOS, [0121] First, about 850

grans of sil re the m x.tank ES 757 . siljca _and Davi son
955- 600 si | |ﬂr8&d%c§ulit%§ﬁ%glﬁ "t e °8Pacf[?¥8f)g’ﬁ éa‘&Héﬂn%%dﬁdﬁéBO“t 2after which
about 0. 59 gioands offcathD¥ mhktédiali N | sopentane (0.93 nm) were added for every
gram of sili ca c&?%qge . d].;he TEAL reacts exothermcally with the silica to

f or m et hane.[0%&8c an%rhy afef at PRAIC bapat frdiamd nestiesl cgnesmtration of Rdep t he
reactor ¢ ermeRSILOB/MICT TR 1RNES Sk (RS HifedThS hokedalngom x{ure was

m xed for 30 mnutes at a pressure o0 ng was i ni ed by
heat i ng t he bafchekleas a targeal@nimuh loediug:pﬁgsmnolbﬁgtm nAb TEdCctenatts witﬁssure to 5

psig. Anitr i at.ed n the ern actor,  tenperature
had st abil i zhg/gIe&B %ﬁ%@%ﬁlg\é\%é L gﬁ%atfr Pvgﬁ tb?W&O%WCWHt ents were
di schar ged. ré&aainn@icacedboite TOhe target al um num | oading for the scal ed-up

TEAL-on-Silica %scal ed- %gQTOS was 0.5 mmol e/gram silica. [0122] Scal ed-up

catal yst pr d¥aHs &itst @eaud 80 gpumserf sfisadvess phpreed torke mix aglki oy ESpiSdcedur e.
About 3, 500 {384 Efavﬁs@ﬂ ‘ﬁﬁb@(ﬁ‘f Slidar oﬁt %ll’t&i%l%mt erth%ﬁ/gvteﬁeadﬁk&( tank. The

wat er content of the THE was |less t ppm o nesiurm chl oride
( MyC12) was aﬁdﬂwhl‘:h@bolﬁé)iﬂgram@f‘m% TiEALthmopmep(ﬂ%sn}jlmdadchdS psig and

heated unti | the contents. reache rature of 60 at 150 rpm
was i niti at &8 VEBo élc FarE® fﬁ&'ﬁgﬁgg egoﬁaﬁ%‘aa yvOPﬁlé Ed?ﬂggm ves the
MyCl 2 al nostio iftred sthbdey . AMofdlﬂglyQQﬁtm@h&gé vab @htterad sbah Wb R8ep Akt er Which
about 66.8 grans of TiCl3, 0.33 A1C13, were char d The mxture was m xed

for an houreactdempsiatieninden a fatgaisselling) PSE. t Hist foragemedrsarade of t he
cont ent's T elnlixedfel ¥ maies £AHkss08r 9 BYE. Biylﬁﬁh%ﬂwedﬁgﬁm\sﬁﬁg fharged and

m xed fo

jacket to 60 °C and reducing the internal reactor pressure to S psig. A nitrogen
sweep was initiated. When the internal reactor temperature had stabilized
between 55°C and 60°C for 2 hburs, the mix tank contents were discharged. As
noted above, the target aluminum loading for the scaled-up TEAL-on-Silica
(scaled-up TOS) was 0.5 mmole/gram silica.
[0122] Scaled-up catalyst precursors were prepared according to the following
procedure. About 3,500 grams of tetrahydrofuran (THF) was charged to the mix
( tank, The water content of the THF was less than 40 ppm of water. Magnesium
chloride (MgCly) was added to the dry THF. The mix tank was pressurized to 5
psig and heated until the contents reached a temperature of 60°C, Stirring at 150
rpm was initiated. About 38.6 grams of ethanol were added, which dissolves the
MgCl, almost instantly. Mixing contimied for about 30 minutes, after which
about 66.8 grams of TiCls, 0.33 AICl; were charged. The mixture was mixed for
an hour. The mix tank then was cooled so that the temperature of the contents fell
below 50°C. About 800 grams of scaled-up TOS was charged and mixed for
about 30 minutes.
{01231 The contents of the mix tank then were dried by heating the jacket of the
mix tank to about 85°C, and reducing the internal pressure within the jacket by an
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about 30 m nutés.” [01231 The contents of the m x tank then were dried by
heating the jacket of the mx tank to about 85C, and reducing the internal
pressure within the jacket by an 35 WD 2006/ 138036 PCT/ US2006/ 020327
incremental inch of pressure at a tinme until the pressure reached -5 inches
of mercurywokb®nsgzer nal pressure then was reduced to f and a
nitrogen sweep was initiated. Wen the tenperature of tlt]ggl[%%ﬁl&b%&7
stabilized between 80 and 83C for three hours, the m x tank was pressurized
to 5 psig, and cooled to below 40C, at which point the scal ed-up catal yst
was di scharged. [01241 The catal yst precursors prepared as descri bed above
then were converted into catalyst conpositions by treatnent wth at | east
one, and no noPECRRYEA gl of paessyry #f Grigme THEl thelpiessvre mmbedt-S inbhdshe
activator(s) ar 1 j ntept, to provide an Al:Ti

nol ar ratio o}eﬁéarg(gz't I%g%t%%g?&@%ﬁﬁg%gg%gdﬁeg&omﬁﬂive%{]tug’r’§F8ﬁ‘inrﬂ§?g,enabout 800
grams of cat alsysep premiigal. When thedergemating of fled @mben@ hbilized Hetvwder shank.
About 1,600 gra solvent was slurried into the mx tank. The m xture
was stirred atang@aﬁé f‘?%E‘eF sy, RS TR ot BieRsuniaed 1o 2Bser 1slerpoled 18 psi g.
The mi xture waslow 40d, fosidOpdlitthé fsled fc@fa%s%é@d]ﬂ:hﬂ@%d.i nitiated through
heating the jacket of the mx tank to 60C ni trogen sweep al so was begun,
once the mat el$13fl JéesaBlyst mecwssnpiegarediae dessribed ahovediendweredonveriell t he

reactor tenpegpgt i ]odi7 ahaut ne _hour. T 1 X tank then
was cool ed t?bgﬁa&sgﬁﬁdsﬁéggbgﬁga Fhe ‘é@?%} {‘?g{t OC%n%’gsqottPSIr?qE%mf%(?’ned
therein was dethoias.g€he temivehmomts pOh2adtiRitdr(sp merd vaeiall adithabspeor outiat i ons
were prepared by varying.the relative anmounts of the selected activators,
one of them c8ﬂ‘¥t3?tnit‘¥@ng’r‘l&en§]f‘ dﬁéﬁ Iﬁ?lﬁﬁfationopgliﬁi‘ﬁ Latangyrtt ¢7sh quRedty theespect i ve

AT ol ar r abfivaSoryVemigt, \Wbétlig00 ghens' FRAEIySH prbdu®r Was bRrged 1 sl ¥l andf 9

di fferent catalyst_ fornul ati ons were prePared, conprising precursors
prepared wit h st BaYE. s Showd 08 parmsyisplvent Wesdwrith inte theahixdenk. Toe nul at i ons
conprisi ng preguisos ! I il l.abel ed as A,
C, D and E Tﬁig cat a?sys}s%i[n%gi %ﬁ %ugltl ?%ﬁéﬁ\é&c}ﬁpﬁ% @%ﬁaﬂpﬁ%{%ﬁsﬁﬁ%&% tBrsgpﬁ ed with

| neos ES757 sillhe castwerveasl mbetlefdr 80 Alnutes] befole deyik Rlas idsiardcthrought al yst

series progresgses from A t there. is g _gonsistent increase of the Al/Ti
mole ratio fo eaﬁﬁl@ th%llac?g%tn&ctgﬁf%‘ﬁ%ma@t fsvaié'ft}'oaﬁﬂisﬁ’ﬁeﬂ SQMES H5&H ed by an

once the material became free-flowing. The material was dried until the reacior

temperature stabilized at about 57°C for one hour, The mix tank then was cooled
to below about 40°C, and the catalyst composition contained therein was
discharged therefrom.

[0125] Different catalyst formulations were prepared by varying the relative
amounts of the selected activators, one of them containing an halogen atom, in
such a way that their respective Al/Ti molar ratios were within the range of from 1
to 5. A total of 9 different catalyst formulations were prepared, comprising
precursors prepared with both Davison 955 and ES757 silicas. The catalyst
formulations comprising precursors prepared with Davison 955 silicas were
labeled as A, C, D and E. The catalyst formulations comprising precursors
prepared with Ineos ES757 silicas were labeled as Al, C1, D1, and E1. As each
catalyst series progresses from A to E there is a consistent increase of the AUTi
mole ratio for the halogen-containing activator, which is accompanied by an
increase, although to a lower magnitude, of the non-halogen containing activator.
The sample catalyst compositions prepared as described above then were used in

polymerization reactions.
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i ncrease, although to a | ower magni tude, of the non-hal ogen containing
activator. The sanple catal yst conpositions prepared as descri bed above
then were used in polynerization reactions. 36 WD 2006/ 138036

PCT/ US2006/ 020327 [0126) A one liter stirred stainless steel jacketed
react or - (2 ¥9p/a3p836equi pped with a stirrer and a ther POTESPI0&20A used for
the polynerization reactions. The reactor was thoroughly dried under a
purge of nitrogen at 100C for 1 hour and cooled down to 45C before each
run. About 0.8 nmL of heptane dilute solution (1.54 M of TEAL then was
added to the reactor to act as cocatal yst and passivate any inpurities.

After stirri far =10 : I t : i Ne reactor
t hen was segﬁfeh&,Raoéqggﬁ%g%?wgﬁ}gtﬁgijéﬁggfeéﬁzrléén% ar g&%%'gﬁ% ge‘?lqmms char ged
as i ndi cat ed stirret hed tathbmsocbiyge Wasl dsedvioratht grolwinridatio eeactanst oThevas heat ed

to 65C. At_this point hyl.ene fl ow was .initiat o ntinued until the
eactor e OB ORI EA TS e APree ¢ Broesht Sy Ehfor ddent FeEo )

Et hyl ene wagodiéd ayvesltd 9590 Bufoleatiiudl aAbbut DS hEAFHRPtaR 8BS s6lulbn 200 psi
during the 30 minute reaction period. Et hél ene uptake is neasured through a

conput er - coft-3bM) &8 TEAS therewas added fo the fgselontaack abeocatalyst aamsiivalas r educed
to 45C whi ct : t %Bjn? fter which
t he reacto%ﬁ(/va oﬁ%ﬁ'eﬁ EAWQP%:%FE%%&%%@%% ven'La &@E@g%ggaﬁeg; t he mass
of pol yner The cduoetheh mamsdabel, peht300 @n 30@0cudbid eentimeteds. of Hydrogeh waer pr oduced

bar aet or 5. SRR RBR RIS AT W BATOMRERRON (LM, and
bul k densi t y594EDh¢ thif BdiA8 ethlddl Towlfatidialel, Bl owitHasd hditiie EQtbAI N

paraneters determned from | aboratory eth [ ene hono- pol yneri zati ons
conduct ed aseaghed robadilzalieneonditions of 2B @ri at8Atal scal ed- up i nproved

preour sor s. 0128 T3P\R1Aa38! , AOU' naSEAA RACVEREIS, Aok ned from

| abor at ory | en ol'ynerizations conducte set forth above with
scal ed- up cédtmdgyte 30 oximue atactions pafodacEthylkne aptalé T meanrédthroughat ed i n t he

| ow end and in the dj.u end of the 1 to 5 r e are co red.to

par anet er s B‘Pmﬁ‘ﬂmggph?fghoﬁdﬁt?rol{.hectﬁ’le‘Frﬁfé‘fesoﬁa&lgﬁﬁacif)r(wggﬁfﬁe&dt? Ti ratio
range, e.g. 45%0RhAk the GeforAWis! Heprdbired thalmbicht rdseute, 2ft&) whigH thent r ol
Catalysts 2 and 3 (at the lower end of the AI/Ti ratio range,

> e.g.,
cont ai ni ng actar wEs opesedo Afteneliqvang the selvens ta pvaperais Misanass|oé PAYPST "1 at i os.
produced from the reaction was determined. The polymer produced from the

reaction then was characterized to determine a number of parameters, including
Melt Flow Index (MI), High Load Melt Flow (HLM), and bulk density (BD).

[0128] Tables 10 and 11 below set forth certain parameters determined from
laboratory ethylene homo-polymerizations conducted as set forth above with

) experimental scaled-up improved precursors.

(‘ [0129] Table 12 sets forth certain parameters determined from laboratory ethylene
homo-polymerizations conducted as set forth above with scaled-up catalyst
formulations at activation AI/Ti ratios located in the low end and in the medium
end of the 1 to 5 range are compared to parameters of conventional Control
Catalysts 1 and 4 (medium Al/Ti ratio range, e.g., containing an Al/Ti ratio that is
about 2.5) and Conirol Catalysts 2 and 3 (at the lower end of the AI/Ti ratio range,

e.g., containing an Al/Ti ratio that is close to 1) at comparable AU/Ti ratios.
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37 WD 2006/ 135036 PCT/ US2006/ 020327 TABLE 10 Catal yst Titanium Activity

142 Sanpl e Catal yst Loaded to Loaded to Loaded to yield Reactor (nL) Reactor
Reactor (grams) (grans PE)/ (grains) (mol) [(mrol Ti)(h)] Scal ed-Up

Davi son inki ca 1,500 0.0490 0.0127 82 12,913 R | ed- Up
Choos_ 14 Ea iR 57 1,500 0.0408 0.0102 111 21, 764 PRt B,
Productivity Melt Index Flow Melt Index MFR Settled Bul k Sanple Catal yst
(grams PE)/ (dg/mnute (M) (MM) Density [(grams cat (hr ] (d mnute) (1
M M) (rans/cnB) 13 Scal ed-Up Davi son 3,347 Not Determ ned Not Determ ned
Not 0.330 955 Silica Precursor Determ ned Scal ed-Up Ineos 14 ES-757 Silica
5,441 0.21 5.50 26.2 0.352 Precur SABBB1NO 2006/ 138036 PCT/ US2006/ 020327

TABLE 12 1-12 loaded Productivity Melt lndex Flow Melt Settled Sanple
catalyst to Reactor (grans PE)/ I%e%’% (H N?QEI?VFH Bul k [ (grang(smL) gat
hr) (dehsi nut e)catisg/ m i e r‘ﬁ&%l\/ / Bengi t ;t O ConyeRkerdas &l YGlamb PHY
ramsfcn) 15 [Davi son 955°%} a, 3,000 136 mlgo.‘;)%g 47.60 29.9 OmB@EHM) 53
Cont rot—Cat gt ¥y havison
13 955 Silica 1,500 0,0490 0.0127 82 12,913
Precursor
Scaled-Up Ineos
14 ES-757 Silica 1,500 0.0408 0.0102 111 21,764
Precursot
TABLE 11
- Productivity Flow Meit Index Settled Bulk
( Sample Catalyst (grams PE)/ lejtg%iﬁg;m {(HLMI) (I-ILI\I\/[E/{MI) Density
[(grams cat)(hr)] (dg/minute) (grams/cm3)
Scaled-Up Davison . . Not
13 955 Silica Precursor 3,347 Not Determined | Not Determined Determined 0.330
Scaled-Up Ineos
14 ES-757 Silica 5,441 0.21 5.50 26.2 0.352
Precursor
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16 [Davi son 955 silica, 3,000 760 1.00 29.60 29.8 0.390 M/ Ti =31 Scal eUp
Catalyst d 17 [Davison 955 silica, 3,000 1,846 2.38 75.20 31.6 0.342
My/ Ti =S, with ethanol ScaleUp Catalyst E1 1 g [Ineos ES-757 3,000 1, 976
1.32 40. 15 silica, M/ Ti=S, with ethanol lyst 2 19
[ Davi sonaggé%s‘?gf@gﬁ, 3,000 4,547 1.40 41.20 29.4 0. 272@%%650?@%?Control
Catal yst 3 20 [Davison 955 silica, 3,000 2,655 1.50 45.90 30.5 0. 323

My/ Ti --31 Scal eUp Catal yst A 21 [Davison 955 silica, 3,000 3,698 1.20 35.80
29.8 0.285 Mi=3) ScaleUp Catalyst A 22 [Ineos ES-757 3,000 5,141 1,40
42.50 30.4 0.336 silica, My/Ti=S, wth ethanol] [01301 The relationship

bet ween productivity and bul k density of the experinental scal ed-up
catalysts is illustrated in Figure BABID131) Exanple 2 dermonstrates, inter

b

al i a,[-That]trhe TNprovey EXper i ENdrw catatysts—prepared—ust-re—stpperts, t hat
use %%i o $1 11 eg havi n$ i I;%‘;ﬁeél I @Famppg?;t | elplndex ze,ﬁb‘é{MﬂérrOV\%Rpa tighe size
di strji buti En, cfy a | ange jﬁ‘{/%r afjganporie dgf@ga t ef“‘d I r)‘) | (EBgiMEy | 2 B6hsity
angst roms_appear to dempnstratie BYGHES r% e [OdﬁJ 11 VIt Vi- vS. - bul {gramgl@ris)i t y
rel atji opsh B;Eyﬁ ??ﬁ?ﬁa: Rk €l [at g ;T oss pggvarli ety of nagngﬁbun1tqhﬁg|tan|un1
ratios. EXA =£ T%g) Sanplie catalyst conpdsitions prlepared {n the nmanner
descr et AtERWE Catalysi 4
16 [Davison 955 silica, 3,000 760 1.00 29.60 29.8 0,390
Mp/Ti=3]
ScaleUp Catalysi C1
1 [Davison 955 silica,
7 MoTE ot 3,000 1,846 2.38 75.20 31.6 0.342
. ethanol]
( ScaleUp Catalyst E1
- [Ineos BS-757
18 il 3,000 1,976 1.32 40.20 30.0 0.415
with ethanol]
Contro! Catalyst 2
19 [Davison 955 silica, 3,000 4,547 1.40 41.20 204 0.272
Mg/Ti=3
Control Catalyst 3
20 [Davison 955 silica, 3,000 2,655 1.50 45.90 30.5 0.323
Mg/Ti=3]
ScaleUp Catalyst A
21 [Davison 955 silica, 3,000 3,698 1.20 35.80 29.8 0.285
Mg/Ti=3]
ScaleUp Catalyst A
22 [Ineos ES-757 3,000 5,141 1.40 42.50 30.4 0.336
silica, Mg/Ti=5,
with ethanol]

[0130) The relationship between productivity and bulk density of the
experimental scaled-up catalysts is illustrated in Figure 5.

-

[0131] Example 2 demonstrates, inter alia, that the improved experimental
catalysts prepared using supports that use ES757 silica having a smaller particle
size, a narrower particle size distribution, and a IE?Igcr. average pore diameter of at
least > 220 angsiroms appear to demonstrate a desirable productivity-vs.-bulk-
density relationship, which may correlaie across a variety of magnesium-to-

titaninm ratios.

EXAMPLE 3
[0132) Sample catalyst compositions prepared in the manner described above

were reacted in a polymerization process in a pilot plant reactor.
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were reacted in a polynerization process in a pilot plant reactor. 39 WO
2006/ 138036 PCT/ US2006/ 020327 [0133] Pol ynerization was conducted in a 24

i nch di anmeter gas-phase fluidized bed reactor operating at approximtely
300 psig total pressure. The reactor bed weight was approximately 500 - 600
pounds. FIwo digisag3ggas was passed through the bed at FCTAIS3E6L003ILT
approximately 2.0 feet per second. The fluidizing gas exiting the bed
entered a resin-disengagi ng zone | ocated at the upper portion of the
reactor. The fluidizing gas then entered a recycle |oop and passed through a
wat er - cool ed heat exchanger and cycl e gas conpressor. The shell side water
tenperat ure y@ssjatplisicidatiod Wi dndhdled € D8 G ABmEE he

speci fied v\éwllue]. EF’%I ene, hydrogen, 1-%1ex21§1% (g%{jl n??roﬁ{gﬁéaeufrdgze?ed to the
cycl e gas | o&pd rqagior oppreting aindnproximately 308 msigstotal gressjwen Theiremstadfelli ci ent to

mai ntai n the 'Fa?é?f I akd T, &4 ] cpcat al yst was
fed to the rg% .oﬁﬁlgﬁ‘g%g}ggtlt 226 g%q ?I Cl %n?fu?%aé%g%%%yﬁﬁ% @B%ELGas

concentrat i oftte weh & areescityed§ ippravimatelyl 2.0 et yp oecofid.aclhieofividizhigy@er . The
catal yst was f react or d throu tai nl.ess steel, injection

dt h .b h a s i
tube at a raleﬁl%%f*% &?dg?ﬂte? aﬁﬁ?‘ﬂ'ﬁﬁ?‘i‘ﬂ%%%@%ﬂ"@ﬁgﬁﬁl et BPgn i on rate.
Ni trogen gas tWagadse dTAOABURRR &6 thehnfaddd Yerhclb Mo drldehakRaGhRhgh o Pr oduct
was withdrawn fromthe reactor i1n batch node into a purging vessel before
it was transtatarsgoledthsatacisharuge endcple 28 sPrpbsotat Bheyshellaside swotat al yst in
the resin we i | t ] i pur ge.
[ 01341 The p?égnd%?%%s%% g(g%%éhsyr]rp a@'iégg'g% ?s{&b?o%r{%%gﬁaﬁ?%\ﬁ% ﬂ'[é' a#&gﬁg results
of the pol ywelue.zEthybenes laicdgeant-hexene and nitrogédhwene fedie thablds gheloop. 40 WO

2006/ 138036 PCT/ US2006/,020327 TABLE 13 .Partial = Residence FEthyl ene

podust | vi ¢y ¥ BEVERR L SAEIRES G Bt LT (g SPe e ope)

(hours) P ('sebhcehtstidas! hi¢iylahindinuh @EeAFRGlas (Bt MRl rkadtéFiih/qiRhtiies Cont r ol

Catal yst B ZSUéDaW son 955 silica, 3.7 110 5,257 3,709 0.155 0.142 M/ Ti-31
5

cient to support reaction. Gas concentrations were measured by an on-line

vapor fraction analyzer. The catalyst was fed fo the reactor bed through a
stainless steel injection tube at a rate sufficient to maintain the desired polymer
production rate. Nitrogen gas was used to disperse the catalyst into the reactor.
Product was withdrawn from the reactor in batch mode into a purging vessel
before it was transferred into a product drum. Residual catalyst and cocatalyst in
the resin were deactivated in the product drum with a wet nitrogen purge.

[0134] The properties of the sample catalyst compositions, and the results of the

polymerization reactions are set forth in the tables below.
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Scal eUp Catal yst C 24 (DaV| son 955 Si I I ca, 4 8 110 6 160 6 552 0.142 0.113
My/ Ti--3) Scal eUp Catalyst C 25 [Davi son 955 silica, 4.0 79 6,114 4, 383
Scal eUp Catal yst E 26 [Davi son 955

0.147 0.137 M/ Ti
silica, 3.6 110 9,421 7,149 0.123 0.110 M/ Ti

=5- wi th et hanol

=5- with et hanol

Scal eUp

Cat al yst WD 2806/138a3¢0s ES- 757 silica, 4.7 110 4,758 4, 5A&/0s20&@m02052134

Me/ Ti

=5. with et hanol

Scal eUp Catalyst DI 28 [Ineos ES-757 silica, 4.3 79

3,195 3,344 0.190 0.159 Mi=5, with ethanol] ScaleUp Catalyst O Not 29
[ neos ES-757 silica, 5.0 110 7,066 Not 0.166 Determ ne
Determned d ScaleUp Catalyst d 30 [Ineos ES-757 silica, 5.5 79 5,085

Mi=5, with ethanol

4,985 0.138 0.149 Me/Ti=5. wth e lgcal eUp Catalyst El 31 [Ineos
ES- 757 silica, 3.7 110 9,005 4, 202 0. 126 M Ti=S, with ethanol Scal eUp
Catdlyst E 1 32 [Ineos Ef ror S| ireaigt 51 Q 79 4 7B0 8,419 0. 136 0. 146
Mo/ Ti =S, di th eghapol ] F| AT poBbylassh Bodkel’ Z06B#TRO 30 7 HGAB E CUl:
Sanpl e Catlal yst C2 Melt phipdek PESHER| ey gl IPgseu) @olmeiht freni/moD
Catglyst B (nmoi/npl) )/ d&/mﬁn ] fpjﬁ.],,l.]‘ sty L hs/fl )
4 * Control Catalyst B 7R R T 7
23 [Davison 953 silica, 3.7 110 0.155 0.142
Mg/Ti=3]
ScaleUp Catalyst C
24 IDavison 955 silica, 4.3 110 6,160 6,552 0.142 0.113
Mg/Ti=3]
ScaleUp Catalyst C
25 [Davison 955 silica, 4.0 79 6,114 4,383 0.147 0.137
Mg/Ti=5, with ethanol]
ScaleUp CatalystE
( 26 [Davison 953 silica, 3.6 110 9,421 7,149 0.123 0.110
- Mg/Ti=3, with ethanol]
ScaleUp Catalyst D1
27 [Ineos ES-757 silica, 4.7 110 4,758 4,545 0.185 (.134
Mg/Ti=5, with ethanol]
ScaleUp Catalyst D1
28 {Ineos ES-757 silica, 4.3 79 3,195 3,344 0.190 0.159
Mg/Ti=35, with ethanol]
ScaleUp Catalyst C1 Not Not )
29 [Ineos ES-757 silica, 5.0 110 7,066 Determined 0.166 | Determine
Mg/Ti=5, with ethanol} d
ScaleUp Catalyst Cl _ .
30 {Ineos ES-757 silica, 55 79 5,085 4,985 0.138 0.149
Mg/Ti=5, with ethanol]
ScaleUp Catalyst E1
31 [Ineos ES-757 silica, 37 110 9,005 4,202 0.146 0.126
Mg/Ti=5, with ethanol]
ScaleUp Catalyst E1
32 [Ineos ES-757 silica, 5.0 79 4,730 8.419 0.136 0.146
Mg/Ti=5, with ethanol]

4]



23 [Davison 955 silica, 0.142 0.945 32.54 0.9187 20.9 M/ Ti =31 Scal eup
Catal yst C 24 [Davison 955 silica, 0.113 0.707 31.26 0.9228 20.3 MfrM
Scal eUp Catal yst C 25 [Davison 955 silica, 0.137 0.641 33.00 0.9176 20.5
My/ Ti =5, with ethanoll Scal eup Catalyst E 26 [Davison 955 silica, 0.110
0. 627 34. 020898 2RB03k7- 9 |1 Ti =S, with ethanol] Scal eup Catalyst D 27 [l neos
ES- 757 silica, 0.134 0.759 30.38 0.9228 24.1 M/ Ti= RFT’W%@P?{%FHH"] Scal eup
Catalyst DI 28 [Ineos ES-757 silica, 0.159 0.885 29. 67 0.9178 23.7 M/ Ti=
wi th ethanol] ScaleUp Catalyst C Not 29 [Ineos ES-757 silica, 0.748 31. 55
0.9180 21.9 M/Ti=5, wth ethanol] Determ ned Scal eUp Catal yst CI Not 30
[ neos ES-757 silica, 0.149 0.90 0.9195 22.3 Determined M/Ti=S, with
et hanol] Scal eup Catalyst E 1 31 [In'EAi%LEB 757 sil | ca, 0.126 0.727 31.42
0.9217 22, MT=5, Wt el hapgg; Sc ndeet al y'st 2—-ReesES—£57
silich S,amB“*;L46 0. FAA82. 27 0. BLiGeR2l Ly MILEE=5, dt 3 Bl‘*?%
above| exanmpl e CaenDIsdlysiad €S ?‘[ﬁter)2 Ilagz)ig(aé.inebll 1ve(fy21\nit/I|§\£/]e Tat d.ﬁy%'g%m}‘sg;g%p@?fa
W t h IES?57| si IDedan PEdilkg bot hO0é?hanced ftdduct i vi2y and polsmer| praoduct s
t hat nstrat METIEYr exapple. inproved settl|ed bul k |density. [The
ScaleUp Catalyst C
24 [Davison 955 silica, 0.113 0.707 31.26 0.9228 20.3
Mg/Ti=3]
ScaleUp Catalyst C '
25 [Davison 955 silica, 0.137 0.641 33.00 0.9176 20.5
Mg/Ti=5, with ethanol]
ScaleUp Catalyst E
26 [Davison 955 silica, 0.110 0.627 34.04 0.9226 17.9

Mg/Ti=5, with ethanol]

( ScaleUp Catalyst D1
27 [Ineos ES-757 silica, 0.134 0.759 30.38 0,9228 24.1

Mg/Ti=5, with ethanol]

ScaleUp Catalyst D1
28 [Ineos ES-757 silica, 0.159 0.885 29.67 0.9178 23.7
Mg/Ti=5, with ethanol]
ScaleUp Catalyst C1 Not
29 [Ineos BS-757 silica, Determinsd 0.748 31.55 0.9180 219
Mg/Ti=5, with ethanol] ¢
ScaleUp Catalyst C1 Not
30 [Ineos ES-757 silica, 0.149 0.90 D ined 0.9195 223
Mg/Ti=5, with ethanol] etermine

ScaleUp Catalyst E1
31 [Ineos ES-757 silica, 0.126 0.727 31.42 0.9212 226

Mg/Ti=5, with ethanol]

ScaleUp Catalyst E1
32 [Ineos ES-757 silica, 0.146 0.714 3227 0.9176 22.1

Mg/Ti=5, with sthanol]

[0135] The above examﬁle demonstrates, inter alia, the inventive catalysts
prepared with ES757 silica led to both enhanced productivity and polymer
products that demonstrated, for example, improved settled bulk density. The
unexpected increase of the resin bulk density with increased productivity is
generally opposite to that demonstrated by polymerizations conducted with
conventional catalysts, and is highly beneficial for the fluid bed gas phase
operation, These findings are further illustrated in Figure 6.

[0136] Therefore, the present invention is well adapted to carry out the objects
and attain the ends and advantages mentioned as well as those that are inherent
therein. While the invention has been depicted, described, and is defined by

reference to exemplary embodiments of the invention, such a reference does not
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unexpected increase of the resin bulk density with increased productivity is
generally opposite to that denonstrated by pol yneri zati ons conducted with
conventional catalysts, and is highly beneficial for the fluid bed gas phase
operation. These findings are furthher illustrated in Figure 6. [01361

Ther ef or eW 1486/13B86ent i nvention is well adapted to carcwusisbsd@robj ects
and attain the ends and advantages nentioned as well as those that are

i nherent therein. While the invention has been depicted, described, and is
defined by reference to exenplary enbodi nents of the invention, such a

ref erence does not 42 WO 2006/ 138036 PCT/ US2006/ 020327 inply a limtation

on the invention,,.and. no such |limtatjon is.ta be inferred. The, invention
i s capable 8@p_5ﬁgFﬁuF§6P§ Fri Y P i 11 W?mﬁﬁg }ﬁgPPﬁﬁgﬁﬁﬂﬂg@agisyfents in
form and f uneleh®oh isaapadld bf esriderable hoREGteH,MIRAT LY, HKidghRdieh ik he
pertinent arts and having the benefit of this _disclosure. The depicted and

descri bed efBBANEHRGI0BS as WIHQCPIH%HIOF%?WW@YM?BI%FI}? PSFnpNt i@nér e not
exhaustive ghyihdfheHaRT dtinib iRclohl *Nid Bicid IR kmbbBchYENT | ON 1S
intended to be Timted only by the spiri and scope of the appended cl ai ns,
gi ving ful | fheopweiancae texemplarw ahlgntsl ar wit| exhpustipe of she &ot8 ofithe i s cl ai med

is: 1. A supported gcatalys stem.conpsisSin t .l east on i tani um
conpound, a?&epté%te%ﬁgq%ﬁ%ﬁq ]lﬁlﬁ?nél(g%n%r 8?13%&°q1eé32’?°%o%3y§3f§8ts?16‘% donor
conpound, abnd géste diNtfe aBSdnd¥dbRIms; GNARLIREll cogitzante ke agdivafiRs &i bl ca support
material, the at | east one silica support material having a nedian particle
size in the™sgeRée of from20 to 50 m crons and an average pore di aneter
from 220 Angstronms to 265 Angstrons; wherein the at | east one silica support
material has no nore than 10% of the particles having a size |less than 10
ﬁicrons and no nore than 10% of the particles having a size greater than 50
m crons. 2. The supported catal yst systemof claiml1l, wherein the at | east
one magnesi um conpound has the forrmula MgX2, wherein X is selected fromthe
group consisting of d, Br, I or m-xtures thereof.
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3. The supported catalyst systen1of claim 1, wherein the at Teast one
magnesi um conpound is present in the catal yst systemin an anmount in the
range of from1.5 to 7 noles of nagnesium conpound per nole of titanium
conpound. 4. The supported catal yst systemof claim1l1l, wherein the at |east
one titanium conpound has the fornula Ti (OR)aXb, wherein Ris selected from
the group consisting of. a CI to Cl4 aliphatic hydrocarbon radical, a C to
Cl4 aromatic hydrocarbon radical, and COR where R is a C to Cl4

al i phatic or aromatic hydrocarbon radical; X is selected fromthe group
consisting of C, Br, | and mxtures thereof; a is selected fromthe group
consi st i Wéhavfs dgimédand 2; b is 1 to 4 inclusive; and a+b=3 or 4. 5. The
supported catal yst systemof claim1, wherein the at |east one titanium 44
conmpound is selected fromthe group consisting of: TiCl3, TiCl4,

Ti (OCH3) €13, A sl ﬂo%cdf@l}&%?sterﬁ'o(n%ﬁg’ﬁt%ﬁt giditdtil b ohpbmA8- 6. The
supported catal yst systemof claiml, wherein the at | east one silica

suppor t &mstempaiagh@syaracwnmtmd gdeast Me@mtrzedpnvrtchmpmmget ledst bweom 20 to 35

m crons. uVa he sur@glgfd catal yst systemof claim1, wherein the at |east
one sili &4 E SPBPY ial has a nedian particle size in the range of from
20 to 30 m cdt dast oneilicd BgppdipRAEd £ ahE Atledsy sie &ﬁ%’&sﬁ?@d@fm@ﬂeﬂhlm 1, wherein the
at least one silica support material has a particle Size distribution in
whi ch nohavnga median paiciersizerp thegange of (fiwen Hhipe Oqnistons apdbpmsyerageni cr ons, and
no nore f ze above 50 mcrons. 9. The
supportehg%gltlﬁﬁ@t&frir@g%(p%%g&hﬁ%agygn tré)?iesi n the at | east one silica
support mat ewhetin asat aﬂwamersage S{EIOE mhtm%hwmﬂ%rem@sm% pBthe10. The

support ed al yst s m of aim1l erein th east .one silica
support ‘éfe L\ "P%% ﬁ%@ﬁ%@é%?@ @\F,}hélﬁé%? %ﬁfé‘ﬂ‘i%"leﬁl The
supportega@@’% %@Ereﬁﬁéﬂh%ﬂ‘sgfmi%ﬁé.m 1, wherein the at |least one silica
support matefial has an average pore di aneter=235 Angstrons. 45

2. The supported catalyst system of claim 1, wherein the at least one magnesium
compound has the formula MgX,, wherein X is selected from the group consisting

of Cl, Br, I or mixtures thereof.

3.  The supported catalyst system of claim 1, wherein the at least one magnesivm
compound is present in the catalyst system in an amount in the range of from 1.5 to

7 moles of magnesium compound per mole of titanium compound.

4.  The supported catalyst system of claim 1, wherein the at least one titanium
compound has the formula Ti(OR)aXb,'wherein R is selected from the group
consisting of:

a C; to Cy4 aliphatic hydrocarbon radical, a C; to C)4 aromatic hydrocarbon
radical, and COR' where R’ is a C; to Cy4 aliphatic or aromatic hydrocarbon radical;
X is selected from the group consisting of Cl, Br, I and mixtures thereof; a is
selected from the group consisting of 0, 1 and 2; b is 1 to 4 inclusive; and a+b=3 or

4.

5. The supported catalyst system of claim 1, wherein the at least one titanium
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compound is selected from the group consisting of: TiCls, TiCly, Ti(OCH3)Cl;,
Ti(OCs H5)Cls, Ti{OCOCH3)Cl3 and Ti{OCOCsHs)Cls.

6.  The supported catalyst system of claim 1, wherein the at least one silica

support material has a median particle size in the range of from 20 to 35 microns.

7.  The supported catalyst system of claim 1, wherein the at least one silica

support material has a median particle size in the range of from 20 to 30 microns.

8.  The supported catalyst system of claim 1, wherein the at least one silica
support material has a particle Size distribution in which no more than 10% of the
particles have a size below 12 microns, and no more than 8% of the particles have a

size above 50 microns.

9.  The supported catalyst system of claim 1, wherein the at least one silica

support material has an average pore diameter=225 Angstroms.

10. The supported catalyst system of claim 1, wherein the at least one silica

support material has an average pore diameter=230 Angstroms.

11. The supported catalyst system of claim 1, wherein the at least one silica

support material has an average pore diameter=235 Angstroms.
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