CATALYST CQAI PCSI TI ONS COVPRI SI NG SMALL SI LI CA SUPPORT

MATERI ALS AND METHODS OF USE | N POLYMERI ZATI ON
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invention relates to a polynerization process using

i nproved catal yst conpositions. Specifically, 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
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expanded. Also, advances in polymerization 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, usually is the key economic factor
that can make or break a 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 préduction rate of the reactor.

Generally, Ziegler-Natta catalysts that have increasing activity and productivity,
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[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.
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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] Generally, the titanium compound has the formula
Ti(OR).Xp
wherein
a. RisaCj to 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;



catal yst system productivities in a | ow pressure gas

phase fluid bed reaction process in the presence of a
weoepewi1B8mse hi gh productivity catal yst that is PCT/US2006/020327

i npregnated on a porous particulate silica having a

particle size in a particular range, as is al so

detail ed bel ow. H GH ACTI VI TY CATALYST [0016] The

compounds used to formthe catal ysts of the present
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[0020] Such magnesium 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 Mgl,. 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
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 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.

[0021] 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
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of the present invention, or the magnesi um conmpounds

may be present in conbinations thereof. A nonlimting
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of the present invention in an amount in the range of from 3 to 10 moles of the
electron donor compound per mole of the titanium compound.

[0023] The activator compound generally has the formula
AI(R")X'sHe

wherein
X'is Cl, or OR™;

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

dis0to 1.5;
eis 1 orO;

and c +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(C,Hs)3, AI(C;Hs),Cl,



certain enbodi nents, suitable el ectron donor conpounds

may be al kyl esters of Cl to C4 saturated aliphatic
woanlwasgiss c aci ds; al kyl esters of C7 to C8 ar BOEAUIS2006/020327

carboxylic acids; C2 to C8, and preferably C3 to 4,

aliphatic ethers; Cto Ccyclic ethers, and, in

certai n enbodi ments, C4 cyclic nono- or di-ethers; C3

to C, and, in certain enbodiments, C3 to C4,

allphatlc ketones. In certain exe Iar% enbodi nent s

Y

t Hl(ieF ddds, ot2tlenbls s Clso i bickrdlodedl IAlf(éerm)e,eAl(Csz)zH
I tyl acetate, et hyI et her, hexyl

et%er‘éfl?@g%?zgﬁg/:a%;f uran, di oxane, acetone or nethyl

i godest YhedegdlBnehe aNvEGr @bipoend fid) 2] pr&'tiéﬁt &l eetdabilysts of the

donor conpounds may be present |nd|V|dua in the .

c araieys inyepfion ’f’i‘eanp%@%‘gﬁ fin theiangs efhirog, 1G We%)orﬁyleﬁ of activator
pr ﬁtﬁﬁ, R S, r:al the

el Cg)c g%& ﬁglrcwr conpggﬂ%nﬁﬁe&gg; eseﬁtlﬁlcln ? er frﬁllrle}ent? fmay
f riemresenbindbe namige of frbnt IﬁetoeﬂOembles) of ﬂheraoﬁivatmnmmpmin@ géer mole

nole. of .the titaniu ound., Li certain di ments,
{1 0P GHERRIBR CRURGT G0 AbUn GHI) APEHR (i OF A . the

cabRty st froff 2 ttJ)" & R6RS BPkhd HANRAIr RBripBudl Ip@ir'ﬁ’leét of fheltfi€nium
range of from3 to 10 noles of the electron donor

corppendd.per nol e of the tltanl um corrpound [0023] The

aC[B(}Zé]a tc'ﬁi gﬁ%ﬂ‘p% ge%%lyl e ergp é)yfxﬁ pul &aezngéatglyws1 of eﬂle present

diihf@itiont geneplydiad L£hartieleCide Sdstritiiaiofdwiiidr @6 atREN of from 2
radicals; d is o 1.5 eis 1 or O; and c + d + e=3.

[ OBiEgnsoc O enirspas.oind: 8 pedinml artisle e jncberenge of from 20
' Y34 50l ok "9 Sgpta% )é%rﬁplglfy embodiments, the silica support has

a particle size distribution within the range of from 2 microns to 80 microns. In
certain exemplary embodiments, the silica support has a median particle size in
the range of from 20 microns to 35 microns, 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. Accordingly, the
silica supports used in the improved catalysts of the present invention may
facilitate, inter alia, 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
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2Hs) 2( OC2Hs) . [0025] Cenerally, the activator conpound

may be present in the catalysts of the present
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[0027] I% aPsp 0 may ge %es?lra%ﬁ: for sugh silica support to have a surface area of

>200 square meters per gram, and in certain exemplary embodiments, >250 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; alternatively, an average
pore diameter > 250 Angstroms; alternatively, an average pore diameter > 255

Angstroms; alternatively, an average pore diameter > 260 Angstroms; and,
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present I nvention that enpl oy I nproved catalysts that
i natidutte magnesium compound may be facilitated by stirring, and in some

instances by refluxing, these two compounds in the electron donor compound.
After the titanium compound and the magnesium compound are dissolved, the
precursor composition may be isolated by crystallization or by precipitation with a
Cs to Cg 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;



these silica supports may have even greater settled

bul k densities. [0027] It also may be desirable for
weuels/138d36 ca support to have a surface area of PERAB2006/020327

square nmeters per gram and in certain exenplary

enbodi nents, >250 square neters per gram In certain

exenpl ary enbodi nents, the average pore vol une of such

silica support ranges from1l.4 m/gramto 1.8 m/gram

[0028] The silica support generally should be dry,

that ig91isfx éerdf absorbed water. EXying of the silica

support r [ er f ar ned

t enper 63%22%8%1%%@&5 LF‘(?SE@P I 'Q%V ﬁ?cﬁgw tr?bgéif et s
descri el >habeBs, andh® dithinteXe@blazy ehBadineaRe>Std £TH
support_materials may have an average pore di amet er

>
220 Ang%tls ok @l Celr hlmhaueugr argatig ey yalgecaghnne raghicatye 0% COR'
> t e

R LETR A iRl ook ABRGIATRONE o

por e dl XﬁEtseléctéd &351 &I&g@bﬁp RBnsistingestn@l, B+l Yr naifRtures thereof;
average pore dianeter > 240 Angstrons; alternatively,
arf&ver age pore di ameter > 245 Angstrons;

al ternghk \él%s r @Y Sl ARt (BYRIBE aribkXimeral one.

-

Pl K
Angst r ons; ternative y, an average pore dianeter >
255 Angst rorrB al ter nat ively, an aver age pore di amet er
) & "lll H

di aneter > 265 Angstrons i bed alongfmnth the
met hod of neasurement in ﬁ@ﬁgﬂiéigll bel ow. CATALYST
SYSTEM FORMATI ON OF PRECURSCR [ 0030] The i nproved

Cybe¥sy Stise precdrhkﬁ Jongeitioni thate iy ®8 ifByegheted) mpawetghbyauo of
first 8 garlng precursor conposition fromt

t | abgHt éﬁhfadmddm e@imheReREday PrboRBUNY bawd- 1 (0.3, parts
el §Ghe pR ﬁ {OR@E)QR%H%D ofig 91?%9 rvée‘?%ﬁ OE HeWrridr Mellerial.
at'r ng wth t

i npreg Pica support e precursor
CnyBas i Before baingl imprepndted ahe sidich ISEppamis@hydnatéd at 600°C, and

Sgeggplrj {sg{g%a ec? gptgsalmt zlal?nnnu\lmurﬁ Iglllfay[f c%gntpbggé ?er g, ‘fﬁ?\in’? %:‘ehydrated
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.



bel ow. [0031] Cenerally, the precursor conposition nmay

be fornmed by dissolving the titanium conpound and the
worgsassaimn compound in the el ectron donor conpeamnasainsa20327

tenperature in the range of from20 C up to the

boi ling point of the electron donor compound. The

titani um conpound can be added to the el ectron donor

compound before, or after, the addition of the

magnesi um conpound, or concurrent therewith. The

di ssol ACTHHVATIONOF PREA URSOR K OMPOSIITON magnesi um

conpound nay be facilitated by stirring, and in sone

fl
el Sfetadlsr B afhlin SRR o RuUF QRN Rl v,
arg. ! ewilhgo efatem whRofffeienaraetivites ebmpdund ke transform the Ti
precursor conposition nmay be isal ated

c i{esasain) the RTECBISOHEOBROSHIBLP ﬁptaﬁflv%ﬁfa% t%ﬂ*able@%l‘éat@é include,
al t t X

IR B A0 RS gy 608 i
prcﬁrdrﬂb,t afmethpl akmtisan, dongbgli alrunnnumychhmde@ oheth@daluminum

PRI, tbabulye ppppE: AiGE puOY A DR QISR  pfifinum
1thdéoigomtﬁfa@ﬁ}ﬁmuhpﬁéﬁbnw R0, ) RRAY e@zﬁg@}xmﬂ ?]AICIQ,

procedure above, the precursor conposition
fcﬁCaH&Q)Amh:L (‘Gaﬂﬁmﬂﬂlp[ EmY gtheh eprésponding i brankige and iodine
el ectron, donor conpound; mis >0.5 to <56, and, in
cEPPROH St enpl ary embodi nents, >1.5 to <11:n is 0, 1

0 r[00%?él PrHeS predursér ?@snﬂﬁﬁ firdt "meE Weabdigke mlﬁf(éﬁ outside the
ments, >6 to < is >2 to <85, and, in

c@olsanmzf@taewwtgr é\n@osmmht activatprt gpmnqndRsq @s ptocpravide 2
Cl 1a11@r %hvgce&) re%{l%gp&rﬁPMt%noﬁﬁﬁlpé)& B&Waﬁﬁlconff%u% molar

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™ 550 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 optionally may be fed

to the reactor through separate feed lines. In certain of such embodiments, the
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wherein R is a Cl to Cl4 aliphatic or aromatic

hydrocarbon radical; X is selected fromthe group
woanmsi1sgizng of Cl, Br, | or mxtures thereof; aaw/ush®6020327

subscript for the element titanium (Ti) is the arabic

nuneral one. CATALYSTPREPARATI ON; | MPREGNATI ONOF

PRECURSOR | N SUPPORT [ 0033] The precursor conposition

then may be inpregnated, in a weight ratio of about

0.003. to 1, and, in certain exenplary enbodi nents,

atfdditionaliactigaigr gampeydimaybe srayqsh J@éqm@afeac@@rpp wather widiluted
0, y t c r
[(r)%gﬂ] @%e’ glﬁégt eloﬁgh?tﬁ%r%%ﬁa{ﬁeg é’m{%e Si Fﬁé‘g a{sd aﬁip%l? act1vator

daimyrtjmahdadrllz;i ?ﬁd)@é’arb(&m dolakbmo(eigs, isvpaitat, \Neﬁzihgaltbr némeral oil).
num al kyl conpoun . De rate
#quea@%% P8y {CRREI éb%utbgei? éﬁemezf@t Rl thegpetivator

ohg;g ofihd. e(intc@ Eiﬁrcﬁf' sgle %(rjnr bofimds, $hl b@tioRMi zﬁcai_@or cofifound

nati on o ated, activate
s up@obet added go thetrh@t(i(ﬂi)su@h ztmomasptoqmmé@ ralcmgnmdsthblanmunts

be acconpli shed,hy dissolv } curso .
Gyt piboun nd Plafins fombomR 168 Sufb RS brdialy ggtivated and
t hﬁﬁ)r ﬁieli'ﬁi‘ébuﬁ&ﬁ cQﬁBMﬁﬁ@ﬁ QtotaBAUATY %cﬁ&f 18fid irf e SHRRQTIF >10
wth t recursor @Imtlontom'pregnatethe

déhy‘tﬂ)ﬂa , ingretthinaaxetpkary ieowodimguds, tirorTHS ol @t Tba additional

T R N R R T e —

Metlle b&iviatipii 6f figd @enivht dorigtRng i r6@torc ONMPOoSi ti on by
addi n]g:; the silica suggort to a solution of the
I

cHUMPE N & cantinaQUs 938 IPSaTFSBCasS Sigh m theellpd ded psesess disclosed
COTRR?! tdlsQ:Flﬁé "oddEne! &Cttﬁ%os. AT " Gro bl mposition

i solat’ing t recursor
S ohmegnatedﬁmethe >sdena$up1b<m: mmmﬁmmrsl}cﬁﬂrlo uthel réaom, ateiyg with

be..renoved b r ) washi ng and, dryi ng at L
© GHFERE, Bl Otk dgioRET AN CoRPPRit AIERE (e contimuing
CRURARLr H4afibh process, and may replace active catalyst sites that are expended

during the course of the reaction. x
[0041] In any of the embodiments described 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), e.g.,
polyethylene/[(mmol Ti)(h))]; alternatively, > 22,500 (g polymer), e.g.,
polyethylene/[(mmol Ti)(h))]; alternatively,

v

25,000 (g polymer), e.g.,

v

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

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

v

28,000 (g polymer), e.g.,
polyethylene/[(mmol Ti)(h))]; alternatively,

v

28,500 (g polymer), e.g.,
polyethylene/[(mmol Ti)(h))]; alternatively,

v

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

v

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

v

30,000 (g polymer), e.g.,
polyethylene/[(mmol Ti)(h))]; alternatively,

v

32,500 (g polymer), e.g.,

11



[0036] GCenerally, the precursor conposition will be

fully or conpletely activated, e.g., it will be
wonewtiaghei t h sufficient activator conmpound t oPCT/US2006/020327

transformthe Ti atonms in the precursor conposition to

an active state. Suitable activators include, but are

not limted to, tri-n-hexyl alumnum triethyl

al um num di et hyI al umi num chl ori de, trimethyl

al um num di net hyl al um num chl ori de, nethyl al um num

d.p@ilﬁre&ryler@/[(mmoé dBMbgz)[l and nplegngtively, -n-1R00 (& nodyaeny e.8-»
hl ori de, isobutyl alum num

di CW%A‘?@@EW 2, (2HSOAID 2, (CBHB)AID 2,

( Qodd2D)1Al cﬂler&mﬁo@ﬁhﬁrﬁgaﬁeﬁﬁaﬁvd@(itdt&ﬁ the estalspoandivitg may be >

brom ne and i odi ne conpounds), [0037] The precurso
(& i Rolymen).s e g rreBPlisdh Yiene/ (ga Pregusen); \liewatively s ﬁdEOOO (g

t gﬁ%‘oun%@% éﬂ&étﬂﬂe %g{:ur%rs halL%fP%P?&g?_? Y1288\ @bolymen), e.g.,

prm)d:yﬂtlsﬂenevf(gn'ppmcmnsm) halzemgtmaj]y acti V3500 c(gnpmﬂymiér‘fj eg.,
molar ratig of >0 to. <10; | an inhc exe ary

erisBirthiede”t PERIISY glanafiih var (S0 el vETBRDY es-
I GRAYIeRENS bﬁre@&fséﬂ)ed aRéthativel hydr9ses bqp ?Iyﬁ&? eg.

sllurry followed by drying of the resulting ure
rqmby@hylme/(golwm@or) aend eatpunativeles >bét®(l@er(g2®ot3mler) eg.

certain exenpl ary enbodi nents, between 50
tcpd%ﬁ@iﬁ%eé@%?%wﬁfor the activator(s) shoul d be
non- pol ar and capabl e of dissolving the activator(s),
but notPODYMEREIAATION:-ONpoOsi ti on. Anong the sol vents
whi ch can be enployed to dissolve the activator(s) are
hydr oc bon ol vent's, such as isopentane, hexane,
he[B?“ahar & daOTpgﬂ%lzasaw e’ﬁ'éy Peiptanduetrdy BY | gAGHRE nf ngifegm of
Ol hEnHE) o Pk Blce! il MR oY 95U OhIH hed proccs, descrbed
Hydrobrltg(tn)%SSSE s 5%1 @slukea [ 0038 Theer 1mﬁssl neacn ©
prizdow), dns wasraaealiy onvl thg '«zb@bnod picatatyst @pcsonat(egi,ammsture

%-Ecgctyﬁér? ? ¢QI’ W 8[13 \eﬁg%tg( ng)n 8\11 Ca ca{aYﬁ%al eotive %%%Bl%r 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
enough of the >C3; comonomers with ethylene to achieve a level of >0 to 10 mol
percent of the C3 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

reactor.
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I mpr egnat ed precursor conposition may be fed to the

pol yneri zati on reactor where the activation may be
woanpliessd wi th additional activator conpound, PGiUSE006/020327

may be the same or a different conmpound. [0039] In

certain exenplary enbodi nents, the additional

activator conpound and the partially activated

i mpregnat ed precursor conposition optionally may be

fed to the reactor through separate feed lines. In

certain of such enbodi ment®/ bddi tional activator

Anaa-aa-al

potht—ray—be—sprayed—Tntothereactor—+n——erther
ndi | . Cadohaner { e. g| Mole¢atih kopalymien t he f oiGas&tream
olution of the addjtional activator |conpound in
ydrocar bon sol vent| (e.g., isopentane, HexapRomeg/kthylene
ineral oil). Such solution may contajn aboyfq3r }fie30
ight percent of the activator conmpound. In certain

(@]

f suchprepydent nents| the af@dotlDonal a}ctivator>0do@p£bund

=

Y De g@pt1t 0 Thejreact gp ¢ fosuch amounts ay 9.7

1T UOVIUtE e l:l%'l'ignvw LTI L”;B,\ig‘a-lfél b‘. (';‘)I dC :,Vd|l IUI’>Q£ Iy.ﬁgllunl

na 41+ AN ol o —na HEP N YN Rd o
e—tHahit M- € opPouhRt—TE€a b t tre—partttarty 'Idilcu
nd im an’f ed nrekurcar” rt\ citinn a tnt o “Ti
R0 Hal-ega e COHPOsSHt+1+-06h

OO

nolar r26€Beiln the Feact oPO4@4910 to 400 and0t9 @35

certain exenplary enbodinents, from15 to 60. The

addi ti onal ampunts of activator conpound added to the

r d8e46brRefarringeray tovFigwre dndlustraist dhereinhis g8 texomplagn fluidized
of,, .t [t anium Lnqt.he,re r. a
oI Roll! SN BRI Lo g SRR R of U3Rhglpor e

preess itventibes ewilhetefovencti drefeed,ethporchetond génetdlly includes a
partially activated precursor conposition inpregnated
orfeagtiongions g and g yploctty-ZeBIcHOM NS busl y fed to the

re[ﬁ&hPrThea}e%t%Mng AlRfifael § vea'dr Ir%? i I%)@}qﬂértﬂamés, formed

act| vator conpound, during the comtinu
popotymer pattictas qprdo e epsor aadoumyofr egshlyste particiey efluidized by the

catal.yst sites_.that are expended during the c f
C PRonilons i OF BP0y FTSETRTBIS dhat i g e and recycle
desgthidash BRI BhdtiontA8e 2R Matntahy & VeBIIBYidE%RHRH, thO s gas

catal yst "activity. In certain enbodi nents, the
caflew yate throngly theybedegenerelly 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 Gy and, in certain exemplary embodiments, in the range of from 3
to 6 times Gpr. Gupyr 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 in, 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
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> 20,000 (g polyner), e.g., polyethylene/[ (mmol

Ti)(h))]; alternatively, > 20,500 (g polyner), e.g.,
woabosassngbene/ [ (mi ol Ti)(h))]; alternatively, PETAS2@6020327

(g polyner), e.g., polyethylene/[(nnnl Ti)(h))]; >

22,000 (g polyner), e.g., polyethylene/[ (mmol

Ti)(h))]; alternatively, > 22,500 (g polyner), e.qg.

polyethylene/[(nnnl Ti)(h))]; alternatively, > 25, 000

Hr&?q%t Ey,fg}tg,ally,,a ﬂppcgmﬁel{eg)%g‘t{]e/ L %@y;e% %)Qr)u)cﬂes supplants the

/ I Ti)(h alternatively, > 28,000
p%@f@f@gé@ne Ee( gm) pol g/ét m ene/[(mmol Ti)(h))];

allo@dndni vetajn exedpldy@ Oehibodinlensperthe Imrgally act1vated precursor

CpleoioR TS icq cn ik andhe v ey (hyipsd bed may be

al st GENIrig¥RAide in3 rg%r@c%u (Ha ol Blﬁﬁd’ei of £ gﬁ; that is 1nert to the stored
pol yet hyl ene/ [ (mmo )(h))]; alternatTvely, > 0, 000

( gngsetialnsich as altgpgenpoalxgen hyl ene/ [ (mmol Ti)(h))];

o e TP o o AR % RETTE O, esy e fnand (pygh the

> b%ﬁ {¥allg i Ble)o¥®er)of aBod-50 Aty BE Mtk & @éci(dFdke-up gas. The
0042] In other enbodi ments, alternatively

1@5&1 b héSaﬂm geyierah @ppearange rafya Benss 18as8 (G igble paiticles in
(Bo}éﬂﬁfe) free= Y&tex H(S}Lv%agté}%lt&{] Ssr (tﬂe 531%81%1{1%8 ro)f gas through the bed.

["ternative
pdfneqtrhgshﬁlédobghmugb} tities BeEd) ma§l|bb€€qﬁalt foy et ylightly/gréser (h@n, the
gf)ril %hqlgqxgdlvg{)eﬁ A hylboesggé %@ira)l; ae}g%ragl?lrtglus may depend on the
%d&%{}% ogﬁﬁlr@&t&rfcur sor); alternatively, > 8,000 (g

ymer e.g., yet hyl ene/ (g precursor);
aI[O(ISilh AMakeelyy gas> n&yH&Ofe(dgophb yee ra} a mategequal to the rate at which

| yet d t t |
po %tg %S?ﬁ’“%gé’? rf“ﬁgfsf@{ %ﬂfﬁ%ﬂe/ e I 05 (¥f the make-up gas
| defektdiied 8943 kas BRal PRk YITBbiiE8Hd®O de’%Ythl@ebed The gas

con ucted by contacting a stream of nononer(s), in a
gdmalyrers® Y0 deieEnine e camppsition of fthejigds bethgpreopdled and the

dec%ﬁ‘fpo? ?gn 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] 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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bel ow), and substantially in the absence of catal yst
poi sons (e.g., npoisture, oxygen, CO CO2, and
waceadoyiBge) wWith a catalytically effective anorar/ustoo6/020327
the conpletely activated precursor conposition at a
tenperature and at a pressure sufficient to initiate
the pol ynerization reaction. [0044] In order to
achi eve the desired density ranges in certain
exenpl ary copol yners produced by the present
i ripeex pertionof theahedeAviemperatire gpasiispierill 2xisé i thehbastom of the

ROF APPSRl 18 B bR gt Bl

c ahe ltatfpsraturensf BeRetniindér ofai® Bedre Tht hédycl¥byas ie thepastulted to
achieve this result will depend on the particul ar

d a
c dRD SR { 9 itehgedyand.to thsoduilized bedsthyough) distriputinn plats 8y The
Ui st . .
comthalilo HRE ARG ddfnfiBf ot fle i GRlimeer 10, |
or[dess] t Thepdistribdeorpplaten® nmy Ipdasi arginapotiast rode indihe wipemtion of the
range (e.g., wthin the range of fro .91 to 0.97) a
arﬁ?gﬁ?fv I His &@H&akegﬁm Uedins phiemedpalate polymer
r : r-aid . aQf
TN A o RGRRL PRNICAR: | s ETRVIRED BRARICS @ bot and
stpassiblyodctivenid meays beimadr torpraxnt drene dieoind. séstlingnfor if a quiescent
condi t.i ons i(ri1 t he. react or.. TAB k éOtOAGhigefer ri ng now
t ORI R OYCd it | S AP YR SPEIRT CRNAICE FRFBIaR)Y tontinue to
f | idhéli ap@ GaiRCFukiBAC DifMsifY $dcSBlet fhatthiByh BR beed d Mtd fificient

practice of the processes of the present invention.
W toh magftaine fluigdization ethequehpet thaadiedr is1 thedetarg bgneficial.  The

, kiR 80 007008, ReARd, Bt ShAE RSB, W ple
grmtforged playeyarplgaiof iled inmbbld capnigpe pad shizelikep el elérdents of the

and a_ m nor_ anmount of catal yst partjcles, fluidized by
t hfgst@sml%nlawsfﬂ i 81y e siptiondiys %W@m@q platerfempy, perof the

Of mBBE 1y [REMsAN%h "ESY P8 No. 3,208,792. 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] Compounds of the formula Zn(R,)(Ry), wherein R, and R;, are the same or

different C, to Cj4 aliphatic or aromatic hydrocarbon radicals, may be used (in
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gas through the reaction zone 2. To maintain a viable

fluidized bed, the mass gas flow rate through the bed
wqgemsriagdsy wi || be above the m ni mum fl ow r equPCeMSE@E/020327

fluidization, and, in certain exenplary enbodi nents,

may be in the range of from1.5 to 10 tines Gif and,

in certain exenplary enbodi nents, in the range of from

3to6tines Girf. Gif is used in the accepted form as

the abbreviation for the mnimum mass gas flow

r SQBIUREOn gvide Hiydipee) uvidh ZBe | Galyds ofafiebpresent ingention, as
,f, Il\gé%lﬁ&ﬂalj @eig%?ﬁn%ﬁﬁpafa’in gﬁsfﬁ%%ﬁggsz% int¥ease the melt index

ani cs ui drzation, ngi neerr ng
Prafresssf By nqupslyurersSéiat ese praduced2, Fipm 000Q- ]l(]({l, @H?%ﬁ)certain
0048],. Ceneral | t bed wi|l 'contain particles_that .
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therefrom Wen different, the particul ate polyner

paerqeat. eShese wpimpesitions tgnd 4s be pusppheriai Thel rimarcomipphnd ey be

desi r £.particles the firstproduct
A O U
paet ddiké so shepRhetot $, frbM & fewder ot Bestvn) WR‘Alcolld be positioned
certain exenplary enbodi nents, the partially activated

praé&‘}P%tdjr‘SR?B?ﬁSdéi tion (inpregnated on the Si Q2
SYbyiey t(}reﬂéﬁﬁﬂa b /18 bbd Zéa‘lz}%oé g‘rngﬁg? gﬁ%zét?& 8?5 g&ﬁ eggttﬁﬁealfelow

service in a‘reservoir
i she miatering demperatsteoofotic patyendr plartichesab easuraithat @peeringr will not
argon. [ 00501 El uij di ion is achjeved by high rate

ofCG%s é%é@%%@dml%éﬁw éfﬁﬁrstlﬁéﬁeog@,cewé ithexpregent gvention,
thg %‘t‘f%?&%}é%it%@r{ by be d. In certai
rmke(a{? §§s.m he f? ui d(? zdeTg bed%ggﬂlt%’he %engglgimye certain

appenpany embodineadén Semperasiresf of; 7D 956 iag | tesused to prepare
free-vortex fl ow as cr.eat

Bofr'é(?) %gst IzB/riin%? da%sétytlﬁ / euﬁa&gf:ﬁ) f{?élasglbt% (Bf 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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The pressure drop through the bed may be equal to, or

slightly greater than, the mass of the bed divided by
wOheoet1B886 - sect i onal area, and thus nmay dependPOm/uSkm®e6/020327

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 yner product is withdrawn. The

conposition of the make-up gas may be determ ned by a

gas anal yzer 5 positioned above the bed. The gas

arfampy eau® palymezasionito deginahersrapd siventually tausk @lugging of the

bej. recycl e nd the ¢ ositi:on of the.makes. as
R By DREEPRTHERT TRbleRd, Bl RSP e
staayst ﬂir@ﬁ%mﬁhﬁ&ﬁ% ANRES itd pestlutetthé ForhdaBiofi ©RKIchRfed spots
zone 2. [0052] To facilitate conplete fluidization,

t ref higle gatrlysyeencamientiontiehieh aray; fesil! ipther fomatioqeof “hot spots.”
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beniugq%s%@emé apd heat gxchengerHd eygatually BRmocslt does

n a ' ' I a '

[ ogcaf 28 et fhat RnlEEh BORRMGLLER o dENE oMl Bkd to
passiynihei gartialtyoreduoel pectigor ectopdsition, zodeany abditinat hetivator
bed where entrained patticles nmay be.gi ven, an

o FTSGRROAT £ Dot Seneats HRErasfes 28t thALS useaoiA thehed

reg (ﬂ] eTRR $rédvRRo BMteDEf GRITDES SIS ScbnitidlIad L& of dcatalyst

O
and then passed through a heat exchanger 10 wherein
t hgjelsden. e prodectionrrateamabbe inonensed by sonplytingredsing thetrate of

is returned.to the bed.. The erature of the .S .
o iOEton” s Bal B poclRot B REDEine e il HRRAHG etion.
ungdeya] sBeadye styadhangoimtthé k0O 8f BitalgSigfeandd will eyt (e rate of
heat of reaction. No noticeabl e tenperature qr adi ent |
exgeaertign ohithe hesk abpractirnthe tsmpsratyngof ghgjrecycle gas entering the
t r.adi.ent. i ' .
 SISLEL UGS 1R &l GBS LERATIAL i e
t evapeesfateat genefatiohe Thid fatiligass the thaidtendneerp amebssestiably constant
ﬁ giggla)grélngirg ggﬁheol];edt. hSor?l%E:’ce i-[lgt?’urilee:gtgt?clme op ggml tﬁe tflrl]nedﬁzed 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 temperature) 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 continuously 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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the reactor 1 at its base 7 and to the fluidized bed
through distribution plate 8. The conpressor 9 al so
woamehesbaced downstream of the heat exchangePCtWS2006/020327

[0055] The distribution plate 8 may play an inportant
role in the operation of the reactor 1. The fluidized
bed contains growi ng and forned particul ate pol yner
particles as well as catalyst particles. As the

| ymer particles are hot and possibly active, it may
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LR 1 ot AR50t Bbre 8P 18] 80 SRS Kooy, o

r eledugh alpuriien20, dver GRER AL Qi reEEy@e RO 6l £ agloditamkSeadt of the
the distribution plate 8 my be used to dislodge any

pd]ve;é‘?C%%HfF?SE}’%s entrapped in or on the distribution
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P S0 iNDL8988 Tl P s AF I Bpayy, e
prse'stent toi ah}msmemng oThlm bat dwringf stiry dp agé shett dowren€he reactor 1
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no1ogs gk f"%ﬂy@s ‘%ﬁe?fr ibe greanse HyralesCcrpnBieany, The
t hecEds gt And B0 SlélneARYhEER (k13 rcbrr{pf‘bsﬁcﬁe) &8kt @x¥Rdnger 10)

and reactants can al so be presen he gas stream
I rge@éliﬁﬂm&hoelydehqﬂeaMW@hmdia%maad shheldalt ideedidrof unnecessary

rngrucnuons SO as note%g Qjmgede the flow of recycle gas.

[0069] 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 to 10
pounds/hour/cubic foot of bed volume.

[0071] The term virgin resin or polymer as used herein means polymer, in
granular form, as it is recovered from the polymerization reactor.

[0072] 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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to the reaction system downstream from heat exchanger

10. Thus, the activator conmpound nay be fed into the
waqasooriegngel e system from di spenser 11 t hrough PCTAISi®6/020327

[ 0058] Conpounds of the formula Zn(R a)(Rb), wherein

Ra and Rb are the sanme or different C1 to Cl4

al i phatic or aromatic hydrocarbon radicals, my be

used (i nconjunction with hydrogen), with the catal ysts

of the present invention, as nol ecular weight control

or496ﬁa|'$hes¢ aﬁsﬂeeqeesal}@i@@ the uge oftap ¢niisely seraighh sided|fluid bed

i ndex val ues. of e ners. t ar.e roduced From

r?%;t(fd pte (ljoyslhﬁ’&ceé(r ??B%&”t?}é reafcr om 20 to 30

nol es of the Zn conpound (as Zn) would be used in the

gas st RODYMER(®) reactor 1 per nol of titanium

conpound (as Ti) in the reactor 1. The zinc conpound
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the fformof a dilute soluti ht percent)
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px& %p ) BO0VA -of Eh§1ehk endCORRQ bl ?%ivteﬁﬁ(eagd dera) e o?fmore Cs
addi tional portions of the activator conpound

t Hatcsaﬁtléhit olefigs. o Gitaarally, theeCy tnEs @iphe, olefingvill nekeaitain any

)1 b Al BT A ABgRNn o caon
1 atbrh|frdie tlepdoublecibrall Exatnpied eif atliUEﬂﬂe I [to W@ talysha olefins mclude,

si_ntering terrperature of t he, pol yner partl cles to
erdtr @et Rl liiad ebor RyomyIeme, niyfters by penitpfy- 14 fhgxene-1, 4-methyl

Prdiaki0 rl‘leggené REROLYERLE 11 dhGid EQ&ﬁﬁlﬁrppgmB@(ﬁments of the

present invention, an operating tenpera
158&ege neeationy thtaﬁlgtte @yplpby eikfins may inchide proppisherbutene-1,

enbodi meng s, t rat re f 70 to 95C may be used to
pﬂ%ﬁ 5 46‘8%;35;}& T (g“(dg%‘}?éfty in the range of from
[86741 01‘& B8lynRid tHae r’fﬁ@y deUpeparkd Wite thargRlyets bf @B Sbsent

OC may be used to prepare products haVI/M%
delnv,¢rtupn|gnmtrh1éy hawegemplecslgr weighp digtrthytion (Mw/Mn) in the range of

from 2.5 to 6.0. In certain exemplary embodiments of the present invention, 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
(MFR). 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 C3 to Cg comonomers that may be copolymerized

with the ethylene. In certain embodiments of the present invention in which Cj; to
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[0060] The fluid bed reactor 1 is operated at

pressures of up to 1000 psi, and in certain exenplary
wenhwdBsmsnt s may be operated at a pressure of PCOMWS1H6/020327

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

vol une heat capacity of the gas. [0061] The partially

activated and Si Q2 supported precursor conposition is

i jsesomagomatsoare met reagted with ethylene ijutie presenessof a catalyst of the

consunption. at .a It t i .
PRRH D A, 28y Els RebelBndPoibife wit the catalysts
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in the bed where good m xi ng of(gquner £articjes
o€Bhodimertie thej Bemppelywers: REPSed | s pcogrdagce ovith  the opresent

t .Sk ri ' b i1C1

o P, S 6 e AL bl %68 e
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the catal yst. into the area bel ow the distri btlti on
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e‘(%”édf@édohe?@”?‘ﬁ% Rbdégak (Flgea‘%fl JehRe Gh3dds! @g{ddegl cOhBhEn&s that

Inj'ection into the viable bed, instead, aids in

dirsay bdutedrig prévade atcapolpinet having) h desiradhdenbigyl genetaltyewidb vary

t reclude the formation of |ocalized. spots..of high
o Jidh SSmoRSmUR cpoRBhe A ey PSRt giyghs. AR, for an
f QpeRikdra8 [bvidBat copeBinfer hak Mgk isame Wivdrn@eray at ¥Sdiven melt
into the reactor 1 above the bed may result in )
erindsxslevel, tatapetatar geaetallyveay addtlergehmolarayrquats ofribe different

re ol rizati ' i the
| T8 o HBBO R s Eorg L B R R R G R
[ G6wI8] Phegpslyideat that mhayebe prepdrbé wigh ahe Shtalystsctf dse present
nitrogen or argon, may be used to carry the partiall

r dBYRIEIN srReTal B veotindard orgiormahlgad pipltdpdax n dhrrange S from

B AL GBS, N v

ofstaniderdoarchdrmatlwad mult iedexbin thh eangatad fofm O tal 80stThe polymers

bt 2 LIRS, OSSN GSALS TR b2 T ER0 Do T

rﬁ}igg?}%ﬁﬁﬂmyﬂrsrﬁﬁ%iwge pRatediviitiPthe CataldswkSf the present
invention may be a function of a variety of factors including, infer 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 C3
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 C; 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.

[0077]1 The polymers of the present invention generally have an unsaturated group

content of <1. In certain exemplary embodiments, the polymers of the present
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[ 0064] Because any change in the rate of catalyst
injection wll change the rate of generation of the
waees/108036 eact i on, the tenperature of the recyeCeU§a®6/020327
entering the reactor 1 may be adjusted upwards and
downwards to accommopdate the change in rate of heat
generation. This facilitates the maintenance of an
essentially constant tenperature in the bed. Conplete
instrunmentation of both the fluidized bed and the
r egyesition gzay hawe b ngsatystied rgrcrmv;cownu wetherange of from >0.1 to <0.3

faci,litate, al.i a t|on of any

teﬁ%bé)lna(‘tam éldé)ﬁ‘&%d’ Iﬁdrl?e{ h@dabé%’ QJ? to enable the
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tenmperature of the recycle gas. Under a given

s eqonteht, opleiel mhaigvay rdepending ontthe pmdnc vige @f tslafdcatélyst system.

. t
T S T3R80 s o
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Cethb bdidik %ﬁﬁlﬁf YoRBROha aat lﬁ the hengAbt ek 80 Qo RS yp‘fﬁf For

product may be continuously wi thdrawn at a point
orcatdlyst @ystems h@vmg@tpmdmtivm lpv@mé >508.900 |mu@¢$s<pfemymﬁr per

I‘tl of the gas treamtha Y% en a
h%ouag (Ffo Eqsg ér%ettzrl oy §1€ DO Prrr%erz eﬂlfurre%ﬁn?l captglys cgn“?gnt % the
p%dﬂﬁéﬂs Zbdwead AdeBbmtasy B initeNradnpe op@dm sbas <2 ppm. The
reachtheir ultimate collection zone. The suspendi ng

aomanplyaners apd copdymers @frthe SrespRt veRfinn: are reasily produced by
pg@g hgcegsgs %@%‘b?éseﬁﬁﬁ%ﬁfo yak ﬁ%@ﬁ%m? ifigs ﬁ@lrﬁ {06308 l?oHnds of

pro conveni ent e Wt awn thro
t heol graepyen poahd oﬂaemdtlalmnetaifmailegmlymef timed val ves 15
and 16 efi in egregatlon zone 17. Wile valve 16
[ 0B R B T B Gt e grepl g Mgrerials that

gal*,?av@@ﬁ al%ﬁgg %ﬁrtnlgf)% stliebelgﬁgés‘lganég oPELWEE D1 kd 08B FnchRS ¥ediameter.
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]1 The polymers of the present invention may be useful in a variety of
manners, 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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Val ve 16 then may be opened to deliver the product to

an external recovery zone. Valve 16 then may be cl osed
woao@mnasuset he next product recovery operati on. PTNAIS2006/020327

vent ed gas contai ning unreacted nononers nmay be

recovered fromzone 17 through |ine 18 and

reconpressed in conpressor 19 and returned directly,

or through a purifier 20, over line 2 1 to gas recycle

line 6 at a Egint upstream of the recycle conpressor
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natngeoofi frpedd. T e<4.DoviGaieralkyc thel f@lngethat @Y 66 jpradveed from the

hi ghly active catal yst.systemof this inventio

vl yesS o thechr et oV s BT i ions G 1936 Pffem >0 to
si Z1® @lls,f 4naTh Qefdin tethfddBfleritd) GhiBfokndditn thélrd@E bRIfdM >0 to <5
exenpl ary enbodi nents, fromO0.02 to 0.03 incChes, in

dimiis tapd merstaii embariments o thiknessgh theerangsyofifeom etiyto <dunil.
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moneldalg, offléxible fartidlésh@id , hoieéwarg an@onisls)liah Wpbiator M@y elect to
be fed into the reactor at a space tine yield of about

2 usg eathod BeHs PG mokymers of de Prshen davoptp that hpyg 2 fpnsity in
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ool REIE o BLT:605 % 286, P BRiS o APLE) PoBBABR. o
paleysiey iy diel angs efdtont >0[926 1a|<0T988); aamaleyslhs wefght kidstribution

R, S A A9 o S b e, BB o
mnoﬁc@%wéi%%t dtitifion Mw/Mn in the range of from >2.8 to <3.1; and a
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
[0083]1 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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corresponds to European Patent Application No.

79101169.5, which was filed April 17, 1979 and whi ch
woasoepagiss shed on Oct ober 31, 1979 as Publ i cat POTWUS2006/020327

No. 4966. These references disclose the use of an

entirely straight sided fluid bed reactor that enploys

heat exchange neans within the reactor. POLYMER(S)

[0073] A variety of polymers nay be produced as

products of the nethods of the present invention. The

polymers that may be prepared with the catalysts of
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esent | nventison generall'y have a no
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means of indicating th ar wel ght distribu
vzﬂqmlr( MNMlesf)f thepodilioasrare presénted inathp dlables Lend 3 below. The
referre For t

PRSIy isGR 958 Rl dont Rl i, ol iDRReyh 055 silisp that

t paswtd throusiEs PR Hish Q4 deenal ue range of 2.5 to
6.0, and an MFR val ueﬁnge of >22 to <32 corresponds

to an MMvh val ue range of 2.7 to 4.1.
TABLE 2

Summary of B.E.T. Surféce Area and Pore Volume of Davison 600, Davison 955
Screened (through 325 Mesh) and Ineos ES757 Silicas

B5]-Ep’tr Cumulative Cumulative Single Point %23;?&?;
Silica Type Surface Adsorption Desorption Total Pore Pore
Ar S.A. S.A Volume
2ea ? /o ) /e cclg Volume

m/g cclg
Davison 955 317.5453 330.0554 407.9166 1.646722 1.618345
Davison 955 - Dehydrated at 600°C 306.1673 306.3902 376.0159 1.652932 1.619226
Davison 955 - Screened (through
325 Mesh) 330.6516 336.0729 398.6051 1.643374 1.607446
Ineos ES757 280.1078 270.5909 339.8820 1.601038 1.568156
Ineos ES757 - Dehydrated at 600°C 269.6506 264.4110 331.4600 1.567730 1.536919

23




[0075] The polymers that may be prepared with the

catal ysts of the pres

ent

i nvention generally have a

wdenwisgo3sn t he range of from >0.91 to <0.97. PAT/US2006/020327

certain exenpl ary enbodi nents,
density in the range of from >0.916 to <0.935.
certain exenplary enbodi nents,

In

exenpl ary copol yners that may be prepared with the

the density of certain

t he polyners may have a

catal ysts of the present invention, at a given
copol ynmer nelt index |evel? e regul ated by, inter
alia, the amount of the one or nore C3 to C8

conmonorers that nay be copol ynerized with the
et Sirhmasy. of|IFore 8iz: diyB. Erib ofl Daeisois 600, Ddvésonross Seteened (through

i nvention in whic
with ethylene in

present invention,

Sas b Lurteer £ 2hr

not

honopol ynerize with the catal ysts of the present

i nvention, thereby providing honopolyners. In certain
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react ed
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the ethyl ene generally wll
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accordance with thd presgeie i nv&%faé%?PYM/ hA¥6rplon Desorption

densistiita 0fpe>0. 96. Th #‘%}‘Piﬁ%c ensPﬁgﬂﬁff t avigkymeos | Avereee Pore

that nay be preparqgd € hDidnleer @VAS ent

inventi Xn pr ggrgqqi vel yccjJ \/ lm( r‘é‘lﬁ&?%gif} hr ough (?hfs (4VIA)
Davisgd 9% i on of progreqsi v el 35965, ger adBl¥B%| of qnk6d4$02 160.4215
Davigpyg 985 (Bphydipted ab60R%h e r sLO37908 [amnun2le¥51%hch of 21h3%4 174.2476
Davigoa 9poiisread {owB  cqnonon@keet|hat  mays fas sed t @1.3211 163.0715
325 Meshlj de a—copolymerhaving a-desired densily gonerally
Ineos B§767 \, 5y y from cong nnnre] 58/304d0mna 631 8 186.8064
Ineoy BS6% § ey deaieddt $00%nd  ThisS5146dr an dfeddtor to %3.2:50/}535 187.6722

a copolynmer having the sane given density at a given

i " B85, RSO BE B, Y b o

ren

C viiviorieritics Adteldisted Slitfaos Aga & Berosint&ry>indtratient ¥ A8 APCIA05).
>C8. [0076] The polyners that nﬁ% be prepared with the |
c athg Sjl¢assagleskerg odtgaseed aNREREN G 298nEr i ulsy gacgum prior
st , . i . ,
7 r B s 9 BB 0 ) FRFISRlel spPAE G, R SNim Ghe sample’s
e nnddcareApproxinfetelp 6Ly gremsof saypleawas wed fartblaamhlysis.

[I]'&E&Si)l ’tfpggaélr}r/‘,al éé{ld es)lgrfiacpe t.alrr]eeas,r %o eeslg)gnd{nTgO% Oth56 tn?etl?o%ology
developed by Brunauer, Emmett, and Teller, are achieved 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 um) 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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may have a high load nelt index (HLM) in the range of

from1ll to 2000. The nelt index of the polyners that
woayoshiesgss epared with the catal ysts of the preBemts2006/020327

invention may be a function of a variety of factors

including, inter alia, the tenperature of the

pol yneri zati on reaction, the density of the copol yner,

the ratio of hydrogen to ethyl ene nononmer present

during the reaction, and the ratio of C3 to C8

c dasmptiver peiotse S1pping B EAb riunface prees bhmietopprggpainte, and 1-point

r tion. Thus, oper at. o increa [

| gt ol Sher S Re predete B i2b da P hienat

P @doyTe The . EAN siuaRekéd, por, vohiieé, ahd Pyretkess readisrigeludesurface
density of the copolyner, and/or by increasing_ the
hﬁéﬁ&ﬁglérﬂoé‘tmﬁféﬁ datgdhbRete sizgs up to aé #)08 rangsfrqupcdiamesten for the
the. rati o of C .

ot SpRs! 18 abrfTur BRNSIRoh fosihicRIAE: BABQTRS beoveen
i nal7usE000Aheiameteni +0.0019MGS gim.age single{wint. TPivadskipput at P/Po
zi nc_conpounds) to further increase the nelt index of

t H)e99éo! ynmers. [0077] The polyners of the present

[ ti : 2

B TRRAEGREEFON AR A THIR TR HIPIR ORADA curve
offot the sitice sempliesivEHowiewar, diffgrdnacscinaesulin smedsogttion vgr dasprption

tent in the, f f Ol .t 0.3 bon: b
GG SrssA H 1S 1688 EeioR St BRLOT PGS PR ST RETY than
ofihd REsoBpLRR césE‘.V?\A"qulﬁ)%%Hy,gﬁﬁﬁséfﬂabé SAV@iteogeRS vl dbsorb much

catal yst” content, may vary depending on the
prsbunes than wheroit condensestta fijlgtmafpralerporeor a cat al yst

syst avi producti vity |evel of. >

R T s
t hdsGrBhL B $n @HeddiBtidl @eeMithe aventd Ore @f pudercanptiddria dghstep.
aegrocess usi ng such cat al XSt syst em may_have

r

ipatralosesaitnrqndensedriiqd adsorie Jaown; 3 the cRke & B org at @
P ardity 'r&gti{i%&glsu% it PR HELSR bt ins btHeH&e1YiaaRatin. After
to ppm havi ng a -

friom > < or catal yst systens havin
pribel vortei iy ievapor@ed|a lafer>ds@botepemnigts onfthgwlalldithepere. The

SRS TN CINEN N A

PR tfi@ness equation. This layer becomes thinner with successive decreases in
pressuré, 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, L.G., Halenda,
P.P., J. 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 radius
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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catal yst systens having a productivity |evel of

>500, 000 pounds of polyner per pound of residual netal
wonodshiesgsel yner, the residual catal yst content PCI/USk®6/020327

pol ynmers produced therefrommy be in the range of

from>0 to <2 ppm The honopol ynmers and copol yners of

the present invention are readily produced by the

processes of the present invention at productivities

of up to 500,000 pounds of polyner per pound of

r exquatien. Hes welly of thp eylgusirigalpore [lt@fdﬁg]thenﬁemp@r phitheengtty pore

! e rRREREN a AL LDHEDGLAL g B8, SNl plBLEEL 21 S

at "hiave an average ‘particle size i the ran 0

f rioepsp. The te@oRnf¥pdativahfes usthgiite® bédorptich 6iedésaipiion data is to
enbodi nents, the polyners have an average particle,
si¥6 1A adserprign gdaty finsteadnph tisp desorptiqrs datdctos scomparing results

" | . ! . . .
| AREGT sarhBfRs P #Sdl}? gilelzgtd%fcgf ??‘?%Wﬁ%”ﬁo ycrlrée@‘:?&f BIH

for the purposes rea
patalduddtioms.i The ddsoipdionaatocaaf dY, odthef botenshared pores can not

copol rs and honmopol yners of ,the present invention

ha @a’iy"EGYIRgtagh@ﬁ%v?%CHX{l REDRISh 5cPRSR Ve TeddS B AR ded vs.
C Ulinfe d160QH-dneBpo@@unds per cubic foot. Expressed in
different units, the granul ar copol yners and

haliteeb | angansrabf the BED safecet aremvsingle poitidotal potsuyddume (TPV),

densi ty in the . range r,0 04. gram per._cubi c .

OO dubras? oat glehde AV AIRBETY N A heE o fging sample
Th@atP Shyd® akoGfould ﬁchId@Saﬁ? imitroperet da@n< By ARar&ef bt nof<~4-
a variety of manners, including, but not limted to,

t he Apdégter ohlogfever, |the mAWIRiqnofgta anvidsq badispd, for pempparing

. g | '
R0 R 00T o LR R B8 MR RGRY, RIRRG -1
opaidat3gpoomdiaheet to use enbodi nents of the pol yners

of the present invention that have a depsity in the
r ePET ot he T yb comient £, Gg5ttee, dilicas (lehydbipd at 600°C was

enbpdi iRPES byai@ad fith RCLE § 3RYEeCiolhti 2 e?: ashﬁleg and
<0. 928; Mh) in th

; a nolecul ar wei ght distribution (Mv
r adrymgaffl the omated sifice,chectifabjunanchtent af éhe aeaied silica (a measure of

e naReige Br TorBLomeiy 1B 1 itk veia ke oy o
| ngR¥tréphotdifietfid Mei¥hod. 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 surface 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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of from>0.5to <5.0, and in certain enbodi nents, a

standard nelt index in the range of from>0.7 to <4.0.
woenmriagdsy, the filnms that may be produced fr oRCTHS2006/020327

pol ynmers of the present invention may have a thickness

in the range of from>0 to <10 mls, and in certain

enbodi nents, a thickness in the range of from>0 to <5

mls, and in certain enbodinments, a thickness in the

range of from>0 to <1 m|. [0081] Wen the polyners

of the present invention are to be used in injection

' f oo ' ' e o

o TR shedRisn B Mool iAfilt B he BB MR Rory:scfe caralyst

ofpredussopohameer martddle size djstrémigion, measarddiinn NAANVERIN dRtersizer

d Kty . in the range of from >0.920 to <0.940, and in

cZﬁ@gﬁﬁdgﬁgﬁﬁﬁﬁPvngﬁﬁﬂﬁ@W@Hﬁ@§m§ ensity in the range

of from >0.925 to <0.930; a nol ecul ar wei ght

di stribution MV Vn in the range of from>2.7 to <3.6,

and in certain enbodi nent STABk¥ ®cul ar wei ght

di ' i .0 the range of f 22.8 <3..1,
aéﬁbgf?@éﬁgg?g%ﬁggPan§%§3¢HQ%W@OPaﬁ§3ﬂ%FOPr@ﬁ$>93waﬂl955
<I2geenad (thiouigh 825 Mdih eatiorlesems B 7asiftandar d nelt i ndex
in the range of from>8 to <80. [0082] To facilitate a
better understanding of the present invention, the
foll owi ng exanpl es of sone of the exenplary

enbodi nents are given. In no way should such exanpl es
be read to limt, or to define, the scope of the

i nvention. EXAMPLE 1 [0083] For | aboratory-prepared
precursors, silicas first were dehydrated under
nitrogen flowin a | aboratory Carbolite Vertica
Furnace, Mbdel No. VST 12/32/400/ 2408 CP-FM supplied
by Carbolite, Inc., provided with a quartz gl ass tube
of 3.0 cmouter dianeter and 70 cmin total |ength,
and two thernocouples. One thernocouple was placed in
a thernmowell within the quartz glass tube, while the
other was affixed to the skin of the quartz gl ass tube
by placing it between the
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two fol ding hal ves of the furnace, then clanping the
fol ding hal ves shut. The thernocoupl es were hooked up

woaow/IBesad OM SP 1700 data | ogger supplied byrPOmg2006/020327

Engi neering. A collection flask for excess bl owout
silica was attached at the top of the tube, which in
turn was attached to a bubbler via a gl ass

el bow. [ 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
program was started to begin the dehydration, using a

b 1 s el b e, e L L A
Se [CBAISR [TEBLV 0 1% (DR TEHRE tndst © OB Qtokwitbn [DAVison 855] Ineos
um [t y99d C S r@$5|°/I e§clrpeseg hesg li m Fngyr el,9552°. 30;%"8; VEIS757°/
2 : um [¢] 'olume olume %
e s Velme Hvpyme g Yome il | o o d yoiunge| Votume %
aDoUMD i f1nedlers pEr m outle 502|38 O8R[657|Af 392 43
0025, |~ .. = P i ; 4 30: ‘
e—G Qb_f‘ydg‘ggu ot @,y\,: e 6t Yt ga| i Y 539 5.35 5.45
g.028lovern i LLewslhwas di scharged Lintto s&3¢8t] ean
m 0 o . o0[° .0 ; L] 7186 .04
0.038 1 Y5 t tesamd—grtar red—T N grskaaETt
tmpehherel The a!t a1l aooer% nf or et iof wal ddded o2t 0.16
0.036 X . 755l 2 2 N b \“‘a%o.ﬂé ) N
U aoLonpuber —1d e T o086} ﬂHnr cc ol ffepeMt—_SII[T cass 0 0
Q“E%MEQFN-Qgggﬁgk:suu4ﬁk(cooparatbve),Oscré%ﬁ\d R 5 5
0.045)JAVI OIIN-Y $i [TCasconpgarati ey . aq_ls = 5 5
ST P S Hed! (avegirvel—vwerd—used togprapare
aporplrorvyeilscal e su_p_gg_rted alralvel prelcurso 2.02 0 0
[ A N T 2.825( . R P 112.468
uup\oﬁﬂ—t—l—eﬁ‘s._eejtcu f—topefttes —tAgSg—StTricasTare ) 0
0.063hresephted 1ln 1 hpo Tahl=ed_2 ::10 d 3 bdl ow oTr 012619} ppnporsl) - -
T 0 - o N . 5 z ;
oAV Spir=955—st11 ,a—cgaa% stetof the—fT3ac tiomnsssl
. e dbn OLE g | 4a tpa*_p_ac ed t helougho Q%gess-gsho-?/!/! 0 0
M) _SET EEMD 2 Sumer y_of B tolT1. _ouf flace Ar eaoand 0 0
0.089 [X:tdYaYa) Do QLG T tBBdNad
or-e- Mol unel of Davis6HI600, —bavisgr—955 $etBhed—; 5 5
o[ Througt 325 VESh) [ah@dI neos ES75 /Sl 11 cdSTAsiE 3 - - -
! N G687 0 H PHLY NP
Pty —of-2Per e 5 Fechy E’,.(ML'I'T.ﬂ of mlv. SoN—608: Eg)av. on
29 C d (fmMough 325 S a 1°eqQs_ES 0 0 0
0126]~: | - 8, 7 ; 2517851
SH-+65 e ||9%2|5 ogeEatsot sdgsorpti-on—; 0 0
0.142HN 3| yo:| S \I\HOQ ppro oLnedslan 0376 oss -~ 282.508 = s s
0.159 7.962 ) ) 316.979
i 0 0 712 0.09 0.03 0 0 i
0.178 5.034 | 355,656
) 0 0 153 0.39 0.14 i 0 0
02 10.024 399.052
0 0 0 2.01 0.93 053 0 0 0
0.224 11.247 347,744
0 0 0 353 781 1.5 0 0
0.063 12619 502.377
i 0 0 3.08 3.06 235 i 0 0
0.317 14,159 563.677
0 0 0 365 1,66 3.0 0 0 0
0.356 15.867 632456
0 g 0 72 6.47 5.79 0 0 0
0.359 17.825 709.627
0.448 Z71 B34 7.66 0 i 0
0 g 0 20,000 796.214
0.502 515 9.02 9.76 0 0 0
0 0 0 25440 — 593.367
0.564 553 17.01 7123 0 g 0
0 0 0 25.179 T002.374
0.632 5.58 7136 11.92 0 g 0
0 0 5| [ZBas51 1124.683
0.71 5.08 70.87 11.67 0 0 0
0 0 0 31.608 1261915
0.796 5.06 936 1051 0 0 0
0 0 0 35.566 1475.802
0.893 6.04 7.86 .66 i 0 0
0 0 0 ~ 38,905 588,656
7.002 5.92 5.83 645 0 i 0
0 0 0 44774 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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M croneritics Accelerated Surface Area & Porosinetry

i nstrunent (ASAP 2405). The silica sanples were
woubosgassed overni ght at 200 0OC whil e under vaequms2006/020327

prior to analysis to renove any physisorbed species

(i.e., noisture) fromthe sanple's surface.

Approxi mately 0.5 gram of sanple was used for the

anal ysis. [0088] Typically, B.E. T. surface areas,

corresponding to the net hodol ogy devel oped b

Bhgpiane rdisperven Bt TAm mmeéat}lreaﬂlémacﬁyéwe@@%hsraall volume

precl Si 9 ' dar d-.devi ati on (RSD).

T gﬁ%rglsﬁ}g(?r%’natﬁ%gﬁ rf%?do%gﬁ}gggtﬁ ?r?lgﬁfggl umetric) nethod of

dosioniy Vedunpl efssiticad petislerdze tiaitgtiant are \givdn gaTable 6, where

(nitrogen) that can be physically. adsorbed .

( BH)P SaP e echmicle S i HRerph aBicH S0 e the sample s below

t u j ' I t

et TG DR TR AREn A0 ol v PEL s iBioclow.

prSpas & eukeavire of prticle sige distriihugiop i [B1(8.9§-0(0.6)1/D00B,

0.12, 0.16, and 0.20) at constant tenperature. The

relative pressure is the ratio of the applied nitrogen

pressure to the vapor pmagsiyrg of nitrogen at the

anal ysis tenperature of 77 K Pore sizes >~3,000 A

di afartisle iz Digribwtjonafdaviron 56 eBereenchythrengh 325tMed), and
but b W ' 89
Tost *cond: i EhES IS IBREHLYL PRIQEERY Xty 01

i sotherns include 15 second equilibration interval,

H©O

- PDOi dsorptign poipts,
)ﬁg'gao@yﬁ‘ti on points, 5-point B|E TODYH ad®ddRa, 09 Span

cropore points, and 1-point tlgial pgren vol ume,

CQd 2 L

naad o D/ D + ~1 © 2l 190 . D M + 1

7U. Z . LRI IH 7T TUrcrarive, Iilg Zdzfu I 3I638"U Igil § Vv I202
Vison . . R
)Bﬁ(ﬁ ii]e B.E.T. surface area.,|l pore vo% une ano} porle

Pavijor 83l -tSsresnp(thaeieh 3 Meslde  ar{da-S6thd [26198%i net2r6y7 dajt 1204

DTl @Sg5 81 Z€S UP 10 -3, 000 angS6leiTs [(He@RET o 421988 T[6os

lica sanples. The adsorptionland des sul-tls
i ncl udes pore sizes between -17-3,000 A dianeter,

SR S P T S5 e o

C Wndecomhpiafablld) @odealume i than Gusoy ES757 silica. However, Ineos ES757
silica has larger average pore diameter and smaller average particle size and
narrower particle size distribution than Davison 955 silica.
[0104] About 9.5 grams of each of the three types of silica was placed in an oven-
dried, air-free 100 mL Schlenk 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.
In an oven dried, air-free 100 mL Schlenk flask provided with stir bar and rubber
septum, about 0.35 grams of [TiCls, 0.33 AICl;], and 0.50 g of MgCl, were mixed
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for the silica sanples. However, differences in

results in adsorption vs. desorption data can occur
wanaei13sd3ar gel y because desorption process behBUeAIS2006/020327

differently than the adsorption process. Typically, an

adsorbate gas (nitrogen) will desorb nmuch sl ower than

when it condenses to fill a material's pores. [0092]

General ly, desorption branch of an isothermis used to

G 555 il o Bb rdegiised Sy et (LRLED sBa o Cheldidy The
A BREBUAPRESTA 1S S ITRANIES AL 6 2 361208 BithBourdAMN;s B6tained

the core of the pore, at a particular relative
priygsductioneif di€d with mbielliscemingdi; ke yxedivomipetnd thus contains

equatj on. Aft the care.is evaporated . layer of .
2dsBPlEMe B SR R e Gpspion Ty caftied outina
t MAEkPRES Tofe fldik Svad s PIRAd @)@ bil bathCilet B kad/Rshtih @ plade inside
particul ar relative pressure fromthe thickness

eduzaddonlhemgpaim; wpereplased R ¢ confenser witharslassdeiat apd/provided
dec. i t q pit

or 5 2 Raldl BRNHER i€ Rl MEWTRASHBER, TRATLN Both was
elthwa:qae I80°¢1,0rets1ll‘lﬁn% li1g) eth gntemh&nq;emmreabeweémm had 73t@p The
plus the quantity desorbed fromthe pore l1s. of . )
poVEsm WessBaiatyined ynderstizgug, K abey 4 lap%a@tﬂﬁéﬂcwba%%%@d in
SURD AR BT Tf]@é’cg&trion Fad TRV o bIBRIWE bid whs Fansferred to
Joyner, LG, Halenda, P.P., J . Am Chem Soc. 1951 73
37Bo 880 .oventdried opedret O HiztilepknBask provided Wik stir bar and

t hod ich in t id 0093
PG S ORS00 EPa ol TR THOY O R AR AR F THF.
[ Q@84 Lrarliter SRRORItOoNSVARRFBHES Mbide We GHWRXWNERe £ was placed
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r dhathe oilsbath ahé tthe arixturre wes sérred doruaboah d Ot minugssi ati &93F, then
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streduded cafdlyst fbéursdrs afutthere vidrd hirizdc forp e hours ewsiee pvacuum
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TABLE 7
Precursor Ti Mg Al THF Mg/Ti
(mmole/gram) | (mmole/gram) | (mmole/gram) (weight%)
Precursor 1 0.268 0.841 0.466 134 3.1
Precursor 2 0.247 0.751 0.45 14.1 3.0
Precursor 3 0.303 0.814 0.498 13.0 2.7

[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

ratio of 3.
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[0095] The recommendation for using either adsorption

or desorption data is to use the adsorption data
wonsdcaagh3ef t he desorption data for conparing PETWISE®6/020327

bet ween sanpl es. Typically, the adsorption process is

very clean for BJH cal cul ati ons. The desorption

process of N2 out of bottle-shaped pores can not

usual Iy distinguish what fraction of pores is open vs.

closed sonme open-ended. vs. sone_cl osed- ended pores) .

[d FYSPUGOR e Pal COMPHECBESPTectPd aDaViEPRa > 3i FiiFe g8 nhad a

@éneg%ﬁltm{lﬁmgmg &FY), and average pore dianeter
(4V/A BET) 1s best to use for conparing sanple data

sﬂﬂﬂ@%} |Wh¢ai precwsoischaving mdle mtigs Mg/ T B5owered@atpared; itlie MgCl,

t but <~4- 5 A (i ter. Ho .t .
o ST T HisePied. & et 2 bl Bt T PRI MRITIG S b fagiicate
dah@sdlwsmtysoﬂ MECLE THF Sal Elﬁ@&lt&ff%ﬂaﬂ (fa@glﬁ€ Bl B1OH/Mg
anal ysi s between -17 and -3, 000 A di aneter 0097] The

hywaele xafios @bfroamaboyt 0.6 1ie abant dk wes hddedgo d@hl}IdP a@lérantat
89190 e ‘i{@{ @%I{ %{/&F Zﬂao%w V\% g{gl\'zvaér% \% wgre th?n {Eﬁldy [t be tested

He &6 ter I'Ng YRG0

t iR pblgethgleht palynichieatidr adtions.cont ent of the treated
silica (a neasure of the presence of hydroxyl groups

i 0% He % PRe Hier sifeed setndssrisieetiapketed KpelorpBisRBY o AP with
t
et hask, Ae £ {kﬁe e %1806&%59 %Eeq‘%ﬁoxi En% #J&Q&ﬁ%ﬂé&h onCASctichs with

reporte bel ow. content was
dd%rmumomed -by TheCreadtot |Wersath|ommghlyaﬂr1bxl rmddelt o mittegen purge at

il E&CIBQ : ou%e@tlaé}%ﬁd{eg%te}ﬁ#l‘ttlaq%? Conﬂ[OSerPf dry, degassed

' rldhék%ﬁé e c&fmdldgevas adddCPRtsSRhg@to hedbMBIY reactor that was
dehydration tenperature of the Silica. TABLE 4] 0098]

Treeolksil |ak 68 SC st purging, ppdntceﬁamaxrpammphtsx Heml heleeondensed 1-
R0 S S R PP o
ZQQQ dagrkedzsbbutate #hOGEhRALO Mto dldlid th Fipgsk@e Jower 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
temperature of 85°C was reached.  Next, a computer-controlled flow meter
introduced about 1000 or 1500 mL of hydrogen, after 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 a 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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TABLE S [0099] MALVERN Particle Size D stribution of

Davi son 600, Davi son 955 Screened (through 325 Mesh)
wanwelness ES757 Silicas[0100] The particl e si PET/US2006/020327

di stribution was neasured with accuracy 1% on the

D(0.5) in the size range 0.020 -2000.000 m crons.

Measurenents were nmade i n nheptane di spersion at room

terrperature usi ng Hydro 2000S, snall vol une

PRI VAT [rR0SGH B HRE A, af PP e &t e pRsged. The
artﬁaﬁ'o‘f%ﬁly&rﬁ:r prfdlu€eFby tﬂa%aﬁtl@ﬁ Qva§ )detreﬁ‘flﬁl'éé aftér atlfb%vm% all of the

particle size in mcron at which 50 w¥ of the sa
[ gem@umwg lchla@nwru@ e‘B(pQrat@n)uniﬂ dh@(mlym)err wsxgh‘ctstabéizyd for a

10 % bel ow. ..Spa

padr g nso:géoef U St r .%ﬁ%‘é‘ﬁ“ﬁl Vfaﬁ("bﬂ@)raﬁed)sfﬁﬂr?n%?‘bﬁélfms
TABLIE] BIiRadatdl st thj&ation siktsihnisbditd sondadt thay 'eﬁ@d’hr@&ﬁs consists of
Screened (through 325 Mesh), .and | neos ES7 Silicas

Dét er flné 1@95SWE@EWWEIW%YI§GC{ ovithgvalnes sigwpenngetors in its
r%ﬁleg 'cO H% 50N ggﬁde? at 54 Lﬂta[%ﬁ%%e?hg]aﬂ&{lﬁl% metal tubing

u aC6 ‘ar ea and conpar e pore volu
ESE5750) hi ctainlkisvetacd bombn ekige sESﬁlE?s stedl IbOmbhlatEalbaiﬂegef holding

averag or.e nd smal | er, avera
s Wetoz Y PRl of g\izfe“ﬁﬁ AT PresusRerT dirsh VDU Eiet f“ilfgﬂlaced inside
Dayé SQAL %?ﬁnc&'r' IABRut 59141961’ 15619é}fﬂ£ne9w§s S16&4MinQhe §@?JL g§11nder

the three"types of silica was placed in an ovendrie
ai Thef eydimd@e Ghen weehdaapleds thegigh hhev ptmgleatost ibut Malwesa(rdsemblmg

neBioie VR S 88 ] e T ey ey AAERE Sberations

s otk | @ARriddlo@4inbie Viﬁfh?r s@ﬂe%ﬂﬁa@mlﬁg thd'@athlys€8he device was
0]

m xtures was stirred r about 30 minutes in an oil
ba’emoa@d {voctheafitye boxuand iropaiotad f‘hé r@aqtommﬁ through the small

t t
Jg(gﬁa@eu% g Medily @kﬁi%gl % tﬁ%o%@ it Wg;@ir@grs fdndem was
r &foﬁhdécﬁéﬂ theowgh thabmeaﬁeabﬁlthwz&ge oyhlsdelr it ehe(Boattop@bsmriyed with
TQS). [0105] For eagh type sili CaTheab oratory. c

pri¥z at 400 nsy &pjo@f{qx & mgtal fbing omb was 1sol%%e%l %{rom 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
impelling the catalyst to the reactor. It was proved that the catalyst was
quantitatively transferred into the pressurized reactor.

[0113] The results of the polymerization tests using laboratory catalyst precursors

are set forth in the table below.
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rati os My/ Ti

=3 and My/ Ti
the foll owi ng procedure.
waQMenidsi8chl enk flask provided with stir
septum about 0.35 granms of [Tid 3, 0.33 AId 3],

air-fr
bar

0.50 g of Mpd 2 were m xedin 18.5 niL of dry,
degassed tetrahydrofuran (THF) supplied by Al drich.
The conpound referred to as [Tid 3, 0.33 AIC 3]

m xed compound t hat
with netallic alum nunm t

FEARLES)

=5 were prepared according to
In an oven dri ed,

ee

andTushinen20327

and

is a

i s obtained by reduction of Tid 3
compound t hus

RuR O rddrsok P! Bredaksbr Of /"Tlfalnulé FerYiéldm) ec UA£$1W ” U Pooductivity
NThe oper ati op ? carfri_ed ||2 a " box.
¥| hsk was t henPBrdied |Lﬁad§ %Q?SPH Jve(gr"“gs P/ (grams B
st r/ heati ng| plRatcori nisi Benctar hc od. The| sléphaifi){(¥ak | (grams Precursor)
repl aced by g nsler (ﬁ%&j’] gl ass joint and
rovided with circilating cold water and a spmall N2
fQC@WataHY%ugh it. The il bath |was heafed at 800C
1r7’e)>upﬁ$t‘mr1 n| any.078$ ernaboiossmeratmse aet \NEB’EIT)67O and 4,635
— e—svSsi-em\AWaS—HR o ador H
2abbuP™ S R0k & VT gl | bt)o/(ds di Ssol Ved F%iwt%h 4925
3r ef | Boetungr THF. O] so| ufdbl weds a? owed t 7860l down, 4818
At pRs LT ATS eg 8 (0 gomshieT| Ovigl- d 'eﬂalsﬁdsf fTee 5012
10 Schl enk fl ask provided with st ar and rlubber
septum contalning 5.0 grans of| | abor af d“r"ﬁraae(ﬁ BB iy r i vsgpse: 4847
|r(m4ghuna; of HF (The| transfer| of sol Ution was
5P fmen{l?d g 0,0 ‘Oh' r"bo‘fh NI sk }5@692"9: aced '“7433
t hp B‘ifsr%%h and‘%?]e i Xtuf e Was afirted for -about 30
6m ]uPeslrm28)OO)04then floMped W tia3a N2 vehts2f or jabout6.089
T F’x‘ébﬂrs‘mé‘” TTomest Pl odier 1HF edaporat edygikhe 9,340
resulting caftalvst precursors furtherlwere dried for 4
8hour Bregmiwe? vaclitfi? (necHMPzal| pudp, 10"5%fmdg) ih a %°
9}Nal eprebadoh2 all 4868408 The el@oent|al 166rrpositi26),ﬁ910f the 6,667
aAahnrat nrv _nitoanarod nkoecnroare : U
H-abolat e y—pieparea—precursorS—was dete > ;
I nduced Couplied Plasma (I CP) al alysis %Jéfa’%%’%%n  Ayprees 7186
| ompwetivabl e | bel ow. TABLE 7 [0106] Precursor 1
16 O Fpleaeidy 34 TSPy loi¢>d@, [Nadizd magnesigm U1 thanl ung,s569
ratio of 3 and is. taken ontrol
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 polymerizations. 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.,
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[0107] Precursor 2 conprised |Ineos ES-757 silica, and

had a magnesium titaniumratio of 3.[0108] Precursor 3
woanridesad screened Davi son 955 silica, and ha#C®uUs2006/020327

magnesium titaniumratio of 3. [0109] Wen precursors

having nole ratios My/ Ti =5 were prepared, the Mgd 2

| oadi ng was increased to neet this ratio (e.g., the

ratio of My/Ti=5). To facilitate the solubility of

MGl 2 in, THE, an_apount of ethanol (ranging within

Etlerieitationeof the pthylese fopodnringdhe repcion Hmgybas boyeltised to as

a 4 Q- sol vent. [0110] The |ight pink

f?tggfj]fl %&g%}gﬁigg\f\der precursors were then ready to be

t gt The poréatet heghydae pogitakee cbmedpondingeact labomtory prepared

[0111] A one liter Lrred stainless steel jacketed .

QTR TSRPHPE. 0P prsiciu (B CATGRIeR & Bikghuzrs cmploying
U NGFBRGE Yitce sWﬁﬁor%'%@ﬂelfl]él@ {sh@nBRIHIBFitI? &l %mfﬁawdlp eater

with Precursors 1-3. The reactor was thoroughly dri’e

undeld of palynres geaduptthgiewas shevanatlebletenper at ur es

>1000) , bef or.e ,each run. ut .40 of .dr. degasse
L RBEIA SeRhiG ARRERE o e Bk iRy et TR GG Rormea
en@ing $ofaedi®suppliell byas Ik geftaarepestiblished ae @indatd @vigion and
or, in certain experinments, 40 nL of condensed 1-

butcafidenggsintasdleby tgalyaiiet te vriaage dapdivht ediby Fpelysis obf the
punp:; £l ne was
C%@%@%ﬁ%ﬁﬂﬁﬁ%ﬁcﬁ%@%&g%&%@gZur ehié%\%g?saand fed to

t hp117p aTlicostatishical fessltspae niredenied et Mablea® uhe nomphrisph between
(TEAL) s, injected to ctor,.with a syringe a...

di Mmedrs %@.t%qcm%ﬁ%fila& S cqriidsce THeEreiRgicg s dhadilica Incos
CORQUAL Yiba@Rd ALaAySE PHENERT WitlPHetividyedal R Henified¥§eRigh
OSE%D@thE?e]%@t hat cgul 3) deact vlat e tl%ﬂgécgt al y%rtu.1 g,e S
Unthess sicovibye pfiicstalystst prdourSors maris| witl EMviseas 93fs end iDavison 955
each ex i me e, liquids were stirred at 650 rpm
m?%@@ﬁ&%@gﬂbaﬁ K%élz,d'heat ed until the working
tenperature of 850C was reached. Next, a
conputer-controlled flow neter introduced about 1000

or 1500 nL of hydrogen, af f&Bldafch (and by the same

Level Number Mean Std. Dev. Std. Err. Lower Upper
Mean 95% 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 5 29,098.4 5,259.61 2,352.2 22,568 35,629

[0118] Thus, Example 1 demonstrates, infer alia, 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 demonstrate 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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mechani sm ethylene was fed until the reactor reached

a total pressure of 125 psi. The pol ynerization
woeent3gn3ct hen was initiated by introduci ng 0. 8¢T@EIS208/020327

of | aboratory catalyst precursor by neans of a

pressure injection device, which further will be

descri bed. The final pressure of the reactor was 380

psi . Ethyl ene was allowed to flowto maintain its

part pressur.e, of The reactaqr, operatiyv
?cga}l@sset bel%nié? cARaFy Eﬁséglefrt@ﬂ%mné{wxd@ﬁef about 2

flﬂgyﬁldyﬁr(ﬁtaq}%@g{a%gl al ong the reaction tine, and

stored in aconputer through a data acquisition

syiereimSil¢a dehydrateshatt 6Qﬂ’prm8| plydbx@onominalk esncentragion of 0.7

! !Sgnﬁﬁ/ Eifgfg %Sﬁ@?fgﬁ onp§1§%as lgt eﬁ?r%fo%rﬁ%\lfar these scaled-up

t Qime;ahw £tabiet hRAIIBAA104diNESS 0.6 Fbie 61/ drAn ARQAUTEAD Geactd with
whi ch point the reactor was t|oened The mass of

palydirasy] pecsadiesdp Byl-tohk mataraeriothom sbeistle? mmely Qiizeam will
al emai ni ng conmononer to evaporate,
un%]?wntq%ééa% eﬂ%ﬁr%ébpxglrsght stabilized for a desired

pgoi2ed Kifst,tabowt 830hgratms @€ BHicalviere whageditd the miixrtaek, dér ES 757

f h h I
&ﬁ@@%ﬂﬁi@é@guégﬁab {Jhc@hél; o Cgi?qrﬁ 18'@15] s .tg%wsqe agded,
5 fHer WrAHIHRRE03Y eg%mg Sl mermtqw gioﬁﬂn%é go YRMP e Sl ded

connectors in its extrenes, coupled
cyfbr erckey gtdnavf siticatchaagddedl hei EEAL frbats btoéhmmu@lllymﬂl thg silica

500 1L st ai nl st e The staj nl ess_steel
bRGOTE “Hen AP BTERD ol B0 BoTosT e ke the
C%@Jtdﬁfen@@ﬁwe SRter & rta& etvmmgebmfr@ amde ﬁb@g@ﬂ;;hﬂi%hﬂ@ was
the 5 nL cylinder. About 5 nlL of isopentane was pl aced

i rmixee fwmlf@;ﬂsmhd@ressw of & psigdElryingveas inisieted by ispide the
t hr qugh |
VarRE b PRISHARE et rYETon PRI 285, oF Sicogen

Aldweepeaes Qﬁﬁﬁt@ﬂl ONBhate e Gaeinak dedvttr 'tdmsﬁeﬁiﬁuﬂ: ﬁﬁd/ stabilized
box. After | oadi na the catalyst, the device
r

r iebvess T GraAndiRO°Hror B deursnthc dpiiriark cicgtoTTg ditchireed. As
pq{ott c% Eh@\%g hnd ggﬁgﬁﬁgg{mlﬁﬁﬁlgy{% %gr gdi]ttgre] gs%afehxlg)v AT CE-Silica
cqsmmTOSD oiagb.Stthmobxgrammsdicaf t he | arge cylinder to

t h[0122] @ca%d?lﬁos ge{tétlgfs?tdprecérgors 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 (MgCl,) 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 continued 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.

[0123] 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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N2 at 400 psi by a flexible netal tubing. The bonb was
isolated fromthe cylinders by another valve, such

woOheioe/ 138086 bonb coul d be pressurized either bef BCEUS2006/020327
after being connected to the cylinders. Through a
fast, and coordi nated, opening/closing of valves, the
nitrogen confined in the bonb pushed the isopentane
contained in the large cylinder through the snmal

cyl i nder s inpelling the catalyst to the reactar.
tln%a@%ﬁabwﬁ olhesyur 2c artipy Sptihile pgaes reacherbry nches of

r e {ugf }%t L%ﬂaltﬂ?gssﬁre@cﬁéfy o SGIE&RES RITE va{cqglmndf Riitrogen

e polynerization tests usin ofatory
c atvaky stas pnitiated s dVlsenathe tenaperdtoret ¢f the colhtents atabdized between 80

bel T E.8 114]..The | abor at o d t t
orasyaSGris st REs ol P e Broeatidh e R ogled to

3 el homlt WhiAdoi ige s%aléa-@%&iyse kntak ARscharBEECur sor

2") dempnstr at ed superi or performance to that

di [81HhyHe ea}elmttmecurmp@pmegi -2pdepraibed abavafhpstwere converted
rs)lrlrel (o) ca%é& Sg‘)tp 9 %ﬁ)ﬁ @étﬁl‘?{ltm%gm%l att 19&@?8E 3.1‘18l I f frﬁ&%n&lan two,

are ad

S WREO4tbRd, T}ﬁl’lélaﬁ’&é’ afeuite bl e acusataf(s)zwete vlaMed:w@hrresp@ct to Ti
whi ch depicts, a plot of ethylene flow versus reactio

t iGPRlenhat0 NERYIdshamiAldd meler ﬁgﬂq 86 sbatlof yio; S B sh@ne of the
sl éé'h(/% &ob%&eﬁwgg@ Bems A4 sf]' @c&m@%ﬁ‘zﬁs Eﬂ’é? e%lttmétI &&fn and

flow (as recor y~a conput ontr tings
meiasrt ilirvarke t Abouvt 0 griiFs aﬂmlvenelemslwnabmt@ﬂletmm.ank The

The ethylenefIOW|s ress S st ard liters
RiRwe pe e ghiteic T30 be 4 BR et S Prey el Gt psie
MeBike ﬁ‘flxﬁ?es vk 8h:a00RE CBOt ﬁﬁﬂﬁé@tw&ea&%@ 88 Uhfiated through
(e.g., O degrees C and atnngphere of "pressure

THemtipg deejacketi erthofmlt( Henletch§P%he Af histge sVerp else was begun,

reactl n tine erred

prqﬂlcl e maffﬁ]f}l r%e égxgvgllg e’t‘l‘he %‘Ic,]etéﬂlﬁp fag f(iﬂg& lu.ﬁ‘ul the reactor
C%ﬁ@éﬁﬁﬁé‘ lsﬁﬁlliz@d bedbouas TACY fop o &bﬁd Thicemis Bak shen was cooled
enpl oyi ng ES757 silica ]glas conpared to, precursors

ertpl bylpr abiputr 4P Ent ang |the akAkpb ofUpRSELiON gPR(fined therein was

Coﬂﬁéh%}g%ﬁtthé%ﬁ&& he conparatively greater

[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 Al/Ti
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.

36



yi el d of polymer product that was shown in Table 8.
[0116] A statistical analysis of the | aboratory
weoabosnmsdazgat i on results (performed usi ng sof t WRC®/US2006/020327

supplied by JMP Software) established the standard

devi ati on and confidence interval by analyzing the

vari ance (anova). The anal ysis of the variance checks

whet her differences anong the neans exi st. [0117] The

n Table 9

| |
cofir 1A Se Bl abind soimleR el PHEled ol ORaRarlste svipped with
confihHeNaRl hﬁh@ﬂﬂb@buﬁl@ di£&aiRd fohake %biy‘r&%ﬁzhﬁ‘&??ea’é%r7557The

produced a cat al sts recursor with activity t
sirganitdri wamthoyoug) wader aqrurgs @ﬁ/nmbgcraatalqwﬂsfor 1 hour and

SRR T %5%8#” e A HeRE7 o PrapheRe itte solution

EK@W'M) df TEADREé W&@@ddedl‘ﬂd e rakdiar totdopds dorbxaryet Adypassivate
cat al yst ?recursors preﬁgred with silica support

el rinpustien a v fiea sErzngs Foa| iSemingues: OclSegigny eatalyst was charged.
”afﬂe%}é@&oﬁpé %,?ea%étdz Encgggfd &460b %ﬂbi@%@yﬁé@feﬁ% {gen was

angstrons nay denonst
dehbrgadbe malliaathalah ithe ﬁableaﬂﬁt fallpwh efterswhich thereactor was heated to

pol ynerj z tlon pr se enera e pol ymer ro ucts
aéﬁxﬁg AfeGis e eﬁwieﬁ@fe W ﬁ’lﬂ a@rlatre ardesoapphsed oo dﬁngactor
SGelded Pelyﬁéhaaty&tcoaeﬁi%sa@bfzml wegpr epar ed |n a

pilot plant |aboratory using a | acketed vessel (that
melg12le Etbﬂener wds abowed & fAbw tb amdihtagc therrdaatgr pressure at 200 psi

th forth bel tth
R RS 0T mERS alich PaNGht B et aaokt Ty Reary&s Brbuen o
n%ﬁfﬁu@]r CO{I@&M & [h&iér. dehy thirfefthudl of 6RO Ceddasy W’as reduced to

hydr oxyl nom nal concentration of 0.7 mmole OH
Trﬂé°¢5&hﬂ@ hesir¢actos asTdeprysspredpler ambiest prasaye, 2 er which the

g%c? W ks(i] é&?ﬁalo%bg 'Ek%estoh\%hy{g &M&Ja&a e Hadlof ?)oﬁfrner

gram reac
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 Al/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 Control Catalysts 2 and 3 (at the lower end of the Al/Ti ratio range,

e.g., containing an Al/Ti ratio that is close to 1) at comparable Al/Ti ratios.
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hydr oxyl
0.2 mmole OH

wOQABHBSBs I St

to the mx ta

silica. About 3.5 liters of

added,

according to a 1-to-|

gramw | |

nk, for

nmol ar

rati o,
remai n unreacted on the TOCS.
about 850 grans of silica were etamgeme6/020327

t hen about

ES 757 silica and Davi son 955-600
i sopent ane then were
after which about 0.59 grans of 10% TEAL in

i sopentane (0.93 m) were added for every gram of

silica charged. The TEAL

TRILE,

xothermcally with

the silica to form ethane ingly, the TEAL
Pha_r_g_e_v_\,ag__ppe_[_e_r_e_d_g_g_aqq o keep the reactor
tlenperature under a targe ‘%@?&ln ﬁm gC. |The Activity
Sample flOor egCatalygt M X} WL,V n L&Zactor 30 UL s | atield(grams) (grams PE)/
Qressure of 1D psig. qugmwgs ini tatgd by heating [(mmol Ti)(h)]
t ’S%alkdd@ﬂ‘]?a{ws&d) 60— 0Cand TeducT ng |t rre rTterra reacto
13 Aresssypicho S| psiioo A N treged sveep.oyas initiaged. 12,913
\When ptb@sot Nt ef nal reactor tenperdture had stabilized
hetsemarUpihdos ahd 600C for 2 hours,| the m x tlank
14  gonEefif&Sitiwer e| di sigliar ged. A84080t gd abwivz, the tlar get 21,764
al uniPreamsor oadi ng for the scaled-uUp TEAL-on-Silica
(scal ed-up TOS) was 0.5 mmol e/gramsilica. [0122]
Scal ed-up catal yst precur ScABL¥gde prepared accordi ng
to the follow ng procedure. About 3,500 %gﬁns of et
t et r ahydr of ur an PfofFyitynvas Flow Mriltindeamk . e Settled Bu
Sample |wat efatadseint ent of(gta HiHF \égﬁg‘gg’g‘fﬁlﬁ HLMPm of (HL%?MD Density
wat eL._Nagne: pfe) g (grams/cm3)
”%mwmﬂwm%W%ﬁﬁwQO
A IPE ng at was igytiatgd. ut 38.6
14 grgégéégfgthanol mé?g added, ﬁﬂ%ch d ssoﬁggg t he Nﬁ%f 032
2atmost instantty. MxXing continued for about 30
m nutes, after which about 66.8 grans O TiC 3, 0.33

Ald 3 were charged. The m xture was m xed for an

hour .

The m x tank then was cool ed so that the

tenperature of the contents fell bel ow 50C. About 800

grans of scal ed-up TGOS was charged and m xed for
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about 30 mnutes. [0123] The contents of the m x tank

then were dried by heating the jacket of the m x tank
woOaomhosn3e 85C, and reduci ng the internal pressBC®US2006/020327

within the jacket by anincrenental inch of pressure at

atime until the pressure reached - 5 inches of

nmercury. The internal pressure then was reduced to

full vacuum and a nitrogen sweep was initiated. Wen

the tenperature of the contents stabilized between 80

and 830C for three hours, the n1x tank was pressurized

to 5 psig, and cooled to $0C, at which p0|nt
he scal ed- upg %kysmumaﬁwgl @p rne Settied
Sample $at Al Pr €C ulfczg‘g Cfgr pr(gnpraﬂé?d a )8 (;g‘; n%:{%‘ t heER Bulk
ere converted ihtyo catler cg /ngl%)t o Y o RS Density
th at |eastl one_ and cpyhr han 0, :mt Lvatlars (grams/cm”)
15 h% Y%F?;lﬁé]e arr@,bk_mts of l,tggge actly@t or s) wepe vari egly 0.366
CU [to Ti content, tlo provide an Al :Ti |nolar
a@dn@ol@&tal;%@@ T T to H of eachy one of [he activajors:
16 Fimasison oadxaiids, (80B0Wr ams of60 catlal ys80 precur¥sd was 298 0.390
charMedi=8lo a [cl ean amd inert |m x tank] About 1,600
) PealeeP efabsigliient was |[slurried into the mx tank| The
17 ‘n['?@[’ SIWE>Sti A at aBut |15023%m | andisthe mix BaOk | 0342
has ﬁg@% iZed to 5|psig. THe nixturp was mixed for
B pELES R el ore dyTng—was i nitiat gd—through
18 Dedtdenrgstzhe JacE&% of the,m X tapk tol 60G, A nifrogen 0415
5weitiq, My/sies, wds begun, once the materi gl becane ' ’
ree%$§%%¥g? The materi al s dried nt|I the neactor
1 i3 dqt a i zed baut Cfp hour .
" Bﬁ??lﬁ%r vvggdocool eg 173 bel ow about 4@% and ?{}P 0272
” gosttotrecontaned therc.. Wars u.abhargeu
20 1%0% n%%&%‘h q125pooDi f f epesst qat al.sest | or msloat i ons ves e 0.323
arepﬂgwﬁﬂby ‘Marying {he rel atfive anoupts of the
5 8talUp Edalgcai|vat or s, {one of tlhem cont gl ni ng an hal ogen
21 hingisoniops sfigsh) a>0¥y 1 hat-*theilr rE¥pecti ve AP/ Ti | okt 0.285
a_t_d{&}g/ggélrp within the rangelof fromi to 5 A fotal
G )
22 Jﬁégmggg???%rt ?&%a' StsjﬂTnU|atfﬂps mer%u%%eparedéa4 0.336
al mgrfiGs
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, infer 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 larger average pore diameter of at
least > 220 angstroms appear to demonstrate a desirable productivity-vs.-bulk-
density relationship, which may correlate across a variety of magnesium-to-

titanium ratios.

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

were reacted in a polymerization process in a pilot plant reactor.




precursors prepared with both Davi son 955 and ES757
silicas. The catal yst formul ations conprising

wonreUusssss prepared with Davi son 955 silicas ReETAIS2006/020327
| abeled as A, C, D and E. The catal yst fornul ati ons
conprising precursors prepared with I neos ES757
silicas were labeled as A, d, D, and El. As each
catal yst series progresses fromA to E there is a
c [ tm]]' . o) Ti,,mole . ,ratio for the_ ..
h 3?"3%]2 Ao n%%l%ﬁ?ﬁéﬁg c“IOPég‘i %drAfn{ GusrtdRCH dlameldt easmbage fyidized
arbed meacéarseperatinizhu ughroxtmatelyo308r psi@eRhll pre&uredf Th&@eactor bed
non-.hal ogen cont ai ni activator. The sanple catal yst
c ot i‘?’%oeﬂ’é’rcﬁ‘ﬂ@ﬁfﬁpyeg&bs6%ﬁ%‘md§e &leigising gaserpsmassed through
u | I i ' : j 6 n ider. .
T e e T AR ak P e B oS S fyfliving gas
eguitingettie \ed lenterest & resen-dmeniaginghemedoeil &t theuppsePortion of

f t he po i zation reactions. The, reactor was

t s IeiaR s TP Tl S hs BB R0 erdeleolgon af papedtigreh o
1 vivgattcodd E®legehAown ah® f &6 : '

0.8 rrLc of heptane egllgl utae_ §g§§t%&gn&?%r54 M) FIlcl)llg S‘I@E&Me water
t REAPsiaEIre Bge @divstedHe maiatain the teagiton tsnproatateatoy e specified

' ' ities, After.stirri f 5
PR LG5 AT TP Aty s o
t et upsteaseal thel corapebssbd A0 q@intiBOOA I LibhtGo GRthialiBhe [dssiRld gas

hydr ogen  was char}ged as indicated in the tables that

f GPRGIratense r Tipgind plupium cqeatelystvisas fedde de reac®Bn gpantities

t R 5cRe y fl 0l at tinued..

i FIORELES ot oAl | O B BhildrR e SRR A G ine

200p@siraction3aiialyed 1 2The kbtalyiseveasvied wl tewedciop Bedowrduph a
] [ pressure_at 200 psi the 30

t he .react dur |
TR ARl R BEiPD 81 a5y Eieni g ARG Thssrepolymer

t pEBtorR rA0 MNHEECORIWA! hRd 16 liRpetB i
tgnper atu?e of tﬁgeenr%géctor was regacegﬁ{ga%lg% mc”hg reactor.

t Reodust aas rwidledsa e frams she eehctay iantmitenmade dstun quurgihg eressel

' react or S opened., After .all.ow th .
L Y e A A XTI S
]1: lthm’esiE aver@ dedctivate Vasthe et R¥ubi diesh with g weehiRen prueduced

romthe
[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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reaction then was characterized to determ ne a nunber

of paraneters, including Melt Flow Index (M), High
waoaaew/ 8136 Fl ow (HLM and bul k density (BD). [ 8€2&]52006/020327

Tables 10 and 1 1 below set forth certain paraneters

determi ned from | aboratory ethyl ene

hono- pol yneri zati ons conducted as set forth above with

experinmental scal ed-up inproved precursors. [0129]

Table 12 sets forth certaj apeters determ ned from
| aboratory et hyl ene horm- m#g’zatl ons conducted as

Set forth above W th Scabpggaup[ catal yst[formulati ons
somle | 2 acé %@t' on /\IRF;‘ﬁie“‘ieatim@leln@c atP ug tythePﬂo&W:ix&ﬂyd arg,/c, Co/C,
ampe 1in th Hi um ¢ gh‘BlF t|hePrdssure 1 Al eridonpacded (tol/mol) | (mol/mol)
paraneters of doMV&Rt i lonalpsiCont {1 o1 f’gl ysts 1 and 4
( neditroirdailystB  rlati o range, e.g|, cont aiming an Al /Ti
23 |r dPvisor Bissilicss abodi? 2.5) &Md Cbnt £87 Caf al yé?@ 2 andd-B3 0.142
(m‘ lﬁ\IfjﬁéTlfﬂ\quri] end of the Al/Tilratio rahgee-g—
catft'éih 5 AI/T| atio that|is_glose
24 c?{gﬁ%ﬁgwg%y‘l‘ﬁ/ Ti ragtlos TAELE 10 A LlTAé%Sé 042 | 0113
LUS'CE’I Clitst & gttonship—between—productivity allu'_ otk
25 98 s11£$ expgyi nentgh scal egyup catalysfss i§ o147 0.137
»gls Fth 8fanbip [Fi gure 5. [0131] Exanpl e |2
dmg@g@g@ﬁm inter alfia, that|[the 1 nproved
26 |eXpeavidofresitsaka, cdt alzwst s| pr empar ed usj4pag suppori4 that 0.123 0.110
WEETIES W ethanbilda having a smal ler partigle size, a
n&caladipgiatalystitli gl e si ze| distribution, and a | ar ger
27 |aVlera§8-Tpbiilisadilanet’er of A&t0 | east 4958220 |ang$ftPons | 0.185 0.134
@;%Fr}{?tq fﬂ%‘nﬁﬂ strate desirable
AR -bu] kdensity rel atignshilp, X\? ch ma
28 EE§17 75# ??s dvarj ety?of ia r?elg m{t ot i ‘gni um Yo.190 0159
310132 —Sampte—catatyst—conpositions
29 %calé‘()% c?ts_{ he megyner| deggy i beéd ahgye were Yatact ed §.fss Detljr?;ine
eMQ@ ng%leglg{ol]on process in a pil of pl ant Determined d
SRty calakdd] [Pol'ynmerfzation was condugted in a 24
30 i NEbosGkapEsis, das-yhase flmi di zed 5,085 4,985 0.138 0.149
Mg/Ti=35, with ethanol]
ScaleUp Catalyst E1
31 [Ineos ES-757 silica, 3.7 110 9,005 4,202 0.146 0.126
Mg/Ti=5, with ethanol]
ScaleUp Catalyst E1
32 [Ineos ES-757 silica, 5.0 79 4,780 8,419 0.136 0.146
Mg/Ti=5, with ethanol]
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bed reactor operating at approximately 300 psig total
pressure. The reactor bed wei ght was approxi mately 500
wo 26003gs6nds. Fl ui di zi ng gas was passed t hr ougaTiise006/020327
bed at a velocity of approximately 2.0 feet per
second. The fluidizing gas exiting the bed entered a
resi n-di sengagi ng zone | ocated at the upper portion of
the reactor. The fluidizing gas then entered a recycle
| oop and passed through a water-cool ed heat exchanger
and cycl e gas conpressor.Tﬁﬁgjgﬁ%ll si de wat er

tenperature was | adjcesb ed [T Mehhidédial N { MERT eaCt iDehsity

\ ajt Settled Bulk
t enpetdff e to { hen@meyi i @d(dgahng. | Etthylh2ne, (grams/cm’)

Sample Density (Ibs/ft)

hy dsmgietualydthexeéne and nijtrogen wer t he l e
gaDalioopsysilist, lrjrﬁt V4t of| t hd°Conpr pssot*at qua(h%:]l>é i es

suf f iMg/BiRtl t o intain the desired ntrationsd

23 20.9

Tr $caleBy Caidlysh€ num c al yst fed eac in
quBnatisop PESIliEYS f il ¢ i éb&? gt 0 supp'o§7t re Gas b8

rnnré\?&/FE LonS \WWar r ad apot

24 20.3

Y

e P‘“ ops—Were—feasyretd—by—an
05 f r 3@E %vg éfyzer. olihe cat al ysh1 was | feds.s0 the o.eaet on 20.5
at arate

at]
bﬁ%}ﬁ?P fﬂgsﬁal%l]st _ai nl ess gt eel injection tube
St 16 Eéfglysitﬂ mar tar mthe desired pol ymer pfoducti on
cat &P3pet

r affvisohlotd QEEN gas Mas used t0$28i sper sé4bhe 17.9
t he

26

| b/@iks hatletalor].  Product| was wit hdfawn fromn

reactor in batch node intlo a purging vessel pefore it
welsalereerist Pled |i ntp . priodugt,sgrum| Reghglual cabakyst
in the

rYed _ ( 24.1
ar{@e?ﬁ@@#éﬁlwc% iln the redin were deacti vated
i t 1] The

27

pMé’afTétWiH’l‘eﬂ’ﬁ‘? h a wet nitrogen punge. [013
ns, and

pug&qg@ﬂ@g&ysgﬁl tie sanpl e [catal ySt conpositio
ar e 0868

ri zg%88®n reactPbhs 23.7

28

t highehsBBUsY Sili@df
f QItrip=s| with andijaly

he GUPyne
| es bel ow

. TABLE 13TABLE 14 |

135] The

absueUuecanpt €1 de

nonMNot at e

S,

21.9

sl i cq 1akto bot RO

nolvnmer nrioducts t hat
T J I\(l TTTror LT O T I[TCAT

29 | cafbs BB pifiepar

e it hE
e Medirsevfithstheneict | Betdfinfifld

Lvity and

deSroldp FatlesCl f g i mpgpved |settPled bul kores

roex | e
ncr ease of |theermimed m bul k

xpect ed i

30 22.3

deﬂ@P%@ﬁ'?ﬁﬁiéicaq e
d } AF Iy, W, N

dhtiet-vity—s—gemeratty
at edo.fzy pollynmeni4zat ifon®.9212

31 22.6

ScaleUp Catalyst E1
[Ineos ES-757 silica,
Mg/Ti=5, with ethanol]

0.714 32.27 0.9176 22.1

32

[0135] The above example demonstrates, infer 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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conventional catalysts, and is highly beneficial for

the fluid bed gas phase operation. These findings are
wobuondehieso3s| | ustrated in Figure 6. [0136] Ther ePoTaS200he20327

present invention is well adapted to carry out the

objects and attain the ends and advant ages nenti oned

as well as those that are inherent therein. Wile the

i nventi on has been depicted, described, and is defined

by reference to exenplary enbodi nents of the ,

| PR ] BPAHOBCR. (e FBIBHEhCAR] e SISOy 159 beinferrsdynlhe

."{hfvEHt‘r‘on' H@ﬁ&ﬂl@ B cONGdS H&'&iﬁdgpbﬁ,aéﬂe%tibﬁ, Al Shivalents in

i nferred. e Inventiron 1s capabl e of considerable

masinf dndeftth@ion, ad WAl orzti erthosermdiaguiyskilledtis thepdronent arigland

I ﬁ%ﬁ%éﬁ{é, bﬁggﬁtvgrt{ﬁg%gs% rsH%Siﬁ%oq%ﬁié:?e@g%@?cﬁsé%l?e%irekll?blso%fjmén% of
?Lh%cin%ﬁt{(ﬁ: arbNSelfpiirG tRlly, 3l slestdti xdduRveast! il NcBp®bf the

e Invention are exenplary only, and are not .
ekivantidr. vEorsequendly sthe pevention ksdnfendedhio; ksnlimited only by the spirit

CoLT UL W RT3y PERE Rt

gkasheds.ful | cogni zance to equivalents in al
respects.Wat is clained is: 1. A process for making
pol yol efins, the process conprising contacting, in a
reactor, ethylene and at | east one cononomer sel ected
fromthe group consisting of C3 to C alpha olefin in
the presence of a supported catal yst system the
supported catal yst system conprising at | east one
titani um conpound, at |east one magnesi um conpound, at
| east one el ectron donor conpound, at | east one
activator conmpound, and at |east one silica support
material, the at |east one silica support materi al
having a nedian particle size in the range of from 20
to 50 microns and an average pore di aneter > 220
Angstrons; wherein the at | east one silica support
material has no nore than 10% of the particles having
a size less than 10 m crons and no nore than 10% of
the particles having a size greater than 50 m crons.
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2. The process of claim1, wherein the at |east one

magnesi um conpound has the formula MyX2, wherein X is
weebeupgdef rom t he group consisting of O, Br, PCTWIS2006/020327

m xtures thereof. 3. The process of claim?2, wherein

the at | east one nmagnesi um conpound is selected from

the group consisting of: M 2, MgBr2 and Myl . 4. The

Ioroc:ess of any of the preceding clainms, wherein the at

east one _titanium conpound has the fornula Ti (OR)aXb,

wiYEhadip claimed isa| ect ed fromthe group consi sti né 01)‘: a

Cl to Cl4 aliphatic hydrocarbon radical, a Cl1 to Cl4

aromati ¢ hydrocarbon radical, and COR where R is a

Cl to Cl4Agirbgssaforcmaking polyatdfins,thd moessh ovmprzing gpntagting,

is selected fromth roup consi sti f C

ket etabre ad & SaRERE GoRpBe sy s from 18 fou
ngﬁéiﬁﬁgr& (%ftoQEg a}r%lﬁrlqeﬁﬁ ibthe prekehd® ¢F 4 fippbRed e4talgstcsystem,
+ b =3%r 4. 5. e process of any of the preceding

cltti supponterk casilpisttsiatert cOmmisinga éeas{ onfiiamUEbFRIBRRTE) &t least

sel ected f.romthe gro nsj. sty of <. Ti i
SSpBa el G sl Soud Gt one
Tiat¥d¥ddpfdudd,end The process of any of the preceding
clainms, wherein the_at |east one silli

I t ..
mt erial alpag pReisidia FYPPYTE MeAlE ot a ieégfgﬁ%éﬂ{fﬁ support
ro t 0. 35 M6 . . fent
PR i, AR REcl o5 B g3 ordop (95 hRrons and
S UpPpREiagaBber diahethns 220 rexgstaomy avtereih dhesatdeast ang gilica support

ggg‘g@ﬁ&@gégén?ég ﬂ%ﬂ%all%r% ,r& %9&2%}%38%}}%{@( L Trige;gasss gh%é 19 Wicrons
S1hHGR RURREI 1098 b el Fartlths h@viﬁ% fatsiAel RedtbizBlan 50 microns.

di'stribution in which"no nore than 10% of the
particles have a size below 12 mcrons, and no nore

t 9 i ; .
han 8 /Q.o hte r}‘)l(reocgsasrcgfJ c altir%sl,r\]zv Vefeiff iR e&?ea@pgﬁeemg&iégiuﬁ{ 8hpound
has the formula MgX,, wherein X is selected from the group consisting of Cl, Br,

I or mixtures thereof.

3. The process of claim 2, wherein the at least one magnesium compound

is selected from the group consisting of: MgCly, MgBr, and Mgl.

4. The process of any of the preceding claims, wherein the at least one
titanium compound has the formula Ti(OR),Xp, wherein R is selected from the
group consisting of:t a C; to Cy4 aliphatic hydrocarbon radical, a C; to Cus
aromatic hydrocarbon radical, and COR' where R' is a C; to Cj4 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 process of any of the preceding claims, wherein the at least one
titanium compound is selected from the group consisting of: TiCls, TiCly,

Ti(OCH;)Cls, Ti(OCsHs)Cls, Ti{OCOCH;)Cl3 and Ti(OCOCeHs)Cls.
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9. The process of any of the preceding clains, wherein

the at |least one silica support material has a surface
wanrew/10803at | east 200 square neters per gram ROT/USB®6/020327

process of any of the preceding clains, wherein the at

| east one silica support material has an average pore

volunme of at least 1.4 m/gram 11. The process of any

of the preceding clains, wherein the at | east one

silica support material has an average pore di aneter >

225 Angstrons. 12. The process of any of the preceding

clai ms r&i 888 S tlal $iQrthe at least one

materiéa'l v@gﬁg%sgggﬁg%gkgﬁgedi angtse%%?ﬁ%% Angst r omns.

18lical epportanessaloliasanyedian tiagiohe sizedn e winge of from 20 to 35

wherein the at | east one silica support material has

A age pore dianeter > 235 Angstrons. 14. A

supported catal yst system conprising at |east one

titani um conmpound, at |east one_magnesi um conmpound, at

| east @nelhel mocasswf doyof teomisseding chims.cwhgreignibe at least one

act.i vat or _conpau an I :Si g ] U,

nﬂ‘ilg? F'é\l?p,ortt]ﬂgpe Pﬁaesaasfn %g{r%l S| %l%gﬁgdgp}%é ;Eéhr%gterl aﬁl 20 to 30

havdépes.a medi an particle size in the range of from 20

to 50 mcrons and an average pore di aneter > 220

Angstrons; wherein the at | east one silica support

mat eri gl S oc0di i@ vh&kRSthea 1168t one

s 2ol e S A e R e

t bigicpsupos! ateHaMiasg mrsdle sizgdistitionHawigch ne grcsnthan 10%

15. The supported catal yst stem of ¢l ai , el
(Rt DRBHED e oAt Corsauiy Hdst Rorf (Pl REEoF e
g/?g%cle\g&ﬁ%?{,@? Eﬁg%(abé,e%@llﬁfé}&g. fromthe group consisting
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The supported catal yst system of any of clains 14-16,

wherein the at
10. The process of any of the preceding claims, wherein the at least one

silica support material has an average pore volume of at least 1.4 ml/gram.

11. The process of any of the preceding claims, wherein the at least one

silica support material has an average pore diameter > 225 Angstroms.

12. The process of any of the preceding claims, wherein the at least one

silica support material has an average pore diameter > 230 Angstroms.

13. The process of any of the preceding claims, wherein the at least one

silica support material has an average pore diameter > 235 Angstroms.
14. A supported catalyst system comprising at least one titanium
compound, at least one magnesium compound, at least one electron donor

compound, at least one activator compound, and
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| east one titani um conpound has the fornula Ti (OR)aXb,

wherein Ris selected fromthe group consisting of: a
WQ2o0d6t13€0B6 al | phati ¢ hydrocarbon radical, a Cl PoT@%2006/020327

aromati ¢ hydrocarbon radical, and COR where RL is a

Cl to Cl4 aliphatic or aromatic hydrocarbon radical; X

is selected fromthe group consisting of C, Br, | and

m xtures thereof; a is selected fromthe group

consisting of O, 1 and 2; bis 1 to 4 inclusive; and a

+ b = 3 ot least t@e silien sugmontr meteriaht the yaitleass squensilisa gpgport

of claj .14-17 ..\h 0 ' i
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catal yst system of any of clainms 14-19, wherein the at
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nore than 10% of the particles have a size bel ow 12
m crons, and no nore than 8% of the particles have a
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one silica support material has an average pore

di ameter. > 230 Angstrops, 24. The su rte t
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from the group consisting of: a C; to Cy4 aliphatic hydrocarbon radical, a C; to
Cy4 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, 1
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.

18. The supported catalyst system of any of claims 14-17, wherein the at
least one titanium compound is selected from the group consisting of: TiCls,

TiCls, Ti(OCH3)Cl3, Ti(OC6Hs)Cl3, Ti(OCOCH;)Cl; and Ti(OCOC¢Hs)Cls.
19. The supported catalyst system of any of claims 14-18, wherein the at

least one silica support material has a median particle size in the range of from 20

to 35 microns.
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20. The supported catalyst system of any of claims 14-19, wherein the at
least one silica support material has a median particle size in the range of from 20

to 30 microns.

21. The supported catalyst system of any of claims 14-20, 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.

22. The supported catalyst system of any of claims 14-21, wherein the at

least one silica support material has an average pore diameter > 225 Angstroms.

23. The supported catalyst system of any of claims 14-21, wherein the at

least one silica support material has an average pore diameter > 230 Angstroms.

24. The supported catalyst system of any of claims 14-21, wherein the at

least one silica support material has an average pore diameter > 235 Angstroms.
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