WD 2004/ 060923 PCT/ US2003/ 040138 -1 PRODUCTI ON OF
BROAD MOLECULAR VEI GHT POLYETHYLENE TECHNI CAL FI ELD
WO 0@A0§09The present invention relates to the UBET/U82003/040138
chrom um based catal ysts with al um num al kyl
activators. The alum num alkyls allow for the contro
of polyner nol ecul ar weight, nol ecul ar wei ght
di stribution, and side- chail branchi ng while
possessi ng desirable productivities. The al um num
aPROBUCTIONOFBRO0AD MOLEC AR WHIGHT POILYETHYLENE
separately to the reactor. BACKGROUND OF THE
| N [ 0002] Et hyl ene pol yners have been used
TECH NL d wdely as resin materials for various
nol ded articles and are required of different
[0001Pr OperTheﬁgréﬂ;@ﬁe dlieforORelbfte WOUR 0g oﬂfﬁfliﬂ@ﬁlmﬂased catalysts with
pur pose or exanple, polyners having relati velty
alumlrmm alkyl aetivaéargh(lde ahemmyar plylsnalost farhe wengelo polymer molecular
di a [
weight; nrjﬁélg | on%nﬁla%l&ﬁﬁk&h balélﬁ %)1&) ¢ éﬁ(}’? richi kxg.ﬂg pﬂ&éﬁ%&gg desirable
produdiaitieag Thel aaimmdwamylg mayecappliad tOI\ﬂleg:Iataﬂ;ysa dotedsiyomrcseparately to the
nol ecul ar wei ght distributions are suitable for
reactolrti cl es nol ded by bl ow ol ding or inflation nolding.
In many applications, nmediumto-high nol ecul ar wei ght
BACI@@ YRikY GPATTRIRVISSITGR! ©.  Such pol yet hyl enes have
fTcrent strength 1or applications which call for
such strength se. pi pe applications), and
[0002§i rul tEﬂﬂ@'&ﬁy@In@ m@s dgue hoa ugadogmerly atid yidely as resin materials for

char erl |cs t b
wron§ 005 0 e 40007 PAERER YU, NIREDO 0L motaine
metho@f and ﬁlhb@éﬂ U[lFbE @k&hjﬂ‘ét poRugirn@dviny reticelyi oy molecular welghts and
chrom um conpound carried on_an_ inorgani

narrog mql@ceﬂarlvﬁelahtrfaﬁnb@w. AR SRS R e ooy 0 fnjection molding

metho@¥CBn ABlotRl: b 8/11%25 hh(R qfelatltlﬁ? 168h hedcdi %igﬁfp and broad
atons I's conver exava ent chfonmum atons (Cr+6)

molecORATWEIEH dmt&bemasrfsdare auitable Her articleasmolded Plyi blbivpsiolding or inflation

moldig | e Hieny PR pBh THHNRAREED PHISPHET BPBCLACRCByIer fre desiable.

SR01che BRRWFAGHE streBEAGor esEIEHAGhichcali fuinbuchrsii@hgth (e.g.,
Suc}l?ﬁ% geom dation state t% t he @2 oxi dation state. A
pipe appliaatidng)harshsimmitaonsly pssgssegpoti@rodesephility haypeteristics.
polyethylene applications consi sts of silylchromate

R

by us@tmlcﬁﬁmlﬁﬁwﬁ}/st aTh@médj%yl ctalcﬁgmgoi yhatohyhmnmnpound carried on an
produced by each of these cat %’ts are differe F | £
inorgapémex1idp REICE Hht DB FINE SENOPREGHP BRI Hsuhhthal iy legbt a portion o
the ¢ %@lc%?&ﬁluﬂﬁéﬁgﬂoﬁdco%lmsd Ykt b afet eﬁlonﬁmncﬁbﬁilsy@%) commonly
SO neasure activity (g PE/g catal yst-h
referrcxt tdincthe prilay ¢itehPhidipsscatalstsh The respective material is 1mpregnated onto silica,

fluidized and heated in the presence of oxygen to about 400°C — 860°C, converting chromium
from the +3 oxidation state to the +6 oxidation state. A second chromium catalyst used for high
density polyethylene appl1cat10ns consists of silylchromate (bis-triphenylsilyl chromate)
absorbed on dehydrated silica and subsequently reduced with dlethylalummum ethoxide
(DEALE). The resulting polyethylenes produced by each of these catalysts are different in some
important properties. Chromium oxide-on-silica catalysts have good productivity (g PE/ g
catalyst), also measured by activity (g PE/g catalyst-hr) but produce polyethylenes with



WD 2004/ 060923 PCT/ US2003/ 040138 -2 nol ecul ar wei ght
di stributions |ower than that desired.
w@rdoghetredmat e- based catal ysts produce pol yet PgT/88m983/040138

wi th desirabl e nol ecul ar wei ght characteristics

(broader nol ecular weight distribution with a high

nol ecul ar wei ght shoul der on nol ecul ar wei ght

distribution curve, indicati-ve of two distinct

nol ecul ar wei ght popul ati ons). [0004] Monoi, in
molecul@pasigbediRaibetions20020 2hh Ahati desired e Silglohtomate-bheed ustlysts produce

i norgani ¢ _oxide-su pog’tled _C{l+6-cont ai ni ng solid oy
polyethyignss nwib sdespbls: mplgerlr pyyeight ChpRRSTIsHiTe KOTRAIFT epiglacHlgr Weight
distrib@RAMth O gt AU WL ROl ARF L OBlecular weight distribution curve,

group-contai ni ng al koxides (B), and trial kyl al um num
indicat{v€)of twh distimstirhdleadarev¢ightqropulatibysier s are said to

possess good environnental stress crack resistance

nd gqqd bl ow_nol di ng cre i stance, . . .
10004fyc o, P 3prein B g5mish Su e SR0BALT ARG Syain thenyeapp inorganic
oxide-RPHYART CE-EdIRaihiig GOHPEQRFIIRAIsTA) bycparddy sisergy dnder nonreducing
_trtal kyl al umi num conpound-carried chronm um cat al %/s}k )
conditippy, diglkplebiminumefupeions gravp=aoatajning alkoges(Ryqgang tralkylaluminum
[ cinatio ' ' Cr.,: C [=Te [

©- % PRt E8hEs A oBABPANIG M B inBal stress crack

resistafic® fENMRIALIGK rAbIdiTE: dra¢presisanbex BVR| Application 8003{H2¢ b discloses a
treating Awith a trial kg/l al um num conpound.in a

method pfy ethilpae REAVBERFALEN VBN EO-BIFESHCENBY MHGTOBHR WHIS én{kaﬂ]ﬂ’laluminum
compoga%?%g 1%1&5?%%:%1 000alst HaSe Apntinathe JRBARGACCHAVQN]s obtained by

oses’ catal ysts containing _inorganic _
calcinaioneetisatingox Gz cofipoundrpamied ©ncad HiongaicaexigeGC@EL (D@ Haq-reducing

atmos;ﬁle%g?%)egglﬁi . Crgﬁgﬁ%ggm% %hg?e}%‘fglérgg aRtafee\%c; ]tggrglet@é{ihg LA with a

trialky i GARIuE, CRERAMMAYS an TlRet 1Bk @WatthSobleit &l @roging/thelusleent in a short
pol yol efi ns with high nol ecul ar weight and narrow

time. nol ecul ar wei ght distribution. [0006] Hasebe et al.,
i n Japanese Patent 2001198811 di scl oses pol yneri zation

[0005?f ol eﬁ%.%%e oS ia'ﬂg J&?aﬁ@éey Habenf %(ﬂbgﬁﬁ(}@ qisc%ieéj_ecsdtalysts containing

suppor on fireresistant conpounds and activated )
inorgaBit JRRRLdupgotitielr rompedndst iculeinedndi t300A€)114AYC in a nonreducing

D
R3-nAl L" (R = Cl1-6 al . L = Cl-8 al h : .
e AT Chio fU L5 R SR e i e
organi fcgé%%ﬁ;g%‘ff%%&ﬁﬂ%% QR S tPprotiB@cHI9NeRALAUGhigH mdlecular weight

Al Xxture to give a polyner with nelt
and narrosemolkciRr gelght disiribusibpn. 190 under 2. 16-kg | oad and

1-hexene content 1.6 ng/g-polynmer. [0007] Da, et al,
[OOOéén Chi ﬁ%ﬁ?@%ﬁ,ﬁ%&%ﬁ%@é{ﬁ%&ﬁ%ﬂ??9 1%%?3%&s§sﬁ€cglymeﬁza ion of olefins

hr om Or ‘gas-phase p zat | otn .
using @htaBlsRYdRREniRE €866 esbiguppnted Pmafitengsant nompanids and activated by

heating] wiiics m%ﬁfg%ﬁétquh coRHRGH; @ﬁﬁ%ﬁgﬁzg i S48 B8 292 18 atioxy,
phenoxy; n>0.5 but <1). Ethylene is polymerized in the presence of SiO,-supported CrOs; and a
reaction product of a 0.9:1 MeOH-Et;Al mixture to give a polymer with melt index 0.18 g/10
min at 190° under 2.16-kg load and 1-hexene content 1.6 mg/g-polymer.

[0007] Da, et al, in Chinese Patent 1214344 teaches a supported chromium-based
catalyst for gas-phase polymerization of ethylene prepared by impregnating an inorganic oxide
support having hydroxyl group on the surface with an inorganic chromium compound aqueous

solution; drying‘ in air; activating the particles in oxygen; and reducing the activated catalyst



solution; drying in air; activating the particles in
oxygen; and reducing the activated catal yst WD
wWQ2MoeeeD23 PCT/ US2003/ 040138 -3 i nter nedi at BCTSI00HM0138

organi ¢ al um num conpound. 10 g conmercial silica gel

was mxed with 0.05 nol/L Cr03 aqueous sol ution,

dried at 80-120 C for 12 h, baked at 200 C for 2 h and

600 C for 4 h, reduced w t1? 25% hexane sol ution of

di et hyl et hoxyal umi numto gi ve powder catalyst wth C
intermediateavith & @Funiaratuniinti®r cangiaund.ofl 03 conDBe@ial Bilicaugdl, wagt mixed with

005 gt o RS ReR Fi Rep SABSEPe o P GRS A C or 2 and 00

°C for RY YEMRELEZRIth QB%q{exﬁﬁé"éﬁlﬁﬁﬁl &3&1@ﬁjfl€ﬂ1bﬂ%lﬁ1hﬁﬂ1h€ﬂﬁglbé‘powder catalyst
cont act under | ui di zed-bed pol ynerization conditlons

with Capexitent Os,iﬁ%ﬂ@@AMi‘éh@m@faﬂ ly, with a charge powder in
the presence of a catal yst conprising a chrom um oxi de

onpo sQc
0008 LG 168 LD 8! b YRR 9 i of
1nductid>iieplehridal i eéhe @blgmmfmzat;]cﬁr eﬁﬁslﬂyyiﬁre by THrﬁlgDLg’ aﬂxylemeomesmtact under
is characterized in_ that the cha owd | oy
fluidizgd 54 HRBIYFTBHRTL ERRSHIONS Aod/ ot BEEHERRONBYC b VREL Mgla{a‘?émwdef n
the prés@hc%sﬁﬂ;%Echl\xgpé’@ﬁns‘M%Q c%‘g)lrrsﬁlgﬁc?gg‘% %ﬁ%@r%ﬁﬁw @ith a granular

supporit mniaelctsvta@ld;byathemal tieatneoh tthis catalysoeindrasedtin j?lneef%m afjatprepolymer.
t he .char

The DisGoGTovers 1 SE PP HPLN OA SQ BTl Se G aR BT sty subjcted

to a tERhREHbACOMBEGIY el fAEd ERIEe BSWAECWitH %C(ﬁgérhdﬁﬁnﬂiﬁudnh €ompound, in
reaction increases. Thus, increasing residence t

such aavhyp et dh%p@hnwm@ﬂestalﬁﬁ gh anmegiady [afer Hsi @ﬂﬁl@actmg Of the ethylene
rs catal ysts. However,
with t %C%F%rpé’gfsdrgr 1 tﬁ geg?: c@‘o‘%ﬁ{ Sper oﬂi@%l me represents a

decrease in reactor throughput and an increase in
[0009pr oducUnijne 4o SdhBomivmwbased goatatysid gaoszally, mesleowyr wedghts dcrease as
better econom cs but for g % articul ar hi
residepdsr WRP Qhilisasadiondpergst., TANS dqreasine (GSIgRGS o Yot one fo achieve
hlgheljmbl%glﬂhla\;! { %gﬁers-lﬁblﬂ ehio RS KebasBl SM8lysADIERFHVEF, an increase
decrease reactor tenperature, but
in reactor sresldsmdet nmenrapeammteoh ldecreaset rram@fcmr ﬂam@lglmub end an increase in
proan SEEkL af e B Fngk B ks @i BB spppss sy paricta
chron§drﬁlﬂa§e'ﬂn_@£&l§§t% aROEBEd Y6 NGwET pél?ﬂ%ﬂ‘t‘rhdl@;uﬂle[roxdbﬂghtsw w He®p preserve
desired in rom um based cat al yst %xSt ens. IS
higheriosiceulbt weightspprsmpy deefease reastas PP aiira bumw@t%ﬁaeduced heat
catal yst _acti e t d S
transf Wiﬂ?d X?\ﬁer rodg%t&cjglr at%\éontr%eqt%g tﬁ@@e of; nlgé %ﬁﬁ&@teﬁ%ﬁ)ﬁ% oﬁ the resulting

polyetdflchéle wise efmtinkdushs Iirysmevmgt al Visipsovamgl pmductwﬂ:y is des1red in
] Qrganoal um_num conpound corrbl nati on

chromjurh- ek A Ie] WS EHoa it RSFePI8o GBFET mlfgbele T leGind Neights and
catalyQtoAc}ﬁ@ﬁM lvﬁﬁle?&?é@s&gresmﬂﬁé s, t Wﬂﬂe&he WBLE 64| BhtaWRitBE¥e and other

I'ng a catalyst system having good productivity and
examples o/ﬂwrtlmh ush eofritteltipk-typeweiighystsaaud nat earghrnaluwgeingt compound  in
comb1(1jn|atslct>r{ Itggltélh%rs] nr(T)?%reP Eeenuglgaose%da me(gh & Por ori)tammg a polyethylene having
moderate-to-high molecular weight using a catalyst system having good productivity and in
which the molecular weight and molecular weight distribution may be tuned and side chain
branching may be controlled. Additionally, the prior art is devoid of any teaching of the use of
the in-situ addition of aluminum alkyls (directly to the reactor) to comprehensively address the

problems encountered with higher reactor throughput and shorter residence time (polymer



branching may be controlled. Additionally, the prior
art is devoid of any teaching of the use of the
WO peogisae2addi ti on of al um num al kyl s (direct| yp€DUS1963/040138
reactor) to conprehensively address the problens
encountered with higher reactor throughput and shorter
resi dence tine (polynmer WO 2004/ 060923
PCT/ US2003/ 040138 -4 nol eedl-ar wei ght, ol ecul ar
wei ght distribution and catal yst productivity). The
moleculr €®6ight, inbleeiilat oneigitd dBaitasion attuh‘meualyef grd:rhlctlwty) The present

shortcom ngs of chrom um based I ene rizati.on
inventipfodpeses & mEmpenabibesbetcqmngs, of ﬁhﬂ% ygne polymerization

notmﬁ§QN§9Rmh%§ ﬂﬁﬂe¥ﬁ§NLkON [0010] The present i nvention

ected stem and net hod for the
pol yneri zation of ethylene that can be used for high
BRIEBSHVEVIARY Of €HA ION (shorter residence tines)

enpl oyi ng chroniun}based catal ysts that have good
roductivitie vakLis t
00108 225 R B TS g LTSS s pepmerstin
of ethﬁé&e tlﬁilﬂ%laﬁ Bér agdhfol afi gia tsh aue. tn[n@O_thél}i disaraismd(slhertm residence times)
or "an" is defined herein as _one or ﬂE{ ﬁh trol of
employngg wheamiger-bisgd catal,y% {c}@t hayg, goéflel?réﬂ%“élvtlté?st & control o
polym%g)g%lte%u V%l%lg;l, {.hl%o lesfrhﬁtlﬁfi‘t Al¥ile chhS HgdhBmation.

4Va e cataly In the reactor.
Therefore, when a cat aI yst conponent is added in

[0011Fi t U, Agusded hartiiedat or tand is deflied hergincast caleys M&BNPoONent s
in the reactor and i s not conbined with the other

[001 Zf :gglt y t ge%ﬁg?egg,g{nip R i grﬁ gesf%r(g%&efo Find LR %%‘f ragdltaSn ghg component to

nous W t
the cat?Ws?rlﬁ %ﬁﬂ@@@eﬁéﬂ‘ Q5 @liBitiohte the Fta&nllytsu it th@@éa’&]orAsThBé‘dre when a
in catalyst" or "on cataly in referen

catalydt cnotripe’nmide 8dﬂeda@m sity.oih is added ©ohs dﬁ@ﬁ{mqg)cattﬁlé(st components in the
reactog Hlé(? bsy I%?&SDH,}) d oQﬁQhQ GHrgl Qatgﬁfgtﬁgdghnﬁdn‘%ﬁts%r{cﬁqytﬂeﬂ @ansport to the

o to |n of the catalyst to
reactot. "n k@RErO1s syhO@edusIwith aiised 111‘temhzmgeahly herezndél “irpsitu.”

t he catal yst in catal yst or "on catalyst", it is

added to the other, cat st ,CO ents r
[0013]r anspds psedfrergipe g]&ﬁ@t@]g'a%to(g pRC n%%o]é, fere%cF &48‘%1‘2 hode of addition
of a c%ﬁlﬁgngﬁ C}S'tﬂe c‘éﬁ?ysL 6§ Mefth&y her%inuﬁﬂ a&tmlms dﬁe&tl}neﬁtI&Scaaalyst prior to

ound having "t general formula R3A1 wher.ei dF’E 1
introdaetforbef theataliysidn éhe wwactwe| Veereiardh Sealaspmngpent s addgddo ghe catalyst

ups . can r he t "
i PP, G EREL P S By e oo
Wghe rBaYérNg the general fornmula R2-Al-OR
Ofthe\%ﬁg&g'&g R gén ber any of one to twelve carbon al kyl
rousandu?lsaonetotvvelve car,bqn. al koxy or .
[00145henox hsgredercindirigroblkil AT (hdeTiisg & {poinpound having the

genergl fformulg @ggAl wherein R can be any of one to twelve carbon alkyl groups. The R groups

can be the same or different.

[0015] As used herein, the term alkyl aluminum alkoxide is defined as a compound
having the general formula R,-Al-OR wherein R can be any of one to twelve carbon alkyl
groups and OR is a one to twelve carbon alkoxy or phenoxy group. The R groups can be the

same or different.

[0016] As used herein, “DEALE” means diethyl aluminum ethoxide.



[0016] As used herein, "DEALE' neans diethyl alum num
et hoxi de. WD 2004/ 060923 PCT/ US2003/ 040138 -5 [0017]
weowsed2her ei n, "TEAL" neans triethyl al um nupe€T/US2003/040138

[0018] As used herein, "TEB" neans triethyl boron.

[0019] As used herein, "TIBA" nmeans tri-isobutyl

al um num [0020] As used herein, "TNHAL" neans

tri-n-hexyl alumnum [0021-As used herein, "MvV' is

t he wei ght-average nol ecul ar weight. [0022] As used
[0017her ei nAs Ude] hetesn, tTE Al Tmhemns dnethdgdumimuscul ar wei ght .

[0023] As used herein, "My" is the z-average nol ecul ar

i ght 0Q24] .As. Used her ei “nol ecul ar wei ght
[0018ﬁ?stri‘%ﬁ£‘§egr?“elqn§ g@alm‘?ags‘@wn]ﬂxl,b.orc[rbOZS] In one
enbodi nent of the present invention, there is a
[0019F UPPOT A dscalitefiih, UTIB AR NS iri-BOBRY] diunguhir on um
oxi de, a silica-containing support conprising silica
sel ected fraom

.the group consisting of silica having
[0020] a) a pepEedhsraie T%‘?Hfé%’gmealis. tfi-n-hexyd a[f-l’i%lpﬂmand a
surface area of about 245 - 375 nR2/g, (b) a pore
ol une 20\ 71 Pl A RoleMiiass o ea of
[0021lbout ﬁggseﬂq‘%g% o 1s%hew€1gl)§(9ve?a[g@ g

o g, and ( a pore vol ume of about

0.9 - 1.4 cnB/g and a surface area of about 390 - 590
[0022f2/ g; Amdserheoripaidddlis erumbsoapeagrmeleerler weighe

supported chrom um catalyst is activated at 400 - 860

. I'n anot her enhgadi.ment,, r I:im conpound
[0023f 5 aqqBd Y e§?1{"u%1 ﬁgglr?o Jé?aggrlﬁg%%?ﬁrréé%@#he silica

has a pore volune of about 2.4 - 3.7 cnB/g and a
[00243ur f acs ussdeiereih, ‘ahslotuld ke ghtGROrib@iay” aneuahts My/M.

or ganoal um num conpound is an al kyl al um num al koxi de

compound. I n anaqgther enpodi nent,. the organoal um n .
[0025} onpoukit ong eabogimRsAt of) 'Wﬁ?ﬁr& éﬁ"f(egﬁf”&e&’@f)enbsoﬁnsélpgﬁed chromium

catalystol] ‘f'fsg'fé (%goxgﬁﬁprpg)kﬁ@,@ silidddGrRdikink sﬂﬂ)dplm Sunpradikoxiicteselected from
compound =i s I et hyl "al um num et hoxi de. In anot her,
the grenf odisisting, oftsHEadaymigye) aipsrd velwmd dyabowel .1 m LB o /g and a surface

ddition o noal kyl al um i |
area 02 ,ag?lgr%A a é}pg 2 ign@ita, paqr% go%%gy% alﬁgfﬂu?ﬁﬁ n—ﬁ%ﬁ%ﬁﬁ@g?néleﬁsﬁface area of
about Qﬁg e—CdBZiO'i‘n@é,taﬁd (& lioet byl afabeutrd. e+ hotxinfeg ahda suréace area of about
ennod] nen e

I t, th supported catal yst s activat$d]gat . Ivst ;
390 —600 m*/gE0d@n orgAngAlBTHAM epmBefEwereindhe sippried chyoggum catalyst 1s
et AR A0RESedd SNt Si | Rl 86mpound is added i
athag‘??lbn%éﬁoﬁe n%é,d t 'ehlcgiotg%s?ﬁi bg)?g%e%g’gﬁ% aalr)ﬁglu@onpounrgpogn 15 acded
sitn. Bartiey lbmdbdimsntthe sitipohascth pdra valupresffeboetd. 4 ridcHimeatand a surface

where the organoal yum num conpound is an. al ky . :

area of Iahﬂﬂtrﬂlﬁ]—c@@ﬁﬁ Ug@nd thermﬁ&ﬁpmmm&% dztar?h]kyll gluminum alkoxide
comp{)ﬁﬁcﬁ t lan@}ﬂép]eﬁﬂf&ihﬁéﬂt; {ROoBhNdal@h i BPp&ind is an alkyl aluminum

ri-n-hexyl alumnum Preferably, the al kyl WO , )
alkoxRROLMENNA3 RCT piF206Bohodiasnt, the alkyl aluminum alkoxide compound is
diethyl aluminum ethoxide. In another embodiment, the catalyst is formed by the in situ
addition of an alkyl aluminum alkoxide compound. In a preferred embodiment, the alkyl
aluminum alkoxide added in situ is diethyl aluminum ethoxide. In one embodiment, the
_supported catalyst is activated at 600 — 860 °C. In another embodiment the catalyst also
éomprises titanium tetraisopropbxidé. In another embodiment, the catalyst organoaluminum
compound is an alkyl aluminum compound. In a preferred embodiment where the

organoaluminum compound is an alkyl aluminum compound, the alkyl aluminum compound is

triethyl aluminum, tri-isobutyl aluminum, or tri-n-hexyl aluminum. Preferably, the alkyl



-6 al um num conpound is added in situ. Mre
preferably, the catalyst is forned by the in situ
w@aaisnewes of the triethyl alumnum [0026] | n BCDUK®N3/040138

enbodi nment, there is a supported chrom um cat al yst

system conprising silylchromate, a silica-containing

support, dehydrated at about 400 - 860 C, conprising

silica selected fromthe gréup consisting of silica

having (a) a pore volunme of about 1.1 - 1.8 cnB/g and
almn1nan1$wrﬁ1ﬁﬁmda§ eddaf inndaut M6 pref&ablyntegcatglpdt ia fponel by the in situ

vol une of about 2.4 - 3.7 cnB/g and a surface area of
additioggéthe tuiethyl 2lgPdnw#p/ g, and (c) a pore vol ume of about

0.9 - 1.4 cnB/g and a surface area of about 390 - 590
[0026];2/ 9 1AN 2RSHAN QAT GRIBOUNG, shffor@al ahdsttiuml @afBEt system

he process of addi ng t he or ganoal um num conpound o

comprusmgssﬂydlchrbmaancalt bidica-centiotigrewport, Hishpdgtedoall @ftPﬁUﬂi w00 — 860 °C,

compR TPl e b BB ReUREL g Ve of svou
1.1 — 1S9EMYURHd h Sudh@tfyd ofedbetd T45m- 317511@%@ ) a pote aamnfeerf about 2.4 — 3.7
embodi nent, the organoal um num conmpound is a{1 al k

cm®/g andjmautfmecm@ﬁr@boutl 0y 630 aréer BY EMBRAFEALMS about 0.9~ 14
cm’/g 8164% sg&;lﬁcergngug% 0 e?%@d 499 | eaﬁlt E%a&;a%%lut y&fn%b%nd' the catalyst

alum r-1so
formedd| ynitiel rproc’cHs]d éff hdding ebhyl o@lamnlmmmuni do0Rwhd lin situ. In another

anot her enbodi nent, there i s a orted chr m.ym
embodémeni) %orgwa@mungwm@uﬁ 1s §p|ay$}&# alkoxide compound. In a
prefer%g daln‘@%dﬁﬁéﬁta{h%' SHRRRR alﬁ@ﬁ)ig rc@fn?@uﬁﬂ 153&@%5/1 4Rhinum ethoxide.

rIS gSI I ca sel ected romth € group
In anotensirbbiingntfths btganealtmminuny c¢mpoundps pe allol ghmispmpespound. In a

orteisgodispert B el 255003 S AP Bon R grod nssin of
i 66Ul al@hRin, 44@ui-n®eRylihiginuand (c) a pore
methy?; @uﬁ{ﬁ%ﬂgﬁnglsgaﬁoa 9 - 1.4 crrlél gg}énd am;lurface area of
about 390 - 590 ng/ an organoal um num co
[00273¢| ect byl dmother m@o«ﬁme@tp Beisiist ? n@lpaprt%q? %?mum catalyst system

al.um _ o
o et SR P - 50
Compl?éi‘ﬁ’g ﬁﬁca}] Ekﬂe@ér%ﬁgmahel gmmpmonm@rgmﬂﬂiwa Imlr@d(y'%ta pOtEO@i_@}le of about

n anot her enbodi nen upported chro
11- bﬁtcﬁlq%%nds%/%@ﬁ? oo AR S 513y R REGRLE Boregotiant of Bout 2.4 -3.7
crn3/gs’a3ndI é:glrfa%@ta?éani)fqg)o%y RPOt 62PN hAd €8} BportORblum8®P about 0.9 — 1.4

rising I ca selected from t he ‘group consi sting
cm’/ g@hdsu shiface draw bhighcmt pe0 e 5\96|nmy‘$ a@forgqg)@ghmgmgn_cor_ppggund selected from

d f f ut
the grg% corgﬁ%gg Qg Hbﬁ‘gﬁiﬁda 1}?{}1??]{1%12 FFE 658 F]H%ﬂg]jm’l %%&H%ﬁgxryl aluminum, the
catalySBRsH fBAEA by BRIRobels 8f &MROME @f’ga@hﬁlﬁﬂﬁﬂiﬁm canhpbysltin catalyst.

system conprising silylchromate, a silica-contai n| ng

support, dehydrated at 400 - 860 C, co g}gn%é CR ;
[0028&]e| ect @@1 ) 't ﬁ@bgqhg@at c HKES SFj ﬁgsqﬁpo 11 n&ata yst system
compéﬂglg 5il él?)gyae&%#lnﬁ]b %cﬁ‘:géjglhg Jsgl%%ort Jdeﬁydlﬁﬁg/ ag 482 9—6@60 °C, comprising
s1110a\$ale¢t€dj‘i ﬁ@fn thb @udupohsistiiy of sﬂh@/lgivmg a pore volume of about 0.9 — 1.4 cm’/g

and a surface area of about 390 — 590 m’ ?/g: and, an organoaluminum compgund.

[0029] In another embodiment, there is a supported chromium catalyst system
comprising silylchromate, a silica-containing support, dehydrated at 400 — 860 °C, comprising
silica selected from the group consisting of silica having (a) a pore volume of about 1.1 — 1.8

cm’/g and a surface area of about 245 — 375 m?/g, (b) a pore volume of about 2.4 — 3.7 cm’/g



WD 2004/ 060923 PCT/ US2003/ 040138 -7 and a surface
area of about 410 - 620 nR2/g, and (c) a pore vol une of
W@bomun6@2® -1.4 cnB/g and a surface area of aPOUUSBO040138
- 590 nR2/g; and triethyl boron, formed by the process
of adding the triethyl boron in situ. [0030] In
anot her enbodi nent, there is a process for producing
an et hyl ene polyner conpri-gi-ng the steps of
contacting ethyl ene under polynerization conditions
and a swfid'é ALK aBbYSA10 S0 e, frlie(cy apateysiuay of grout 0.9 — 1.4 cm /g and a
rlsugg chrom um, oxi de, . an_al kyl aIu
surfacesarpa efabayb APA MY Hymsigp pest it Aoy 8 e e Bpisss afadding the

n1ﬂ11b 5ﬂﬁf§ group consisting of silica haV|ng (a) a pore
ety (gune g? about 1.1 - 1.8 cnB/g and a surface area of

about 245 - 375 n2/g, (b) a pore volune of about 2.4
[0030} 3. 7 Inrddbthenrohbadisnantathereais e proicesshivy tpraduping gz Gthylene polymer

.compnéwggtge g?ﬁ%? S‘;H(:f) cogqeggn%fet}&gl T ]%) p% 3%3%‘12%%(?11 oo&dlﬁoﬁsn&/ltg a catalyst

systemCQﬁ’é Rty Q% st&h Ccoipri¥R{e cl@fonﬁ@had)}&i&é ac bikyl tajumipoly mad a silica-
de chal n branchi ng, poI ymer M/M, poly

contalrpng miJOrtd@mpHSyH&ﬁ&inp stlooted fion) EreuBrarp \ﬁépﬁﬁtngo‘% %1&4%3 having (a) 2
resu t f

oro A B ks SE° RN et A Oy s il 0 .o

volum@fof QB VA en3 3 wf’/g ahdinisotfaed aroe gliiabaktetils— 620 ol grandric) a pore

0.1:1t 10 1. 1 h
o S T o onhy oo, oo e S i
one of, ﬁﬂeotré : cfal?eﬁfgfl ac@ile#?]apﬁlg}nl& ik Jﬁxfé QJrﬁrﬁfﬂmge Heh&e Mt /M, polymer

um nu de I's thyl alum num
Mw/MgtﬁWhéi&ienI;My aandtﬂstﬂymexenbha@u}ae meeight [of tharesiijiog afydenenpolymer by

4o ad]é# ltrg L her C?m o %E@%%ﬁéﬁf&ﬁ? g 2 €Sa1 éé‘%o squivalents of

alumi YJ@({)ﬂl@ﬂt@ Bf chrBnu g iRt 6d : Efd o0l Wﬁﬂtanoﬂhbleembodlment the alkyl
di et hyl al um num et hoxi de conprises in

alumnﬁ]ni 13 mﬂﬂlyl pluminum, whisobiey] dpmotinpegiri-n-hexy! ajarnign e preferred

embm{j %1%{1’[2)/ lhe af‘lgnl/ m ﬁ]fu?rg)g(e{llgoga(geioggtr ﬁlgﬁlsre At a{ﬂ% é%%l&)&&é |'YTn another

embocﬁﬂl@flﬂ" e @zﬂﬁl%’t' SRR filrtiRr ROMyiEss thmuanetrasopmpwtlde In a preferred
than or equal to 16 and said _poly

emboq;mat, glpe p e@gatmgaﬁ ®hese Hoéggq_l}zapﬁn Nﬁ%taﬁérpferred embodiment, the
add1t1céq Hg glgﬁgﬁl 1%@1?1 thc?‘xﬂe 9519 % if Qltu REQEWAT ROarther embodiment, the

the steps of contactlng
additi&t Bﬂ/dhethgl al.ﬁﬂﬁfﬂiur@ @thy&ﬂﬁllelcbﬁiprlm agiditibint direatly w thie catalyst during catalyst

cat al systen1conpr sin r.omat
prepaghph ol oA R SbF PoRBiRD M hg S et B sal o 16 and seid
Tymek L t i&aﬁeflé wiid® of silica having (a) a pore
poyn%b Jne gfg%% q 1.8 cnB/g and a surface area of
about 245 - 375 er/g (b) a pore volume of_ apout
[00313 7 crBi gnether embedifiest thereds @f Progess (fer PIBUCIEF ﬁ@ybene polymer

o S350 6L RS S NGRATE cBLABROHRGR Ry BRI a0E i o i

systerﬁ'cbin%ﬁsﬂﬁg @ﬂﬂbﬂﬂoﬁﬁué&mp@mhca-SOIﬂahmgrsapprﬂ't a¢mpiigng silicPselected from

the group consisting of silica having () a pore volume of about 1.1 — 1.8 cm ’/g and a surface

area of about 245 — 375 m%/g, (b) a pore volume of about 2.4 — 3.7 cm */g and a surface area of
about 410 — 620 m*/g, and (c) a pore volume of about 0.9 — 1.4 cm’/g and a surface area of about
390 — 590 m?/g; wherein said silica-containing support is dehydrated at about 400 — 860 °C; and,

controlling catalyst productivity, reaction induction time and polymer molecular weight of the

resulting ethylene polymer by the addition of an organouminum compound in an amount to



controlling catal yst productivity, reaction induction
time and pol ynmer nol ecul ar weight of the resulting
we@edwloenes pol yner by the addition of an or ganoRer/nsaum3/040138

conmpound in an anount to WD 2004/ 060923
PCT/ US2003/ 040138 -8 effect a final ratio of
equi val ents of alum numto equivalents of chrom um of
from0.1:1 to 10:1. In a pBeferred enbodi nent, the
addi ti on of an organoum num conpound conpri ses

effect adfildil tdtrofetuivdieatstoflalahinninrto msqeilvh]@nﬁs@é chﬂomiamoiﬂfmm 0 1:1 to 10:1.

enbodi nent,, the addj.tion_ of diethyl alum num,ethox
In o prelgp! PRGSO PEFT OFEGr ERYR S EPrpoes addition of

diethyl %ilﬂl%ﬁhl?xeeﬂild)pd@ NEt Refhe? BROJERAL, thé B&iiAskbE diethyl @furrﬁﬁ&rﬁ ethoxide

um num et hoxi de conprises addition directl ¥
compribes ih hnﬁu addigiby sif dmihylrvgmumum gtbomdpr épan@hﬁbro?mquhmant he addition

of sa1dp%p@aaf£;]|%gné§ang% ox'gﬁ,] elf%rp]%ﬁeg o'dﬁ 1fec gﬁ? gﬁ%tggt%}}@p%%g catalyst

prepardti%ﬁde@n QnpRI§AIdd efbbdigRnE Ofht apdlylﬁanﬁatulpﬁolst gt plaase polymenzatlon
l'oading of about 0.15 - 1.0 weight %of chromu

Preferabhottheemlyéqm@uatnemoadpch enigcrgid SibpA-emigiRing SYBRSH %Q%f}mg of about
0.15 - i&ﬂ;g lﬂtd%C er g%f l[h%p ﬁfof)&‘iﬂ-feﬂ{ lﬂXé aditisH B4R organoalummum

urfi num conpound IS
compofid esihsikes ﬁ@dﬁlbﬂﬂ of g é)lﬂstpl :ﬂﬁmmlmi torgpa@fndt rﬂrﬂ’ei’ajoly, the alkyl aluminum
alum num tri-isobutyl alumn

NI RS TN M VR RN p—

andeﬁ}?eg(gfauE roduci ng an ethyl ene polymer conprising
eps of contacting ethyl ene under pol ymeri zation
conditions with a catal yst system conpri sing

[0032Fi | y| dhrapiotiet endwodinaend thiersaisco pragess Y 1@9@;%1?& an ethylene polymer

con'p sin a_ sel tedfr
compr1§¥ng3§ eci)%h%tjv?%)éac(lgg 81}6 ul%(ge]r l}or?tlgng?rgzra on tc%%&‘iilbﬁ Y"f%‘ a catalyst
systerrPéH%&sﬁfk%@lMﬁﬁ@ @nd asBRaQbnRbang s@@Ert-coﬁ@ﬁsﬂ@/sgwa(sb])ected from
pore vol une of about 2.4 - 3.7 cnB andasur@
the grcmpewnelfstm&bﬁsﬂlcmh@vmg @0 pEegolurgof 6130“5 lord- § Gn{ggnd a surface
e o988 8 e S PR A AR G2 21 sBRptvce arenof
about 48 dehyafal el @) apbrkolve of alBH000,— hAdm /gmdtasmlrﬂgcmgea of about
cat al, st act i vit reaction inducti n ti

390 — 500 grie; b sbicaergamT spRE 5 UGB 490 860 °C; and.
controﬁglgy@51?{?%&?9%61?&&1619 Mn@ctiBn GAn&, 24l }6§ltynieﬂ mdle@BUReight of the

rati o of ewvalensof alum numto
resultigg uthvy&he pblymod byhhe atidlmrobf 4 W_rmlt@lyit in ancurigynt torgffect a final ratio of
anot h enbodi nent ep of. con t onprhses
caivalgit A (HHGRL 10 OIS PLAERORLEL Rbs i Of i EiGpern enothe

emboERRACHIEEED of QSntﬁ@mﬁgaé(ﬁﬁpres b§nt§&ir@0¢1fthi dﬁd’th)yh etlinﬁlrgnn at}homde In

consr st ng of triethyl alum num _tri-isobuty
anothal emntiodument.athe corcptakyshisxaplectsl framh i STPRP ﬁ?ﬁﬂ%‘g of triethyl aluminum,
e, L08 AR al ept BBl O the ratio of
wiisoB R SR RS SR S oo A0 e s o
equivalenks oE%h&mnﬁfrﬁfcﬁédilﬁdalembaﬂl diesthiunt e fiood wherti zhtto aiboutsfi 1. na
gas phase polynerizatiaon. | n another enbodi

prefergq;lt angogimeny, the@ghg@enqaﬁo% i %qs)}gl@se RlyRe %8{{‘;(}]'1 alnother €mbodiment,
the caﬁll}lfémsnd'gyte%[ ikt A Wit b T AR beigh Ak 10 luhfhum alkoxide prior to

the addition of co-catalyst. In another spéciﬂc embodiment, the alkyl aluminum alkoxide is

diethyl aluminum ethoxide and the ratio of equivalents of aluminum to equivalents of chromium

is between about 1:1 and 10:1.



the addition of co-catalyst. In another specific
enbodi nent, the al kyl alum num al koxide is diethyl
w@baaioenees et hoxi de and the rati o of equi val ent BCD1S2003/040138

alum numto equivalents of chromum is between about

1:1 and 10:1. WO 2004/ 060923 PCT/ US2003/ 040138 -9

[0033] In another enbodi nent of the present invention

there is a process for prodiRing an ethyl ene pol yner
conprising the steps of contacting ethylene under

[0033pol yneini anatlieo embodinttint bbtie medeht mventiad thste isyaspreoess for producing

rls ng chrom um oxi de and_a sili.ca-containi .
an eﬂé‘/gﬁ‘}o PPYIES i FISTHY éﬁ? i 15PSs 8f ROPEGURS ofiRYIFRe di“ggﬁo polymerization
condltﬁ)ﬁﬁl %xhﬁf b 'Egtaﬁfst §ys|tén‘f BohpMking hfImAnPe%ide LAl WRTiO- c&f@éﬁﬁfng support

and a surface area of about 245 -
comprrsﬂi@sﬂu(ebs)elep;tqd(ﬁ'@n\tm gnopp cbnsagimgtof zilica-haging (akaBong \@hgne of about

11— PR S e S0P 0 PR 0UTE 6 0 B2 -7

cm3/g aﬁ@ t sudfBe area Yt am%ﬁgm@ormqw/F Ngndca) al it vahinhe/ bt ¥bout 0.9 — 1.4
olymer M/ W, and ecul ar wei ght of the
om’/g a@@ alswifang aseengf about %fgl v A9 nB{g; coriraltieg eatelistactizity, polymer My/Mn,
oS Lple b AR LR oL Pl By co cata
in an &meuntQo beﬂctt Ofihdl: rhtio lof e@ulpaleﬁte raf’ eadinmmibnﬂtiorm]utvaldnlteeof chromium of
co- cat al is selected fromthe gr ou%?t conS| tin

from .11l gPiial B rRieIoreR THEGTTEY Dy GrP et B Hected fom the group
cons1s{1ﬁ% of*fﬁ]e lanfhitt nﬁmso})&gﬁalﬁﬁﬁﬁhﬁ' dnd tﬁfipﬁgly‘mﬁﬁmnﬁlﬂe In a specific

equi val ents o um numto equivalents of
embodlimlemhumtls of eqmvaiems: of dluhintno taepuvaléitd of ¢hyompon kefrom about 1:1

e ment ol yneri zation i s gas phase o
o bop ) mbh RS AP AR P RGY BRI R LGP grization
present invention is a process for producing an
[0034§t hy! eRgofel ¥iBbdinien® JTEMRE tiResead ifentibmds GOpiodedsi fog producing an
et hyl ene under polynerization conditions wth a
ethyleo polyme dr &l IpaatorsgaIpRItAIng eARINE Fitene Wuley relymesizatipn conditions
with aoglérpg}epcaa%ﬁ%/#esggtg yrrefrilclluzcabg iy %{)Iyg{eglg%tﬁfn Bﬂqé'gpﬁre—tﬁﬂg yield value of
greateP HOMAUS; tand i dpyradihg glﬁ@pdlgmaﬁhzﬁr@n%@(batdt@t podcbalmwt)kgf greater than 3000

ke POfM%tgff?fléﬁgSé%%;gt%é AemErtR RO fr Eiiis C Bighet tha the reaction
tempe?aﬁ".\ﬁéabse ce o {I? {Ntﬂ[ﬁ tﬁ@%n&&ﬁ@ﬁ% cafd 8@{ ¥yten® ¥ iRMbkdhce of triethyl

al um num and produci ng the
alumisirhydnénprogotipgehe athyﬂdns paymepet yiresame |pebmearmm1@p@1m weight and

s RS S SRR Y bl Y s ot e

and C&QW(SCE alomasatieol e ratio. [0035] The foregoing
has outlined rather broadly the features and technica

advantages of the present invention in order df ha ,E%e
[003%]et ai | dBe dersepingthiap ﬁuﬁme@ retherRreadly dhe fosbres & Eﬁﬁéﬂl yadvantages
of the g‘e?e?lt n“:{frentllI d?{%ﬁ@rot%at ﬁg%e{a'ﬂg@ ﬁ%sc%lg)ﬁgﬁ’ bf ?ne"’mgentlon that follows may
é’ ages o i nventi on w | escri bed

be betier &mdb&ftbcﬁf whilidettonb b faatiutrbe aisdi bihemtage$ of hlaas givantien wfill be described

the inyvention, |t .shoul
hereinafter wh}/c orm the subject 0 lilthe clanr?f g{ %%Ilg\tfe% ion” It should be appreciated by

those skilled in the art that the conception and specific embodiment disclosed may be readily
utilized as a basis for modifying or designing other structures for carrying out the same purposes
of the present invention. It should also be realized by those skilled in the art that such equivalent
constructions do not depart from the spirit and scope of the invention as set forth in the

appended claims. The novel features which are believed to be characteristic of the invention,



those skilled in the art that the conception and
speci fic enbodi nent disclosed may be readily wutilized
w@sg00a/0bmed s for nodi fying or designing other sPCT/US208640138
for carrying out the same purposes of the present
invention. It should also be realized by those skilled
in the art that such equivalent constructions do not
depart fromthe spirit and-48epe of the invention as
set forth in the appended clainms. The novel features
both agdol ighorgargzdtidhiaau eetticl dfopertivacibgéthstwith GfrtHehebjects and advantages
... i.nvention, WD 2004/ 060923 PCT/ US2003/ 040138 -10 both )
will bedgettpbuqlc%egstg?dggqamg]a@ fdlowang desekiplarn Whe]fb?%lﬁ]é]@}‘eéﬁl,l connection with the

LU 6 46 sk Pl a a8 bl by l& £ i
o ML, SU5URCE AL ugth 800 A L, s
provided fisithlepedoserofc huntmtion eml désthiptidneonlpendispmhyritegled as a definition of
. figures. It is to be expressly understood, however,
the hmt"ﬁg“gﬂ&ﬁfﬁseﬁ Vel gures is  provided for the purpose
of illustration and description only and is not

BRIEF DESCRIPEONR Gl DRAWINGS he |inmts of the present
rnvention. BRI EF DESCRIPTTON OF THE DRAW NGS [ 0036]
For a nore conpl ete understandi ng of the present )
[0036] nyentkam mase spapleés padeigonding @b tho Presentfigysbigpngpference is now

made g)ggh%%oglh% d%j?ﬁgﬁ%lg]ta%%phm%Hﬂatog‘o\%%lttpﬂ-f &ccoil?panying drawing, in

which:Possi bl e structure of chrom um oxi de-on-silica
("Phillips") catalyst. [0038] FIG 2. Possible

truct of . si.Jyl chromate-on-silica catal ysty,.£.0039
10037, o ST SoBitl Sar G otrare Cor G S iy ERaihiDs ) ehtayst
produced with M535100 chrom um oxi de catal yst; (a)

[003810 DEALG. 2( PosdiblestrittuddilshylchfomdfEbhkilRd dedlysn
catalyst. [0040] FIG 4. Ethylene Flow versus Tine
for MS35100 chrom um oxi de cat al [0041] FIG, 5.

t. ,
[00391] ecuFl& dei SfAlCIET Weight Ript ol pPiREYIRSdMOdRCR) Fiith MS35100

o R AT U SEAEEL i DT EEERL{ o cat

FIG 6. Ethylene Flow versus Time for 957HS chroni um
 [0040pxi de EWG.all. yEthylehdPW8] veEuS Tihe fbME3 61 G chrestpm opidocatalyst.
of pol yet hyl ene produced wi th EP352 chrom um oxide

at al yst ., n-Situ. » b LE adde .
00413, 31 JEIG: § GHalefid el TORRs grmths gl FEAEHS 25788 chromium
oxide EXIR9E; (Mo 'DEIﬂLEMb?* -Gt BEWIIE; (£)A0BA] ERli@d & catalyst.

Mol ecul ar wei ght plots of polyethylene produced with

silylchromate on NMS3050 with DEALE added in-situ.
[0042] 0046] Fi-@&- Hthyleps Rlomeyrasys| Time ey L 7ESrehyamyygn oxide catalyst.

silylchromate on MS3050 silica. WO 2004/ 060923

[0043TCT/ USERY3/. Odicdtlar weight plots of polyethylene produced with EP352 chromium
oxide catalyst; (a) In-situ DEALE; (b) DEALE added to catalyst.

[0044] FIG. 8. Ethylene Flow versus Time for EP352 chromium oxide catalyst.

[0045] FIG. 9. Molecular weight plots of polyethylene produced with silylchromate on
MS3050 with DEALE added in-situ. .

[0046] FIG. 10. Ethylene Flow versus Time for silylchromate on MS3050 silica.



-11 [0047] FIG 11. Mol ecul ar weight plots of
pol yet hyl ene produced with silylchromate on 955
W@ 004060923 (a)no DEALE;, (b) 5 eq DEALE/ eq Cr;PCT/US2003/040138

in-catalyst; (c) 10 eq DEALE/eq Cr; in- catalyst.

[0048] FIG 12. Ethylene Flow versus Tinme for

silylchromate on 955 silica. [0049] FIG 13. Activity

versus Equival ents of Co-Catldlyst (A/Cr) for various

co- catalyst for silylchromate catal yst having 5 eq
[0047DEALE/ BIG.Qrl. MdO&Mgr wdight pldts ofppolyethyibax pratused with silylchromate on

Equi val ent s - Cat al Al /Cr) for various co- )
955 s %;aqamé)%fﬁs ﬂSyff 81%36%%{(%; eh{CH frg%atﬂwi ) %%EALE/eq Cr; in-
cataly®EALE/ eq Cr. [0051] FIG 15 Activity versus Time for

silylchromate catal yst having 5 eq DEALEfeq Cr, with

no co-catalyst; and in the presence of TEAL. {)0052]
[0048} G 1BIG.Ag: EtlivigneJdow ivsrsTs g Hr sdylckrostatoemp®S silica.

catal yst having 5 eq DEALEfeq C, with no

o- cat St , | .
0045 S FIEY, 0D vHAS MET ISR, B (LERAROTRRES L variows o
catalyftaut §iyléhregatoicAlab/sehavifg 5 efDEAT®egQrcat al yst; and in

the presence of TNHAL. [0054] FIG 18. Mol ecul ar

005010, S BB S B S 05 P Ry o vrions co-

DB 1 for
ety B e O DRI PE0E g o,

produced pol yethylene, in the presence of TIBA [0056]
[005141 G 2BIGMSA Activiay vewsigyRime fastsilylshromity catalysiveaving 5 eq DEALE/eq

at al yst, havi ng.5.e DEAL, Cr, produced
Cr, W@b}l%%/ﬁ?ﬁ“ Rl 20 }P’ihﬁgreﬁ‘?%"s?e"%ﬁ:@%‘olf' TEAL. [0057] FIG 21.
Mol ecul ar wei ght plot for silylchromate catal yst
[0052]avi ngFEGetp. A¥Alil/veesuSiTimp fackiytdirg@ohty ebfajplsehaying 6 eq DEALE/eq
the presence of TNHAL. [0058] FIG 22. Activity versus
Cr, with pe cp-6ptakyst wpd i BeRrecresd Y8 having 1.5 eq
DEALE/eq Cr, with no co-catalyst; and in the presence
[oosgf TEAIFIGV@..%@(Q%@%%%@ TR FHS2 R3S Qt&%%mys@ﬁ%&i{&g)@%]q DEALF/eq

IG 23. Activity'versus Tine for silylchromat
Cr, withtrel opsdatdipstj angl it 15 pgsenbES{ ENBCr, with no
co-catalyst; and in the presence of TNHAL. [0060] FIG

4. Actj Mmit T f ' .
05, L B A g o 5
DEALF/eq (08, b&s@a¢RlyethyldnB/no co-catalyst.

[0055] FIG. 19. Molecular weight plot for silylchromate catalyst having 5 eq
DEALE/eq Cr, produced polyethylene, in the presence of TIBA.

[0056] FIG. 20. Molecular weight plot for silylchromate catalyst having 5 eq
DEALE/eq Cr, produced polyethylene, in the presence of TEAL.

[0057] FIG. 21. Molecular weight plot for silylchromate catalyst having 5 eq
DEALE/eq Cr, produced polyethylene, in the presence of TNHAL.

[0058] FIG. 22. Activity versus Time for silylchromate catalyst having 1.5 eq
DEALE/eq Cr, with no co-catalyst; and in the presence of TEAL.



[0061] FIG 25. Ml ecular weight plot for

silylchromate catalyst having 1.5 eq DEALE/ eq Cr,
w@e@dioeweB pol yet hyl ene, no co-catal yst. [0062]PEI/G52088040138

Mol ecul ar wei ght plot for silylchromate catal yst

having 1.5 eq DEALE/ eq Cr, produced pol yethylene, in

the presence of TIBA [0063] FIG 27. Mol ecul ar wei ght

plot for silylchromate catall§st having 1.5 eq

DEALE/ eq Cr, produced pol yethylene, in the presence of

[0059]TEAL. 1180623, ﬂc@wit?sverbﬁﬁ eGtheaforweilgbhroplaed dagilyst having 1.5 eq
silylchromate catal yst having 1.5 e DEALE/ eq Cr,

DEALBfegdure wathpel opeaafalysepad ip the presepeesle - TNHAL.
[0065] FIG 29. Activity versus Equival ents of

[0060f0: Cat /Shy ( ﬂ(!tig{%egr%sv Afi}RUForC gﬂ%lEﬁl_toﬁ{aYeStc%teflﬁrt having 1.5 eq

57HS ‘chr om um oxi P catal yst having 5 eq
DEALBRALEY, edthGro. cof R Gst; #idGn tiB0presenosof Tl ver sus
Equi val ents of Co-Catalyst (A /Cr) for various co-

ataly r HS, chr om um, oxi.de-.JTl.P cat al .
[0061ﬁavi nglgﬁtf‘5 5£§q %E’i?ﬁ‘:"/laéqw mhy[pé 65t ?—J’éhr@]fa&l\/ﬁgté@lﬂ Jpving 1.5 eq
L obt pRIdRbed S81y&RYIER:, GloreHatiysexi de- TTI P cat al yst -
DEAL\%?éoduégd po?ylgct; ylgne, no cg- ?ést alyst. [0068] FIG 32.
Mol ecul ar wei ght plot for 957HS chrom um oxide-TTIP .
[0062} at al yEIG. 6-oddideruhas yeighi | Riole for silylfuroppiss &aRlyshhaving 1.5 eq

B 00 i pl ot for 957HS
DEALE@“Q%’ bmdgx)%(%%@l%ql%ég%ﬁ:ﬂf;@# ES%%?%@U%?GA ‘pol yet hyl ene,
in the presence of TEAL. [0070] FIG 34. Mol ecul ar _
[0063}ei ght FIgh.o27.f oMABMHE efvightiplot dod didylehiomatatcatalyst -having 1.5 eq

produced pol yethyl ene, .in the pres of TNHAL. WO
DEAL%%ﬁEG’U@Q@“%@*D%%@%@%/IE%l@ 56%961%%’891] FIG 35.
Mol ecul ar wei ght plot for 957HS chrom um oxi de-TTIP

[OOG'SA?at al yptG. peodugsidcnn® yeiighy | s16€ fonQilglohwaiatd yeatalyst having 1.5 eq
0072] FIG 36. Ml ecul ar weight plot faor 957HS

DEAIdHeq 6, prodiced polyFihplenatialthespresepeo el ENH Aol yet hyl ene,
in the presence of TEB. DETAI LED DESCRI PTI ON OF THE

[0064& NVENT?F@!@\%Q Oﬂ%lyf{gﬁfgksﬂﬁs ;i/@arl]eﬂtss oRRE4-CeBse (WYCh)'€or various co-

ol yme i'oh 0 any suspensi on,
cataly§t8 Ifost 93TRLS v oLide JASP phibst imviges sq DENLAYek Fown
equi pnent and reaction conditions, and is not limted

L S A -
catalykfs cHESmbifn BRRIITHP QGaBst Révims Phef IBEALE/eq Cr.

G5
subat nospheric, or

[0067] FIG. 31. Molecular weight plot for 957HS chromium oxide-TTIP catalyst-
produced polyethylene, no co-catalyst.

[0068] FIG. 32. Molecular weight plot for 957HS chromium oxide-TTIP catalyst-
produced polyethylene, in the presence of TIBA.

[0069] FIG. 33. Molecular weight plot for 957HS chromium oxide-TTIP catalyst-
produced polyethylene, in the presence of TEAL.

[0070] FIG. 34. Molecular weight plot for 957HS chromium oxide-TTIP catalyst-
produced polyethylene, in the presence of TNHAL.



super at nospheric pressures. Slurry or solution
pol yneri zati on systens may utilize subatnospheric or
wa@apensrbspheri c pressures and tenperatures iPCT/082003/040138

range of about 40C to about 300C. A useful liquid

phase pol ynmerization systemis described in U S

Patent 3,324, 095. Liquid phase polynerization systens

general ly conprise a reactet3to which olefin nononer

and catal yst conposition are added, and which contains
[0071F | i quild. nsacMalscur@diveisht @lot thir SETEAS plroatimsusyidadiTip catalyst-

the polyolefin. The liquid reaction nedium nay consi st
produced pelyethisleng, no qoieaadyononer or an inert |iquid

hydr ocar bon that is nonreactive under the
oly 23l O $ ROPIRYSHHACHIRMER SkidB-TANP catalyst-
[Oonfner {T%I&Fqﬁjﬁd Moc}?%iggapr tglg%}\ ggd not functcl on as a Y
producsé pvigathyleheyin tiirepresena¢ y6TEBonposi ti on or the pol yner
obtalned by the process, it usually serves as solvent
pol yneri zati on. Anong
DETAJLE s stti table for this
pur pose are |sopentane hexane cycl ohexane, hept ane,
[0073Eenze”ﬁle tobntimels appHcdbieto thekwlynRaatio ef otufinadty any suspension,
et ween the ol efin nononer and the, cat al @ 4
solutionoipuri oF B RINGEIPEPTSE, uﬁ@gﬂ@aWﬁ&ﬂuﬂvﬂ%ﬁ apactign jcppdifigns, and is
| T Nt &eRkAly,t i8fin pol ti
not hn&’ltedfa% 5%; Jéiﬁc Bg)r 0033? nr e ctt&gld ?eef i %ynonérrlre)f) ymerization
temperdafur¥d trbh‘g’ea\ﬁl@nf rabouit IOéCr’@aabmrt 30070 auctrsbsphefipe sebagthpspheric, or
ol ymer product is arated, and the unreacted ol efin
superaﬁgmhgmc aPESTWEui d Sﬁ t PbNSHBLL AR Yrelen%aglé)?c:ls&}elpﬁt giay utilize
subatrﬁ&ghér?ca era&? %:)‘Mzng E?eskﬁt‘@ﬁ‘ﬁd RpefaturlB® We#RS range of about 40°C to
eclally“use gas phase polynerlzatlon
about H0OP@s A wistfnl diguat ahasss polymevizgians SYHAEB iSn Qsﬁﬁb%ﬁ@eU S. Patent

224 e b 9 b B LR e o 3 B o voin oot

monorﬁ@rnﬁﬁl Qa1 chpddfofrarePddabe il whibld coitaind hﬂﬁuchtelacmcﬁdmedlum for
fluidized bed gas phase pol ynerizati on s%st ens are oo bulk
dlssolpagtqr suspenilipg ibe polyolefige nEhealiquid reackign yasdiyB gy @%{@S ot the bu

R

condit§@teMployd. Qehodgh mmineﬂllnqunﬁqdmmad)qnmd mgbﬂsllciyon as a solvent
through a fluidized bed re ctor B reaction es as solvent

for the,e#falyst composHienion The-BP R ARIEBCGPY (R BEPGSS 1 RN, FT5H
t Cld f MRt Aoy BRd ikt $ighiddhydrocarbons

for th% ?nélrﬁ%erg AT n}ylo (%éiuis]d g%%gglﬂg%rﬁlgl tion. Amggt ream e Y
sultabwm diinpmgosenre mpauanmmmr cyictohgkariedhepianes beme% doluene, and the

react or contjnuous ressed
like. Bﬁ%cttw%lqowacb}?’eti‘”ﬁ@il )}K% 8ﬁegnp§’é’80m3];1 &5 ecyg ta ?ﬁﬁéghﬂon should be
amtﬁﬁ@(‘l: Bg ConsTin® 9 ingio? apltdtival anme rédcfih hivdiune acﬁt@mngtﬁe olefin polymer
nononer I's added to the recycle stream i
produd’emdr weetomd elefin: @rcmpmeé icwHhdravndron e reisfﬁ%Finila‘ﬂﬁllsnThe olefin

polymr% %%c?d;h gn@%a@ﬁi L be e held€ ?1@ Inycﬁﬁ)m%f’ HiRPﬁJIlﬁlﬂ %hcﬁﬂﬁi medium are

presen as stream
recycREAdhibitReeadtof.| Ui di zat i on aid such as carbon bl ack,
silica, clay, or talc

[0074] The invention is, however, especially useful with gas phase polymerization
systems, with superatmospheric pressures in the range of 1 to 1000 psi, preferably 50 to 400 psi,
most preferably 100 to 300 psi, and temperatures in the range of 30 to 130 °C, preferably 65 to
110°C. Stirred or fluidized bed gas phase polymerization systems are particularly useful.

Generally, a conventional gas phase, fluidized bed process is conducted by passing a stream



may be used, as disclosed in U S. Patent No.
4,994,534. [0075] The pol ynerization system nay
W@ o9po6m®e3 a single reactor or two or nore reacPOr/BES20051040138
series, and is conducted substantially in the absence
of catal yst poisons. Organonetallic conpounds may be
enpl oyed as scavengi ng agents for poisons to increase
the catalyst activity. Exal#tes of scavengi ng agents
are nmetal al kyls, preferably alum num al kyls. [0076]

containfRN¥ENbF aRE oRdinUMBdRbBedBaonlLudisBthréudhng flidigeisbed reactor under
provi ded they do not = interfere with the operation

f
reaction lrendisions ysd igothp ozvesaned of rrafalysti GRgRORBLoRC ¢ Siglocity sufficient to
Ie a t
mainta g%?ﬁ) cﬁl soid ]%&rﬂg cg:lgggﬂq aﬁ%%&%ea‘%gﬂdlﬁﬁ?o %E%ﬂﬁ&mlg(ﬁﬁn%fxﬁg unreacted
mononff ihwathegem Reh the kecok cbﬁlﬁmiounlgnmmpreﬁseédcoo[lﬁ)bﬁ]lonally partially
Pol yol ef i ns _that_ nay be produce rOaccor di.

t h
or fully guArpiesh An e Els ios BaTEE, LTon i Jilah BOB: fhggector and
make-L{?r &%ﬁ&gﬂx Ls aqqag@ %”ﬂ?es gllge Fl%arﬁt hyd @B§rea@r kérﬂ}%?ﬁtufbr control of the

ranc I N nNbnoner s contalnlng 3to
polymehatibn 39stemr oy gas mmt td—mmwalqunmsmom ardorslagigaissmay also be

of ethyl ene and ch hi alph olefin
presenigpthe Bl ieRToD: MGG TR BT SO PO At Shctygley or tale
may é@s\éflb% dagsed RHUIRPLRnTNgheDoabpha- ol ef i n nononer s

I nc for exanpl e, propylene 1- but ene, 1-pentene,

1- hexene 4- et hyl -1 - pentene, 1-octene, and
10075, 5. &- Thd edyingizetion REKen E2YOBTTINC B SIMBHUAcA g g gnore reactors

in sengso rﬁ:@glgltcg)\é tec? it liqa i dg%%ﬁge gp c%a?@PgBﬁbﬁ‘s Organometallic

non-con| I enes, Inear
compolﬂfl@dqﬁllﬁ? Ge eﬁfpl@}bemals @catw:dgmg aphas fati p&xmms baincregsé therpatalyst activity.

about 4 to, about 20, preferabl 0 carpbon at omns.
Exampipsedfcerecncmgagents preaneiakalyls, Pﬁéﬁ?{aé?ﬁﬂ @H inum aﬁ k.

1, 5- hexadi ene, 5-vinyl-2-norbonene, 1, 7: oct adi ene,-

[0076;’I nyl @%{I&"Jeﬁﬂgﬂﬁ NGyiuFinky &la gpﬁé"tu@&l 8Rcthe rdtas) pftﬁmded they do not
sobut yl ene |sop ene, | i dene nor bornene and_th

interfeté keith Ateonpdraimorc ofiphes matslysh gompesitipmyn forsinguthst ¢€éﬁed polyolefin.

Hydro%?xﬁ%a?i?ﬁ ?esga? c@fgﬂgr%. esrgag%rlﬁt gh% ér%Fz@s@ Sn allrg{ﬁc tsggJi tgrabout 10 moles
ofhyd?é%eﬁrp%r mbld ¥ toRAE RloRbBer RE6d. y| ate esters, nmethacrylate

vinyl WO 2004/ 060923 PCT/ USZOOS/ 040138 -15
r|alk¥ sil anes and t he I|k may _be

[00773ccor d plyoleding Hat p}wmprgqlpcg ag\g‘éqrfhng %gl}(qylplvgntlon include, but are not
hmlteg ﬁ?/, Bh&d 1% 1{3 oféﬁ%ﬁ RIS sﬁ'&lc&’sr Sh9Bnt @nd MRear or branched higher

|on I'nNC or exanple, high density
alpha-BQ’Jf)’l&hdSt)dn@&ie contmidingrd wWebsutt 30 Cpld:bqlmthl}lli eHem(opﬂb/rrm ¢fgnterpolymers

of ethglfgg@ :aggrgp : eg?haqblgqoé)ége gp?qgﬁg%rsp 67]’15%? eg %%negn?g from about 0.86 to

¥ | GREART RRYE ENSuit WD & er( -§lkfin monomers include, for example,
aboutG(%Eyl eﬁ}g/ propyl eneI/ldl ene terp nmers (EPDM s

prowlmb y bbtde.chpentpud, irkaxone rﬂemﬂw *&J@éntem?, kleoctfl%mﬁsﬁi 3,5,5-trimethyl-1-
hexeng, g)lffjfgq R o %{Qoau m?F@P]&&g 1n§feﬁtio%6}n§}%l% ¥& biscliORdr 6/ bhin conjugated

or non-conjugated dienes, such as linear, branched, or cyclic hydrocarbon dienes having from
about 4 to about 20, preferably 4 to 12, carbon atoms. Preferred dienes include 1,4-pentadiene,
1,5-hexadiene, 5-vinyl-2-norbornene, 1,7-octadiene, vinyl cyclohexene, dicyclopentadiene,
butadiene, isobutylene, isoprene, ethylidene norbornene and the like. Aromatic compounds
having vinyl unsaturation such as styrene and substituted styrenes, and polar vinyl monomers

such as acrylonitrile, maleic acid esters, vinyl acetate, acrylate esters, methacrylate esters, vinyl



cat al yst systens for pol yethyl enes having
characteristics of those typically fornmed using
wa@pdogloetredmat e-on-silica catal ysts. It i s desipPerusivat/040138
any such catalytic systemperformwell during high
space-tine yield operation (i.e., operation maxim zing
pol ynmer produced per unit reactor tine and reactor
space), producing the great¥st anount of pol yethyl ene
possible with high catalyst activity in a shorter
trialkyl fsgﬁﬁéé%ﬁ%&'lﬂ@-m@ﬁe HmePsbdl acdordial 6 ke AReH@EBas well. Specific
adequate product’ vi and activity, yet polyethylenes )
polyolefino dhet edayt be ouage 4d¢et<£i/ng1§7eﬂ@r avertion ingBrleofir] GRaMpiG Migh density
a. nunber .. of l.i cations.wher i [
polyethile T, SRpsitje PgETH g, i(ﬁlﬁﬁdg%, LSt lﬂge%gfe‘%gﬁlgg ers and
ethylen®The26HEE o}y RErsP hoRiorputidtilshep fpolypremydéreey efelgtetpropylene rubbers
di stribution are desired. [OO7E%EThe -called . . d th
(EPR Spiettilansiorepidenc/diene {emagaeiedl? PH P aoBghiaicpsprlysgryene and the
like the first chrom um oxide-on-silica catalyst. The
" catalyst is formed by inpregnating a Cr+3 species into
silica, followed by fluidization of the silica matrix
[0078]at CaRed@:dThrodftn Bxidoraesilicahetaysts opesenioprs, pathway fosimproved

converted to Cr+6. The Phillips catal yst, | :
catalysE GHFIGRP y F RUVGRUERS [ o ieGRIGh P b SRl formed using
silylch%ﬂf-'oﬁ-‘éﬁﬁg rdalyded. +6t 'is MBdited Gbr any worloxbkEBtionsysteni parform well

catal ysts exhibit good productivity, they produce .
during il oy iemepielaopanationeliat operalion ap4mizitg BelymsF produced per unit

wei ght - di stribution.. Th - Phi.d |4 Ly $bssible with
reactoraii].lt&g 2nq é{a%czorcgotag?)y pradugin tﬁg rggé?alrt]ésf g?“é’ﬁ‘ﬂegf ?glygtg&f% $bssible wi
high catbly@Xactivfl ah ¥sdhdrteregideecltige v €hramamh enblei aatalysts possess adequate

representation of the structure of CrOx catalysts. .
producsivity land eetiite yeirnodyqthylenes produged hroyeh Bee Usg, EPZ?S‘S?S than optimal for

L OgaNk 60X Hfs 2halaMTholbhthr wHERAHEEBution, and
i At
the pref€@fde®if 6@k @sgreSbr yinudintityatfeadecudarivaight disributiostage desired.
referred to herein as "SC' catal ysts. Figure 2 gives a
schematic repfe tation of the.structure he first
[0079lataly§h%§°§%ﬁﬁi§%ﬂ BTé?VEFE g&Bd ?%1§5M%§e%%a§§§gyz%w Pe o
chromYﬂnﬁ Brﬂﬂe%ﬂ-ﬁﬁﬁ caAblM! STheSdacdlystss RIALE bydutprepmating a Cr species mio
catalyst pr e%;r ati or%htgt eSEi' pri otr_ toq add‘llédr 9@ t%ébh).% Under these
silica, rfeiowed byl fluidizatiamdtHas sheanmairgod °4 oot eser or-
e B AL LY O LGRS e o i
prior @é@Q%%ﬁni%km&tsuﬁb@tddi @it .? oWhileohentimsedide-on-silica catalysts exhibit
d a%gi;]ga%@ign ; hosg)@er Odulgtﬁglfgwést rﬁa‘%gg Cl%%%'@%lsyt g?rlrc\ﬁ/) %ﬂlecular weight
good 800 2R CPAXPUSZODRY ¢ [ vdfiations
istritpRo &t z l SREGLISRASEHRNONS &6k BBrein referred to as
dlStnbé’ith?'ca?%%éé%gggeﬁ;mﬁiﬁ vvﬁ%lﬁte particul ar 85;” ation uses
“CrOd1 ¢adliyatsn Fidurail Loves apokematio FEPteRntatigy efifha stactyre @ CrOx catalysts.

silica along w

{ th the Cr+3 species .hefore i L6
Silylepasie R PHH G U B GRaRPE T P GRS S Db OO batalyst tha
produgs%ul éﬂlkfeﬁéﬁahgtdh%ﬁé) Rl BFoR¢hélRloneldeticieneled. i Silyichnemate-on-silica
res ??, I'h polyethylenes with slightly greater . . ¢
catalyss| aee tdfenredyei hﬁxplncﬁséisg”mgtaﬂﬁfss Kig 8iyes 8 schgragicgpyesentation o
the st\{"muthr%uct)f gbtt%lg tc'zit%PYstsy\hSb?tyfag'c&alysts are typically reduced with aluminum
alkyls, such as DEALE, during a catalyst preparation step prior to addition to the reactor. It is
and has been a goal to preserve or improve productivity of CrOx catalysts, while producing a
polyethylene with molecular weight and molecular weight distributions more closely

approaching those produced with SC catalysts.



syst em produces pol yet hyl enes tendi ng towards those
produced using silylchromate-on-silica type
W@ aioalywes, further inprovenents in nol ecul ar MeT/gk1003/040138
and nol ecul ar weight distribution nore closely
approachi ng those obtained with
silylchromate-on-silica are desired. Exanples [0081]
Exanpl es 1 through 53 were-éonducted as slurry
pol yneri zati on reactions. Exanpl es 54 through 74 were
[0080F onducy fthtions angﬁtﬁaljadﬁﬁsmpfdymg:iCbédspEﬁas:tsnpporﬁért&r allhca have been

catal yst preparations [0082] Unless ot e note
known; fnecpprtigulatarigieryuses t %m%wa&m@ogs@r@ W%@“&Tefl onto silica

along H%hpbrﬁgﬁeélgé W@&tﬁﬁ@&?d‘lbhﬁsvarlbg%g h&RRaI& referred to as “Ti-

repar at | rom um oxl de cat al yst activation:
CrOx”C(aﬂtaiagedt chrovaium osile).v eich moedifitesioss) pgﬂuitelmspﬁllb’ftth}’lﬁm with shghtly

s o AT Bl R TR B9 6 30 B8 oRHRERIA R Tlian, v i
syste 'dﬁ@ets' By ét Gﬁédﬂéﬁ&lﬁg t@ﬁ(/alﬂélscﬁd)dégplﬁéﬁcedtﬁkﬁﬁgl Glmylblh@mate on-silica
tal yst for our hours at the specified tenperature

type cahalydtSy fiarither iTipreveimenissiraiojeculap Aerighteand molecplgpaveight distribution
ta h
more clffe gt T St el AR ORRE gt Ry

oxi de catal yst reductions: In a typical preparation 3
gr anBxahplps evi ously activated catalyst is placed in a
50 nL airless ware flask with a stir bar under inert

[0081}t DS pRemeplesT i Hryudh 88 WhreOEoﬁuytedemshmgf helyareeizatson reactions.
added and the mxture i,s heated to The reducing

Examplegedtt threpehidrvers geriugted 18 prephgaase é‘ﬂl}ds ‘?eéiafﬁéﬂ?fs are

20-25 wt%in hexane). The stated equivalents are

al V"aﬁ}énérglecaﬁﬁ%étﬁr%ﬁraﬁ%ﬁ&em to chromum After 30

m nu commenced. This can be done under

igh v by ?ednﬂ(erc%%%tsoﬁgegle tHeoBb¥Wde Efamples were all
[00821]t0 edegtr%%&%ﬁ“ﬁ%ggn unltl used. [016185] Genera% P

made By thedobdwimg pioceB@et.ype Cat al yst Preparations All
silicas are dehydrated prior to use. Silica

[00833 ehydr g{tpi og]r i’?egcéfa%ﬁlgc edCE}? nﬁas S| 51ide Q‘%lsag; r2HORidahe Catalysts was

ataly speci tenperature
receivbd T 18é lsupplicts Wil b chﬂ@nﬁuﬁlyﬂt&d& ipfpegmiatedi om tBe supports. The
grans of previously WO 2004/ 060923 PCT/ US2003/ g%ﬁb
catalystiphydishlyprogesigs ord desaribasd 1 Talel 2 nAgvEoRis sprqusled by passing gas

throu%f S ltqﬁ?lsl\;efwﬁL&g? hoé;&%/r egas@zﬁe&g&rﬁ}?@%ﬁéﬁge&gﬁd Thls is usually

condubied tilhl k @iHeSuhaad. eThd @tA9Lis (hiae stocadgadechitrogen vl used.
(tri phenyl silylchromate (TPSC)) can be added pri or
nme time _as, or after .gdditi.on of

[Oos‘ﬁl I uenf}eanﬁ i wrRaraiion Bs ¢ GHeEdRy OEHP Yy rred]iCthog S {n @ typical

prepaﬂF.\F’]YH §rh§BPﬁirev1o%§1'yraH1{?‘egecF@d%al?ﬁrlé pRu&l nof 5A-thIhgidess)ware flask with
ere uc:| ng agent "is then added via syringe (all

a stir hangeddrsingrt @tmosphere. Thirty-five mL of dry degassed hexane is added and the

mixture is heated to 50 °C. The reducing agent is then added via syringe (all reagents are 20-25

Wt% in hexane). The stated equivalents are always the ratio of reagent to chromium. After 30

minutes, drying is commenced. This can be done under high vacuum or with a nitrogen purge.

Catalyst is stored under nitrogen until used.

[0085] General Preparation C. SC-type Catalyst Preparations All silicas are dehydrated
prior to use. Silica dehydration is conducted by passing gas through the catalyst for four hours

at the specified temperature in dry air or nitrogen. In a typical preparation 3 grams of previously



20-25 % in hexane). The stated equivalents are
al ways the ratio of reagent to chromum After 30
wWorRewanem®?23 dryi ng i s commenced. This can be doneCT/OS®N3/040138

hi gh vacuumor with a nitrogen purge. Catalyst is

stored under nitrogen until used. In cases where no

reduci ng agent is added, drying comences after the

chrome source and silica halVe- been nmixed as above.

Cat al yst Descriptions [0086] Wen used, the ratio of
dehydréted uﬂi:calgs Blaesdt intz205 0 il Odttless \aﬂﬁ élsic avithbeestirduan dnder ibdreatmosphere.

. exanple; "in_reactaor". neans er ent., was .added

Thirty-§ep arktef] §eyf @Qﬁ%ﬁ%eﬁeh%‘%%ll%@fléed' nd g Hpiywye is ﬁ]@%{ﬁ% tpfC.  The

organo%%?}?&%&éuff? (%?g)gl eliss ?/%Pfogt%ari‘% K?ﬁs@)) eRALALIANM Sliéto, at the same time

um-are approxi mat e;
as, or @odr udlitioal afebe dilnentafibe misM%e isTlypsalpptiired foro? hwisH(where stated,

. . Chrom um oxi an ilylchromate catal,ysts, [ 0087
siingpn e ok S 5 S B T B R s resgens e
20-25 R BORxGEM B staRd LanaichtsSare MlwysSthetrie Rf @Bigem nchromium.
Davi son 955 silica and was activated at 825C (Gener al .
After 3preipateatdrping Ay comBercedi [Thisecan peclone vadar bigh VagUuasr &vith a nitrogen
[ Q0 EX es. 2-6:. Th liygt i :
puese. 08 SARARL e T Bl hBSRRgASp Bl i o
drying 3688 nbey oFef BHehitsihe Suegadndlsiliva Iavepeamsmived G2 alsrval
preparation B. Wien a m xture of reducing agents are
used the nole ratios of each is 1:1. [0089] Exanple 7:

The CaiplyshlagscHpfissts of 0.5 wt % Cr on Davi son 955
silica (200C dehydration) .treated with.tit

i um .
[0086] et r ai Whph 8prsk ithretabipiad redusing 3850519 SHOMEHB &gﬁe#ﬁfbb? found in the
dded = LAk e | 18 chfaBBt. “In catalyst”
B
means THd Ragadiid adie)l in h COADKt xparpliesstsp.ORedited wikh sitlyes for ghromium are
the sane as that used in nple. 7 except that . .
approxigie iPAyah JRNES ©80 ABRASH™| o PRUD ?%rpé?tglt cHgmiyg pxide and

. j al preparation B. WO 2004/ 060923
Sﬂylc}%%‘?‘?%%%%%bmms 18 [0091 | Exanples 10-12: MS35100

is a chrom um oxi de catal yst obtained fromPQ wth :
[0087] he spBeinpledt iThesataiyst was psedpsispepled kaBaVé%qna%wal and consists

cogntains. 0.5 % Cr ' ' .
oros S5 B oo POSE TPt S22 St i
See sil@&ed%cihﬁatﬁﬂld@dThHIea. catal yst preparation step as in

General preparation B. [0092] Exanples 13-15: The

catalyst is the sa as. that_used in anpl e Wi
(0088 he- ABuHEPISh Ot BERCEAS! B PEAGER 5 B aNES g Fgmbll 1 except tha
reducigg E%Eﬁls aly mﬁgg'agcg%%rst b%%ioWﬁﬁ Génetd prEFi2sizon B. When a

rom um oxi yst "obtained fromlIneos with
mixture of reducing agents are used the mole ratios of each is 1:1.

[0089] Example 7: The catalyst consists of 0.5 wt % Cr on Davison 955 silica (200°C
dehydration) treated with titanium tetraisopropoxide prior to activation. Enough TTIP is added
so after activation 3.8 wt% Ti remains (see U.S. Patent 4,011,382 for specific procedures for
TTIP addition).

[0090] Examples 8-9: The catalyst is the same as that used in Example 7 except that a

reducing agent is added in a catalyst preparation step as in General preparation B.



the specifications listed in Table 2. The catal yst
contains 0.5 wt% Cr. The catalyst is activated at
waoe@o6@ener al preparation A). Wen used, reduPCTyS2003/040138
agent is added in a catalyst preparation step as in
General preparation B. [0094] Exanples 19-21:
Tri phenysilylchromate is added to MS3050 support
(whi ch has been previouslyl8iehydrated at 700C) as in
General preparation C. Enough triphenyl silylchromate
[0091] S ad @Q\rlr\ﬁ)%st te17:i M35 000 R deemRBS bkide calysBobtsnéd Fom PQ with
wt % Cr. Waen used, reducin agent i s added

the speciftcatins 1i§§?d2ipiaﬂ:3é>lq dnThe epakyst q%t%%%édﬁ%%plgg%\?%wsfé? activated
5 - 7. Tri i . - .
o 700 SRR A P e e S LA B B s

step asfh ©éherdbpi¢patetiydBat ed at 600C) as in General
preparation C. Enough triphenyl silylchronate is

dded so the final dried.c sition cgontains. :
100925 25 GSenlfod b5 i PG 1 TR FOGb G BgBpg | with the
additicddtesEATE 8s E%cﬁbﬂ%tag&[t%ﬁfg%ér@fhl ptpration@ Gener al
preparation C [0096] Exanple 26:

Tri phenysilylchromate is added to Davison 955 support :
[0093] whi chEtrmsplesbehs:pEBSFDisst ghigarymoxidscatalys obnedsirory Ineos with

Gener.al preparatio n L Vil 1o, Sl :
A
at 700% ¥G&leral Prépardtivaal yWabn siedyuradueidy aadg ingdded in e cathietipreparation

in a catal yst preparation step as in General
step agindprmeed PERaEioN Bo97] Exanpl es 28-34: This catal yst

was produced on a conmmercial scale.

ri phepysi 159! by sAHERGniaf RaMisPR PIS3050MaRPbE (which has
[0094I\Nhi chﬁiga;[gﬂ)%éegﬁﬁgr evi gﬁ?lsyﬂdehydr ated at 600C) giswi n( .
been Grnviualy delephated i wn7@°CEnsudgh GenesHensepaigtipy| Chr dingueh triphenyl
. i s added the final. .dried.conposi.ti Q [ .
silylchppmateyis aqq%g s¢ 1{1@%51161& 8&}@180%1@01?:?%&%11% ﬁgtvgt e/g]‘szlﬁl \?721319 F%e?l, reducing
agent s AddOPHY §cé@ﬁ§ﬁﬁo§e§fﬂfh@ioﬁ@€98takQIﬂG@ﬁerElﬁﬁb@ravaﬁCl rati o of

DEALS/ Cr was” used. WO 2004/ 060923 PCT/ US2003/ 040138

-19 [0098] Exanpl es 35-38: The_sanme catal yst., as_that
[0095}scd | FxmnalepPe 25amid: dseheeiBchioRln® 4ifed & Ravison 955 support
L gldon of o)l SatidPC4 Fnough triphenyl
(wmd%g?%bo’?enfﬁeev sahEé ech%lgl\é%d:%t%gg (%)hagg I?g:]sereld ?ggegxarlrpl e 7n\?/ggs HPRERY
silylchi&féte Beideed Sothediml Vstd coinpogdon potgaing 0 24t0.2n Wikr €r. When used,
added separately to the reactor. .[00100]. a e .
DEALf§redycing @geay 1s qf%i@d é%ﬁﬁatelg(lstérr?}%alratg%i s??pa?s] 1}}?@&@%& p1$eparat10n C.
exanple 1 was used here. Co-catalyst |isted under
ddi ti @.ins1cAmH et RRMNIBI@YmiR it hiiedeatiavtson PO k@ddort (which has
[oogﬁxanpl %2315%, 55, 6‘%{-%6 Olfayrgd 72: This catal yst was .
been [prodowstyl dehydratednae6804l) ascial Sepeit PremEAORC Ept i Broush triphenyl
silylcl?r%’mawli(s:hama RS eR2r %(rjlalo rhrieabc&'nbggiti&{ MRl 5 wit% Cr.  Tri-

isobutylaluminum reducing agent is added in a catalyst preparation step as in General

preparation C.

[0097] Examples 28-34:  This catalyst was produced on a commercial scale.
‘ Triphenysilylchromate is added to Davison 955 support (which has been previously dehydrated
at 600°C) as in General preparation C. Enough triphenyl silylchfomate is added so the final
dried composition contains 0.24 wt% Cr. The TPSC is allowed to mix with the silica for 10
hours before the addition of DEALE. A 5:1 ratio of DEALE/Cr was used.



Tri phenysilylchromate i s added to Davi son 955 support

(whi ch has been previously dehydrated at 600C) as in
w@emenalo2pr eparati on C. Enough triphenyl silylP¢F/O8ROE040138

is added so the final dried conmposition contains 0.24

Ww%Cr. The TPSC is allowed to mix with the silica for

10 hours before the addition of DEALE. A 5:1 ratio of

DEALE/ Cr was used. Co-cataty8ts listed as added to

the reactor were added separately to the reactor.

[0098] 0010Zxakrpdesnt £38:6 The dame Chialybt ad khas ueat Al Fsimpla8 was used here
produced on_ a commerci.al_ scale. Bis-

except that pheaaijen ol Rt evisl-2dded to Davi son 955 support
(whi ch has been previously dehydrated at 600C) as in
ner Akt 09p_53. EROUGHE IchiaRREBY thab Lbadl ia exai®lee7 was used
[ooggf: ad?exéﬁ{gg&?%% final” dried gorrr?g}}sgi tion contains 0.25
here. QokCatalysts listed TRBCadditiah wewealded senaxatelytth thereaddon. i ca f or
10 hours before the addition of DEALE. A 1.5:1 ratio

E/ Cr -.cat al i .
10010, Ak et 8549 56824 R Rt b g SRS P s e
here. d&@%&l?r&t listeanmlier £RitiohHk addedtsapatatelyi 1o thheeasiarte as t hat

used in Exanple 19 but was prepared on a pilot plant
scale. A5:1 ratio of

DEALE/ Cr_ was Ufed. %00163144 ial
[0010E](arrp! Bxanapies; pdh %:601@\8921%.{%1 yTsl}ls catalygiowas, pppdug q AR commercia
scale 538 'tgcf‘ Eg@%e&%éifgﬁm L OMEn IwREALEpaRdt 8 Neslusileg plant scale).

gent Cr ratio and was prepared on a
Tripheb$iBiichrpmatstis addddeio DHADAS)SSEuppet Ewbioh hFn beaarayigusly dehydrated

is the sane as that. used_in le .10 | ovii
o coobgnp el o oo Boodh S SRR Mg so the nal
dried %ﬁ%&%@eﬁﬁ@@ 2ANw 8y, i The DT iS8&Ivsd M0nix with the silica for 10

PCT/ US2003/ 040138 -20 [00106] Al t hough .
hours béferesthe cidflitionef AFAIE. AdskratibefINALE(E Wisatsphdso-Gitalysts listed as

sil.yl chronat e t silic s, it should be
added i erstasga ettt earg BrRaRREED o' 3 0 e ont o
of chrom um are useful and part of the instant _ _
[001 dZ{]lvent BRAmplea 89 S104171 74 Moisedhtel gst (706 pEluced ome chintnsrcial scale. Bis-
stirred reactor was used for the%é)

iphen ol RS TheAca do Lo SoRSS S PR O PR BT Riejougly dehydrated
at 6001 98 grg‘zge%h{?'i %?&)gf@ibae&.e\ﬁ{oﬁgh LeSRAYRLWI s oRefOk &ideet Bo the final

egassed hexane was fed to the o
dried ceRpbAtomtoRAias 01X5 witedr. HbreHBSCsis atldwad 40 miKjvth the silica for 10

o B0 e L5 OB 5 S 8 R s e
as adc\%.fdttﬁﬁ# r%%o%ére%ﬁhé&& siafygltoxhedeadtor600C and treat ed

nmol e/ g of TEAL i's then added to the reactor
to passivate any inpurities. No TEAL treatedq .sili

[00163s addiémiple 36y Tl caghit &5 e BagAt HESISHIBITING O but ws
prepa{se ao%&%o}gilos[%ﬁ)a%tc L8l YA st Ofib e DIk ¢S was Abder stirring

[00104] Examples 57 and 58: The catalyst is the same as that used in Example 13
employing DEALE as the reducing agent at a 5:1 DEALE/Cr ratio and was prepared on a pilot

plant scale.

\

[00105] Example 59: The catalyst is the same as that used in Example 10 employing
DEALE as the reducing agent at a 5:1 DEALE/Cr ratio and was prepared on a pilot plant scale.



m nutes the catalyst is charged foll owed by additional
reagents. Co-catalysts are added directly to the
w0 e@ened2ns dil uted solutions as nention el sewer/ES20051¢40138

reactor is sealed and hydrogen is charged at this

poi nt. Hydrogen is only used where noted in the

tables. The reactor is charged to 200 psi wth

ethylene. Ethylene is allow®d to flow to maintain the
reactor pressure at 200 psi. Ethylene uptake is

[00106Eas UpnGhWhdHha kpedifie kanfples teseyibespeific Rlallings of silylchromate onto
copal yneri zati ons were._run at

t 85C o |
silica suproal siteed bawndsveiood Hist jasings obekoutidh? yrfed Pepighit 3hef chromium

areuseﬁﬁ{géﬁéaip%tﬁﬁéﬂsta%t%ﬁﬁﬂn of 160 grams PE were made or

sooner. e reactor was opened after
depressurization and the tenperature |owered. The
pol yaBslyei sbtedvas determ ned after allow ng the
diluent to evaporate. The pol yner was then .
[00107har ag} @d litedstizradl reyitogwas wmedifer the polyesrigatidiesastions. The reactor

00108]. .Densi ty: ASTM.D-1505. [.0010 Mel t | (2
was thosaR DS oSS AP REG A BIREES 8 BVARY KOs P e S run. 500
mL of %y?l%%@s@%)% | n& WAL kRS0 thORABE atFdoo®! Iineked; helkbwelis addedM\t this point.

tion F nmeasured 10 tines the weight as X
Unless wstetwisa nvidt 10 mdeod hbexane if 0gutlin] ek Rxpovizpent FAcpallagyaptity (0.1-

is the F J.ndex/ Mel t. i :

0230 bERHRE RS RS BB { R pYGeEROL AR OPRmotes of TEAL s then
added {oARO TSR it6 Padsiatd M[I;Eimguﬂlﬁegi eNo THAGRGaRAG]lidGokasnanisled in any run

Shodex, Run Tenp: 140C, Cali bration Standard: .
where areagsabivas tadded ST ihoiseien sepatately Ao (i Bk n AdisE stiming for 15
. 011 BF:, But [ . 3 d directl
it 30l P U L RTEY DR EAROHERRK, 5 FRASUS B o ity
to the %@&to% 9@%11@;&[ b&ﬁti@ismnleﬂtmmpvhgfae "glmlﬁactor & dealed (;md hydrogen is

ound that systens, enpl oying reduc rom umoxide, .
charged at tiig/eist. o y&PBPE & Bh P Wi PEEG P &?%&-mw?aﬁ{/or is charged
\ | ¥irintaliothe Getofs pr&E@Htat 200 psi.
to 200 %ﬁ‘!‘]ﬁ% P@g%ﬁgrﬁ\%&eg‘%%@e%%eg :ﬂ&k;ﬁlto ?]gn Si Irln'al ar to Ct ﬁgse P
Ethylesbupiakeis medsare withyancdieasromiceflow-naéten. cAll cppelyaraizefiqqs were run at

o~ Of al kyl al um num conpound h as t.ri I ] .
85°C; l\qq{m()liym@qqqups ﬂerqu}neilﬁbyét g'lyqﬁ%eréza 18?55 %Yep%:ngglt{l] grﬂnammum of
160 g‘r%u% {P%g\y&reirﬂiﬂei dHierniiRgted 886iHek.0Mhe freadjorastdaspenetl aftertdepressurization

0 reactor (in-situ) increases the nolecul ﬁr ) .
and thevesingeratanedowetedc dhgrmolianegtveightsvasi dstarmined ajfer pfiawing the diluent to

resul.ting pol yvethyl en | Ik YdstsQr oups
evaporgte. ﬁh’g pp&ngerr Séﬁ%}ﬁ%ﬁga%teg gﬁd g@ﬂ@@g’ as%ﬁb%lp 4t t er ent ,
and shoul d have from about 1 to about 12 carbon atons
and pegf erably 2 to 4 carbon atons. Exanples include,

but are not Iimted to, triethylalumnum tri-
[00108] Density: ASTM D-1505.

[00109] Melt Index: () ASTM D-2338 Condition E measured at 190°C reported as

grams per 10 minutes.

[00110] Flow Index: (Io;) ASTM D-1238 Condition F measured 10 times the weight as
used in Melt Index above.

[00111] MFR: Melt Flow ratio is the Flow index/Melt index.



i sopropyl alum num tri-isobutyl alum num tri-n-hexyl
al um num net hyl diethylal um num and
wa edoa6dagd al umi num Al t hough the exanpl es al nDBECT/US2003/040138
exclusively use TEAL, it should be understood that
the invention is not so limted. However, TEAL results
in some uncontrolled side branching in the pol yner.
It woul d be beneficial to eldlmnate this side
branching in applications where it is not desired,
[001 12]3t pr&Ber Ecﬁymbr Laborapptd matrameast; Modek HE-GPE-20205 iGoddnns: Shodex,

R T GRS RS oAApEA SIS B G B 154 Trichlgrabenzene

et hoxi de. Use of an al kyl aI um num al koxi de such as

[00119] et hyBBFu By MBrathag feuehE AEeadirkdbpdtE@NNRe ThedRlue is the

branchi ng. In"general, the al’kyl alum num al koxi de,
numb&r@ﬁbntg}’lbmc@:‘@rper K000 daghometemR2- Al - OR where the al | cyl
groups nmay be the same or different, should have from

[001 1%)0[“ The & veﬁpoqyg%&g f?@gcp Qﬁ]at?sbg{éﬁ‘b Eﬁggﬁé/ﬁ'f efe%lkaiaé/d %hlto ium oxide

car bon” at ons I nC |mte

cataly$t®, ogﬂ Isﬂigb]yéxéﬂhu niﬁm Lﬂ@slectch Prodietivity evtilel pfddunmgupmlyethylenes having
net hoxj de i met hyl al umi num. et hoxi de, .di-iso
moleclapnpiight et matecular eFRht iR pPBRIki te to 08P obtained with

s11ylclﬁiismht%q}?1u§1ﬁtahox| ! &Hff?n SF Bexi th Smifie cﬁﬁﬁaaﬁﬁﬁds%eﬂ las triethylaluminum

um num e Al't houg e exanpl és al nost
(TEAB); alithed VeHireaikyeto thAdaEa,lysttprmm dolidtrpdictina entgttd)odfe@d’qlan or 2) added

et ST 0 ) D2t TSk TS 9 lec TP it aisbutin

f th Cr@ﬁﬂ v &h{1e8es0f Int S era€SHE LIkYD ¥ BE theWhiglkyTlRAhinum can be th
ot the %%A E&arié u%se vvlék%e A& Ox ggt gilmgts i}ghromyum can be e
at

same gn(duﬂ@reoh -agil Ishewl haw@ommbem i atpméﬂ? gabon jajogpseand preferably 2 to 4
re the,al u num A kyI c es
Carbo‘?m Iagmf’ Sat i g] num Tt obdtc r?r?egmﬁcﬂm 1t5<$_ch1 %ﬁétﬁ@@lmum tri-

isoprop@ladlryistimi &i- DsbBﬁWD gldmiyurh NGBk f eet] Ian@nmhmpmetlml dictigdalaminum, and
ace WD 2004/ 060923 PCT/ US2003/ 040138
trimethylafueminumol (Afthenghytha; FxampFsREast FHORye e’dfq E‘%FAIO it should be

under&ggéjfthaﬁsﬁfe ﬁﬁer-llﬂonq% %t Eﬁthﬂln%ﬁt i GweRk OPB&E deddlts@n some uncontrolled

e exception that titanium
side Hr&;ﬁdh&@ﬁprﬂ&ppalryﬂ&rl slt aveudd detdecheficial tdelipithite ahlprm@er branchlng in

ot e S0 S5 S Ol B SRS i T cn
be actli @pédeb}lthe'-:afdfdﬁfbtn &f alﬂﬁ%rﬁﬁﬂnpﬁﬁbﬁd@ RomBb@Hs Wtie a¢ aleysll aluminum

performnance. le 1- Time YIELD Fl ow
ethoxitiet . @EEEIOQ aDeailsylt a,lmmmmrca 1@?Ix}®t such east digthylaluniane gthpxile (DEALE)

i b BTS00 T 0S5 BE Ryl iy e s

formuda R,-20-OR kAkrelile 4fkyl goups thad b3 28 ﬂmi@or&hﬁe&n@ 4Bahld have from about
1 to about 12 carbon atoms and preferably 2 to 4 carbon atoms. Examples include but are not
limited to, diethyl aluminum ethoxide, diethyl aluminum methoxide, dimethyl aluminum
ethoxide, di-isopropyl aluminum ethoxide, diethyl aluminum propoxide, di-isobutyl aluminum
ethoxide, and methyl ethyl aluminum ethoxide. Although the examples almost exclusively use
DEALE, it should be understood that the invention is not so limited. The data of Table 1
illustrates the reaction conditions and the characteristics of the resulting polymer when TEAL
and DEALE are used with CrOx catalysts (chromium oxide-on-silica). The numerical prefixes
listed before the aluminum alkyl in each case represents the mole ratio of aluminum to

chromium. In Table 1, CrOx catalyst is produced by impregnating chromium oxide on Grace



3 5eq. TEAL 0 65 115 6.8 911 0.22 2.4/1.0 0.9438 4 5
eq. DEALE 10 46 147 22.3 1,631 0.32 0.8 0.9573 5 5
W@no4/0&0a3 DEALE 10 54 146 7.5 1,680 0.30 1.2 OrOBHBS$2005040138

5 eq. TEAL/DEALE 0 34 124 4.1 2,366 0.26 non deft

0.9586 Ti--rfX on M6 ,41r;; 7 none 10 65 163 6.9

1,886 0.32 3.0 0.9433 8 5e q. TEAL 10 77 151 2.1

1,096 0.29 2.7 0.9455 9 5e q. TEAL 0 70 136 3.0 941

0.28 0.5/0.5 0.9531 CrOx Caipal yst [00115] Referring

to the exanples in Table 1, Exanple 1 reveals that

955UGREY, fblfsvedPS) ﬁﬂ&ldlcﬁﬁétioﬁrhnﬁol'ﬂéihﬁ% NSRBI d@edTl-%r@x catalyst is
but¥ br anches per 1000 car bon ons are observed

Hyfatipalprst: ashrm Vitly heioqorien ehet Bignivgr teEdsapraneside is 3{150 added to
t I
e @ LB il R AT The D oS MM A adttiona
catafyskaparptinastqpor at ed drops slightly under the sane
conditions; while polynmer flow index is |owered.
Tab@(lan@f‘fé:‘et §fT]ﬂ@ﬂaﬁtﬁbmm%ntc&%&nﬁhwhfygt%%m%@@chl ng is
found when the catalyst is treat ed w'th TEAL even
ThougiT o—comnon frs—Taye Rt
Example | DUtyl (2.4) and ) geﬁsﬁttyqd
No. V\heﬁlalyh@reﬁ:takﬁ' Y Sf Héx8nél a/deP! [y"BEF | Den. glcc
g T Ower cononomner -
1 i ncor p@sAti on has agcursed (Bxanyse 4)rsdhengshe 38 0.9415
2 cat alsygtTeAaL educi ng1@gentsi s 1as comiy nat4,:8 of obeAL and 0.9434
3 DEALE eqtTEBRN be seen that t hes cormmonenit i NCa@rpor abidAm  0.9438
4 r at e5 e Db&tBMeen that foued wat h ershertagseduciosg agents 0.9573
5 al 6me TERMREAEE 5). 1When54t hi1g6 cors nati.68a of ocat al yge 0.9531
6 redeciTRgL/BgERt s ar & use@4t o 1Bbke A<lat al3R6 and-Bhe nondet  0.9586

cat al gst run in a honopolynerization reaction it can
b i nmple 6 that side chains are not
det ect é%[‘eAThl s sh69vs_ t ﬁ% DE?ALE Ei% sult FeSS| 30 08433

0.9455
a e} A ¢ o 0.9531
in the presence and absence of hexene, the addltlon of

DEALE S%Qf—d@gﬁi |y decreases and sonetines
m nat e S|deca|nbranch| the resuyltin
1008341} acElarndy B Bamale Rty TedaP v bl dpt under the
polﬁﬁ&%ﬁ&i éﬁnﬂﬁfloﬁgd@@lﬁ%ﬁt 1Y beREHEnaRE pérYIDD) cAborRSbMmY hicyobserved by
é B,o yet hyl ene/ g catal yst-hour), the presence of
gish dbisbewh B SKicEt comoﬁ?)m%r\/lp?ﬂjporbﬁ“@d‘%’ttp?/P?IWS‘h gExample

2 s&%'tﬁétt%en-[ﬁhecattilﬁs@ ‘i’sstréa%dnmﬂ? ?Emrthé‘"ﬁlhgﬁﬂt oPheddA® incorporated drops
roduced pol yners can gl eaned froma review of the

slig lﬁownﬂwd@»@ game) cm@&lmntss Whee npdyheig ey ipdetas lewered.  Example 3
derrR)?lLtyeH&rthat significant branching is found when the catalyst is treated with TEAL even

though no comonomer is present. In this case both butyl (2.4) and ethyl branches (1.0) are
detected. When the catalyst is treated with DEALE lower polymer side chains are detected
indicating lower comonomer incorporation has occurred (Example 4). When the catalyst
reducing agent is a combination of TEAL and DEALE it can be seen that the comonomer
incorporation rate is between that found with either reducing agent alone (Example 5). When
this combination of catalyst reducing agents are used to make catalyst and the catalyst run in a
homopolymerization reaction it can be seen in Example 6 that side chains are not detected. This

shows that DEALE is suppressing formation of side chain branches in the absence of



produced with CrOx catalyst in the absence of TEAL to
those produced in the presence of TEAL reveals an
wo paaeeme3 i N ol ecul ar wei ght as indicated by P¢tEUS2003/040138
decrease in flow index. Thus, judicious application
of TEAL and DEALE during catal yst preparation affords
the ability to nodify nol ecul ar wei ght and nol ecul ar
wei ght distribution and si mdBtaneously control side
chain branching in these chrom um oxi de-based
comon@ﬁieﬁ| psttsin thé bﬁesérﬁxémﬁdlahgbncd\fbf hesteae e faddition of DAKATIE) significantly
gher density, pol yners. 117]). I n sunmmar. additio
decreaw o rmcaees Hisgwatcs Fide Ghﬁuﬂ ragsbing e e gailt %?tgg'ﬁv%ﬁmeﬂ
wei ght for CrOx produced polymers. Addition of TEAL
[001 16:[:0 I eaﬁ%ﬁlng‘%ﬁfﬁhﬂns"éﬁm@lﬁro&fctﬁﬁﬁf (g BB%&?&%@@W} or activity (g
i Nncrea he generation of side chain branches ,
polyethyiene/g onatalysteliouirs tst prpsessencf Mkixe Checoareal pemeficial, improving

o528 T TR el A L LD cn

gleane@OfrbkIPA @EFIAKE6E et F‘lobvh ﬁldéﬁr(@ﬂ) wuR | C@orﬂ}bﬁrﬁlgt RE valuks dér polymer
before activation (Exanples 7-9 on Table 1% The sane
fn

produged [veithuCr{px malgﬁtm ﬁheeqlpgerg@@ﬁ T]E@*L ‘@rt@sed)g@cg}cy the presence of TEAL
b t
v RN L3 A Bl 950G fIn . s

JIldlClCA@ é)bh@d’h@o&ﬂlEhLl indBE Al duthee nathlysnprephation ffords the ability to
ct|V|ty of chrom Lfmba,s d_catalysts can he
mOdlfY ﬁ’é‘? eadagweighhaud e HcVPW Eé‘rsu%‘@ n pnd s fianeously control side
chain ghﬁgﬁﬁngnttﬂeste%r&ﬁ%{ QkidRIbaSRl %ﬁl&st@f THIE teeBAGbY Wvill be useful in
prepardtion step nsistent with the discussion
makinghégter desity polynodrs.pol yner nol ecul ar wei ght and
nol ecul ar wei ght distribution is another feature of’

e inyvention 20] um oxi de
mm"kive hityf™ ﬁ%‘f‘%r’ﬂgg (H?Cﬁr%gglb & ﬁ%u@%‘lﬁ%ﬁlqg t%iﬂ éreqllé%féésgs molecular
weightt tf&sér@@tp%cﬂ}%@ pBI §e Aditiore b8 THATD inohésesTadlauir weight of the
nol ecul ar wei ght tribution.  Addition of reagents
produmdcwplmemﬂ_mcm@sqsﬁbe Bencyaon; ofsideorhaie Biapehes W qouigmer is not
atal ysts WD 2004/ 060923 PCT/ US2003/ 040138 -24
presen& im nates the induction period and increases activity

(boosting productivity). The presence of DEALE al so
nodi fi @$-CrOe Gudletul ar wei ght di stri buti on.

Productivity is particularly poor in the case of
[00118]] ychM@ROR- omtalyst iic ahe yspamecasaCy@x sw(tECphm nxdegon that titanium

absence of reducin t e to lon ct
raianmenice s g et ST PrabRrtel S0% apRHE g betor seivarion
a@%g _ehhepidivaly ehé HhAatMslechiRdweidi®NrdndM®eni for CrOx catalyst is
chromate-on-silica-type catal yst systens. [00121]

obseroremtﬂoe TRCrOs catalystiartbé presanep PATE AL crpmnagsdayitls pp pedycing agent.
supports with their physical

Effect of DEALE Addition

[00119] It has also been found that the productivity of chromium-based catalysts can be
increased by adding an activator such as DEALE directly to the reactor or as part of the catalyst
preparation step. Consistent with the discussion above, control of polymer molecular weight

and molecular weight distribution is another feature of the invention.

[00120] Chromium oxide-based catalysts have high activity with moderate induction
times. These catalysts produce polymers with intermediate molecular weight distribution.

Addition of reagents such as DEALE to the polymerization reactor with these catalysts



properties. The effect of the presence of DEALE and of
the reduction nethod enployed (direct addition to
W@ a10aloy®e3 pri or to pol ymerizati on versus di r ecPCT/US2003/040138
addition (in-situ) to the reactor) was studied. These
silica support are illustrative exanples and not
exhaustive of the types of silica which my be used
in the present invention. ©Rher silica supports
commonly used in the filed and known to those of
elimingkd tHe ihductiog paribd ané 1r8:|raa@esuamfvuy (bmrsa'ng pro'Etmbtlﬂ't)Z The presence of
rovi des apElOX|nate par e ce ar

DEALE\pgoar@@dl fs¥ edp%{ﬁ@)(l%rrwelg]@tépgag fl VLY 4S B@Tlg%lﬁlily poor in the
case o%fg@ﬁfag{qté -Bh- Sflﬁg ty%éscgtgﬂgstsc' {‘ﬁ?cﬁlt’tﬁe sissefkd oF eflicing Eg’éi% due to long

I's t supplier to describeée the
inductien pmmest, It Tae beamfeundmthdh dodsitt r@dpame of AEHSKE  effectiecly eliminates

ne of, tTe su s sil,ica al one. The

mducuﬁﬂﬁid?eeﬁ I Bl Bfﬁl}if@%ﬁ'é’gé 1402531?%%51@8% Y8 he support when

it is supplied wwth a chromumsalt already

[0012*I:gpr egned s bderd Weaiblary Abfbughl $ilies suigiokts asithveiedr physical
tained fromthe suppliers any silica fittin

propergpee cThe effact @ﬁ@enﬁeﬁwm@%@ Bk élilee@dtldlqndﬁ Pé goplpyed (direct
addl‘uqnI rﬁn {nt%%t ri%? Qg p zaﬁ’(gr? Y680 4 {230 (ho-80E o t%e reactor) was

cifIc commercl a%/& PI ca supp
studied@Thé&R shliicﬁdsuppdsﬂn aregillyistgativie casmpky iand) nat gdrasstwel erthe tifpes of silica

1.1
which g]g%ﬂée psed 1}1? %g%lél%ﬁ /11§4J\18<>,n§gr{13 / %@gél%ﬁ%ﬁ%@r&? cog%rglg?lyzlsgrd in the filed
and h%)grdlat%ngydse%f L8 tHe drPalS AR RIL AT @%H%déél-ﬁbprommate pore

or a pore volune of about 0.9 to about 1.
volumenﬁir@camdeaa asranaga@ereadmaletefr atwage PYO size5g0! pereglt tltamum for the

i SR iSOV SR BR3P ! e e sppor

The ntﬁlnl)élcﬁlt@lﬁﬁﬁ rrgalp ﬁ’th%se\!% Wi nsHé ba e AppoAGappiver agdlica alone. The
Pore Ti % Area (n2/g) Pore Size m Dianeter
numbe@r iacear@BBeseo 557 fheinapse of theoJuppsy whenptb IR/SEB@EFdSWUb agghyomium salt

alreadPl 61%31%%11&%8% gleg%)p&&%e( g?thglgé‘lzth% 1}1:?%\%;1% rﬂ%?é}ne?pfrglg the Q.&)phers any

silica GitingetheRpé&difi¢atians %lﬁws'tvmﬂlldéié éx(pectequ ﬁnrctralnme ak)mllatr manner. The
t he absence of DEALE, 2) en DEALE added ﬂ { %X 4 with
present én‘fqﬂgo%hi@t)lgmtedaq‘?cﬁng)w?\% f cpmmpgEdal g dsupﬁmit gt may be used wit

any mﬁga%cﬁagfng %o?ré thlwr%ﬁﬁ%bﬁtnf 1YW L60RER (B Bshdl ef‘sd’i_’fﬁge Blea@f about 245

of 1- hexene added; the
- 375 mezag;tdr@rpdmso]mm aftab86t C.4atochbR01G. 7p¢gn /g endp sprf@@sa;pagof about 410 —

620 wi S oh et WP BB (BB gl ' B bbout 390 -
590 m*/g.

Table 2. Commercial Silica Supports and Physical Properties



presence of DEALE. In the absence of DEALE (Figure
3(a)), the resulting polyner has a nol ecul ar wei ght
wale@unstes i on of 16.9. When DEALE i s added i n-BCT/US2003/040138

(Figure 3(b)), a broadening of the nol ecul ar wei ght

is observed, with a shoul der becom ng apparent at a

nol ecul ar wei ght distribution of 23.8. Simlar but

| ess pronounced results occid5when DEALE is added to

the catalyst before polynerization (Figure 3(c)), the

Silicalyi | ecul shogl der  bei slightTy Tes .

ﬁa%%%—lggnt Vg‘&rﬂ%dg%% JFS %%g‘rggdj ré-g%—%g% o|t freagePore | Ti (%)
catal yst, @a pofcyma) nblieutal/snei ghbodi St 1 b?ﬁﬁ%f N
32.4 is re¢covered. A simlar trend_is obsefved in the
val ue of M/ Mv as DEALE is added. Di@melr.i ¢ indicative
of the hi gh ol ecul ar yei ght shoul deg 4 as | Mz/ Mv
increases, [the desirable high nolecu wei ght

Grace9Boydsigr becomeggsore prongypced at a ar
obt alﬂgd from SEC anal ysis of the pg/?yrrer In thgé5

abse Figufe )), |a vat ue ol Wz vivof—
PQ 5.7 7S 996 Jverlég()&V\hen DEA?_ i's addeél%f n-s{tu an®f to -
(3510mhe catal yst (Figures|3-(b) and|3(c)), one recovers
Mz/ Mv val ues of about 7.7 and 9. respectively.

D,
I ncreas In pply density and activity_ of
Ineos 4{39.%1%3% e relaGI?l zed bot LTES?On he di 19@ addi tiGh to 2.60

addi t i .an

cat al ySI S | T Ldt d.i ybl) dllu [ T l re—+1r—St L b—aaet+++-6+h
(in reactor) as evidenced in Table 3. Conononer
i ncorporation, as evidenced by the branchi ng paraneter

[00122BBF) MrSd| ?dd()@s @Odewamﬁse (¢HRoROF® N ORIE- dn%l%a‘?oﬁz@zfs' Qfhdied for
in-s added DEALE and DEALE added to

perfor@glgcgl {) Ff@@ﬁlp » BeThen9BALE spasaglded Zrertly to the catalyst
and 3)GeHERST Wﬁ@ﬁﬂd@ﬁt’cg tﬁcﬂ%a&ﬁﬁﬁ&étgr & aegé?%'s Rverd g&rggxﬁﬁc C}gk?- 00 ;L of hexane

nodest nol ecul ar wel ght
slurry Mfélr]é)a@é afnl-h¢xene addiely thmaottdmawmnmft SPEBLInd 289 psi total pressure.

F 1gured3e15ﬁ?1 sathg ?x}olrlr?%iairg%égm Sistr %Fécqtf él?eg@taﬂélggg ES{W in the absence and

presenbénﬂs IDEADE din’ et db¥ertc@ $TBEATH £\ Okt
ynerization. The elimnati on@g@& 33 jgi Fhoen&S}ﬂtmé polymer has a

mOICC‘ﬁE}A&‘@%dﬁilﬁﬁf@ﬁtl% -ofi 169. orWhen QBALY sis arbiadrasmummgure 3(b)), a
broadeglﬁl {JP B L4 %ia{r %htm'r:ss bféﬁe@\e’e\%}ﬂf %E%_og?der ﬂ)ecommg apparent at a

atalyst sys emin
molecwlanwtighi distributiers bf 23.8d c$11ﬁqilai’btﬁfles@%ﬁuﬁ@éﬂaﬁé§1§its occur when DEALE

to DEALE added to the cat al prior
is adde%l&ngﬁ%949§§it bsfore gplsmprizayriFige A(g)k the %@blmolscuimf\wght shoulder
being &t & f Madm10 B | &
s %EHQE%I ow OAct g PEQ%%%@§ t yqf% %\l/%\%?zd %%\}Iy%/ e aﬁalyﬁ a polymer
mOleC"ﬂEAL’@ghﬁ distribdon 0f82.4Hs rdooaer(:d(l @33imXthO Bedd K1OBerved iBRe value of
Qone 8 974 0.31 17. 04 1.7
v BT 1205, s A Bl 508, o
Mz/M) ifedsds, 2h& Glésidatdd hich folechlat vithtSMd8lder becomes more pronounced.
Mz/My data are obtained from SEC analysis of the polymer. In the absence of DEALE (Figure
3(a)), a value of Mz/My of 5.7 is recovered. When DEALE is added in-situ and to the catalyst
(Figures 3(b) and 3(c)), one recovers Mz/My values of about 7.7 and 9.6, respectively.

[00123] Increases in polymer density and activity of catalyst are realized both in the direct
addition to catalysts (in catalyst) and in the in-situ addition (in reactor) as evidenced in Table 3.
Comonomer incorporation, as evidenced by the branching parameter (BBF) indicates a decrease

in comonomer incorporation rate for both in-situ added DEALE and DEALE added to catalyst,




12 5eq. in catalyst 60 163 18.5 1,457 0.36 6.4 208
1.99 32.4 9.6 1.7 0.9562 [00124] The sane experinents
woweea/opwes or ned with 957HS chromi um oxi de cat aP@BUS2003/040138
Reactions were perfornmed in 500 nL of hexane slurry
with 10 nL of 1-hexene added; the reaction was run at
85C and 200 psi total pressure. Figure 5 illustrates
the nol ecul ar weight distribution of the resulting
polymer in the absence and.-pgesence of DEALE. In the
absence of DEALE (Figure 5(a)), the resulting polyner
mc 1?2[1‘@61? Sith (DA At THES i b Wb mndcuber & de@}ease as
ecul ar wei ght of well under 500, 000. \Wen DEAL
evidgrtge &yian issirease {rlyy indes ppon the ape ofi EARES ds &Ffﬂpﬁ%rated in Figure 4,
1ndu88+ry fiREs MR\ ERMAL 1%1 Shfgﬁia&ﬁtwtgh %EA]JEE‘ fd aQiﬁed $itBRSRMEdr Hi?ecﬂy to the
ue of about ; /' Mv val ues denonstrate that
catalymginombj pduhenizatien. ghie dindudtiveof idpelinndinggsder PRALE add1t1on in-situ

or to ;Jé%slé g n%%%gﬂgﬁ %n 4) 1? g&g@ %gg%fof‘ 11%84 gletcg'tglyst system in the

absanee@feDEAuEI yin f:mrcl@EAj_E satddadditmm o0& DEALErthDEACEmpataEy to DEALE
to the catal I.ncr eases nd decreased

addeg ta@%%&?ﬁ# A TN CTAFAROR ]éoél ?ligg%% oa?fal%gt h the direct
addition to catalysts and for the in-situ addition

Tablei FEffeact DEALB®f BIS3dbicedDx aatalimbl e 4. A nopderate
decrease in nolecular weight is denonstrated by the
increase in flowindex. Simlar to the effect observed

for—S35—+% cafat ysT el TF adaftionyof CE[TO
Example 957H_S CrlQtme _Iﬂl Sitiow Rct.dref pdnfitypulin | nMwi § u Mz g Qi Merm Den.
No. _|orpmhiLe eqtimapHi @ dnndeo|geat do) | osiof) { 10 | @x0D dt nal w | BBF | glcc

elimnation of induction tine, thereby WO 2004/060923
PCT/ US2003/ 040138 -27 inproving act|V|ty of_th
10 catgtyst CFi gure 6?8 | n®éonctilsi oH;? ad@fi*ti oh™ f1§EALé 51 0972
11 lﬁeqfusregcort Qs thigy O C@if‘l y@{ sygtem bgsul b & i Bsg 77 16 0.9533
gher act’i Ivity, Iomer ecul ar wei ght, conparabl e

12 ﬂﬁhﬁ@ﬁbﬁrGQMEIth st risbut i @, amd W bds comwar abkeos 17  0.9562
conononer _incorporation as the case where DFAIE i s

added directly to the catalyst prior to
pol yneri zation. Both the in-situ addition and the

[oo,ﬁ\’/g\;]eCt ;%%e‘émér Iy @‘gﬂh@&%‘ﬁé&f&%ﬂgﬁg{e )9(53&28:1 ltciiﬁsmM}n W&dM?catalysts
Rea&lii?g%%r@@eﬁdﬁ)edmnmmmlgﬁ hgixes sABy mﬂie?(BglL]_gfgl Zielgene added; the
S S5 o8 330 Byt Py R v

dist8b@iidnlof %@re&ﬁﬁ@ pdlméreq theo&bsmt a;h(ypltesﬁﬁe 46EPEARLE. In 887bsence of
.34 _10. 3

ﬁ);ﬁlépreyq (éj3 0tge E§‘§8ﬂ$ Pélll %béts am%ctu % I){ve%g%g dls{rl%utlon 0of 9.7 and
a nfo@écﬁfat WRighP of hell funddrt ﬂ)OlOD(JUCWh@fDEAEE&s addxsieinwitd (Figure 5(b)), an

1ncltggsep|_%b%g %Ee}/@%; QPDEQPEI welg ted1sétlr1bui‘f:'1fo£ elé: tobs%I've oLaEvﬁlli]e of about 12.0.
My/My values demonstrate that a high molecular weight shoulder appears upon the addition of
DEALE, Mz/My being about 4.5 in the absence of DEALE and about 8.6 and about 8.3,
respectively for DEALE added in-situ and DEALE added to the catalyst. Increases in density
and decreased side-chain branching are realized for both the direct addition to catalysts and for
the in-situ addition (in reactor) as evidenced in Table 4. A moderate decrease in molecular
weight is demonstrated by the increase in flow index. Similar to the effect observed for

MS35100 CrOx catalyst, the addition of DEALE to 957HS CrOx catalyst, either through in-situ

addition or direct addition to catalyst results in a virtual elimination of induction time, thereby




[00125] EP352 CrOx catal yst was al so studied for
performance 1) in the absence of DEALE, 2) when DEALE
woer®imedexl directly to the catalyst and 3) whePCT/US#8%040138
added to the reactor in situ. Reactions were
performed in 500 mL of hexane slurry with 10 nL of
1- hexene added; the reaction was run at 85C and 200
psi total pressure. Figure-27-lustrates the nol ecul ar
wei ght distribution of the resulting polynmer in the
improping etiviey of thokAtalyst \WignrePAUR dosclasidedadditipnseft DEALE in-situ to this

o AL B R e AL LR i
weight Hﬁ‘é‘trﬁﬁh@ﬁ Vol wiftl Mﬁrﬂ@é&m&ﬂo&&rﬁﬁ&qﬂfr@@&ﬂé‘s&h@&s@ WHeSDEALE is

nol ecul ar wei ght shoulder in both cases, simlar to
added tdiettly b Sreveatialy B prioP36 polvnexizetioral Poth thetin-sie apdisior and the direct
Increases in polyner density and | ower side-chain

branching are realjzed hoth {n thn direct addition taq

catal ystp (i n| gat agE/ MR- Bink |28 [ vz Den
ex.no.| (1pEa[€2C ?rh) EgEEV' ﬁfﬁg% el E ()50 GNBAEY| n | mw|BBF| gicc
auur t 1 It Ul Cdal dl ybl.
results in little change in act|V|ty relative to the
13 t hatneobserged i3t heeeabseame 06.34DEAlsE. Phi s 1.® i9®8 447 37 0.9392
stark contrast to the addition of DEALE directly to
14 fepdnreaston| y3t pri7dr 1871 poRyteeri ¥t i off;7 wiét e B2 1203 860 1.1 09558
15 8%5@%2\?7‘&% alﬁ gur{gg\éeﬁéprgn;?w caf 94' ysl, 3act25 |t Yog S2313 8.32 0.6 0.9574

rates t he |n'proverrent

addltl(!)I{] Poug&gﬁlgﬁ ﬁ/iega:sl ésgelftﬂﬁ z@fo dl% aétfon! mé"f‘é'}ne &2@% ﬁlnéte induction times

reafiz pot h ent
obsen&ddﬁmdabsmdemfmmvlwn it is added to the catal yst.
In conclusion, addition of DEALE in-situ to this CrOx

rane SRR LR B A, oo L o

t t o, t hat Wh \LE, i
100125 ded GPPEe R Gk Bt 9SG ot VBBuaFoasgaghe Shsence of
DEAIRE H) WR200BE084 §138s add%% dircRPhy @lﬁréaﬁﬁ%t%d j)nﬁlh’éht it s added to the

tlrre is inmproved with either nmethod of DEALE addition
reactof in sit nBeadtivosn wete pérformiod émée0 ofl ofixixene Flabyevigh 10 mL of 1-hexene

TSI L et T -
weight Bistibuligh off Aberesigad BdlHmenincBy prekbibe MIDBEABE MW hehUBEALE is added

w BBF Den, g/cc 16 none 67 160 4.7 2,014 0,33 13,3
in-sitwp §igure4 &(a))y aghrogdgmplepulgr gvepght @?tr‘élé’aon if opeearadon GQJmPaUSOH to

N T

shoulder4igd Ho%h 88s8, Fmilar Qo h&5dieid@d 200 HR36092®)x catalyst with no DEALE.

IncreaEeCsT 4nug%1%%§e/r Oddégs:!i‘?yg and %ower side-chain branching are realized both in the direct

addition to catalysts (in catalyst) and in the in-situ addition (in reactor) as evidenced in Table 5.
However, addition of DEALE in-situ to EP352 CrOx catalyst results in little change in activity
relative to the that observed in the absence of DEALE. This is in stark contrast to the addition
of DEALE directly to the catalyst prior to polymerization, where a substantial improvement in
catalyst activity is observed. Figure 8 demonstrates the improvement in induction time in the
presence of DEALE; the improvement being realized both when the DEALE is added in-situ
and when it is added to the catalyst. In conclusion, addition of DEALE in-situ to this CrOx
catalyst system results in higher activity, broader molecular weight distribution and comparable

comonomer incorporation to that observed when DEALE is added directly to the catalyst prior




[00126] Simlar data for SC catal yst on MS3050 is

illustrated in Figures 9 and 10 and Table 6. As can
wheoogmer23 rom Fi gure 10,
in induction tinme; virtually
elimnating induction tinme for SC catalyst. This is
significant inprovenent is activity
as shown in Table 6. Long induction tines are the
maj or weakness of silylchreggate-on-silica catalysts,
in-situ addition of DEALE or other alkyl —alum num

stark inprovenent

al so seen in the

to poﬁz%glz‘laqigﬁ ang{\]ét{olnctﬂﬂ

I nduc

I'mnpation O

addi ti on of DEALE ef f RCT/FS03/040138

compefmsbinmtpednkawd)f@ﬁ%r is |l owered as evidenced by a

significant increase

in flowindex. While the

| .
Tablg‘%Cg%g%éé%gﬁ%%%‘&%ﬁﬁﬁzgﬁgﬁaé%}skng pol yner is

appllcablllty in a

% Ly i ﬂﬁ(f@%a%ﬁ Ak iﬂe&%dt&r@EﬁﬂE addition in
The nol ecul ar wei ght

=wo—e-qto it an Tt pmat
cat al YStimd FYIE[@F@B@ Adi gl Fﬂé&s&ﬁil i 1 I\NEI gh poI LnGe | Mz
Ex. No. Dexlnk e |6minE] f @ct] ofiexD Hhrpn(gSQ Al| yeix10bjmMzB3D59 . | w | BBF | Den. gicc

[0012/7] SC catal yst on Gace 955 silica was al so
studi ed. Again, a marked inprovenent in induction

16 triome i s 66bsete0ed 4when 2DBALE0i38 adééd 2¢his1M§ 19.84 563 2.7  0.9425
inmportant, as long induction tine i

17 Seadp wadarfPage'Shen*Usi A§>%i | P& hr dﬁﬁteZZﬁw SI1|8i3 L1pe0 14 0952

. catalysts. As _sho gur 1 th I ecul

18 ’“M%F%ﬂy éﬁd n@Pecu%gr m@E%htog st%rbut?ggobeﬁgvag88|%ns 10 09548

mot—stygrmfrcantty attered by the Tn-catal yst_addi tion

of DEALE to this SC catalyst. Fromthe data in Table
7, one can see that this is not the case when DEALE

is added in-situ.

In all

cases, the addition of DEALE

Bul k Exanple Tine YIELD Flow Act.gPE/ g Density No.
DEALE (mn) g Index cat-1 hr (g/cc) BBF Den. g/cc 19
none 227 152 3.8 111 0.44 1.7 0.9545 20 5 eq. in
reactor 67 158 49.1 1,157 0.31 1.5 0.9603 21 5eq. in
catal yst 50 154 112.5 724 0.42 1.4 0.9592 virtually
elimnates induction tinme (Figure 12). In-situ
addition significantly increases activity and |owers

pol ymer nol ecul ar wei ght .

Use of TIBA with SC-type

catal ysts provides a catal yst systemthat has high
productivity and nmakes polyner with higher nolecul ar

wei ght than that

f ound

when DEALE is used as the

reduci ng agent. This is especially inportant to

nol ecul ar wei ght at shorter
O her al kyal um num conpounds, such as
triethylalum numand tri-n-hexyl al um num woul d be
expected to work in a simlar manner. WO 2004/060923

mai ntain pol yner
resi dence tines.

PCT/ US2003/ 040138

- 30




Table 7. Effect of DEALE on SC Catal yst on 955 Silica.
Bul k Exanple Tinme YIELD Fl ow Act.gPE/ Density M Mv
wovoomosdeR3vz/ M No. DEALE (min) (g) |ndex gcat-|PeT/51008940138

(X103) (X103) (X106) n w Den. glcc 22 none 162 127

11.4 129 0.33 7.8 209 1.68 26.7 8.0 0.9505 23 5 eq.

in reactor 100 101 73.6 267 0.36 7.8 134 1.27 17.2 9.5

0.9636 24 5 eq. in catal yst2948 156 5.2 319 0.46 11.0

233 1.49 21.1 6.4 0.9516 25 10 eqg. in catalyst 100

160 44.6 809 0.35 6.3 167 1.88 26.3 11.3 0.9612 26

[00128]q. TISBAilamdatatfed $6t cafedyst o MS3F50 &7ﬂ1u@tr86d8n(]?i@ﬁs€s 9 and 10 and

Tablegisg Ascrangbe 98 o ros oot REARegE brsrk mprovemant in
1ndu085§ %ﬁ‘ﬁbt \Lﬁ@%l?ﬁéhrﬁlﬂ Otiod BcUDE Sef %{E Phis s BRo seen in the

mat e cat al ysts results in p yrrer
s1gmﬁuahtenmpravemmtghtactmw e sheminsin E@DIQ ol eeng mdugiéingtimes are the major

s CE LA oL AT DULS0, D REECH AL, s et

alumﬁ’lﬁ& S mpIhbE stnifldaBoy mQ’é&seWabfiVll@}ﬁ‘tﬁr@ﬁglp e hitgdtioni 8fl @8uction time.
than in the absence of these al um num conpounds. Thus,

The mdleculgousightval th@Pr@émedrPOJm@fﬁﬁ loyrared gvadenged by a significant increase
Si . hr r
R A
enharRed applicbilits i wfonEa%lyetrs@st%AWEhvthé bise d@radaddaioahlystayst to produce
results in polymers nore simlar to those produced
hlghmp}(eﬁu@ti“’é@ PYYIET while preserving the desirable
activities inherent in G Ox polyners. Continuously

TableV@fEff&Q ol 8 ATEFAbn senchth¥élds N93e. h O Oc and SC

catal yst systens allows a nmechanismto tailor the

[0018TRY ACtgE be?tEl Qtsorpéra{cg 955 Q18 ¥ |af‘s'8%t1§cﬁed3 r Rgéﬂﬁ egl mahidd@mprovement

preeservi ng activities. In this way, space
in indvictien fiinelisl obwev@hvh@f DBALFnis adget. Tims uS mﬁpqr@at; 120) ﬂong induction time

R B SPEMTLES s 2 s i i
11, t1ROQ41c0889 31 RN IR RRBIaP 4Rild8 distriblrtiokfbeR&tior0lk not significantly altered
Co- Cat al yst on Performance [00129] The effect of
by the in-ezielastyaddition afiREHEE e iRt eatstyssCram Hoydata o Fablig épne can see
t e
that tm i e AROLAUR ﬁEgEED%@Eréﬁ:} %‘X@S 18 U84, gfe'y{tﬂht‘iclheof DEALE

ovvlng CcoO- caays I SO

uah

| ATaa M aVBTa) At gk

cific clo-catal Sk
et gk Dansity
Index 4 ,qgt(-'}hr (9/¢@) | BBF |Den. glcc

i nventi on hereln Table 8 and Figure 13-21 provides
fl ow i ndex,

~ &

19 none 227 152 3.8 111 0.44 1.7 0.9545
20 5 eq. in reactor 67 158 49.1 1,157 0.31 1.5 0.9603
21 5eq. in catalyst 50 154 112.5 724 0.42 1.4 0.9592

virtually eliminates induction time (Figure 12). In-situ addition significantly increases activity
and lowers polymer molecular weight. Use of TIBA with SC-type catalysts provides a catalyst
system that has high productivity and makes polymer with higher molecular weight than that
found when DEALE is used as the reducing agent. This is especially important to maintain
polymer molecular weight at shorter residence times. Other alkyaluminum compounds, such as

triethylaluminum and tri-n-hexylaluminum, would be expected to work in a similar manner.



activity, density, induction tinme, and various
nmol ecul ar weight-related data for polyners produced
wob@n/06(9e3 co- cat al yst i s varied. The base cat aP@BUS2003/040138
system studied in the data of Table 8 and Figure
13-21 is SC catalyst wth 5 equival ents of DEALE per
equi valent of C (designated herein as SC-500). The
trend in flow index in Table 8 indicates an increase
in nol ecul ar wei ght upon adglhti on of co-catal yst.
Table 8 al so denonstrates that catal yst activity is
Tabl&'¢! EASE df PEACE-onGRt @hight R@E5 kiieA. |t shoul d be noted
that TEB (triethyl boron) can al so be used as a
co- catalyst for SC catal ysts. It Bulk Exanple

gquivat—Ti TOPEOBERTIST TY rgdr T on
Exampleent s (m n) ( Dhsity{1 08 M)(l )3M4\/Z|‘MWIM Mz/M

No. | X1 QPEMENN ol Derte) giihdex | saRinrjotgiec)d BO)F4x1PBRAB) Jon | w |Den. gice
487 0.43 0. 9579 29 TEAL 2.0 e 65 157 31 9 649 0. 44
9.6 217 1.68 2 67 81 eq..115

? 33.3 %8B 0.37 é% gg 62 Egﬁo 9(?19 LTI A267 80 09508

23 2. Beg@rd8or151 103. S5 813 63.44 8e7/ 24@s 1. 8% 271k 7.7 172 95 09636
0.9548 32 TIBA 5.0 eq 66 162 24.5 686 0.37 8.5 210

24 1 690 Pgatalystg. 0 0)18954256 33F2TNHAL® 2. 04@q 870 15%3317.1398121.1 64 09516

2411 0 8,2 0.9545 4 TNHAL

2 ?Lbe%@ B9 o ?%O 1%"21@ 23°6§ "N é%ﬁ 1%%00223 113 09812

26 F&q.maamasnysi n abl rums shoul didbe unpger sa‘.ooodzst7hat1,gs 323 7.6 0.9531
co-catalyst is always added "in-reactor", by

27 Qe PRALE Inealyst Tdbl e 858 EHISHEct 58 Ca4Cat al yst on SGC- 500 0.9566

Cat al yst Performance rﬂHW’HﬁPOCﬁﬁ%ﬂfﬁS%‘& 13 and 14

i ncrease in catal yst acti vi

|
0P e oR L RS, Hh SRS AV e et

pol$mér BElEENA RS cRiraddrisREY (nRMeuMAleIRht, Rloldelilar w@ilgﬁm&HUutlon high
not w shi ng to be bound by theory, it is suspected

molegler Vigightehoyldes| cic. hamile-te dose gbiainedwithent s seiof R Aleor TIBA,
butg\?iglg%%{t%tf fp%du@fl‘gﬁesl itiig ks thedeg cEf Jcl?esé' Elu'nhh tcg?]%)gun'ﬂge Thus, the

el co-cat al yst on uctl on
posgtivsasolequiar geerghb atigwgs of| héylclaemawmdup@hkdymerg larer pregedived with the

o ) ORI sty e v

CrOndatelysto mestiltsrixrs pallymassmemt smil:hrytoedhom pradhe:dd bvyltht BE€ catalysts, while
rese st _f.or C- 500.s

ce, of .co- .cata
e BRE N e ren S b 8GR ol R GHR pvine the TEAL
andp DEFAIR én Kotic CGrOat aidy SC @ﬁ’taltyktesyst'misemllﬂv@r aV\mle@iahlsm to tailor the
cha{,agget It bu Ig%:ho thyreﬁg gl(o)r% uceg V&Rloll reservm'gNgE)(I;]c? ac%vmes In this way, the

space time yleld (weight of polymer per unit of reactor volume per unit of time) can be

optimized for a number of different polyethylene grades.



nol ecul ar wei ght was increased by co-catal yst,
nol ecul ar weight distribution is largely unchanged.
w@daioswenl |y, the intensity of the high nol ecedHIS2003/040138
wei ght shoul der, as indicated by the M/ MWval ue is
al so unchanged relative to the pol yethyl ene produced
by SC-500 in the absence of co-catalyst. In sumary,
co-catal yst increases catalyst activity and pol ymer
nol ecul ar wei ght for SC 500-gatal yst, but pol ynmer
nol ecul ar wei ght distribution is largely unchanged.
Thegg.d satsLatIal & Pekrhakke for short residence tine
operation. [00I32] The sane effect is seen with SC

[003&9 | ystTHaytdd ot .co-ce@listy 8h ehd pedBrAlafile oL ST vAkGNt (trodted with 5
?desi nat ed herein as  SC 150). Table 9 aﬂd Fi A
eq%@-lezl@ pF Cr) iersctndied usipgnthe Rlloping; so-capypty; at Folus TIBA (tri-

1soﬂﬁ&leé71ﬂ1|nﬁﬁ1m‘§veélﬁlh’h\]m|1ﬁ&ﬁ-@ Hi:@?laal{uﬁfnuﬂm VAR glP e d&dare limited to
when the co0- cat al is varied. The earlier observed

specifisn el%cert@ystsoi sdguldr be emfereined filyt odleryslyl plymvigun gqropounds are
apﬂlfﬁ aﬂdis T E‘WPF e 11%%n@?41) hediff Tﬁkﬁiy ahd ¥ gﬁlle' 1mﬂ%r§gd&}ﬂow index,

co-cata ysts in these cat al
actiitsy én:mty,l:mgluctwnzﬁrr@s anié rverisusr aplﬁculhammt@@@t%rdata for polymers

pro uce% \x{hep i et Jo'—c?a% éf/s?ﬁ ‘}arcieck afl%et#&(? ﬂa@eﬁ%stt 9}% tggle in the data of Table 8

co-ca nt ensi't Pecul ar
and\Biggtet 1 35210151 ISdJecraialm wiith i ctqatvakénﬂsy)f ﬂ]fekIMISMMuwallem@f i (designated

her%{psagéﬁ;_%%? Pﬂﬁe? ilg\ﬁ/ ég{ge fm E‘eblg g é%(cf" ?atc]ééla%qgcrgarsg gnur?lglecular weight

up& AT Ton 2E co-Cftalyett &Iay]&t8 dlfcdeanastaaha Icylﬁlysmtwwy isyndreased by co-

SC- 150, cat al but I | ecul wei ght
caigpsepntge Drrvodd pa gl oo ER4ntBeT STRal eig be used as o cocatays
forl Sedigdlus 18€l ection of co-catalyst allows one to

nodi fy nol ecul ar wei ght and i nprove catal yst activity.

WO 2004/ 060923 PCT/ US2003/ 040138 -33 Table 9. Effect

of Co-Catal yst on SC- 150 Catal yst Perfornance.

Act . gPE Bul k Exanpl e Eq UI val T| ne YIELD Fl ow /gcat -

e ample Dewsivtt [l)een N Ng Alddl N PE/Ie mn | pdex 1 hr (gl cc
No.p Adaitdd Eﬂ:@& W ) 1@ NZmXiOécaW I\}Eblc ) l\:ﬁvqus)(;l@z(ﬂ@f Qrwitn O Grzmw Den. glcc|
28 el boor L1E¢Z 4085 0. 4 9. ls2 (4 0431/ 30. 20 7. 02 o 0.9579
TEAL 2.0 eq 57155153608 38902651992928
2 TEA 52‘tf°'95f§ 37 TI BA'S. 0 %Yy 54159 10.8 675 0/%7 g% & oo
30 TE;Q.GSso?erSﬁBO 53s567. 7 36k 952343 38 3TNHAL? 2. O1seq 6356155243. 8 8.0 0.9619
0.38 9.6 328 2. 13 34, 07 6 5 0. 9522 50009H2 agded

3 T'Et‘\o %\‘f"]q rdhs [ 0U133])"Co- Bt al 5§t addi tiofi al s6>has T 09

32 Tld@enE(quCI ab ef hiect s 2on CreeX catsal ysts. Tabl e 18 anehs 80  0.9542
|gure 29 34 provide data dem) strating,the effect of

33 TNHALO %aetqal ySt OI"1]55t he 1-[/338rf Osl“anCG Of %g (?g 280 8.2 0.9545

34 ™NHA555.6dql | @) . Tabl e 349 dembnstasat es7é hat 17ﬁ| ow!. ssndexso 89 09516

500¢ I i nshnnn arlrh fl FaYal r\F
oo

should be understood that, co-catalyst is always added “in-reactor”, by definition.

Table 8. Effect of Co-Catalyst on SC-500 Catalyst Performance.

[00130] Figures 13 and 14 demonstrate a general increase in catalyst activity and
molecular weight, with a maximum effect at about 1-2 equivalents of Al per equivalent of Cr.
Although not wishing to be bound by theory, it is suspected that higher levels of co-catalyst
begin to poison the catalyst at high levels. Figures 15-17 illustrate the effect of co-catalyst on

induction time. In all cases, it can be seen that activity peaks higher and largely remains higher




TEAL and therefore polyner nolecul ar weight is
i ncreased by the use of 5 eq. co-catalyst for the
wapgeodneo2xat al yst. Ti-CrOx activity responds sPOT/U82003/040138

to co-catal yst as does SC-500 and SC- 150 catal yst

di scussed above. Table 10. Effect of Co-Catalyst on

Ti -CrOx Catalyst Performance. Bulk Exanple Equival

Time YIELD Fl ow Act.gPE/ g O¥hsity No. Addition ants 1)

1 g Index cat-1lhr g/cc) M1 X10°' Mv X10' Mz X108) Mw~ Mn
when cWaMWS'L Repregért C IndRtidanend. £0 e62nfldb QiBinktedddy the3esence of co-

6 212 88 16.9 4.2 0.9466 40 TIBA 2.0 eq 40 152

catalysmfontk@%ééo@%@e@ 3 268 1.82 28.9 6.8 0.9475 41 TIBA

5.0 eq 88 139 2.0 915 0.30 7.8 319 2.01 41.0 6.3

945 4 5
oot 255 Tl fpag By R Gt nd i o

1nolec1ﬂ)ar3\561§ht8d14fiﬂ)uﬁoﬁ7of51ﬂie Ipréduted. F@’JB@BGT 4 Altipugh ZVGOO@QI’V.% earlier that
55 6,7,2,276 0. 29 O 217 9 4
IS NN RO IRRCETR DL D i S
unchanBe@4 AJitRAGES, thHE iMERHSYS the hidhl mb1BSlat %ig&ﬂ]shdtﬂder as indicated by
i'mprovenent 1'n activify is seen, particular 152
the MZéMmﬁalm 1&pe}so eychinged relagve géglw pq]ryepihblgp%grcgi\{lggilby C-500 in the
absencca oo 8? 8%@? gﬁp lgrgéiaf); b%—éﬁ&y&é?%ﬁ%ﬁisc\é%@ﬁrst activity and polymer

molecul® %ighﬁffoﬂ/\BCgﬂ'ﬂO shalystgent golymenaholdental opighBriddudentiongis largely
of the polymer nplecular weight distribution wll

uncharigagr 311@6;5?%?%116& are desispde fqrééowﬁi&a?e FmE PRIy pol yner
swel . WD 2004/ 060923 PCT/ US2003/ 040138 -34 [00135]

[001313@‘1' ti-gpaklye drhet idest it 'S@/%at@lly%f? QW@ingd] 5haduivalents DEALE/
rious co-catalysts not based on "alum num are al so

equivaleaebfi Crl(demg'tmtqdrlwemta& Sc\‘/éﬁe) a“rableFSb an@famm @2-2Bamovides induction

time, a&‘g{/}éﬁt o \ﬁgl?a;lg %?P&Zar i-e%if & ns t}?ofl{n%&ts Qdu Jihen the co-

catalys® s Pﬁﬁécdorﬁﬁ@ﬁﬁlleloﬁbs-gﬁ%dct@mﬁ@tf@i SSISOOI’the@deﬁthw(ﬂﬁ ﬂJﬁl@ Induction
oxi de on Grace 955 silica) and Ti-C Ox cataly

times (sg@Flgn@s 23349) erevirtugthy dippingted @ﬁilqgaqdalpw of - (@,taéyst%mhese catalyst

systemﬁ rﬁggr;lgfa él_g%i@{iééﬁ&gf g%agﬁtr%egegultar éﬁgb% %ﬂuﬁoﬁﬁ? @%ﬁﬁy e'ﬂ%affected by
co-cata'(\lthm Kg;i'rr]l&)nsﬂt% SE thelhiph ghelecutdOBei¥hi0shonkleX 136intiatett by the Mz/ My
value is also uncharige% relative to the polyethylene produced by SC-150 in the absence of co-
catalyst. To summarize, co-catalyst increases catalyst activity for SC-150 catalyst, but polymer
molecular weight distribution is largely unchanged. Therefore, judicious selection of co-catalyst

allows one to modify molecular weight and improve catalyst activity.



CrOx an 9F, Silica 46 none 79 174 2.4 1,250 0.32 26.4
268 1.33 10.1 5.0 0.9425 47 TEB 2.0 eq 56 158 1.8

wQa 283260282 0.9480 48 none 500 82 161 6.8 1, 3BCT/0SB83/040138
21.6 217 1.06 10.0 4.9 0.9407 49 TEB 2.0 eq 500 58
155 8.9 1,574 0.28 15.3 275 1.60 18.0 5.8 0.9463
TiCrfx on g55 Silica 50 none 32 161 11.9 2,563 0. 20
10.5 172 0.88 16.4 5.1 0.9456 51 TEB 2.0 eq 56 149
5.1 1,449 0.32 6.2 197 1.28331.7 6.5 0.9522 52 none
none 500 64 175 9.7 1,380 0.32 9.8 182 0.81 18.5 4.5
0. 94 7,118 ﬂ—f%%t e @o @g’ta - 1502C2tll & Perfo@inde 33 6. 4
177 1.41 27. .0 0.9534 [00136]. Flgure 35-36

illustrate Iec Iar weigh-related data for
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dlstrlbutlon Addi tional ly, the broadening o
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nDdest nol ecul ar wei ght shoul der (Figure 36) as is the
case when using DEALS as co- catal yst. [00137{ The
[00133sent Cowuielysi widitmn|atspdhas benefipial efiastspun GuQxoestabysts. Table 10 and

nol |
Flg%%@gfja Sqanr)w P%E&em‘gg%n%&gé HMe eff&t EPEO P éétr(?llu{élg %Formance of Ti-

Croxe(slu Grace @5p ciligat h@albbnlé) ddn’runsiwgm thttdlq\xumd@i drgeeaspsaipon gddition of

TEACI0 %g&g{e;qg? Q%l%%é%o#%&lgand gﬁtl.ﬁ éncrf]aasedJ 0 ﬁlcktfék )(/)F 5 eq. co-catalyst for

the TRUPOX B§tElyEX PTiESExyactivisE usp&s aisirly tarce-cdiabct s daks (BC-500 and
wa of non I|n1t|ng exanpl e only; other alum num
Sc'éﬁ(i%t%y%ﬂ’éc%ls@& Sfplicable in and a part of the
present invention. Simlarly, alkyl alum num al koxi des
Tab®d 10e rEftebidt (EAEyaoa TalCsOx @haplyscBdyfoembnre. t he present

0.9502

0.9513

0.9524

0.9522

i nvention. These include but are not limted to
diret iyl @l um fhum efhoxi ] ne&hﬂl WD[2004 060933
. Y .‘- - -
Ex:lr::.p * qu%;!l:)/n.%? 3 "[?4 T IIn [ex c;'fﬁlf? ll'?(;;l,.c &LQ%IB’H@;(X@B Gzr(le le/Mn Mz/Mw | Den. glce
ar om gret iyt af ar poxi de, and
met hyl et hyl al uni num et hoxi de. Through udi ci ous use 1o 0045
3 ofret h@%to- Gat al y8t, dfe nHy noéi%y fAfese? kropéﬁ&ie?g 20
40 apgl tabd,or she rgsul bbng ped ymess f oresspeedsf i C 182 28.9 68  0.9475
applications. | ortantl ' the |nvent|on rOV|des for
41 pIBe\ 5.0 eq 88 nP y P 41.0 6.3 0.9457
42 TNHAL 2.0eq 43 159 3.9 2,474 0.25 9.0 247 1.41 27.6 5.7 0.9464
43 TNHAL 5.0eq 120 135 14 561 0.35 8.8 439 2.37 50.1 54 0.9493
44 TEAL 2.0eq 36 155 6.7 2,276 0.29 9.0 217 1.19 242 5.5 0.9471
45 TEAL 50eq 80 148 26 937 0.29 8.4 297 1.84 35.2 6.2 0.9472
[500cc H2 present in all runs]
[00134] An improvement in activity is seen, particularly at 1-2 eq of Al per eq of Cr. As

seen in Figures 31-34, molecular weight distribution broadens when co-catalyst is present, and a
pronounced high molecular weight shoulder does not develop. Broadening of the polymer
molecular weight distribution will improve physical properties without increasing polymer

swell.



the production of high nol ecul ar wei ght pol yet hyl enes
Wi th chrom um based catal ysts of high activities,

WO e@ulosionsy in the ability to run at shorter reBCT/082003/040138
residence tinmes. This affords inprovenments in the
space tine yield for polyethyl ene production using
chrom um based catal ysts while maintaining high
reaction tenperatures. Fluid Bed Gas Phase Exanpl es
[00138] The follow ng providas fluid bed gas phase
exanpl es of the present invention. A gas phase

[oo{3sy di z %ﬁdﬁ%galrgﬁl& @E%reh%asﬂaoa dis@AetcQRhDVaridie cbﬂb&@@btmbt based on
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Yt@kperature where it entered the heat exchanger. The
cycle pipe was about 2 inches in dianeter and its
Tabld BwEffattef WaCatayit pu CaPeendoli-GrOzFatalysh Pedorngnene cycl e
line to control the superf|C|aI gas velocity in the

fluid.-b t he—desired—r o-\i-cthP f' “:rs afd FASeEHS
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avat | abl'e used on some experiments to mani pu

froth @i-Poly remlyso hleoe (Biguwed yhenda Aé Crep | vegu TEB %P@ﬂt’s’[ (Flgure 36).
di stribution
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catalyef. [ 00139] Various sets of experinents were conducted
at discrete tinmes, and each set included a

[0 ar at TH@prQs%ﬁﬁnv&ﬁGK GG Rr theRiahiphia€isn bfmbloeular weight, molecular
feedstreamand in the reactors varied

weight distribution, catalyst activity, as well as other properties of the resulting polyethylene

through the judicious use-of co-catalyst generally, and of aluminum alkyl co-catalysts

specifically. The aluminum alkyl compounds expressly discussed herein are discussed by way

of non-limiting example only; other aluminum alkyls are also applicable in and a part of the

present invention. Similarly, alkyl aluminum alkoxides other than DEALE are also applicable in

the present invention. These include, but are not limited to diethyl aluminum ethoxide, dimethyl




with tinme and caused mnor shifts in reaction
tenperature and catalyst productivity between
wepensiyent al sets. Conparative cases include PEI/ab3083/040138

prepared at a commercial manufacturing facility as
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| aborat ory-prepared catalysts required a | owner

reaction tenperature and prévi-ded a conparative case

for experinmental catalysts also prepared in the
alumiruabethatiae )dlpl{oﬁﬂlaﬁlﬂhlrﬁnaﬂhb)aée,Eltﬂethﬁradmgimuﬁgprbpoﬁé@Iaad tiethyl ethyl

shaw the results of enpl oy |tgtg var i

aluminupt eihpXide-s dhFQUgh JudFFF@“f’ B0 69 @Féfyéa %I Or ; Sﬁ%ﬁﬁmse properties
and ta%&x}qﬁé égﬂlugg pgﬁ)&ﬂ% RBHE G Bphcfaﬁ()nsal ﬂnfﬂgﬂﬁnt@}x Ql'i@ﬂn9§nt10n provides for

ow the results
the pr@chms‘pam af high waleatlys WG@]s pblybihitenanwéthrehaemiym- b@gd catalysts of high

B R Y

1mpro§é?ﬁ’&?ﬁsr ¢4l the s%%i@!amﬁh% %ld $6r patyaihyfine NRdeu@idn ﬁ@ﬁ@ﬁ!hromlum-based
support (Exanpl e 56) had significantly higher catalyst
catalygs witile manitaipingideheedetian isaperafBeecul ar wei ght

di stribution polynmer with a high nol ecul ar wei ght
shoul dﬁuﬂﬁ@@@%‘;ﬁ&%ﬁg@ﬁ@' oyed in Exanples 57 and 58
lica activated at 825C and
Ay R s A g menin »

gas pﬁ’d%@ ﬂI\h@ﬂZ@d Ue&%]‘dlyrﬁmiaﬁﬁﬁ&eﬁtw ef the ENIPEGLT rladc‘tse desdge having a
nominghRianieie e mh'@gmigﬁ%gﬁw cgoigiie paadichpn pEgh- ey ethylene-
hexeng ggﬁé’limglo 1% isre? shdgpge gﬁé PBwePRaakindfed ﬁp%trga&ﬁ%ﬁklfé cycle gas

ygen a t’'o the réactor was al so used which
heat eﬁbhangerglln\»th@ gh@mp&cwlammelobp\ba‘r thettive cpuldy}myp been gavgrsad to reduce the
ght and |ncreas§§

gas (e AV B T PRATOSEF VB b UP Bitor ol NP Pl Ko togy 2 inches o

diame 'Qﬂt it iRt R RNhaniFXaRB! 8 8DallsVOvs i lies trdellling to control the
PQ CrOx catal yst™ (CrOx on MS3050 actlvat ed at
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enpl oyi ng nat e-suppo ts for silylchromate
the reaafod Idycﬁﬁet@'r oRhlgmboproductEms withdmwn gferipdigaltye fromcthgyreactor through a

dlschgqag?e ai{%(é;’é{;’l (E;ﬂ%gdgl %&u@%ﬁ&agb%%gi?on%p AL oveng R degl?ed approximate

R cf]félil Mt Rvding wieshi! abldeutel @ﬁaﬂi&ﬁf&@@l af ineit@latn (200 ppmv) was
avemg e 075004/ 060023 PCT/ US2003/ 046138 -SgigTak() ppm)

avaﬂabzc a@&s@cthamesc(mﬁ ¢ikpéronentariel mREspilets thetnel DE%(LElOleculal weight and
mole argge@@ty dcisthbu‘uon °f w%lél RE& edt to\{ﬁé Efcqe ggg(@éfplleethg’ fleat e§é1aﬁ§er when no
free aluminum alkyl was present in the reaction system, but its addition point was switched to
the fluidized bed when free TEAL and DEALE were present in order to avoid the possibility of
some of the oxygen reacting with the aluminum alkyl in the cycle line or heat exchanger before
entering the fluid bed. This was a precaution and does not preclude its addition to the cycle line

or before the heat exchanger.



Conmparati Conparati ve ve Cr Source Silyl Silyl Silyl
Chrom um Chrom um Chrom um Chromate Chromate Chromate
w@ridee@®3 de Oxi de Cr Loadi ng, W % 0.24 0. 24 PCBHOSHOF®40138

0.50 0.50 DEALEFCr Mble 555555 Ratio Silica
Support 955 955 M5 3050 955 955 Ms 35100 Source
(Comm = Comm Pilot Plant Pilot Plant Commerci al)
Tenperature, C 96.5 88.0 9236-103.9 99.9 104.9 Tot al
Pressure, kPa 2501 2492 2501 2494 2493 2490 Ethyl ene
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experifiehiBD sds. B ErrERN? caved includy catalysepreBerdd Ak i glommergiaBmagufacturing

..83.9 71.7 79,4 79.4 69..9 ,Bed Hei ght, i
i 8o B R TR R B cutates
requiredt aSloWbr lreddion dcnfrattiee bdd riasédianeemparative Lade. forSedperimental
6.0 4.6 Tinme, h Space TineYield, 83 91 50 75 70 50
catalyitgald p@p@mdan fhetlalpraiguct i vity, 4965 4035 7217 6554
5748 6375 kg/ kg Fluidized Bul k 325 351 232 322 320

[0014&;2 58@)@%{1 1¥s 5%9{119&g§e§§ LeTaBie Ko RROW! thy reétfiié éfzgmﬁfégring various

supports and chromium sources. The reactor operated well without sheeting or chunk formation
for all the examples. Examples 54 and 55 show the results for the comparative catalyst
(silylchromate made on 955 silica dehydrated at 600°C and reduced with 5 equivalents of
DEALE). The experimental catalysts are compared to Example 55. SC catalyst made on
MS3050 support (Example 56) had significantly higher catalyst productivity and made broad
molecular weight distribution polymer with a high molecular weight shoulder. The catalyst
employed in Examples 57 and 58 are based on CrOx on 955 silica activated at 825°C and then
reduced with 5 equivalents of DEALE. In both cases higher catalyst productivities were
obtained and higher reaction temperatures were required to make the polymer. This shows that
the catalysts inherently make higher molecular weight polymer and will be useful for short
residence time operation. In Example 58, oxygen addback to the reactor was also used which at
a given temperature lowers the polymer molecular weight and increases‘the polymer melt flow
ratio (MFR) values (indicative of broader polymer molecular weight distribution). Example 59
shows the results for a PQ CrOx catalyst (CrOx on MS3050) activated at 700°C followed by
reduction with 5 equivalents of DEALE. Here again higher catalyst productivities are obtained

and higher reaction temperatures are needed to make the polymer.

[00141] In summary, these gas phase results support the observations found in the earlier
examples. Higher catalyst productivities and higher molecular weight polymers can be achieved
employing alternate supports for silylchromate catalyst production.. Employment of reduced
CrOx catalysts can also supply the same improvements. In all cases broad molecular weight

polymers are obtained with the desirable high molecular weight shoulder.
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Velocity, m/sec
Bed Weight, kg 83.9 83.9 71.7 79.4 79.4 69.9
Bed Height, m 2.18 2.02 2.60 2.08 2.09 3.48
Production Rate, kg/h 16.3 16.3 11.3 14.1 12.7 15.0
Average Residence 52 5.1 6.3 5.7 6.0 4.6
Time, h
Space TimeYield, 83 91 50 75 70 50
kg/h/m’
Catalyst Productivity, 4965 4035 7217 6554 5748 6375
keg/kg
Fluidized Bulk 325 351 232 322 320 170
Density, kg/m>
Settled Bulk Density, 487 527 352 492 508 311
kg/m’
Resin APS, mm 0.716 0.734 I.11 0.777 0.777 0.919
Melt Index (Ip), 0.10 0.08 0.10 0.12 0.09 0.05
dg/min
Flow Index (Is), 0.49 0.47 0.60 0.60 0.49 0.44
dg/min
Flow Index (I21), 10.5 12.8 13.6 12.3 12.1 4.16
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approxirat8fy in the 0.5 to 3 TEAL/Cr range and more preferably in the 1 to 2 TEAL/Cr range.
The catalyst was the same in this set of experiments. The productivity values were based on a
catalyst addition rate and resin production rate material balance. The chromium remaining in
the resin is similar to the productivity trends. The TEAL/Cr added mole ratio was based on the
TEAL feed rate and a measure of the Cr in the resin by an X-ray method. The TEAL was added
to the bed using a 1/8-inch tube set up like the catalyst injection tube but without sweep
nitrogen. The TEAL was provided as a dilute solution in purified isopentane, and the container
it was prepared in had previously been exposed to TEAL prior to filling to reduce the possibility
of reactive impurities such as water in the container that would consume the small amount of
TEAL present. The reactor operated well during the time TEAL was added without sheet, chip
or chunk formation. The static voltage in the bed measured by a high resistance-high

capacitance electronic probe showed reduced levels when TEAL was present — the static

remained neutral but in a narrower band. The wall skin thermocouples located at various




TEAL /Cr Mole Ratio Tenperature, C 98.0 102.5 102.5
102.5 100.5 Total Pressure, kPa 2491 2492 2490 2492
wQadvo6@ehyl ene Pressure, kPa 1510 1510 1510 1BQ0DUIHAH040138
H2/ C2 Mol e Ratio 0.010 0.010 0.010 0.010 0.099
Hexene/ C2 Mol e Ratio 0.00433 0.00353 0.00330 0.00331
0. 00360 Oxygen Addition, ppnmv None None None None
None Superficial Gas Vel oeBfy, 0.555 0.561 0.555
0.564 0.564 m sec Bed Weight, kg 88.9 87.5 87.5 87.5
distand3d aBoveBad phied ghihe i@ bOHaRl Brkth3 ff2bbdrd Ab&ve2the bed were excellent for
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Comparati
ve
Cr Source Silyl Silyl Silyl Silyl Silyl
Chromate | Chromate | Chromate | Chromate | Chromate
Cr Loading, wt% 0.24 0.24 0.24 0.24 0.24
DEALE/Cr Mole Ratio 5 5 5 5 5
Silica Support 955 955 955 955 955
Source (Comm. = Comm. Comm. Comm. Comm. Comm.
Commercial)
TEAL Added to Reactor, None 0.91 2.22 3.22 4.85
TEAL /Cr Mole Ratio
Temperature, °C 98.0 102.5 102.5 102.5 100.5
Total Pressure, kPa 2491 2492 2490 2492 2491
Ethylene Pressure, kPa 1510 1510 1510 1510 1510
H,/C, Mole Ratio 0.010 0.010 0.010 0.010 0.099
Hexene/C, Mole Ratio 0.00433 0.00353 0.00330 0.00331 0.00360
Oxygen Addition, ppmv None None None None None
Superficial Gas Velocity, 0.555 0.561 0.555 0.564 0.564
m/sec
Bed Weight, kg 88.9 87.5 87.5 87.5 87.1
Bed Height, m 3.04 2.94 3.05 3.12 3.21
Production Rate, kg/h 19.1 18.0 17.4 16.6 17.2
Average Residence Time, 4.7 4.9 5.0 53 5.1
h
Space—Tlme Yield, 70 69 64 59 61
kg/h/m :
Catalyst Productivity, 5041 6666 6452 6150 5308
kg/kg
Fluidized Bulk Density, 328 333 320 315 304
kg/m’
Settled Bulk Density, 483 485 466 464 447
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the—presence of co-catalyst

67 and 70). g%‘ﬁa&gﬁgg[@e(e resul cat S’F‘Hﬁ?ﬁﬁ%WExample 74
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catalyst agcﬁtmn mn the preferred range at high and low space-time yield and with catalysts
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prepared at two DEALE/Cr catalyst levels (5 equivalents of DEALE/Cr and 1.5 equivalents of
DEALE/Cr). TEAL increased the catalyst productivity about 35% at each STY studied, and
also increased the reaction temperature about 3 to 5°C at each space-time yield. TEAL allowed
operation at the higher space-time yield with catalyst productivity comparable or greater than
that of the lower space-time yield without TEAL. Resin particle size was increased and fines
reduced when operating at the higher space-time yield in the presence of TEAL compared to
without it. MFR increased with increasing space-time yield. The performance of the low and
high DEALE catalysts was similar in the presence of TEAL but different without. As can be
seen the catalyst productivity and required reactor temperature are inadequate at high space-time
yield (low residence times) operation without the presence of co-catalyst (Ex. 67 and 70). These
gas phase results support the earlier examples showing the use of co-catalyst in conjunction with

silylchromate catalysts.
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di stribution. [00146] DEALE was added to the reactor
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activated at 825C), resultifh-in increased catal yst
productivity and increased reaction tenperature
[00145]0ﬁ'ﬁa®@n1p®e 32 talitdasr the 1wk lof Io;xyg@naidebagkemidt ﬂmfraddfittdm @frco-catalyst.
wLthout TEAL. [00147 anpl e 74: Addi tion o EAL to
Polymexrfloyn iR @%@ﬂ%ﬁ?%@l@%ﬁﬂwe%%wn Q thfireaetof. ogXygen can be added
| QarSivds hstButfonl DEALE/ Cr)
to com%)ﬁ%{z) %%I%@%@@%Q%?%ﬁg%éﬁgiﬁﬁd in the formation
of polymer sheets and aggl onerates that blocked the . )
[00146Fsi n DEAERavapeddpdia theaeastorgn Exewmts 6F instead @HWFAL using a higher

[Q0148] The, react or opegpated f Per| o o
o Q93380 Eh SO (PRS0 e FEABEUTHISNGS ring i
increastdC 6885 EUbtotuEVIRg dhbeinbrebsddEAbdTtiGh teinpytatire ocrabgared to standard

catal yst. TEAL exanples with the 1.5:1 DEALE/ Or
silylchrerhate pperatien with ot #edeviuTE4Lconduct ed by transitioni ng
from the 5:1 to 1.5:1 catalyst with TEAL al ready
esent. | - fA skl Bagq 1AL bMoingd bolyeREAIARN fe@flion using a
[0014?1) [ ﬂllt:’f K tlgeh/tgheA%kg?g%?/g{r a dlfoti onl?gog)%rf)i Ic}:lﬁll ar | é for ,
low DRELE/QwentiDFAlybhérmatat ctatgets(1.3:0 REAEE/Eain tier Buidjzed bed twice

o B esan ey 2 b5 AR 168 i
port fdgéiﬁg%?g{cggg%&ﬁgowhat e and then the AI/Cr ratio

n the experinment was finished. It would
be possible to control at a predeterm ned Al/](Er rat{od 4t
[001483sed Ghe caactar peeratedavell & Bxperments 65g0g/ecl 4L gyps miroduced to a
approxi mate constant feed rafe T, EmbEALEalyst. TEAL
TEALTREY SYpgegSyhee by Mg g‘é’ oe ]jpgr%]tﬁ]g@tri R o
examﬁl@ssizvﬁh BRO Ut DEATIFICE citalystomére licdebefilly conmirietetrtat fransitioning from

the 51 e dcssarip ST ES LVATeR HESeH H e DT o Saay g prefered fo
initiat%glgen(]tgig%ggg a@%ﬁéﬁ,&%&?&%&rﬁ?& KRA0Q3/ BEALSBCr cag@ys-fﬁ, b @ btd that already

Ions a Results w th DEAL
contain® 2 Gatfiens bonoMHAIFA/RAL.Rati o Vari ed Exanple 65-- -- 66

67 68 Conparative Conparative Cr Source Silyl Silyl

oor L% e TS, ENGIRL o O W G g e el

rate and thep tBe Al/Cr ratio calculated when the experiment was finished. It would be possible

Q)

to control at a predetermined AUCr ratio based on catalyst addition rate, or to specify an
approximate constant feed rate of the TEAL or DEALE. Their feed rate could also be
proportioned to the resin production rate to control their concentration at some specified level,

preferably one that achieves the desired results with the minimum use of reactive agent.



Silica Support 955 955 955 955 Source (Comm
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TEAL /Cr Mol e Ratio TenpeP@l/Usmp3/@o138
kPa 2491 2492
kPa 1510 1510 1441 1510

H2/ C2 Mol e Ratio 0.010 0.010 0.0544 0.0101 Hexene/ C2

Mol e Rati o 0.00433 0.00353-@20065 0.0036 Oxygen
ppmv None None None None

Addi ti on,

Superfici al

Gas

Table 04 558 habbGofiBER HdFoultMelthDIBALE -Ceialy’e dMBALEMIr Ratio Varied

xamffi 25 9 875 903 §g. 4 Ted Peigghi | 3 G4 2 94 2. 96
Aot age Dont abianagtve § 0 35 g qampgave [
CrSoufcel d. 70 69 128 Tl kg/|h/ neSibat al ylst MidAuct i|vi ¢ iyl
5041 6666 2786 36H®makey/ Kg Ehrdndite ed] BOhtonmasi|t yChroppte
Cr Loatite, W9, 546_ Ko/ mip set t1qd BupkaDensity, 0483 485 SaB24
DEALICT M 260 <1190 when 1 31 2525 165 0 B0 il et
Silica Smgieort (1 2) , ., dg/ mi #9. 094 0.08850. 083 0 883 | 995
Source (Comm. = Comm. Comm. Comm. Comm.
Commercial)
TEAL Added to None 0.91 None 1.07
Reactor,
TEAL /Cr Mole Ratio
Temperature, °C 98.0 102.5 92.7 99.0
Total Pressure, kPa 2491 2492 2489 2488
Ethylene Pressure, kPa 1510 1510 1441 1510
H,/C, Mole Ratio 0.010 0.010 0.0544 0.0101
Hexene/C, Mole Ratio 0.00433 0.00353 0.0065 0.0036
Oxygen Addition, ppmv None None None None
Superficial Gas 0.555 0.561 0.552 0.567
Velocity, m/sec
Bed Weight, kg 88.9 87.5 90.3 89.4
Bed Height, m 3.04 2.94 2.97 2.92
Production Rate, kg/h 19.1 18.0 34.0 33.7
Average Residence 4.7 4.9 2.7 2.7
Time, h
Space-Time Yield, 70 69 128 130
kg/h/m3
Catalyst Productivity, 5041 6666 2786 3618
kg/kg
Fluidized Bulk Density, 328 333 343 346
kg/m’
Settled Bulk Density, 483 485 523 511
kg/m’
Resin APS, mm 0.752 0.790 0.655 0.752
Resin Fines < 120 Mesh, 1.31 1.28 1.33 0.90
wt%
Melt Index (1), dg/min 0.096 0.098 0.083 0.081
Flow Index (Is), dg/min 0.470 0.474 0.438 0.441
Flow Index (I»1), dg/min 9.79 9.75 10.4 10.1
MFR (I1/15) 20.7 20.5 23.5 23.0




Fl ow I ndex (15), dg/mn 0.470 0.474 0.438 0.441 Flow
Index (121), dg/mn 9.79 9.75 10.4 10.1 MR (121/19)
WQ@R004/0802%5 23.5 23.0 WD 2004/ 060923 PCT/ US2003POH032383/040138

-43 MFR (121/12) 102 100 125 126 Density,' g/cnB

0.9480 0.9481 0.9471 0.948 C in Polyner, ppnw 0. 44

0.35 0.80 0.59 WM 12460 13519 8229 10657 Mwv 279637
265684 271033 230657 Mz 18%#%317 1598806 1888749

1607038 Mz+1 3543254 3109360 3520335 3596324 Wy

MFR @Jfﬁfoq}si‘}% 18351@)@ T60356_ 9 _( M/ M) 12 4 19. 6626
Density ook, 1365 159805 he 1GOB . Glve Qi T Re0948
Cr in Pblyi@erpi#8wl._ 57 _ERefpl e 69 7033 72 73 @fhar ali v 09
Mo O Source Silyl Sidagb Sillyl 3 Cfr oni&aay Chr prat K657
M STRITRE CITOMRU S EproTel e Geifer O Lopdyeg. i Y0008
Mz Nble Ratio S |LckSGiporf 9940806 otz d88THRs | solglgs
Mz+1(Comm = Comm] CBsdA25Compn GdA9A60Conm 352der di aB396324
My |EAL Added To| 2. 453ns 0. §3 Lig396DEALS afg3sBeact or 169356
PDI (Mw/Mn) = Mo RAtiio 19 65 32.94 21.64
PDI (Mz/Mw) 6.71 6.02 6.97 6.97
CHMS (%>500K) 12.63 12.82 12.45 10.95
CLMS (%<1K) 1.31 1.12 2.68 1.57
Example 69 70 gj! 72 73
Comparativ
e

Cr Source Silyl Silyl Silyl Silyl Chromium

Chromate | Chromate | Chromate | Chromate Oxide
Cr Loading, wt% 0.24 0.24 0.24 0.24 0.50
DEALE/Cr Catalyst 1.5 1.5 1.5 5 0
Mole Ratio
Silica Support 955 955 955 955 955
Source (Comm. = Comm. Comm. Comm. Comm. Comm.
Commercial)
TEAL Added to 2.47 no 0.83 1.60 DEALE at
Reactor, 47 AV/Cr
TEAL /Cr Mole Ratio
Temperature, °C 102.0 96.7 100.0 102.0 104.5
Total Pressure, kPa 2491 2488 2488 2489 2491
Ethylene Pressure, kPa 1510 1503 1510 1510 1517
H,/C, Mole Ratio 0.010 0.010 0.0101 0.010 0.0098
Hexene/C, Mole Ratio 0.0037 0.0042 0.0036 0.0037 0.0034
Oxygen Addition, ppmv None None None 0.120 None
Superficial Gas 0.570 0.564 0.573 0.570 0.564
Velocity, m/sec
Bed Weight, kg 88.5 90.3 88.9 87.5 84.8
Bed Height, m 3.22 3.00 2.92 3.42 2.84
Production Rate, kg/h 19.3 32.8 34.7 18.9 14.9
Average Residence 4.6 2.7 2.6 4.6 5.7
Time, h
Space- Tlme Yield, 67 123 133 62 59
kg/h/m®
Catalyst Productivity, 6640 2564 3871 4926 17500




Tenper at ure,
Pressure,

C 102.0 96.7 100.0 102.0 104.5 Total

kPa 2491 2488 2488 2489 2491 Ethylene

woe@gmenes kPa 1510 1503 1510 1510 1517 Hz/ C2rdvbiUs2003

) /040138
Ratio 0.010 0.010 0.0101 0.010 0.0098 Hexene/ C2 Ml e
Rati o 0.0037 0.0042 0.0036 0.0037 0.0034 Oxygen

Addi ti on, mv None None i o

Gas 0.570 8?564 0.573 o.593581géizovsfgﬁiti?pﬁigéﬁ'SLd

Veight, kg 88.5 90.3 88.9 87.5 84.8 Bed Height, m
ke/kg 2942 ?MUE,’ fo 273.42°2.B4 Produ¢tion Rate, kg/h 19.3

€1 ReS
igﬁgmgt?ﬁ?ﬁgﬁfggg f?égggT;”E VB 67 195 139 6275 | “335
at al yst Praductivi-t 66462564

Settled BHTADWRIB004/[060976 PO/ USB03/ 0401488 - ala- K kg| 418
kg/m® Fl ui di zed BuI k- Density| 309 338 343 288 335 kgl nB
Resin ABLLRD, BUTK DOTGTy, (760307 498 4pA710l logfess Resili2
Resin Fing Tbdh ““'Ueéi73 1063 0. 6a 1 §f057 69@5?SerttF d < 056
wi% (12), do/nin |0.082 0.085 0 088 ( 1_n1_ 0 (;\4:7 el Eu,e(mqm

(15). dg/mn [0.429 0.43 0.46 0.503 0.39 “Flow [ndéx
Melth{;lkéﬂz),gggﬁlﬂ 8.§3sP. 60 10.03510.]5 0.668 MRQ1®1/|5)0.067
Flow Index (Is), dg/min - 26499248 043 0.46 0.503 0.39
Flow Index (I1), dg/min 8.83 9.60 10.3 10.5 9.60
MER (I1/1s) 20.6 22.0 22.4 21.0 24.8
MFR (I1/L) 104 110 115 103 143.1
Density, g/cm3 0.9469 0.9478 0.9473 0.9481 0.9463
Cr in Polymer, ppmw - - - - -
Mn 11571 11696 14938 9281 24787
Mw 254022 256144 232504 218079 235551
Mz 1560945 1450341 1326253 1364031 | 1350517
Mz+1 2925600 2717358 2562773 2544778 | 3047628
Mv 178701 182668 167657 152554 175124
PDI (Mw/Mn) 21.95 21.9 15.56 23.5 9.5
PDI (Mz/Mw) 6.14 5.66 5.70 6.25 5.73
CHMS (%>500K) 12.14 12.74 11.25 10.47 10.9
CLMS (%<1K) 1.63 1.43 0.75 2.25 0.08

[00150]

it should be understood that various changes, substitutions and alterations can be made herein

without

Moreover, the scope of the present application is not intended to be limited to the particular
embodiments described in the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention, processes, machines, manufacture,
compositions of matter, means, methods, or steps, presently existing or later to be developed that
perform substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present invention.

Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.

Although the present invention and its advantages have been described in detail,

departing from the spirit and scope of the invention as defined by the appended claims.




CLAIMS

MFR (121/12) 104 110 115 103 143.1 Density, g/cnB
0.9469 0.9478 0.9473 0.9481 0.9463 C in Polyner,

WERIMM060923 - Vn 11571 11696 14938 9281 24787 RNU/RSHOZE40138

256144 232504 218079 235551 Mz 1560945 1450341
1326253 1364031 1350517 Mz+1 2925600 2717358 2562773
2544778 3047628 My 178701 182668 167657 152554 175124
PDI (Msm Mn) 21.95 21.9 15.56523.5 9.5 PD (M/ Mn)
6.14 5.66 5.70 6.25 5.73 CHMS (%500K) 12.14 12.74
.25 10.47 10.9 CLM5 (%1K) 1.63 1.43 0.75 2.25 0.08
[00150] Although the present invention and its

advant ages have been described in detail, it should

What ipelaimefblsst ood t hat vari ous changes, substitutions and

to the present invention., Accordingly

alterations can be nmade herein w thout departing from

jthe spik {rgfs(}aogﬂgg BORREMUat R co¥@Ahg:0n as defined by

t he appe claims. Moreover, the scope of the
present application is not intended to be linited to
t he par tdbcorham oxid®odi ment s described in the
specification. As one of ordinary skill in the art

will readil é% PPI% {n%%ir Q}(?go;trc%mpmﬁﬁdélﬁ&l Q3&l bnd BR group

present 1 ik Sses inés, manufact ure,
conp03|t@ﬁ@ﬁu@ioﬂﬁh&éﬂavn@pans nmet hods, or steps,
presently existing or later to be devel oped t hat

performsubstantlall t he.sa upct.i o

subst ant i al {a) atippae é’&ﬁ%‘l %%%tmn?& F%%boug&% %%rf%ng‘ pySurface

enbodi ment s, de3eLbHRD 4366 &bBuT BE/gU (B)'d x@aﬁﬂéddf algout
en

clains are Rnttervdbedt 84 ¢mck aué aviurfacs ateﬁéfra@ gfﬂso & epput

processes, hi nes nufact f 3

mat t er, ﬁgaa ﬁg% HPOSt eg%lﬁe \9\%8‘2‘%8?/ nggﬁmIQ 14 om'/g

PCT/ U52003/ QDA 38 facebfea FlabbiBoBhaLbI 580 ai’fd is: 1.

A supported chrom um catal yst conprising: chrom um
oxi de, a silica-containing support conprising silica
sel ect edatd,om t he group consisting of silica having:

an organoaluminum compound;

wherein said supported chromium catalyst is activated at about 400 to

about 860°C.
2. The catalyst of claim 1 wherein said organoaluminum compound is added
in situ.
3. The catalyst of claim 1 wherein said organoaluminum compound is an

alkyl aluminum alkoxide compound.

4, The catalyst of claim 3 wherein said alkyl aluminum alkoxide compound

is diethyl aluminum ethoxide.

5. The catalyst of claim 3 formed by the in-situ addition of said alkyl

aluminum alkoxide compound.

6. The catalyst of claim 5 wherein said alkyl aluminum alkoxide compound

is diethyl aluminum ethoxide.



(a) a pore volume of about 1.1 to about 1.8 cnB/g and
a surface area of about 245 to about 375 nR/g, (b) a
w@oroad/0ywkiine of about 2.4 to about 3.7 cnB/g PEMUS2003/040138
surface area of about 410 to about 620 nR/g, and (c)
a pore volunme of about 0.9 to about 1.4 cnB/g and a
surface area of about 390 to about 590 nR/g; and, an
or ganoal unmi num conmpound; whéfei n sai d supported
chromium catal yst is activated at about 400 to about
B60C. Phe Tsporiatl adayslystosf clamh M Ivhehen esaid seppbrted chromium

or ganoal um num conpound i s add%g %; oSsitu. 3. The
cat al yeatalpy 1ackivaied appkaus PAO A% @)a oal um num

conmpound is an al kyl al um num al koxi de conpound. 4.

glhe caypl é’a%%%ﬁfof giaﬁ:h m ﬁﬁﬂ%olﬁip?isﬁéitﬂarﬁhﬂﬁﬁéﬁﬁédéjg@:)ﬂbét@e.

al koxi de conpoun I's diethyl "al um num et hoxi
The catalyst of claim3 forned by the in-situ additiaqn
f sai Thakiglyst of alaim dnwhbtesk paié asgrnsalurEnug compound is an

cataly f.claim5 wherein said al kyl alum num
al koxi %%y]g%%mcor?%ouglfl'

et hyl al um num et hoxi de. WO
2004/ 060923 PCT/ US2003/ 040138 -46 7. The supported

1@at al yFhe afatatyshi of dlaished eviersiai shid ualipdr slechimim ovringpaund is
catalyst is activated at abqut 600Q .t.o afo t .860C. .8. butvl
The casdleged fesm the FrPup FQRTIFEE b ApFhY ﬁE‘“ﬁ‘lP‘(‘%it’t}W uty

tetrai SoRLORAXIHiGr-PhodMSueRh@hyst of claim1 wherein
sai d organoalum num corrpound is an al kyl al um num

conpound. 10. The catalyst of claim9 wherein sajd .

18l ky| Fheratalyst cfngaiond farmed dhsedheadn site addiongphsyd alkyl
consistjng of triethyl alumnum tri-isobutyl

al um ndM™EHE PP %exyl al umi num 11. The catal yst

of claim9 formed by the in situ addition of said .
18] Kyl Tk Ught i eoslauindl. wherein said alkyl aluminum compound 1s

triethyl aluminum.

13. The catalyst of claim 1 wherein said silica has a pore volume of about 2.4
to about 3.7 cm’/g and a surface area of about 410 to about 620 m?/g and
said organoaluminum compound is an alkyl aluminum alkoxide

compound.
14. A supported chromium catalyst system comprising:
silylchromate,

a silica-containing support, dehydrated at about 400 to about 860°C,

comprising silica selected from the group consisting of silica having:

(a) a pore volume of about 1.1 to about 1.8 cm’/g and a surface
area of about 245 to about 375 m?/g, (b) a pore volume of about
2.4 to about 3.7 cm’/g and a surface area of about 410 to about
620 m*/g, and (c) a pore volume of about 0.9 to about 1.4 cm’/g

and a surface area of about 390 to about 590 m%/g;

an organoaluminum compound,



12. The catalyst of claim 11 wherein said al kyl
al um num conpound is triethyl alumnum 13. The
w@ ad0aloyee3 of claim 1l wherein said silica has aP@DUS2003/040138
vol une of about 2.4 to about 3.7 cnB/g and a surface
area of about 410 to about 620 nR/g and said
or ganoal um num conpound i s an al kyl al um num al koxi de
conpound. 14. A supported eHW7em um catal yst system
conprising: silylchromate, a silica-containing
suppor t, foflaé 8y ahe grorbssadoatidirk) fhid @rgdpoblunBMiify, compound in
conprising silica selected fromthe group consisting
of silicatUhaving: (a) a pore volune of about 1.1 to
about 1.8 cnB/g and a surface area of about 245 to
bout , ; | d is an
15pout Hedofint1 BB IR BB by ocforcB
about alkAGluRingm dkakidejomapgode vol ume of about 0.9 to
about 1.4 cnB/g and a surface area of about 390 to

bout 290 nP/g; .an.or.ganoal.unm.nu , :
16004/ cHEcP R oF BRIBIT ot T ARAHA slkeigs compound
procesg d@éﬂ_}%qgjrﬁiguﬁpémb)@deganoal um num conpound in
situ. 15. e catal yst of claim 14 wherein said
or ganoal um num conmpound i s an al kyl akurr_i num al koxi.de

16 onpouhbe catalystrpieclaiag Aftyeiergp saidgraancs uppap; prapguyd is an
al kyl ] i ﬂl Iﬁﬁfa{% compound is diethyl alum num
et hoxi kéwgfﬁi% e cC dj{\%g'st of claim 14 wherein said
or ganoal um num conpound is an al kyl al um num )
18:0npouTHhe ckBlysThd dainallyswheafire saiidnalkyl alverieymn epmppund is

o2t sRAIFb s (1BF rPsI<RasRie of fiietbyD A fius, Wfisobuty!

al umi Ny ARE, dddi tril-ReReY blugtishnum  19. A support ed
chrom um cat al yst systém conprising: silylchromate,
19. A supported chromium catalyst system comprising:
silylchromate,

a silica-containing support, dehydrated at about 400 to about 860°C,
comprising silica selected from the group consisting of silica having a
pore volume of about 0.9 to about 1.4 cm’/g and a surface area of

about 390 to about 590 m*/ g; and,
an organoaluminum compound.

20. A supported chromium catalyst system comprising:
silylchromate,

a silica-containing support, dehydrated at about 400 to about 860°C,

comprising silica selected from the group consisting of silica having:

(a) a pore volume of about 1.1 to about 1.8 cm’/g and a surface
area of about 245 to about 375 m%/g, (b) a pore volume of about

2.4 to about 3.7 cm3/g and a surface area of about 410 to about



a silica-containing support, dehydrated at about 400
to about 860C, conprising silica selected fromthe
w@e@dpeensi sting of silica having a pore vol BOEUSI003/040138
about 0.9 to about 1.4 cnB/g and a surface area of
about 390 to about 590 n2/g; and, an organoal um num
conpound. 20. A supported chrom um catal yst system
conprising: silylchromate;4&-silica-containing
support, dehydrated at about 400 to about 860C, 5
conpri si ng 630 lm%g 4l (eft pord velome e agoaiup9 donbowt i.hgm™/g
of silica having: (a) a pore_ vol uge osf abg?u_t 1.1to
about 1.8 ERBAGUHAE BCxUraPARE304P8ROYPIQIR IS 245 to
about 375 n2/g, (b) a pore volune of about 2.4 to
about 3. FHond e brofid Qohélsting of
about w200 B 63 T 850 “ne g
and (c) trethyraumbiumgdriéfobatydakunongn; andghoirhexy] alugkpyng.
and a surface area or about 390 to about 590 n2/g; an

| um d sel : ,
ggﬁzrg? i fuﬂléfnnqrﬁj ﬂ} ﬁ)qngfoﬁ%s %ﬁ %d?%%}ﬁ?%ﬁ ??&nggﬁltﬁﬁ Qompound n

al um nurgatad@ tri-n-hexyl alumnum forned by the
process of addi ng said organoal um num conpound in
catal yst. 21. A supported chrom um cat.al yst system
21¢onpr i A syported ichipmnt Wi systen PORRIEB At ai ni ng
support, dehydrated at about 400 to about 860C,

conpri si Q1 rh&c@, selected fromthe group consisting

of sili c%@hav‘% ng:” (a) a pore volunme of about 1.1 to
about 1.8 cnB/g and a surface area of about 24%9to o
about 37&sifiga-gonteiningasypped, deydredrt abt400t02bogt 860°C,

about 3.7 cnBig and a,surf r RRaHE ofdiflcd Baving:
about 6SVHPFE S ?f‘asekeéyedafﬁ%a% égﬁlﬁlﬁ% o? %Boutco. 910
about 1.4 cnB/g and a surface area of about 390 to

about 590 n@})@; paredolunie dfabopk 1botcoshout 1.8 cm’/g and a surface
area of about 245 to about 375 m?/g, (b) a pore volume of about
2.4 to about 3.7 cm®/g and a surface area of about 410 to about
620 m*/g, and (c) a pore volume of about 0.9 to about 1.4 cm’/g

and a surface area of about 390 to about 590 m?/g;

and,
triethyl boron,

formed by the process of adding said triethyl boron in situ.
22. A process for producing an ethylene polymer comprising the steps of:

contacting ethylene under polymerization conditions with a catalyst
system, said catalyst system comprising chromium oxide, an alkyl
aluminum, and a silica-containing support comprising silica selected

from the group consisting of silica having:

(a) a pore volume of about 1.1 to about 1.8 cm’/g and a surface

area of about 245 to about 375 m’/g, (b) a pore volume of about



formed by the process of adding said triethyl boron in

situ. 22. A process for produci ng an ethyl ene pol yner
w@ompne®ehg the steps of:  contacting et hyl enePCmtis2003/040138

pol yneri zation conditions with a catalyst system

said catal yst system conprising chrom um oxi de, an

al kyl alum num and a silica-containing support

conprising silica selected4¥romthe group consisting

of silica having: (a) a ?ore vol une of about 1.1 to

about 1.8 omB{avud 3a7 Smr/gamd a arr%e mffeaadﬁbahouﬂéllSOtw about

about 375 n/g,, (b) d_g;Jore volune

2004/ 0609282p@T/£32409) BAGHIPIIFP é‘bﬁutt @5 A%DB?“tsl 4 om’lg
cnB/ g and I butdoulh o8& o0 epeut 620
n2/ g, and (C ugag%%gﬁéaﬂﬁﬁeuof abgut 0.9 tdgabout 1.4
cnB8/g and a surface area of about 390 to about 590

n2l g; arndd, controlling one or nore of catalyst
activity, polynmer side chain branching, polymner

VZ/ ol
ol g/l cul é;ron%gi? 08 {v(grbef oF hlglbll‘, E %alﬁsq eﬁﬁ/ tgh %Ggm?é?oglﬁmham
the addjrkicBihedpoRfnier VoM sulymead mm:l;s polymeen densitynt and

to effect a final ratio of equi val ents _o Iumnumm](%he

equi val awigner melpcsler oraigt ofr B rapliRe chyeos Rolyy
10:1. 23,,.Th |
2l ur nu naidd-lglot%rclﬁ” ;W?ﬁmﬁ{mﬁ‘l aflof dedn WA %ﬁl%hﬁt Raffbcfd Kidl ratio

um num tri-isobutyl alum num
or tri- ﬂ‘dq&WaleatsLtbﬂ dhufinuidto Sjuevapmirceehromivsh af fogpabout
wherei n sai d al kyl al um num al koxi de i s di et hyl
al unmi nurf-&d H@)@b%l 095 The process of claim 22,
wherein said catal yst system further conprises
24 1 tani pm tefral sePLRRAXbdewhedin thid Eﬂ@t&ﬂﬁnﬁfum:hal tmiethyl
22 wherelrnn said polynerization is % phase
pol y melivmatingrivi-igobutyt hbl@ﬂ@@e@rsmoﬁ %Xﬁlah%r@‘&u’%her ei n
said addition of diethyl alum num ethoxide conprises
[n sity additio T 0 rigdfethyl
2hai o ol ProgH oo il 7 PRgRETREE T Gl AhotfiRrie iy
aluminum ethoxide.

25. The process of claim 22, wherein said catalyst system further comprises

titanium tetraisopropoxide.

26. The process of claim 22 wherein said polymerization is gas phase
polymerization.
27. The process of claim 24 wherein said addition of diethyl aluminum

ethoxide comprises in situ addition.

28. The process of claim 24 wherein said addition of diethyl aluminum
ethoxide comprises addition directly to the catalyst during catalyst

preparation.

29. The process of claim 22 wherein the polymer M/M, is greater than or
equal to 16 and the polymer M/ My is greater than or equal to 6.

30. A process for producing an ethylene polymer comprising the steps of:



et hoxi de conprises addition directly to the catal yst

during catalyst preparation. 29. The process of claim
wWQ200at060923 N t he pol ymer MW M is greater than PCT/USZPOED40138

to 16 and the polynmer MZ/ MVis greater than or equal

to 6. 30. A process for producing an ethyl ene pol yner

conprising the steps of: WO 2004/ 060923

PCT/ US2003/ 040138 -50 cont¥Htting et hyl ene under

pol yneri zation conditions with a catalyst system

conpri si;pgasidgy bighleasaingerdpelymesizationaeamliticrisnwitly a catalyst

support conprising silica selected f rofn the group t

consi st ispgjersf cemprigng hebildgomety) aBd piyr BUCAHFELGE SUPPO

about 1.1 to . hi faNea bine:
about 258@85121%%%{63%67@“8 8& ?E%@p;cgr ela\?/% 0um&* of e
about 2.4 to about 3.7 cnB/g and a surface jarea_ of
about 410 t(e) alpotet vol6Re afbgyt hihdo (abputal Sowme/s and, presugfpce

about 0.9 to about 1,4 d syt f 0
about 300 (EFBOHOEE6 FRAE e e gore Phetr about
si i ca- contak R B UPPRRF/o sndle Bidact @6a af abdai1040about
to about 860C; and, <controlling catalyst 3
product i vi t620 m¥Factiidots) rmdue Volmet 9faboih 898  Bpret 1.4 cm™/g
nol ecul ar wei.ght of the ) ' 2/gol ymer by
the additi GHdgFSurizge %F%gﬁ%ﬁlﬁt%@ng}rﬁ%%g%%c{gi n an

anmount to effect a final ratio of equival ents of

al um num t owR&Hinvaldesitisa-odntaihingnsuppordfis Aehydraagsbait about 400
0.1:1 to about 10:1, 31. The process of claim 30

wher ei n sai @ %@ 900w of an or ganoal um num conpound
conprises addition of diethyl alum num ethoxide. 32.

The pr OC;ﬁde of claim 31 wherein said addition of

di et hyl al'dm num ethoxide conprises in situ addition

of diethyl alum num ethoxide, 33. The process of cl aj m
31 wher econtsling eedaliysti ppdustivify 1gagtioa: IRGPCton HH RY POlymer
et hoxi de ¢ i ses .addit i ' At | M&#ion of
duri ng cg’togqncg Weﬁgﬁg%et%g%ﬂhggﬁl%gtp%}%@%ss o? a)éll ai m
30 wher e oB@inBalp@intiR compbixehin & gasunghaséfect a final ratio of

equiv;alents of aluminum to equivalents of chromium of from about

0.1:1 to about 10:1.

31. The process of claim 30 wherein said addition of an organoaluminum

compound comprises addition of diethyl aluminum ethoxide.

32. The process of claim 31 wherein said addition of diethyl aluminum

ethoxide comprises in situ addition of diethyl aluminum ethoxide.

33. The process of claim 31 wherein said addition of said diethyl aluminum
ethoxide comprises addition directly to the catalyst during catalyst

preparation.

34, The process of claim 30 wherein said polymerization is gas phase

polymerization.
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35. The process of claim 30 wherein said silylchromate
WO 2004oedesl onto said silica-containing supporPCHUSH03/040138

| oadi ng of about 0.15 to about 1.0 weight percent of

chromum 36. The process of claim30 wherein said

addi tion of an organoal um num conpound conpri ses

addition of an al kyl al um ndlm conpound. 37. The

process of claim36 wherein said al kyl al um num

35C0NMPoYd grScess OF @EIBBJ washeihei@rsiylphoatss &t foadedodnto said
~triethyl alumnum tri-isobutyl alumnum an

d . .
t ri - nsHisyponiaining AupRortsd, 2 jRagingfsdboph P-1grtgAberh Oapeight
et hyl ene pol cofprising the steps of. contacting
et hyl é’ﬁ’éceﬁ 0ecrrITEcFo]%]I yrerization conditions with a
catal yst system conprising silylchromate and a _
36si | i carteopoasssi afgclsinpOrwhereionsard sddigos idfi anaorgeneatpragum

fromthe group consisti.ng of silica having: a pore
vol u néoamowimmaf.mfs ?é)‘hgg‘b 8% ari".ﬂ%ylcaﬁ’tgpﬁlug}l%mééo% ff ace
area of about 245 to about 375 nR/g, (b) a pore vol une

370t abopfe pichsst B ARAML 38 WhegiB/ Gidnta Aunfrace campaunt is
about 410 to about 620 nR/g, and g) a pore vol upe 8f .
about slegtedofratothe Bronpce@sitingnef Hiduyls aluEg, trsjsobuty

about 390.to about 59 r%ég erein said
silic i‘&%ﬁ}u&}’ﬁ}l g“'él‘ﬁlﬁg%lr |lsn“§£hydr ated at about 400

to about 860C;, and, <controlling catalyst activity,

39, eact i Aprodesuifdl prudutingen edtytenplolymesr comprising|thy stowsi fht
of the resulting ethylene polyner by the addition of a

caui val chmgacine Dot SRqur v o o arobfrah frenyt
from abo LiohdrRidbQullchiiate &R alRiicprcoarasn®fsupport
claim 38%}162} el n ﬂsai“g&bstgg of contacting furth

e .
conpri sesonoismgsiticasslesiadrrem ghengrpuR PeRHISHTEE Fﬁﬁ?( pepane:
WO 2004/ 060923 PCT/ US2003/ 040138

(a) a pore volume of about 1.1 to about 1.8 cm’/g and a surface
area of about 245 to about 375 m*/g, (b) a pore volume of about
2.4 to about 3.7 cm’/g and a surface area of about 410 to about
620 m*/g, and (c) a pore volume of about 0.9 to about 1.4 cm’/g

and a surface area of about 390 to about 590 m*/g;

wherein said silica-containing support is dehydrated at about 400

to about 860°C;
and,

controlling catalyst activity, reaction induction time, and polymer
molecular weight of the resulting ethylene polymer by the addition of a
co-catalyst in an amount to effect a final ratio of equivalents of
aluminum to equivalents of chromium of from about 0.1:1 to about

10:1.

39. The process of claim 38 wherein said step of contacting further comprises

contacting with diethyl aluminum ethoxide.



-52 40. The process of claim 38 wherein the

co-catalyst is selected fromthe group consisting of
W@ 2608003 al um num tri-isobutyl alum num andPCT/US2003/040138

tri-n-hexyl alumnum 41. The process of claim 38

wherein the ratio of equivalents of alum numto

equi valents of chromumis fromabout 1:1 to about

3:1. 42. The process of clab38 wherein said

pol ymeri zation is gas phase polynerization. 43. The
40PT 0CeSHeGfro&ds@bi1dtn B8 Qiheicin $@icd-cagilyl jsseldctedtfranatiedsroup
~in-catalyst, with an alkyl alum numor an alkyl .

al uni reoRFiating of ddethyl dumigmaairhisqblyt phwugym, and tri-n-hexyl

CO'Caﬂaﬁ%ﬁﬁn144' The process of claim43 wherein the

al kyl umnum al koxi de is diethyl alum num ethoxide

and the ratio of equivalents of alumnumto

41equi valisnpeces of letaimi A¥nwhereincthoeaiv abeqvivalents ghaluahom to
10: 1. 45, A progcess for. produci ng .an ethyl ene pol ymer
conpri%Fﬁﬁﬂ?ﬁkpégaﬁm?uaf§%£E%5Vﬁ%?ﬂﬁﬁE@PH 'Zhe under
pol yneri zation conditions with a catal yst system
42CONDI i BhGrSREP W USLIRX | The vatioekid said ipoBme@izbdomiingzas phase
support conprising silica selected fromthe group
consi spdlpgentatwil i ca having: (a) a pore vol une of
about 1.1 to about 1.8 cnB/g and a surface area of

bout o b i/ ' i -@halyst, with

“Fpour T8 yiePsAA iy WReGin (A gRaRQlS deale . Glajys
about  4d flki/oaladiim o6ADalkP) afyminch {kxide poertosaidiaddition of
about 0.9 to about 1.4 cnB/g and a surface area of
about 8@eatelyStabout 590 np/ g; controlling catalyst

activity, polynmer MWM,, and pol yner nol ecul ar

441 ght Tgf %(Q:%ssr §S4hind 19 vaichih @RealRgl MRAndYy atkogide is diethyl
addi tion 8 a co- catalyst in an anbunt to effect a

final elahiiounf chquideakeht Beofatig) Wi AWHYalEYs eflli ARPEWES to
of chrom.um of from abou rlatd 1th0: VO
2004/osagﬁggﬁéf;ﬂgﬁﬁﬁgﬁ&%%%gém}@§@1g%?Mgﬁég%roéess of
claim 45 wherein the co-catalyst is selected fromthe
49F oup AcHiashss thngoaicitg ire¢thylenapalyineucqmprising delstepy pf:
al um num and tri-n-hexyl
contacting ethylene under polymerization conditions with a catalyst

system comprising chromium oxide and a silica-containing support

comprising silica selected from the group consisting of silica having:

(a) a pore volume of about 1.1 to about 1.8 cm’/g and a surface
area of about 245 to about 375 m?/g, (b) a pore volume of about
2.4 to about 3.7 cm’/g and a surface area of about 410 to about
620 m*/g, and (c) a pore volume of about 0.9 to about 1.4 cm’/g

and a surface area of about 390 to about 590 m’/g;

controlling catalyst activity, polymer My/Mp, and polymer molecular
weight of the resulting ethylene polymer by the addition of a co-
catalyst in an amount to effect a final ratio of equivalents of aluminum

to equivalents of chromium of from about 0.1:1 to about 10:1.



al um num 47. The process of claim45 wherein the
rati o of equivalents of alum numto equival ents of
w@hbeoabees i s from about 1:1 to about 3:1. 48. A¢EEUS2003/040138
process of claim45 wherein said polynerization is gas
phase polynerization. 49. A process for producing an
et hyl ene polyner in a reactor conprising contacting
et hyl ene under pol ynerizat+dh-conditions with a chromne
cat al yst system conducting the polynerization at a
468 Pace-THePRodssEbfelaivdd ivhefeirgthe @b ehtatyais s8leceddrom the group
operating the polynerization at_a catal yst .
pr oducOnHpng @E trgthydt dpminiaR Boisebwyl pumAERy gyl tri-n-hexyl
cat al yashtg A0d, at a reaction tenperature at |east 2.5C
hi gher Tan the reaction t enper at ure when
polynmerizing with the same chrone catal yst systemin
47t he abHenmecast of thimet4dywhebinrthe aticaefequivdngs pigalipménum to

et hyl ene, pol yner _at the sane r lecul ar wei ght

and d%}‘g&l’&sqgﬁarwlﬁﬁ@n%ﬁ@ghﬁﬁeﬂ@pgﬁé‘?g’ val ue,

et hyl ene partial pressure, H2/C2 gas nole ratio and
4COMDNOTRY ph&essCAf dagin{TOI5e whetdiD . safil0 polfiieeriznideeds gb phase

claim49, wherein the reactor is operated in

conderilygerizagn. 51. The process of claim49 or 50,

wherei n oxygen is added to nodify the nol ecul ar

i ght o e Rk heniph feh&@or comprisin
4§gfhyl e‘%egroé%F?Sngnlﬁ%uP@lg %{ateﬁy%t I{)H#%rguc%i vity and prisms
r eact i @shtdctinpesthylene undguipodyreerizstionr eondiions 5@ith T echrome

rocess of claim49 erein the chro catal yst . s :
g onpr | G@tHYstasysELy FO%FB%BEC gggm?&gﬁ% F e?T}s/Spé?e'%I%%%m
chr o g:ghé”éf %‘?ea‘l?&t BhY Bt 28 IpRting Ihe POBMNREESS abfa catalyst
claim wherein the chrome catalyst systemis a silyl,
chr onapedoathatyyeftereapetthan 3040 knpadymerke gatalyst and at a redction
PCT/ US2003/ 040138 -54 +:Ih 0Ges . cl.al
wher ei Wl’%ﬂ‘?éaq‘érﬁr%n@a%g%‘g%&é%s?ggﬁgeﬁmﬁl?es §%1%{1% rt%hn%rﬁwt%re when
oxi de 5@?ﬁieﬁ§ﬁ1g5w&E ehe shhe chhendraaBss sydiernliaithe 40sence of

wher ei n e alum num al kyl is diet h¥1l al um num
triethyl aluminum and producing the ethylene polymer at the same
polymer molecular weight and density using the same space-time-yield
value, ethylene partial pressure, Ho/C, gas mole ratio and comonomer to

C, gas mole ratio.

50.  The process of claim 49, wherein the reactor is operated in condensing-

mode.

51.  The process of claim 49 or 50, wherein oxygen is added to modify the
molecular weight or molecular weight distribution of the ethylene
polymer after catalyst productivity and reaction temperature requirements

are met.

52.  The process of claim 49 wherein the chrome catalyst system comprising a

silyl chromate catalyst systems or a chromium oxide catalyst system.

53.  The process of claim 52 wherein the chrome catalyst system is a silyl

chromate catalyst system.



et hoxi de. 56. The process of claim49 or 50 wherein
the polynerization at a space-tine- yield value of
w@e@aner2s han 8 is conducted in the presence OPCHNS2003/040138

al um num al kyl added to the reactor separate fromthe
chrome catal yst system
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54.  The process of claim 52 wherein the chrome catalyst system is a

chromium oxide catalyst system.

55.  The process of claim 49 wherein the aluminum alkyl is diethylaluminum

ethoxide.

56.  The process of claim 49 or 50 wherein the polymerization at a space-time-
yield value of greater than 8 is conducted in the presence of an aluminum

alkyl added to the reactor separate from the chrome catalyst system.



