WD 2004/ 060923 PCT/ US2003/ 040138 -1 PRODUCTI ON OF BROAD MOLECULAR W\EI GHT
POLYETHYLENE TECHNI CAL FI ELD [ 0001] The present invention relates to the
use of chrom um based catal ysts with alum num al kyl activators. The

al um num al w0 moadsoees for the control of polymer nol ecul peryudRoHEH13s

nmol ecul ar wei ght distribution, and side-chain branching while possessing
desirable productivities. The alum num al kyls may be applied to the
catalyst directly or separately to the reactor. BACKGROUND OF THE | NVENTI ON
[ 0002] Et hyl ene pol yners have been used 1gener ally and widely as resin
materials for various nolded articles and are required of different
properties depER@DHLCBON 0F BRONhMOLECHEARNEIGHP PO YETHYLENP| e,

pol ymers having relatively | ow nol ecul ar wei ghts and narrow nol ecul ar

wei ght dipgtcRyehe ¥ rge suitable for articles nolded by an injection

nol di ng "method. On tne other hand, polyners having relatively high

nmol ecul ar_wei ghts and broad, nolecul ar wei ght distributions are suitable for
articles [B89Hed byThe awesesl invetion relaes de itgen userif gehwepmivnbarad yoatafiysts waithi ons,
medi um t i ) : inght t { i L able. ch

B0l et hy e Bt e R A O B RS Mt o
st r engt h weighy, molegilpe vegightt | disttibwios) andintlesham| bramdigs Whilp gesessng) dedrable

processabj | j .characteristics,. . 000 Et.hyl.ene rs havin road

nol ecul a&’r%/\(/ieulk%gfﬁfwsdi NaRii h@qé‘léﬂlaﬁiL SPRIEM%@G %%%gg“?ﬁlyé’ré?ﬁ%ﬁg‘?lﬁ%? the

cat al yst redotadi ned by cal ci ning a chrom um.conpound carried on an inorganic
oxide carrier in a non-reducing atnosphere to activate it such that at |east
a porti(émgmm ' bﬁ]oms Is converted to hexaval ent chrom um
atons ( - tto—h the art as the Phillips catalyst. The
respective material is inpregnated onto silica, fluidized and heated in the
pr ez ence [OOOﬂxygenEﬂ%d@quynﬂﬁﬂﬁave B0 Gised geneedilyi aﬁ‘g wiﬁb@nismmmfmﬂleﬂidl@ﬁ)rﬂd
oxidation state fo.the +6 oxidation state, A second chrom um catal yst use
for i gh VeERIRsRYieH rGeIen gt ae o af ofent GHepeities SApeating|oprerpiplding
(bis-triphanod aid Yhrps&y, OFBE @iamﬁ&sﬁ%lﬁ_ﬁ&s %vﬂ% hE RS9 dow| MbleanANFeights and
subsequent |y reduced w.th diethylal um num et hoxi de "~ (DEALS). The resulting

pol yet hy|n8Hey mpelesilarsveight dddbntions areayitable for) aydeles mplded by fag frigetionmelding

| mport ant e BS. rQjsu e QN Si | s I

producti vr?%&%g%\%gmﬁ%at a y@@%&%&%@gggggqﬁg@g@%@#y e?%;hg 1%%?% broad

cat al yst -thelyculart weigls diistabylizing etrd) piitshizsfoniatticlogtnoided b9 3002 3nddins dB 260810040138
molding. In many applications, medium-to-high molecular weight polyethylenes are desirable.

such

Such polyethylenes have sufficient strength for applications which call for such strength (e.g.,

pipe applications), and simultaneously possess good processability characteristics.

[0003] Ethylene polymers having broad molecular weight distributions can be obtained
by use of a chromiwn catalyét obtained by calcining a chromium compound carried on an
inorganic oxide carrier in a non-reducing atmosphere to activate it such that at least a portion of
the carried chromium atoms is converted to hexavalent chromium atoms (Crt+6) commonly
referred to in the art as the Phillips catalyst. The respective material is impregnated onto silica,
fluidized and heated in the presence of oxygen to about 400°C — 860°C, converting chromium
from the +3 oxidation state o the +6 oxidation state. A second chromium catalyst used for high
density polyethylene applications consists of silylchromate (bis-triphenylsilyl chromate)
absorbed on dehydrated_ silica and subse(iuenﬂy reduced with diethylaluminum 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



-2 nol ecul ar wei ght distributions |ower than that desired.

Si |yl chromat e- based cat al ysts produce polyethylenes with desirable

nol ecul ar wei ght characteristics (broader nol ecul ar weight distribution
wi th a hi ghweploegeioeas wei ght shoul der on nol ecul ar wei ghbcgiggivhidudisgon
curve, indicative of two distinct nolecular wei ght popul ati ons). [0004]
Monoi, in Japanese Patent 200202412 di scl oses contain the use of inorganic
oxi de- supported CH6-contai ning solid conponents (A) prepared by sintering
under nonreducing conditions, dialkyl afanmi num functi onal gr oup- cont ai ni ng
al koxi des (éeB) and trial kylalum num (C). The resulting ethylene polyners
are sai d necslss t&w@@%ﬁvﬁ losisiendhat desireds Slviphromate-bpsedanatalystsrdodysod
bl ow nol dj -@Siast: e 1:C @t | [ .

ot hod. of "SULyTERE e JSLABRS molieiar WALl B MR Hioded BoRuls Shidh
trial kyl distritiutiomwitho aogin taadenutar ecbightrsboulden aanallacstar (wightwdigtribitiont hieve,
chrom um, I SQbtained by .cal cination-activating a G conpound
carried (I)Iﬁﬁ%ﬁlvé’{ﬁ%tﬂé)adﬁ?%gc%pggu%%‘ﬁlghgPOPﬂ% Orl%)(r)]n-reduci ng atnospheric to
convert Cr atoms into the hexavalent state and then treating Awith a
trial kyl $6Q04]num chivpoiino Japenase Patestt 200202400 adikdoses @bntaint thender einuigagict he

sol vent in.@a short [ e, [.0005]., Hasebe et,al. Japanese Patent 2001294612
di scl os egxggtsg?%?&eg d@%%?%f#%f‘ﬂé Sl’lil{%r"a’a?ﬁ?ﬁs @ipa%"-aé osﬂlfef@aﬂgdn OO HESS
cal ci ned caidiB@RCAibkQGrhitua ResHBEL ol coiifig piiar@des RB), dhliLthalkRafunBhurd 2
al kyl; L = C1-8 al koxy, phenoxy; 0 <n <1), and Lew s base organic

conpound$C) THe dsping: ehylspe Peloers areptait (R BogseisyRass suvaropmenah siepss Eackcul ar
wei ght  aaghihas &ﬂdvgm BloW Ab1ael @8 ﬁ'éi&lsﬁdeb @.Spnppﬁﬁﬁgég?mﬁm &lcies a 1 D

Japanese Patent 2001198811 di scCl oses polynerization of olefins using
cat al yst snathndt af sfhyipner padyenerizsgtion ip prornresgnesn of ihydroges jusingne toalkplalimdsurand

activate eattng i et t n - NAl . =z C-6
al kyl ; L%B@@%%g@%%%%ﬁ gh@g éﬁg&ﬁj g% .bﬂéﬁ%%}ﬁe‘%é Sé 150 yarlr%éral %d in
t he pr eserlcmatpdn-Biti@Rtirgp GordoegoGidGraanton an iwaginiooxije oguiet irod nan-Beddcihg

MeOH- Et 3 mxture to give,a polyner wth Lt index 0.18 g/ 10 in.at 190
under 2. %H%Bﬁ? ago 53’&‘%{[— ﬁéx%t%]élscnfﬂ B Li’sa%aﬁ@t/ &P%of‘?/ﬁé&?n %ﬁéﬁ}ﬁ] mDéPf“%e? al

i n Chi nesgaiBatleminub?ddabint eashmert AyGoaResd ©iveahimdferbyig Sckolveat ial akhbrt f or
gas- phase, pol yneri zati on of ethylene prepared by inpregnating an inorganic
oxi de si¥Port having hydroxyl group on the surface with an inorganic

chrom um conpound aqueous solution; drying in air; activating the particles

in oxygeroloo d redpgieng Ethel agdpaiat eparedt ab01204000 200Hs86Q8RBsts containing
PCT/ US2003/ 040135, ) ) )
norganic oxide-supported Cr compounds calcined at 300°C-1100°C in a nonreducing

atmosphere, Rz-nAlL, (R = C1-12 alkyl; L = C1-8 alkoxy, phenoxy; 0 <n <1), and Lewis base

organic compounds. The catalysts are said to produce polyolefins with high molecular weight

and narrow molecular weight distribution.

[0006] Hasebe et al., in Japanese Patent 2001198811 discloses polymerization of olefins
using catalysts containing Cr oxides (supported on fire resistant compounds and activated by
heating under nonreductive conditions) and RznAll, (R = Cl1-6 alkyl; L. = C1-8 alkoxy,
phenoxy; n=>0.5 but <1). Ethylene is polymerized in the presence of SiOz-supported CrO; 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 l-he};ene content 1.6 mg/g-polymer.

[0007] Da, et al, in Chinese Patent 1214344 tecaches 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



-3 internediate with an organi c al um num conpound. 10 g conmmercial silica
gel was mxed with 0.05 nol/L Cr03 aqueous solution, dried at 80-120 C for
12 h, baked at 200 C for 2 h and 600 C for 4 h, reduced with 25% hexane
sol uti on of Wi 2aidoershoxyal um numto gi ve powder cat al ystecrwistdazflorsgont ent
0.25% and AI/Cr ratio of 3. [0005] Durand, et al, U S. Patent 5,075, 395,
teaches a process for elimnation of the induction period in the

pol ynmeri zati on of ethylene by bringing ethylene in contact under

fl ui di zed- bed pol ynmerization conditions -and/or stirred nmechanically, with a
charge powder |, the presence of a catal yst conprising a chrom um oxide
conpound %@%@%’F% 1t GRS R LU COT%H?HB%r 10 gsammersiglsilisg as) wan@xed with
treat ment(,03 AoBL CRORbiBbuPRIRHnISRM 4t 801106 °F 8820, LRKRI RPOb ¥ERSr 2 h diteedelr and
process is characterized in that the charge powder enployed is previously

subj ect edC fop4 &, tefered Mt 2559 hevene slutionpfidisshydethex yeanigen pogive powddaratalyst
or ganoal Wb?%lﬁ&?ﬁﬂﬂ%dmdmjcﬁh!&$?ﬁs.way that the polynerization starts up
a t

i medi ately ter e contacting of the ethylene wth the charge powder in

the presence of the prepolyner. £0009 Uni que to chrom um based catal ysi s
gener al | I00RBl ecul Frrandi ghels U.HcPaered.085,3%e thackes e process fof eliminatiemof itten

| Nncr eases; ek QG ' | cect] I achjeve. higher
nol ecul aﬁne\]/}e-%agﬁtpeggﬁy@ma@é rE’rhé]‘rirﬁ%ic 'r%(;hmgﬁ ﬁ]h%n eé-}}t?églé@g gaeth%fh?/nsetg 0%\}%;1? an
i ncrease fliidizedbet polymesiation cenditions meéfor atiret meehaivallgawith iarchameqlodider in
throughputﬁ‘l and an ifncrﬁ%fs?f I n_.production costs. Lowe ing.re&ri}dénce times
may | ead TOPBEFIE & EYNpTng § Chromumy oxide CopRPund. pisa el granular
cat al yst, sugp&@parddeelvited bpiRim4l lcyuiient, Wil e4alha beMBusd & thd rMeIFR pRéRBRFE

hi gher ol ecul ar_ wei ghts, one rr%/ decrease reactor tenperature, but this

h
resul ts i?ﬁ%@‘&ﬁ%"?ﬁéégs charagicared intha thehatee ppwderanrioyedds peviopdy seiecssht r ol
of the chgragtfhbStyyCeon®otihthd @8 EldfTpoRk ¥ainhyl &rg%noa!mn&ngham s@pegus!y

preserving or inproving productivity 7s desired in "chrom um base cat al yst
syst ens. such pswvayethpt Giplpelecrigpiéaestats e imedittelyrasier sy eantacbing lof $heagtblylene

tal yst VRS 1t h- ' ' . Wiile th ' t
Contal ns VinEhhEepihdd i BERRARAR o R aRBRRBA by 111 pe- type catal ysts and

an organoal un num conpound in conbination, there has not yet been disclosed
a net hod [08P9bDbt ai Aimgpeatopdirgmiuny-baed chalysigeenemlpr mpkeculor Meightsninkcrassl s
wei ght usjing a catalyst system havin 0Q r.oductd vity angd in I gh the
e e T e U e R
chai n  bridgledsimdeciy wiatzhe pollymets! fendn clidmintnh oxidé-bysed ichialypisi Glowakér, msindeyue d of
any teaching of the use of the in-situ addition of al uym nun%al kyl s ,
(di rect Iyt GA¢He 'R % EFPEGRHF ShSRLFATRIY SeftiTe SEOtHTRY AROBReEase in
?ncFu nt ergddukibA coiitd NEdwrRBGEdent O iRBIMBY lead RSTHHRP BddRbmi @Hutl R GRY bhrfiBular
ol ymer
POy chromium-based catalyst, also lead to lower polymer molecular weights. To help preserve
higher molecular weights, one may decrease reactor temperature, but this results in reduced heat
transfer and lower production rates. Better control of the characteristics of the resulting
polyethylene, while simultaneously preserving or improving productivity is desired in
chr«lamium-based catalyst systems. It is desirable to preserve desirable molecular weights and
catalyst activities with decreased residence times. While the prior art contains these and other
examples of the use of Phillips-type catalysts and an organcaluminum compound in
combination, there has not yet been disclosed a method for obtaining 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 wifh higher reactor throughput and shorter residence time (polymer



WD 2004/ 060923 PCT/ US2003/ 040138 -4 nol ecul ar wei ght, nol ecul ar wei ght

di stribution and catal yst productivity). The present invention addresses a
nunber of the shortcom ngs of chrom um based et hyl ene pol ynerization not
previ ously ad¥ 2946e923n the prior art. BRI EF SUMVARY OF THET)I%MJ(,% [ 0010]
The present invention is directed to a system and nethod for the

pol yneri zation of ethylene that can be used for high space tine yield
operation (shorter residence tinmes) enploying chrom umbased catal ysts that
have good productivities and variable cofitrol of polyner nol ecul ar wei ght,
nmol ecul ar V\ﬁi)l ght d| st ri but| on, and side chain branch formation. [0011] As
used her eP:H’ ghtg olecylag ewpighiy disiribation aad opnsalyt mﬂ@tlvitﬁpltheApreamd
herein, "i r conmponen

t he cat al %‘Iteﬁh(?d;a géés%geaeﬁdné%gﬁﬁtﬂg%hgﬁﬁn@%e OtOJhI@ ca%&} ne hP e?%aéle?or
Ther ef or e potgneviously addressedsin thegrisomsnt i s added in situ, |t |s added to the
remai ni ng catal yst conponents in the reactor and is not conbined with the
ot her cat F SSVIRELRYLS ﬁ*ﬂﬁfl:@%@éﬁr transport to the reactor. "In
reactor” %mrw% erchangeably herein with "in situ.
(0013] As used herein, "in catalyst" or "on catalyst", in reference to the
mode of al@@%0on oThepressmbinventiontis direted:tat aadyptem aridsmelishd tﬁudhhpmlgmmmtm

addi tion r I %] t aoductio t he .cat st to
the react g? ﬁ""Cf!Ler e@%r%ﬁgebv%g%ﬁa%gon%{ %@ t&se 2‘&3%81’%“‘%%@5118‘5? afeﬁlg?nce" =
cat al yst " employing dabmimbéis,ed|dataﬂ3$tsaﬂmeda¢wg¢dibpmﬂbﬁfw1Mt &ldy siriabRnpanen tof

prior to t tran th r egat fhe rea 00141 As, used
her ei n, gley{n@'f WP%E‘E‘?‘T W?ﬁ%ﬂ“ﬁfﬁ’?ﬁggwﬁgﬁ %H*?‘H W&gﬁ’&b %&@Tﬁ%ﬂﬂ@n’ gener al
formul a R3AI wherein R can be any of one to twelve carbon al kyl groups. The
R groups [@]be t h&s ssedtherwin, di’f sreéas’his defifdthleif\ss dieed niteg.ei n, the term
al kyl al um num al koxi de is defined as a conmpound having the general formula

R2- Al - OR R of t 0. t wel | OR
o one DT e S8Rl R s mrBiatGe ot Blods Rt Sadion o Siond e oo
sane or difef ek, 1s[cf6@ii15d he@uusﬁdddimrewthe"dat‘aﬁtssm AR RRctal. © thétefat,URhaUM

et hoxi de. WD 2004/ 060923 PCT/ US2003/ 040138 -5 [0017] As used herein, "TEAL"
means tri &¥RRYF compnensnfs added in situ, 1t is added to the remainiig catalyst components in the

reactor and is not combined with the other catalyst components prior to their transport to the

reactor. “In reactor” is synonymous with and used interchangeably herein with “in situ.”

" [0013] As used herein, “in catalyst” or “on catalyst”, in reference to the mode of addition
of a component to the catalyst, is defined hercin as addition directly to the catalyst prior to
introduction of the catalyst to the reactor, Therefore, when a component is added to the catalyst
“in catalyst” or “on catalyst”, it is added t(; the other catalyst components prior to the ftransport
of the aggregate to the reactor.

[0014) As used herein, the term alkyl aluminum is defined as a compound having the
general formula R3Al 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 vsed herein, “DEALE” means diethyl aluminum ethoxide.



[ 0018] As used herein, "TEB" neans triethyl boron. [0019] As used herein,
"MA" neans tri-isobutyl alum num [0020] As used herein, "TNHAL" neans
tri-n-hexyl alum num [0021] As used herein, "MN' is the weight-average
mol ecul ar weWgH004/06pBB22] As used herein, "M is the nunbeer/eyR6AR613s

nol ecul ar weight. [0023] As used herein, "M" is the z-average nol ecul ar
wei ght. [0024] As used herein, "nolecular weight distribution" is equal to
Mv MR, [0025] In one enbodi nent of the present invention, there is a
supported chrom um catalyst conprising“ Arom um oxi de, a silica-containing

support c ,sing silicag sel g ,from the group consisting of silica
havi ng (ai@{.}éore vOF SR bstein ERALY means triethy. uglhd a surface area of
about 245 - 375 n2/g, (b) a pore volune of about- 2.4 - 3.7 cnB/g and a

surface af@m8}f abassediMorein, 620BrRicans tHBEy Kakord POre vol une of about 0.9 -
1.4 cnB/g and a surface area of about 390 - 590 mZ/g, and an organoal um num

corrpound inth orte om um cat al yst activated at 400 - 860
C. In anomﬁenbodgﬁﬁf'f’ﬁ%e’f% n’&&?‘lﬁrw té’bﬂﬁ’é'ml s added in situ. In
anot her enbodi nent, the silica has a pore volune of about 2.4 - 3.7 cnB/g

and a surf@e20] ar eaA@ﬁseﬂbﬁtbﬁn,‘&ﬂ&A[@&ﬁ’eaﬁEern&BﬂyﬂaMﬁ%ﬁﬁnOa| um num conpound
is an al kyl al um num al koxi de corrpound I n anot her enbodi nent, the

or ganoal umi conp und i,S_an al u num al k e CcoQ ound. Ina
preferr edﬁ%g]dl ments Weddergtk y ﬁ suthf’ ?’1"8 AR R E‘é‘gaﬁé"(ﬁﬂqlp di et hyl
al um num et hoxi de. | n anot her enbodi nent, the catalyst is for med by the in

situ addie0z2) of ansatedyierei, trmmisrﬂmamisﬂaeraeer@@mawﬂarvbﬁg}ﬁ preferred
enbodi ment, the al kyl al um num al koxi de added in situ is diethyl alum num

et hoxi de. ne enmho e, orted cata s activated at 600 -
860 C. In[g(%ﬂher g%ﬁ tﬂg giﬁegf%egag&ng ec“i%wgbé'es titani um
tetrai sopropoxide. In anot her enbodi nent, the catal yst organoal um num

conpound {G02#) al kyAs aiedﬂiefaﬁmf‘ﬁmlmdmeighﬂdiaﬁ‘mtﬁhmsqual&awmﬁnt where the
or ganoal um num corrpound is an alkyl alum num conpound, the alkyl alunm num

conpound i rieth al u trl-isobut al um Oor tri-n-

al uni num [igzé'#]er abl ]E‘%S&h?éj t\/\g AV SRV é‘?@lﬂwﬁl tfgidﬁﬁ m&%%{]cﬁ%mmm

al um num egaeIaE: é)h mgdﬂmnm oxddella sil¥bd-conplighe m%bu,comgﬁszﬁgmwwed@ feh med
by the in situ di t1on_of thelrlethyl al. um num not her

enbodi nenthe g eonsisting of filien having %) sctmydepgP §1?°“g>131t‘eﬁ18 %r’ﬂ)?@dsi‘ Agface
si lyl chr onRb@f afout il Co78 HFYRIBY oS YORMelof ag&mader atefoRYs aRPY kA0 area 360 C

about 410 — 620 m?/g, and (c) a pore volums of about 0.9 — 1.4 cm?/g and a surface area of about
390 — 590 m*/g; and an organoaluminum compound wherein the supported chromium catalyst is
activated at 400 - 860 °C. In another embodiment, the organcaluminum compound is added in
gitn. In another embodiment, the silica has a pore volume of about 2.4 — 3.7 cm®/g and a surface
area of about 410 — 620 m*/g and the organoaluminum compound is an alkyl aluminum alkoxide
compound. In another embodiment, the organcaluminum compound is an alkyl aluminum
alkoxide compound. In-a preferred embodiment, 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
uompﬁses titanium tetrair;opropuxidé. Tn another embodimient, 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 alominum, tri-isobutyl aluminum, or tri-n-hexyl aluminum, Preferably, the alkyl



conprising silica selected fromthe group consisting of silica having (a) a
pore volune of about 1.1 - 1.8 cnB/g and a surface area of about 245 - 375
n2/ g, (b) a pore volunme of about 2,4 - 3.7 c¢nB/g and a surface area of
about 410 - WRQEAKe?23and (c) a pore volune of about 0.9 pepudenzddse and a
surface area of about 390 - 590 nR/g; an organoal um num conpound; the
catalyst fornmed by the process of addi ng the organoal um num conpound in
situ. In another enbodinment, the organoal um num conpound is an al kyl

al um num al koxi de conpound. In a pref er®ed enmbodi nent, the al kyl al um num

al koxi de conpound is diet hg al um num et hoxi de. I n another enbodi nent, the
or ganoal ufHE eeRpANag 1f 8dded inIsity Metsrmrefarsblyo Hisoentalyst lin farmer et the fre skt
enbodi mn&ddn@ﬁ%f%é%&h? conmpound is selected fromthe group
consisting of triethy mnum tri-isobutyl aluminum and tri-n-hexyl

al um num B{D@OW] I n anot her embodi ment, there is a supported chrom um
cat al yst 6km cdﬁpﬁlﬂcﬁhﬂgembﬁdlyllenhrfbﬁut & 4 supporied- conmaioni eatplysh ppetetn

dehydr at eg, 8 } I d f.rom ogr oup
consi sting "g‘rr‘“g@r I a[}jgav?tﬁ 4 @aacoﬁ%@ﬁ é/ %{lﬁ(rzr’e’ (9]?6 at§ At tb%lt f&g and a
surf ace acmuprsingsilmatseRdisd ﬁ'oﬁﬂiﬁe gﬁiug ,cofdisting off siliea hﬂhllg’fel) @.fpo&’bm]ﬁma oﬂabouB 7

bout 0. o'3 1t RTEaREE Bifhos 68 PF b 35 501 Malpo e Sagty vahBe bipyt T 5
or ganoal ucm%rg ahd arpfdtdarse b aticd 410 erﬂzotxh’Gg,garnaL(a) & 9B dliie o®hbdutiosd hyil4
al um num é{;cfogmyl al um nurn and_trisn-hexyl alumnum the catal

bei ng for% GERL agput ai?@r‘h@gotfﬁégscﬁngﬁﬁwmlﬁﬂ%cem quqtailys"
catal yst. forn@943] e ppRRENSE Hﬁ%dﬂﬁeﬂf sanddifhifiuinS cGmSHRRCE §Gu.C N0 Hndiher

catal yst system corrprr Si ng silyl'chronate, a silica-contalning support,
dehydr at eembczdlmert, e gBEAnCaluBIHoE pemprgmdsr R @byl ausdnusg aﬂqowtchmpgmlupln a

consrstrn a
urface. apisiisy bRy (R aRybabG WBE: cfigihd by Mo i St
[0029] Inhammtﬁeeembmmmdnt;rmetqrgmoelmnm eomprqnpdud adalkyirairmnmmm@mioysd Biyst em
conprisin Ichr iJi.ca-conta drated at. 40
560 C.  coftsmetprodtent s uRul S ER BRI RR0 it BB Cplingof
havi ng ( ajricthyD slitrinted, iksobityblontinuis, ind triln-Bex ¢ ABhGn@nd a surface area of
about 245 - 375 n2/g, (b) a pore vol une of about 2.4 - 3.7 cnB/g WD

2004/ 0609 /US 003/ 040138 and_a surface are f about

e/ g, and@@? a por outh e’E’i‘PO%TB’SWP ey s p pu Wg gli‘famﬁmlsfﬁ‘% eSYéFeEJa of
about 390¢om TGl hidRthtd, 'd elibyboRahiag, suf:ﬂ:!rﬂﬂﬂ: hipdrated €atPaBGE 60 of 88gldCNY
the triethy oron in situ. [0030] In another _enpbodinent, there is a

process f enmupissglicage ﬁte@tﬁm)} bR Ereyg | copsafting 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 and a surface area of about 410 — 620 m?/g, and (c) a pore volume of about 0.9 — 1.4
m’/g and a surface area of about 390 — 590 m%g; an organoaluminum compound selected from
the group consisting of triethyl aluminum, tri-isobutyl aluminum, and tri-n-hexyl aluminum, the

catalyst being formed by the process of adding the organoaluminum compound in catalyst.

[0028] 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 pore volume of about 0.9 — 1.4 cm’/g

and a surface area of about 390 590 /g, and, an organoaluminum compound

[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



conprising the steps of contacting ethylene under polynerization conditions
wth a catalyst system the catal yst system conprising chrom um oxi de, an
al kyl alum num and a silica- containing support conprising silica sel ected
fromthe grow® woresnesi ng of silica having (a) a pore vo t 1.1 -
1.8 cnB/g and a surface area of about 245 - 375 n2/g, (b)bgﬁgsééragy‘ﬁ\% unme of
about 2.4 - 3.7 cnB/g and a surface area of about 410 - 620 n2/g, and (c) a
pore volume of about 0.9 - 1.4 cnB/g and a surface area of about 390 - 590
n2/g; and, controlling one or nore of céatalyst activity, polymer side chain
br anchi ngamga?l ymer MZ/IMN polymer MAN ML, polynmer density and pol
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productivity, reaction induction tinme and, polyner nol ecul ar weight of the
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addi tion §F
addition of dlethyl alu:mmmn e.thox1de comprises in situ addition. In another embodiment, the

addition of diethyl aluminum ethoxide comprises addition directly fo the catalyst during catalyst
preparation. In another embodiment, the polymer M./M, is greater than or equal to 16 and said
polymer M,/My, is greater than or equal to 6.

[0031] In another embodiment, there is a process for producing an ethylene polymer
comprising the steps of contacting ethylene under polymerization conditions with a catalyst
system comprising silylchromate and a silica-containing support 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 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,
conirolling 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



conprises in situ addition of diethyl alum num ethoxide. |In another

enbodi nent, the addition of said diethyl alum num ethoxide conprises
addition directly to the catalyst during catalyst preparation. In a
preferred eMdHi0#eM23 t he pol ynerization is gas phase polpyiRikbdmaihioPss-
Preferably, the silylchromate is | oaded onto said silica-containing support
at a loading of about 0.15 - 1.0 weight % of chromum In another

enbodi ment, the addition of an organoal um num conpound conprises addition
of an al kyl al um num conpound. Preferabﬁy, the al kyl al um num conpound is
sel ected E;on1the group consisting of triethyl alumnum tri-isobutyl
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sel ect ed ,f § @i, 081 9,94 onsisting of triethyl alumnum tri-isobutyl
al um num aﬁgﬁt%&gﬁl exyl  al um num In another enbodinent, the ratio of
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suppor

controlling catalyst activity, reaction induction time, and polymer molecular weight of the
resulting ethylene polymer by the additioh of a co-catalyst in an amowunt toreffect a final ratio of
equivalents of aluminum to equivalents of chromium of from 0.1:1 to 10:1. In another
embodiment, the step of contacting comprises contacting with diethyl aluminum ethoxide. In
another embodiment, the co-catalyst is selected from the group consisting of triethyl aluminum,
tri-isobutyl aluminum, and tri-n-hexyl aluminum. In another embodiment, the ratio of
equivalents of aluminum to equivalents of chromium is from about 1:1 to about 3:1. In a
preferred embodiment, the polymerization is gas phase polymerization. In another embodiment,
the catalyst is treated, in catalyst, with an alkyl aluminum or an alky! aluminum alkoxide prior to
the addition of co-catalyst. In ancther specific 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,



conprising silica selected fromthe group consisting of silica having (a) a
pore volunme of about 1.1 - 1.8 cnB/g and a surface area of about 245 - 375
n2/g, (b) a pore volunme of about 2.4 - 3.7 c¢nB/g and a surface area of
about 410 - Ve2@0o#R90823 and (c) a pore vol unme of about 0. 9pcTiAis%0364u8dsg and a
surface area of about 390 - 590 nR/g; controlling catalyst activity, polyner
MW Mn, and pol yner nol ecul ar wei ght of the resulting ethylene polyner by
the addition of a co-catalyst in an anmount to effect a final ratio of

equi val ents of aI urri num to equivalents of " chromumof fromO0.1:1 to 10:1.
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The novel features whjich are elleved t.o be characte istic gf t he i nyenti on,
WO 2004/ 0GEYTEEY; BeRstos aepolymepzaligh ki % atalgstiny USHYyikh P BreRshtham 400t hod

of oper at iég’?olyhﬁgﬁé Iaﬁtély!\ﬂ dda &eus baefiorP Rinfetafurd Afl IAMVARI@ er Wah!th® eedbdd er
under st 0o romthe foll owing description when considered in connection with
t he temperature when polymerizing with the same chrome catalyst system in the absence of 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.

[0035] The foregoing has outlined rather broadly the features and technical advantages
of the present invention in order that the detailed description of the invention that follows may
be better understood. Additional features and advaniages of the invention will be described
hereinafter which form the subject of the claims of the invention. 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. If 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,



acconpanying figures. It is to be expressly understood, however, that each
of the figures is provided for the purpose of illustration and description
only and is not intended as a definition of the Iimts of the present

i nvention, BRI BM/GEHGRI PTI ON OF THE DRAW NGS [ 0036] For acnusmogenpset e
under standi ng of the present invention, reference is now nade to the
follow ng descriptions taken in conjunction with the acconpanyi ng draw ng,
in which: [0037] FIG 1. Possible structure of chrom um oxi de-on-silica
("Phillips") catalyst. [0038] FIG 2.-Bdssible structure of
silylchromate-on-silica catalyst. [0039] FIG 3. Mlecular weight plots of
pol yet hy|RoHeasip #a geeanizafiqnandenethasoof opertiemnitessthsk with fatthenobisets aidiydviantaDBALE;
(b) 1 n-siyiu velhs i DEAL - NSt i . e
Fl ow ver s‘f}g Ti me fug?&k}g%logl t{é}ﬁrﬂg%ﬁf% %‘%&g%% gg‘{hgfl%%% e[dolb%]jm%lr—‘?@ @éﬁ%
Mol ecul aracopnppnying| figueesofit isdbyhst ¢xpressiy ynderstood dhomveyvbr, 38at HSclc of ¢e fignreoisi de

cat al yst; . . - S| " LE added, to catal.yst.

[ 0042] F|p<36‘ﬂ%?dr% @yﬁ ?ehﬁgsﬁ%h%éﬁé%%%@%{ﬁ%@ Be °§6‘ﬁf’iﬂ% 8?(?3%1%5%?1’61?%st.
[ 0043] FIli® lirits dbtheprekant inveitigt.  pl ot s of pol yet hyl ene produced with EP352
chromium oxide catalyst; (a) In-situ DEALS; (b) DEALE added to catal yst.

[ 0044] FIM Ti for EP352 chrom um oxi de catal yst.
[ 0045] FI .D ﬂlﬁ ﬁ ﬁlg@m SpoI yet hyl ene produced with
silylchromate on MS3050 with DEALE added in-situ. [0046] FIG 10. Ethylene
Fl ow ver 40936J nme f dor sirhgrk clompletdt endenstdvBRRSET the Ipresant MOERDAALBEOR2Ts now
PCT/ US2003/ 040138 . =11 [Q047] ,.Fl 11. Mol ecul ar .wei ght pl ots, of L

pol yet hy|™® tBrltg‘El&lboa“G\% Sc&'l’fl?}}sc BhE @5 %g‘”tg?%g@ﬁ?dpr?pé‘?}”ﬁg PRy i by 5
eq DEALE/wien:Cr; in-catalyst; (c) 10 eq DEALE/eq Cr; in- catal yst. [0048]
FIG 12. Ethylene Flow versus Tinme for silylchromate on 955 silica. [0049]
FIG 13. LVity sus, Equj val ents .of . Co-Catal yst. (Al [Cr) for various co-
cat al yst rﬁg#hm |yl ﬁéo]n;qoé%%ﬁ&f‘%e %ﬁéﬁom OE@GWE%F&F%@]PS Eﬁﬁ@@ft FIG 14.
Fl ow | ndex versus Equival ents of Co-Catalyst (A/Cr) for various co-

cat al yst S0088] si | yFoGrDrinfssibatrattytof Bidydtiromaten-DivAlcilabgt. Cr . [ 0051] FIG 15
Activity versus Tinme for silylchromate catal yst having 5 eq DEALE/ eq

[0039] FIG. 3. Molecular weight plots of polyethylene produced with MS35100
chromium oxide catalyst; (a) no DEALE; (b) In-situ DEALE; (c) DEALE added to catalyst.

~ [0040] FIG. 4, Ethylene Flow versus Time for MS35100 chromium oxide catalyst.

[0041] FIG. 5. Molecular weight plots of polyethylene produced with 957HS chromium
oxide catalyst; (2) no DEALE; (b) In-situ DEALE; (c) DEALE added to catalyst. |

[0042] FIG. 6. Ethylene Flow versus Time for 957HS chromium oxide catalyst.

[0043] FIG. 7. Molecular 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 silylchiromate on
MS3050 with DEALE added in-situ. N ' )

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



Cr, with no co-catalyst; and in the presence of TEAL. [0052] FIG 16.
Activity versus Tinme for silylchromate catal yst having 5 eq DEALS/eq Cr,
with no co-catalyst; and in the presence of TIBA [0053] FIG 17. Activity
ver sus Ti newoqoegishszBchr omat e cat al yst having 5 eq DEALBEPerusHusoswdzgh no
co-catalyst; and in the presence of TNHAL. [0054] FIG 18. Ml ecul ar wei ght
plot for silylchromate catalyst having 5 eq DEALE/ eq Cr, produced
pol yet hyl ene, no co-catal yst. [0055] FI 19. Mol ecul ar weight plot for
silylchromate catal yst having 5 eq DEACE'eq Cr, produced pol yethylene, in
ght plot for

th f TI G .20. . Mol |

si Fylor:ﬁfmgaocat a%@t ]hgg‘? %‘éﬂ‘ﬂ' “éf‘dghtB@&_@e&Y%Y %:%%@é@“%lsﬂﬂmwmwn in
h ls

the pr esegysesitda; TdfAle DERQW]@)F.‘& & DEAL%%U u?f‘Bat!lgro h IR d&LDFB%%EAeﬁ Cr in-

silylchromate catalyst having 5 efe, in
the presefédysbf TNHAL. [0058] FIG 22. Act|V|ty versus Tine for

silylchromate catalyst having 1.5 eq DEALE/eq Cr, with no co-catal yst; and

n the prisagpe of FlgAs BAOSRHLP0RSR FCRURUNALANDISes qiks [0059] FIG

23. Activity versus Tine te catalyst having DEALE/ eq
Cr, with no co-cat alé and in the resence of TNHAL. [0060] FI G 24.
Activity WWOASLs Ti A fé? Aictiviti Netswa Eauivelents oft Corbitabygt {ABCogfor DRADE eor Cr

Wi th no coufatal¥ | At m [0061] FIG 25. Mol ecular
wei ght pl ota@?sor sﬁl (r&tgrrat ?ét F%S/ a&in-ggh%%’s eq DEALE/eq Cr, produced
pol yet hyl ene. no co- cat a;}ﬁ 0062] FIG 26. Ml ecular weight plot for

silylchr oi98601 cat alfyat 14 PW(}U 67@5‘7@%}15 HEelentpiFo-CatebisuGBIACn) by wirdoys eme, i n

t he prese f ]g‘ wei ght pl ot for

silylchr o&t e%cfggééﬁﬁ © %g?%gy% gg ﬁg W&F produced pol yethyl ene, in
the presence of TEAL {0064] FIG 28. Ml ecul ar weight plot for

si |yl chr ol0@b8] cat alfjSt 1hAvtivity tersuseljmePantildspnGite calyshiveihgpoby DEATEéme, in

t he presy&g%(ltm‘npgy% S{ %@ﬂthgﬁr%’sen%%g{’ﬂ? VI ty versus Equival ents of

Co- Cat al r’varrous*co- ysSts for 957HS chrom um oxi de-TTI P
catal yst having 5 eq DEALE/eq C. [0066] FIG 30. Flow Index versus
Equi val enf0858F Co- GG aly setigity #@ishs Tiore fensilydelsomate catalyst having 5 eq DEALE/eq

Cr, with no co-catalyst; and in the presence of TIBA.

[0053}] FIG. 17. Activity versus Time for silylchromate catalyst having 5 eq DEALE/eq
Cr, with no co-catalyst; and in the presence of TNHAL.

[0054] FIG. 18. Molecular weight plot for silylchromate catalyst having 5 eq
DEALE/eq Cr, produced polyethylene, 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.



catal ysts for 957HS chrom um oxi de-TTI P catal yst having 1.5 eq DEALE/ eq Cr.
[0067] FIG 31. Mol ecular weight plot for 957HS chrom um oxi de-TTIP

catal yst- produced pol yethyl ene, no co-catalyst. [0068] FIG 32. Ml ecul ar
wei ght pl ot W@2009860p#8 chr oni um oxi de- TTI P cat al yst- prodgeesisiasyRiRy! ene,
in the presence of TIBA. [0069] FIG 33. Ml ecular weight plot for 957HS
chrom um oxi de- TTI P cat al yst- produced pol yethylene, in the presence of
TEAL. [0070] FIG 34. Mol ecular weight plot for 957HS chrom um oxi de-TTI P
catal yst- produced pol yethylene, in thelpresence of TNHAL. WO 2004/ 060923
PCT/ US2003/ 040138 13 [0071] FIG 35. Mol ecular weight plot for 957HS
chrom um8%%k- TTI PlGat2dl yAetivityr vetawse Tipol fpet $ilyldaremate ocatadyst ahadings t1.5 [€4072]
FIG 36. " Wi ) fQr-997HS chr o i de-TTI P cat al yst -

pr oduced ]%%‘%’%’téhﬁ’e%@? 9%0 ?Aﬁ%&%’r %e%@§$§?5%§% ‘LED DESCRI PTI ON OF THE
| NVENTI ON 50073] The invention is applicable to the polynerization of

ol efi ns HPVBRly susp&hsi2én,Activitlyuvérsws, Toherfoy, sityichgmsate hasatyspr kosiss ,1.91signg
known equi e i condit.igns, and i ot limted to any specific
type of p%%%ﬁrrg}ﬁeﬂ?‘g# %ﬁtﬁé%{?iéwﬁéﬁ& gelp§?se%ﬁe@lf &HB‘SDI ymeri zation
tenperatures range from about OC to about 300C at atnospheric,

subat nosdA@B1k, or FIGuBEr aiMalspler weightr ekt Ube silylShuontaje entalel bhviog 1.5 eq

pol ymer i i te utilize subatmospheric or superatnospheric
pressur e@‘%@ﬁ%ﬁ%&’r@%ﬁ%ﬁoyﬁtﬁdﬁ e’P&ﬁ%"Sgt@P’S about 40C to about 300C. A
useful |iquid phase polynerization systemis described in U S. Patent

3, 324, 0990062qui d PFH&S &6 poMotemnilaraweight plostionwilgehenatd vamhsphideg al.5 eact or
to which j noper .and catal yst conposi Li are added, and which

cont ai ns @ﬁ%@ﬂﬁ%&@%ﬂo tg?a’llﬁ ’}/Ib&lep’é?ﬁn&ﬁf’yf%'or suspendi ng t he

pol yolefin. The liquid reaction nediummy consist of the bulk liquid
m)lnomer dooes] i ner F(Ij(l}.i qui d Mulebute awbight ploatfor silplehroaned icx@lysnaeving NES eq

pol ymer i i ndi ti ons .enpl.oyed. Al t hough an inert liquid

hydr ocar m@@ﬂ r°'$"t9ﬁ€??1¥$1§1§z"a“%@F’V@ﬁ?ﬂcg%ig‘gﬂe cat al yst conposition or
t he pol yner obtained by the process, it usually serves as solvent for the

nmononer s [oed4pyed FIGE 28, pOMaleaildr Zatichtn plofnfen GilyioRrohia@d catalyet helvilly dr 9 car bons
sui tabl e f@q&{é}ﬂ S. pur pose allrye i sopent ane, hexane. cycl ohexane, heptane,
benzene, ¥ 58 Craprerducrd polysthydengainthe pirsence At ANHAet ween t he ol ef i n nmonomer

and the catal yst conposition should be
[0065] FIG. 29. Activity versus Equivalents of Co-Catalyst (AVCr) for various co-

catalysts for 957HS chromium oxide-TTIP catalyst having 5 eq DEALE/eq Cr.

[0066] FIG. 30. Flow Index versus Equivalents of Co-Catalyst (Al/Cr) for various co-
catalysts for 957HS chromium oxide-TTIP catalyst having 1.5 eq DEALE/eq Cr.

[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.

[0068] 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 polysthylene, in the presence of TNHAL.



mai nt ai ned by constant stirring or agitation. The reaction medi um contai ni ng
the ol efin polynmer product and unreacted ol efin nononer is wthdrawn from
the reactor continuously. The olefin polynmer product is separated, and the
unreact ed ol BUo4tspteader and |iquid reaction nediumare pegyslopfhsNigo t he
reactor. [0074] The invention is, however, especially useful with gas phase
pol yneri zation systens, with superatnospheric pressures in the range of 1
to 1000 psi, preferably 50 to 400 psi, nost preferably 100 to 300 psi, and
tenmperatures in the range of 30 to 130 d3-preferably 65 to 110C. Stirred or
fluidized _bed gas phase pol ynerization systens are particularly useful.
Gener al | y[0 WonventiGorddl  deleqimsweizht plotiifore 85 R chrootwasoxide-THR uattlgat- by
passi ng a ?@ﬂ&@éﬂ /0609 / US2003/ 040138 -14 containing one or
nore ol ef F%Td{rlr%%?o rs co%’t@n%o%%@ggjhr ough a fluidized bed reactor under
reaction conditions and in the presence of catal yst conposition at a

vel ocity KRRl ci entFliGo 36maiMaledularaweight plot ol PWHShchionliem exidaTEIR pankyed
condi tion r | o e nononmer i s withdrawn fromthe
reactor c ﬁ&?crslehi Eg{%h?%%’ﬁ%r eeg:g%%?&c%gq%, optionally partially or fully
condensed, and recycled into the reactor. Product is withdrawn fromthe
react or abBETARRED I} B IF T INYBNTEONr ecycl e stream As desired for
tenperature control of the polynerization system any gas inert to the

cat al yst Siti : - DI LN ihe gas stream
o SR T ERTRRRG ShERYe e hater RUGR S bl b SaP SR
maly be ysec:ipﬁm:s shhh?cblogﬁcphase pto_Sess,Rmirgnhlojm eq&i}ﬁ?x&t ad reabidély Ednditio@s, and i?

pol yneri zatien..s em nmay..conprise si.ngl e reactor, or .fIwo re reactors
in series ®ah lt?&é/%c%??’dfpc ! %3? Bﬂﬁ’F“&FF opr?yfecﬁ%" a ?éeﬁ@ié” %@W%‘Fm‘m
poi sons. GugRunires higeCiroRoaPaNMPE 1Rbbe 8OO dirAGsph&RY eRGhRbsFIED! 9r f O
poi sons to mcreaie,the catal yst_activity. Exanples of scavengi ng agents

are met al SURCRAPESPDEHIG RIFSSHISS: al SR URF aFRlticn R%#mza@ﬂhv‘éﬁ‘?‘?%naﬁ@adi gant s
may be usgghatroshh&icPsrOeB&SmddpHodRekstRE ¥nd Rnipelannéd inGhE _%n%eveﬁftaboﬁtlfh@;c to

operation of the catalyst conposition in formng the desired polyolefin.
Hydr ogen Aegbe300%ed As usefelhHawid t phases belymegestion; systeme iprdseasibed innUsndRatans up

t bout : . | f [ i 7

bol yor of i So2Rof Tigfl fhe ABGDeBERol kel cClufly RBAIEE rifiluo iR bty
not i m tedome: andmabgmtradepcfsiti_mmaw afded, amd rvdnedr wonfajcsa hguié tréngtienmedino for near
ot o PoRBETPRar SRRl e o Y Rehd SR Bkl R BPiRs 51 et

al pha- ol efifpiid rA6Y@RS: S ani fnbrt digaRl hydescarbanghatdis frcarsaetheuinder 8@ pelymerization

conditions employed. Although such an inert liquid hydrocarbon need not function as a solvent

e,

for the catalyst composition or the polymer obtained by the process, it usually serves as solvent
for the monomers employed in the polymerization. Among the inert liquid hydrocarbons
suitable for this purpose are isopentane, hexane, cyclohexane, heptane, benzene, toluene, and the
like. Reactive contact between the olefin monomer and the catalyst composition should be
maintained by constant stirring or agitation. The reaction medium containing the olefin polymer
product and unreacted olefin monomer is withdrawn from the reactor continuously. The olefin
polymer product is separated, and the unreacted olefin monomer and liquid reaction medium are

recycled into the reactor. .

[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



about 0.95 may be made. Suitabl e higher al pha-ol efin nononers include, for
exanpl e, propylene, 1-butene, 1l-pentene, 1-hexene, 4-nethyl-I-pentene,
1-octene, and 3,5,5-trinmethyl-1- hexene. O efin polynmers according to the

i nventi on nayoa208#spR3based on or contain conjugated or REPUSRHRMEREeEd

di enes, such as linear, branched, or cyclic hydrocarbon di enes having from
about 4 to about 20, preferably 4 to 12, carbon atons. Preferred dienes

i ncl ude 1, 4-pent adi ene, 1, 5-hexadi ene, 5-vinyl-2-norbonene, 1, 7-octadiene,
vinyl cycl ohexene, dicycl opentadi ene, -Bdtadi ene, isobutylene, isoprene,

et hyl i dene narbornene and the |Iike. Aromatic conmpounds having vinyl

unsat ur at POHRIBINE lpng ST Snere ehdinameanandss cpntimewsly thrpeghes fluitizedprddaneactomynder

cotors, risthh, Smany L b ) xefIRyE 0 o7 HoGRTBen b go Pl SRt Y ' ©

trial kyl wiintaies baddoft fodidl pdriclesin beugpohdoderdnditidnacA astdamgeontuiding vimvasd i on
as well. Specifi.c _.palvolgfi t hat may. be de according .to the_invention
Mnel ude, Fopohsy s silidralh FomdRe jedior SRt Erabienat coarde Aaiqialy parialy

pol ylet hyl en’lﬁlgllﬁricbﬁtﬂdmldéd;l gﬁ@&éwblem entfa uheefbactlsﬂ pPio)tlﬁﬁLiﬁ lv@ﬂﬂ‘;'a\aﬂlt ﬂdxlhecﬂ@ ré&@tgﬁ'aﬁd
copol yners ono- pol yet ene, .po ro ene, ethyl ene/ propyl ene rubbers
(EPR s), E%Jﬁwléﬂ@gﬁﬁnéw! %ﬁ@? & efe%/ig}epgf/%rés @m oy temppsrafpa captra el the
pol yi sopr gagmartibh Qystbh K 8ny bRO#RE tRadd cad édﬁﬁﬂdémoﬁ)ﬁnqer‘ewélﬁ% (!r)ﬂrasraﬂso be

catal ysts represent one pathway to inproved catalyst systens

pol yet hy| Biséet Feihe g dieamal addition; & Buidizationoae seais sathion blagkrilitayelpy)@r tale
silylchro s AasSdsldi S I {red that any such catalytic
system pe{r:@%rg% év%gi %S dl%%’rsg(%g 'nglizlaes%ycoé?'t@??fg%ii el d operation (i.e., operation
maxi m zi n?q pol ymer produced per unit reactor tine and reactor space),

pr oduci nglQ078] gr eatEetpolymragizetion sypistymashspimamise p sivgietbastorior lwo bi mybregedckiry st

activity i . rit.er L de b Re. ] I t 0SSESSy:
Adequat ¢ Thist B FihERACREGelTS 1ot AR RO PARLET R ORISR
thlel r :Jseccan@ulﬁ@mgy bagmph:ltyedms: schunging algagbﬁrr ppf)soaq_)tml mmaaseam%awﬁtacﬂimgrh f
o deqr ESTBSS AP PPS ST BEHN B bRl SEFPBR AR ar o dosi red.
[0079] The so-called Phillips catalyst, introduced in the early 1960s was

t he first[0076] om unCaweshonah-adjulvants negt be yiséd i hke @adoabsy Yirovided dicyedo bipt

i npregnating.a Cr.+3._species i silica, followed_by.fluyidization, of the
T o gt ot besston e Shlalyel SpmpRutd T STiyies S doegpd Hopgletn

conver t edy@rogkntfay B0 8sedfat lalchiif nandfad ageht th ShedhrSdess; AEMAkts P iotibbfd (ioled t he
prior art as "inorganic qoxide-supported Cr+6." Wiile chromum

oxi de- on- 8§ Iydgager Rermoleof tatslppapomer f6dd productivity, they produce
poyl et hyl enes having rel atively narrow nol ecul ar wei ght

[0077] Polyolefins that may be produced according to the invention include, but are not

limited to, those made from olefin monomers such as ethylene and linear or branched higher
alpha-olefin monomers containing 3 to about 20 carbon atoms. Homopolymers or interpolymers
of ethylene and such higher alpha-olefin monomers, with densities ranging from about 0.86 to
about 0.95 may be made. Suitable higher alpha-clefin monomers include, for example,
propylene, 1-butene, 1-pentene, I-hexene, 4-methyl-l-pentene, 1-octene, and 3,5,5-trimethyl-1-
hexene. Olefin polymers according to the invention may also be based on or contain 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-norbormnene, 1,7-octadiene, vinyl cyclohexene, ‘dicyclopcntadiene,
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



distribution. The so-called Phillips catalyst and related catal ysts are
herein referred to as "CrOx" catalysts. Figure 1 gives a schematic
representation of the structure of CrOx catalysts. Silylchromate-on-silica
cat al ysts ar®03Md0¢09%% of inorganic oxi de-supported O +6 peajrbdiSiedisiat
produces pol yet hyl enes not having the aforenenti oned defici enci es.
Silylchromate-on-silica catalysts are referred to herein as "SC' catal ysts.
Figure 2 gives a schematic representation of the structure of SC-type

catal ysts. SC-type catalysts are typicaldy reduced with al umi num alkyls,
such as DEALE, during a catalyst preparation step prior to addition to the
react or . talkylsilangs gnf dke Heemay bgaelymesized eecording ty theripyantion jps satllc tSpetifiy of
CrOx cat loBine WL L6 i : t W | ecul ar i ght . and
ol ecul af yoieans ey, Bbefiin? ) HE MYAERE b TR CREG 18 AR i
SC cat al pelysthyle@, 2 @@4iud6 0828itPOHER008/ (MdidiRg eth§lchOB8Bhe \@pbBiriefn Sndn

cat al yst +6 S | es S orted on siljca ve heen . known. One
parti cul %Fh%gg%lﬂg#igg nc%%lgisn e&?ﬁlgmoﬁﬂq}p‘d&y}%’ie’s 8813’81?8%138% {I%'FF prPWﬂ?@gﬁ’\gg‘éta ont o
silica ¢ERRIg), whylené/popenddispe trgdyheat GEEDRI), pAjh@mienbDpslylsapresd n@theS
her ei naf Eh]le(r referred to as "Ti- COOx" (titanated chrom um oxide). Such

modi fi cations result in polyethylenes with slightly greater nolecul ar

wei ght distributions conpared to those nade without titanation. Wile this

syst em pfeaf8jes poRydrichy bigoasurh @RIiEVE-siRWREER sts1O56seRt OUSARWSioehproved
silylchro ty further ogngr ovenents i n nol ecul ar
S

-on-si | t al t
wei ght aﬁgfgltﬁfgﬁ g‘%ﬁﬂ?’%ﬁr %Q(:Kgpﬂﬁ?tgﬁfag?asr ﬁ%’ﬁ/ﬁsa ghafa"r‘iﬂs@c%l pse Sypirelyciormel upisse
obt ai ned siMikitombleYnCIMAT By - 3t §d 8RR Sl §h BRATR! SStend AR @é{m' es

1 through 53 were conducted as slurry polynerization reactions. Exanples 54
t hr ough Purigghigh spargdiresicidoperagion (hhasperdtion matimiving pelymer podneadaier cattal yst
preparat i 8 herw ted L | e
ol | ow ni ey ok s iyl Bholf s MY Byt SnfiBbe LY BT B bohghliSyin
CGener al Bighpatadyst eciivily itthr shottermesidete tivst aClyrstnian tokidatdatalystsGatsedsy sdeguaas
received fromthe suppl.jers wit he chrom.um al.ready inpregnated,on. | he
supportsP ml-jﬂcéu“%zﬂla |ﬁ§‘§‘fljfyp ﬁf}ﬁ%myﬁ)%wg?cé’ d Lﬁé"f’gglhﬁ@g #%g‘é I?S% pmsl for
Acti vat i amuinbercsTa@plidatitndyhdrahizh bl gakr wethhe bgdhdirhele@ddrataigit dis@ibutionfanfiour s
at the specified tenperature,_in gr%/ air. Tlais I.s usually conducted in a
tube fur MifoEeseR¢rrisams dgarpe phbipqeaity plomelgouisrdesishidistaguionarr desirgdsed. [ 0084]
Ceneral Preparation B. Chrom um oxi de catal yst reductions: In a typical :
[0079] The so-called Phillips catalyst, introduced in the early 1960s was the first

chromium oxide-on-silica catalyst. The catalyst is formed by impregnating a Cr*? species into
silica, followed by fluidization of the silica muairix at ca. 400 °C — 860 °C. Under these

conditions, Cr*3 is converted to Cr™, The Phillips catalyst is also commonly referred to in the

prior art as “inorganic oxide-supported crts.”

While chromium oxide-on-silica catalysts exhibit
good productivitjr, they produce poylethylenes having relatively narrow molecular weight
distribution. The so-called Phillips catalyst and related catalysts are herein referred to as
“CrOx” catalysts. Figure 1 gives a schematic representation of the structure of CrOx catalysts.
Silylchromate-on-silica catalysts are one type of inorganic oxide-supported Cr'® catalyst that
produces polyethylenes not having the aforementioned deficiencies. Silylchromate-on-silica
catalysts are referred to herein as “SC” catalysts. Figure 2 gives a schematic representation of
the structure of SC-tYpe catalysts. - SC-type catalysts are typically reduced with aluminum
alkyls, snch 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.



preparation 3 grans of previously activated catalyst is placed in a 50 nL
airless ware flask with a stir bar under inert atnosphere. Thirty-five nL
of dry degassed hexane is added and the mxture is heated to 50 C. The
reduci ng agd 2004060P83n added via syringe (all reagents apeTr2f208%040Yds% i N
hexane). The stated equivalents are always the ratio of reagent to chrom um
After 30 mnutes, drying is coomenced. This can be done under hi gh vacuum
or with a nitrogen purge. Catalyst is %ored under nitrogen until used.

[ 0085] General Preparation C. SC-type alyst Preparations Al silicas are

dehydr at rior use. Silica dehydration.is conducted by passi ng gas

t hr ough ﬁﬂgscgat al ygfoﬁn?tﬁﬂnsf%?atﬂ%? §mp GSMI%S@EPQI@W &15)19# dayenbagay ajr
or _ni t rog@Bwn.! Onad phiidhi&etarRFSR A6 A teiaRBfoflxi @B Ripke 923
PCT/ US2003/ 040138 - 17 dehydrated silica is pﬁg(%%d EY iphoptiled B R0 T

flask wi tPng v&ith ey sneaiss br:f%er aotixpligss pHedp gariatipniip &xymfnaﬁa referestl tol ray “Ti-
degassed dipxang &e@?ﬂ%ﬂzﬁlrﬂg%ﬁ{?fe&? ( EPB %oﬁlﬁcﬁu{}-gaﬁgﬁgt é‘: B(?l? ylglt;'ee w&% %Chr one

source (trlpheny can ane
time as g‘f@teramlwﬂﬂcvmzht chstabutions cotparethto. thisremadexwitheuti tiartayip. c&hhl)e thisi rred

for 2ho st n ntlnefor

reduci ng g%%é%?&su%ﬁéa&&gxlgﬁe véleﬁé]g%g?“ﬁaégs P p’l:o éln?séngaﬁgﬁﬂgﬁ&’% oﬁis‘%“‘lan
hexane) . tiliieecz&ﬁlmsa(fuﬂhﬂn Mq:lr@smhﬁ:narm mbMa;la whight' aid enolehlar eRggitdidt@bution
chrom um er, 30 mﬁﬂgi@ {)}}/ 8 $ @g&gnced This can be done under

hi gh vac%‘?ﬁ’ﬁ SSlY Eprea 58 RbtapgH gt s 9?{6"‘?1%31 toredesitter nitrogen
until used In cases where no reduci ng agent is added, drying conmences
after the chronepsapee and silica have been m xed as above. Catal yst
Descriptions [0086] Wen used, the ratio of reducing agent to chrom um added
can be flc[nwn Iin thExatﬂpdaslfrnl eiroighn 53 emrf oiiduvenas tsl’t@ryl’h pelgRBtizates ﬁdzgigﬂ%.
separate m_the c "In catal yst" s, the reagent is added in a
cat al yst %‘P’@B%F Q% fqgﬂ“@t@ ‘Xerﬁéetidlﬂléﬁg\llﬁ %/g%éﬁalﬂr?sfru?‘gge"dﬁ?%?ﬁ um are approxi mate;
actual values can range 50% This applies for both chrom um oxi de and

silyl chromat e caiGehyat GutalydpRphrafixanpl e 1: The catal yst was used as supplied
by Davi son Chem cal and consists of 0.5 wt % chrom um on Davi son 955 silica

and was E[Oﬂazijat ed UhleSY ShicHvidenaviall the eqalystt el A the HHewrigl éxafples were all
speci fi cat s in '{ab] e 2. [,0088] Exanples 2-6: The catalyst is the sane as
that used™dd§ E)Fhaftﬁ? BVPEREEN ™ hat  reduci ng agents are added in a catal yst
preparation step as in CGeneral preparation B. When a m xture of reducing

agents arfe08ded t heeharhlePrephiation . @Cl@dinjufn dkille catalyst activation: Catalysts was

received from the suppliers with the chromium already impregnated on the supports. The

catalyst physical properties are described in Table 2. Activation is conducted by passing gas
through the catalyst for four hours at the specified temperature in dry air. This is usually

conducted in a tube furnace. The catalyst is then stored under nitrogen until used.

[0084] General Preparation B. Chromium oxide catalyst reductions: In a typical
preparation 3 grams of previously activated catalyst is placed in a 50 mL airless ware flask with
a stir bar under inert atmosphere. 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
wi% 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 nifrogen until used.

[0085] General Preparation C. SC-type Catalyst Preparations All silicas are deﬁydrated
prior to use. Silica dehydration is conducted by passing gas throngh the catalyst for four hours
at the specified temperature in dry air or nitrogen. In a typical preparation 3 grams of previously



[ 0089] Exanple 7: The catalyst consists of 0.5 w % Cr on Davison 955 silica
(200C dehydration) treated with titaniumtetrai sopropoxide prior to
activation. Enough TTIP is added so after activation 3.8 w% Ti renains
(see U S. Pawermoss@d, 382 for specific procedures for Tﬂé%@g@mﬁﬁg@.

[ 0090] Exanples 8-9: The catalyst is the sane as that used in Exanple 7
except that a reducing agent is added in a catalyst preparation step as in
General preparation B. WD 2004/ 060923 PCT/ US2003/ 040138 -18 [0091 ]

Exanpl es 10-12: MsS35100 is a chromi um od¥de catal yst obtained fromPQ with
the specifications listed in Table 2. The catalyst contains 0.5 wt% Cr. The
cat al yst dehyawsted\silicads plated700C N 1Ghmiteas wpredirak stithonstibar Wiften inestetinospheeci ng

agent is ti te s i.n, GCeneral. pre ation B.

1900) " iy e g® GP6, Al BIRER! s OPiaed of RS oo N b G0

\[MOE) 83} hEx orgai::ﬁchjotirge sogrcE)IEédpEen;_s sﬂylclﬁgmaiie_r(@‘PSQ)a !tgn bs kodrdGene lt%|at ]ﬂ{eeﬁﬁ}[eaéﬁ@n B.
a e - 18: IS chrom um oxj cat al] yst_ obt ai ne rom

| neos” wi t??[na’f erAgdiop; Oggﬁ? gﬂ‘éenf'i CHFXHE s ppicaby SEPH?A é’ét%h%f (whre siated, 0. 5

w % Cr . TaBrigdéaal dsslimieFoP 0 hotdd) €The RiuciiiUechiGe NRh A PRk Bl rB)pentdHRD

used, reducing agent is_added in_a catalyst preparation 'step as in Ceneral

pr epar at i #h2BWtoinoherans) q hicesatad squivalonyls argeiyays) the aptiophiraasent to chwmin.

MB3050 su i . i i er al
bt opar at | a0 it heliRg is oRERRA £ iRl Bnbed6Y SHRL fign Fuoc kB oitPa iYofBT O
conposi t i pres oGatalysisis GtoSedmeOnitrog¥neuntil ead, Iir eadescwinge nagedicingsagantde ddded, a

cat al yst aration ste Syl n Ceneral, preparation.C . [0095] Exanples 22-25
and 27 TR AP P e SR A BRI SRRt (b hae
been previously dehydrated at 600C) as in General preparation C. Enough

tri phenyl silyl clatdpsieserptiodsied so the final dried conposition contains
0.24-0.25 wt % Cr. When used, DEALE reducing agent is added in a catal yst

pr epar at i [9986] ep asWhen @Gedgetbalratir efrrdetiipaged; to ¢HHE8HIN Hdedwhe b2 Gound in the

Tri phenysil vyl chromat e i,s added to Davi son, 955 s t (whi has, been ..
pr evi ous| § ﬁe)?dwaﬁegcgoratm%aﬁﬁ%e e W@eﬁ(g%ﬁilse %%gqrgﬁc’(t? i)tf? (E?agﬁﬁou c"’%ﬁsﬁhenyl
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[0087] Example 1: The catalyst was used as supplied by Davison Chemical and consists
of 0.5 wi% chromium on Davison 955 silica and was activated at 825C (General preparation A).

See silica specifications in Table 2.

[0088] Examples 2-6: The cafalyst is the same as that used in Example 1 except that
reducing agents are added in a catalyst preparation step as in Geperal preparation B, When a

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.



Tri phenysilyl chromate is added to Davi son 955 support (which has been
previously dehydrated at 600C) as in Ceneral preparation C Enough

tri phenyl silylchromate is added so the final dried conposition contains
0.24 wt % O WOpme4/0d88G8 is allowed to mix with the silica e m%%, ?@g;s before
the addition of DEALE. A 5:1 ratio of DEALE/Cr was used. 041858923

PCT/ US2003/ 040138 -19 [0098] Exanpl es 35-38: The sane catal yst as that used
in Exanpl e 28 was used here except that the ration of DEALE/Cr was 1.5.

[ 0099] Exanpl es 39-45, 50-53: The sanme-thtal yst as that used in exanple 7
was used here. Co-catalysts listed under addition were added separately to
t he react(@®91][ 00108 akEplasd-62: ¥EH35900isc cErbmﬂﬂne)xmrmtaQ&t abtyizbd a6mtH@widsed
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whi ch was g_bé ngn | ab .pi I ot plant scale). Triphenysilylchromate is
added to® PERBEPE Be whi ch has been previously dehydrated at 600C)
as in General preparation C. Enough triphenyl silylchromate is added so the
final  dif0@gR]coNPOBkihsles CISAITHS RiaBit M e Shme T hal NRE insﬂﬂnip%ﬂ@%w

with the silica for'10 hours before the addition of DEALE. A'5:1 ratlo of
DBALE/ Cr afidition;eEQEAEE. ¢ arefuging agent #iag Generalqwenagption B-he reactor were added
separately to the reactor. [00102] Exanples 69, 70, 71,74: This catal yst was
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was used siefas taGialeyd peephiatibeB. as added to the reactor were added separately
to the reactor. (00103] Exanple 56: Thi s catalyst is the sanme as that used
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reduci ng aggﬁma@édméealm%&%oﬂa&ﬂ & A RndaprefBRHneY on a pilot plant

scal e.

[0095] Examples 22-25 and 27: Triphenysilylchromate is added to Davison 955 support
(which has been previously dehydrated at 600°C) as in General preparation C. Enough triphenyl
silylchromate is added so the final dried composition contains 0.24-0.25 wt% Cr. When used,
DEALE reducing agent is added in a catalyst preparation step as in General preparation C,

[0096] Example 26: Triphenysilylchromate is added to Davison 955 support (which has
been previously dehydrated at 600°C) as in General preparation C. Enough triphenyl
silylchromate is added so the final dried composition contains 0.25 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.

h Triphénysilylchromate is added to Davis,i)-n'955 support (which has been previously dehydrated
at 600°C) as in General preparation C. Enough iriphenyl silylchfromate is added so the final
dried composition contains 0.24 wi% 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.



WO 2004/ 060923 PCT/ US2003/ 040138 -20 [00106] Al though the specific exanples
descri be specific |oadings of silylchromate onto silica supports, it should
be understood that |oadings of about 0.2 - 1.0 weight % of chromium are
useful and p¥Q200§06098 i nstant invention. Lab slurry procpgpigoldRiRgl A one
liter stirred reactor was used for the polynerization reactions. The reactor
was thoroughly dried under a purge of nitrogen at el evated tenperatures
before each run. 500 nlL of dry degassed hexane was fed to the reactor at
60C. |f used, hexene is added at this poiht. Unless otherw se noted 10 niL
of 1 -hexene is used in each experinent. A small quantity (0.1- 0.25g) of
Davi son 9%8098]| i ca Beawrlesndds:afThecaas: andlystrassthasdised ithEfarfpln28 vedsgised hFEAL

is then %%gg%%ﬂﬁéHﬁo{l%ﬁﬁ%ﬁhﬁ&%zsiwate any inpurities. No TEAL treated

silica was a Inany r ere r'éagent was added to the reactor
separateli‘pfromthe catalyst. After stirring for 15 mnutes the catalyst is
charged f i#998led byEzaifples 345, 50633 e Bhessan@ocatdysh by tas usadeinaddepledi wecihde to

t he react i i .as_nention el sewhere. The reactor is seal ed
and hydr ogl%rr??légs—gé%ﬁ%t?g%%glé#&ef %lﬁltgn%o‘lﬂﬁrte .a&(lll—?&cﬁe%adﬁtﬁ Y @ WS TR Rfsed where noted in
the tables. The reactor is charged to 200 psi with ethylene. Ethylene is
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until a maxi mum of 160 grans PE were nade or term nated sooner. The reactor
was opene@0QXQ1dr dePrasples 5485, 60-68aand 72heTliie ppalvat wieplodwadeth a Thamplial mer

i ght termned after all ow he dil t ot . Th |
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i nst r umenhoubeiore therddipen sPDEATH At rat®fdBALE/Cr was used. Co-catalysts listed as

added to the reactor were added separately to the reactor,

[00102] Examples 69, 70, 71,74: This catalyst was produced on a commercial scale. Bis-
triphenysilylchromate is added to Davison 955 support (which has been previously dehydrated
at 600°C) as in General preparation C. Enough triphenyl silylchromate is added so the final
dried composition contains 0.25 wi% Cr. The TPSC is allowed to mix with the silica for 10
hours before the addition of DEALE. A 1.5:] ratio of DEALE/Cr was used. Co-catalysts listed

as added to the reactor were added separately to the reactor.

[00103] Example 56: This catalyst is the same as that used in Example 19 but was
prepared on a pilot plant scale. A 5:1 ratio of DEALE/Cr was used.

[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.



Run Tenp: 140C, Calibration Standard: traceable to NI ST, Sol vent:
1,2,4-Trichl orobenzene. [00113] BBF: Butyl branching frequency as neasured
by 13C-NVMR The value is the nunber of butyl branches per 1000 carbon

at ons. [ 001Y4) 20e60923vent or s have found that systens enppoyusfoiadisged
chrom um oxi de catalysts on silica exhibit the desired productivity while
produci ng pol yet hyl enes having nol ecul ar wei ght and nol ecul ar wei ght
distribution simlar to those obtained with silylchromate-on-silica. The
addi tion of alkyl al um num conpounds s#fh as triethylal um num (TEAL),

ei t her ﬁgﬂlrectl to the catalyst prior to introduction into the reaction

or 2) adk@d06Lii r ectithpugl thetrpesiba cxamples drsenheupedifie lerdings of miylesbmetglcato
wei ght aaﬁ%mgfﬁ%r HsndRE 9B lunflsbod i Eﬁ}?%ft.f:f 438t 6,806 WAL O; YEEERES |

gener al gr oups um num can
d|fferenu?uaﬁda&ﬂ@mﬁdfﬁ@maﬁmtuwmahmut 1 to about 12 carbon atons and
preferably 2 to 4 carbon atons. Exanples include, but are not limted to,
triethylalumnu t yIaIumnum tri-isobutyl alumnum tri-n-hexyl
al um num rret hy rﬂ Ty i QJuQQ and trinmethylalum num Although the
exanples t e A s e
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or different, should have fromabout 1 to about 12 carbon atons and
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160 grams PE were made or terminated sooner. The reactor was opened after depressurization

and the temperature lowered. The polymer weight was determined after allowing the diluent to

evaporate, The polymer was then characterized employing a number of tests.

Tests

[00108]  Density: ASTM D-1505.

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

grams per 10 minutes.

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

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



955 silica, followed by air fluidization and heating to about 825 C. Ti-Cr Ox
catalyst is produced in a simlar fashion with the exception that titanium
tetrai sopropoxide is also added to the silica prior to fluidization and
activati on. Wineoos/eeazsi ng agents are added as an addi ti on@ragedodhdosis
preparation step. Table 1. Effect of TEAL and DEALE on chrom um cat al yst
performance. Bulk Exanple 1- Tinme YIELD Fl ow Act.gPE/ g Density No.

Catal yst treatnent Hexene min g Index cat-1 hr /cc BBF Den. glcc rrfv nn
QFS slllna 1 none 10 51 157 5.5 1,816 0237 3.8 0.9415 2 5 eq. TEAL 10 46
116 1.9 1,328 0.29 2.6 _0.9434 35eq. TEAL 0 65 115 6.8 911 0.22 2.411.0
0.9438 410914281 DEAEE: Polawr 1abomtprigs msiggneny; Mpde): BTaRG-220, Colemas Shodex,

1.1 2300 8 SR gaglident Gy BASY, it it s o™

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. TEAIO0G13D 13@BF: 0 Byl h}ar@burg yqyenryOasomensuredy ik CaANMR SEhe[\@DIE1S [the
Referring, nple | reveals that under the

pol ymer i zaﬁ%etrrﬁg%lﬁ |t|(§:§§s eslg(?(?%a?bdp]n%&ggbutyl branches per 1000 carbon
atons are observed by NMR analysis. This shows the extent of conononer

i ncor por afd03dA4] nt o Tfhﬁem{s@ntwehave Efcundteat sasteisesnpidpdng whinoed frbropaitual gxdide i s

he-same CHn b, bl RPRUR 08 scter Bk BRARC Rl RodloB reliYshes Rt

denonst r aekctlaat weiglgniahd cmﬂecblaanwbnghg digribwtiond sivhi¢ay tdethosd adbysihed Swith

treated w, TEAL evepn, though.no c oie r.is rese t hi, se, both
butyl (2. ST Ry Pt O S0Hgn 6§ Ay CALG iy RESpofeoh 6 bl

treated WIHADEAle:| 10VitectdP by (R cabdlgte gﬁbﬁtcn ﬁm%ﬂ@ctﬁﬁt ae 8e readﬁ@hczﬁtz) nﬁdbcpwer
cononomner |ncorporat|on has occurred (Exanple 4). \Wen the cat al

reduci ng SgRSHY o the Zeactasiinrsa) B‘ﬁreé‘?eST’EﬂEdﬁ?] AryEsABl apg %w%w@éﬁ@mu%e
COMDNONET of ﬂh@@&mg%geﬁaytea&se hﬁ%éﬁ@fadeﬁaéoﬁﬁQlﬂ?%é’Hah( VeI Bm &Hucihg

agent al one (Exanp i's conbi nation of catal cl ng agents
are used smermldeff@mtamsﬂlmdddlavméfomaibautylsto abowt Yi2reagbon atoms and preferably 2 to 4

carbon. atoms, Examples include, but are not limited to, tricthylaluminum, tri-

isopropylaluminum, tri-isobutyl aluminum, tri-n-hexyl aluminuwm, methyl diethylaluminum, and
trimethylalumipum. Although the examples almost exclusively use TEAL, it should be
understood that the invention is not so limited. However, TEAL results in some unconfrolled
side branching in the polymer. It would be beneficial to eliminate this side branching in
applications where it is not desired, yet preserve it for applications where it is desired. This can
be achieved by the addition of alkyl aluminum alkoxide compounds such as diethyl aluminum
ethoxide. Use of an alkyl aluminum alkoxide such as diethylaluminum ethoxide (DEALE)
eliminates the side branching. In general, the alkyl aluminum alkoxide, having the general
formula R;-Al-OR where the alkyl groups may be the same or different, should 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 net 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 (chromivm oxide-on-silica). The numerical prefixes
listed befors 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



honmopol yneri zati on reaction it can be seen in Exanple 6 that side chains are
not detected. This shows that DEALE is suppressing formati on of side chain
branches in the absence of W) 2004/ 060923 PCT/ US2003/ 040135 -23 conobnormer.
Bot h i n t hewpreséxedes and absence of hexene, the additi ore@fubusioEo13s
significantly decreases and sonetines elimnates side chain branching in
the resulting ethylene polymer. [00116] Making conparisons using
productivity (g polyethylene/g catalyst) or activity (g polyethylene/g

catal yst-hour), the presence of hexene becomes beneficial, inproving
productivity and actl vity. The trends rB2nol ecul ar wei ght of the produced
pol ymers can_ be | eaned froma review of the Flow Index (Fl) results.

Conparing P> wlirascellovind bioply fidizagon aut bepting tit 0828 iCal FoCrom catilpst dbsence
of TEAL toplohRtee ik aiieed m&%ﬁ%@%ﬁé@%% titafutl in
nmol ecul ar \EIJ\IEI qht as 1 ndi csét ed i ecr eagste I'n Fvilﬁxﬁﬁgﬁd@ﬁﬁggﬁ&ﬁg

j udi ci ous Hh§piics #iptie Hrdizatiag and aptipetimnE Tharpdvging agedts sre aﬁd@dmraataddmmai f ords
the abili tyaﬁls)stpfgpﬂhﬁ&lsmﬁl ecul ar wei ght and nol ecul ar wei ght distribution
and sinultaneously control side chain branching in these chrom um

oxi de- base S t | o useful in making higher
density po&@tﬁ% %%Bﬁ"iﬁr‘# mf’ Wt%@ﬁ'sw tipyrRpee: decr eases branchi ng

and I e ases- Ihlnsl CCIUI ar \A&gth N nr‘lllf‘ r~] nnl \II‘Y'E_I"_Q dditi on nf TEAL

incre Sl P! ecul ar wei ght df tlhg Tlgeiq]ggg FB\?:I ctgng genst¥< eases |t he

I

generpt i it ¥ : br gnghy S X
Cat al /5[Ng|_U 1 I’l‘l mg L 1T ||?é‘c=/\t.-c£ﬁ1nrgg%
that fitanium tet rng,{esopropom e;Jae | S51CO- {sHPr egat edy i t hothe chyomi U&bzﬂé'jde
onto fhezsilica hakorfaractivatjpon fsExaqypl esi¢/-9 105§8Tab|099 1). e SghB.

nol ecpl ag wei ght dggemdLseen fop Cr Q¢ catgl ysds i s ggbser vesl fo;§4;1T@ - Gh.62¢8
cat al L/st4i n the peesemce of TEAL cosepared wzeh noeseduciong agemd . Ebésyst| of
DEALE] Adgli t i on S[cQ0EAYDEALE has #l so $eent4bounth t hattése he -pBoduct i.¥i t yo.eH31
chron] unf based SeatT&AYREALEcan bd i ntr ea®dd A1 add3§ anOaeti vabdat sBHEs gs
DEALEl directly_to the reactor or as part of the catalyst preparation step.
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[00115] Referring to the examples in Table 1, Example 1 reveals that under the

polymerization conditions described, 3.8 butyl branches per 1000 carbon atoms are observed by
NMR analysis. This shows the extent of comonomer incorpbration into the polymer. Example
2 shows that when the catalyst is treated with TEAL the amount of hexene incorporated drops
slightly under the same conditions; while polymer flow index is lowered. Example 3
demonstrates that 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 DEALEFE 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



Addi tion of reagents such as DEALE to the polynerization reactor with these
catal ysts WD 2004/ 060923 PCT/ US2003/ 040138 -24 elim nates the induction
period and increases activity (boosting productivity). The presence of

DEALE al so ™isuiop4/@@928he nol ecul ar wei ght di stribution. PpofuSioMidissi S
particularly poor in the case of silychromate-on-silica-type catalysts (SC)
in the absence of reducing agents due to long induction tinmes. It has been
found that in-situ addition of DEALE effectively elimnates induction tinmnes
in silychromate-on-silica-type catal yst?5ystens. [001211 Table 2 lists
several exenplary commercial silica supports with their physical

proper t i é8monHRerefRatt in Ge presenqsraad ehwsacen! iprAEterd digion i ®EAIdusgiibeantist hod

enpl oyed g us direct
i £1 on T AR hnd SklilcoukiRa 8k Wihn BishMind | ROHIRL ALY LNARST O
illustrative exanpl es and not exhaustl ve of the t pes of silica which may
be used |[ﬂ 1"(@] pr e%@ﬂitngl QeUATSoA usice peaduelivityda P@hfpﬁwlms/gc:@tﬂwﬁloy aeﬂ&\e’df @en the
filed he ca e u |. her Tabl e
2 provi d s ap rox rrate p@%%}) v?ﬂ r?eésenéﬁr 156 g ielgxae?%abgdg\gﬂgf’ a%gﬁéﬁ lrag a’i%’tnér
aver age m@m@c‘swbearain@btwaycél’ﬁe tréndain mlémmwwghtmﬁ‘lth@proﬁumﬂopdlmuseﬂmm this

tud Th t hat d t i to.d Th
nunbar wiErEaL oL fara, P ey Be’ B Ehe. ooSiRhe T Lim fEobei | | ca
al one. Theodusedoith CrOx Mﬁl@ﬁtulil ﬂﬁ%’ésdn&e HEE A peethode frbdicSd PBE bro¥diRB of TEAS

supplied with a chrom um s alr i pregnat ed on the support. Although
these si MB%els@y ’éw%ieamn@a? mnfaéﬁids&éﬁyﬁ decrqasg an flopt odge-t Adws,

speci fi catdignss Asfliewiotost TERE mm@ﬁ duink ¥RGIkOPrepirafiors b ind BIRE 10 The
present invention is not limted to any specific commercial silica support

but may Becdiegolgpuler weisht and molaculan worght slisyihusion gind eimultangensiyt cantml ssisle

about 1.8 / . 7 ol urre
of “about 973 Walifheln JHiZE R-ALA Y Rle 0N baitis, e Relibhdhy 910 B B3R 7

or a por enakiighigheoflersiip polytegs. t 0 about 1.4 cnB/ g and a surface area of about

390 - 590 nk/g. Table 2. Commercial Silica Supports and Physical Properties
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1.45 310 v&ightF6r CrOx produced polymers. Addition of TEAL increases molecular weight of the

produced polymer and increases the generation of side chain branches when comonomer is not

present.

Ti-CrOx Catalyst
[00113] Ti-CrOx catalyst is the same as CrOx with the exception that titanium

tetraisopropoxide is co-impregnated with the chromium oxide onto the silica before activation
(Examples 7-9 on Table 1). The same molecular weight trend seen for CrOx catalyst is
observed for Ti-CrOx catalyst in the presence of TEAL compared with no reducing agent.

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 bave 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



PQ MS3050 3.02 513 198 90 -- (35100) Ineos EP52 (352) 1.15 490 90 70 2.60
[00122] MS 35100 CrOx catal yst (chrom um oxi de-on-silica) was studied for
performance 1) in the absence of DEALE, 2) when DEALE was added directly to
t he cat al yswo 2003th6®p3 when it was added to the reactor irpcEingdsoosfsedssi ons
were perforned in 500 nL of hexane slurry with 10 nL of 1-hexene added; the
reaction was run at 85 C and 200 psi total pressure. Figure 3 illustrates

t he nol ecul ar wei ght distribution of the resulting polynmer in the absence
and presence of DEALS. In the absence4f DEALS (Fi gure 3(a)), the resulting
polymer has a nol ecul ar weight distribution of 16.9. \Wen DEALS is added
in-situ elrfmga%th?z(l%sll)cﬁoapelmcga@elﬁprﬁgse@ﬁcttvﬁa (hms@@mp@dum@ht The prsbsies 08d,

wth a shg P e
23.8. Siml a?’e% %ggﬁg?g%guncek %’tg‘éu t%igﬁ%%gu%ra&v&?‘gﬁ&%&ﬁa@ﬁahﬁ’géfeﬁ%o t he
cat al yst cdsepd Slé/cbmtr;ahfem-aiﬁca-tme cialysts €SGYin)ih atishehif gédueigaguitadueaei Ighg

shoul der g S ent ctly to the
cat al yor mBPuRE O b bEHS AR SRion o Der a0 SR L Bibnlet” A
simlar indembmtmle@lixsatymhﬂbmalte birailivatype cavblystMpdtédas.as DEALE is added. Mg/ Mwv is
i ndi cative of the high nol ecul ar wei ght shoulder; as M/ Mv increases, the

desi bI i houl der b e/
data ar PP naa Tt 7 GeoieRdh SROHIET SRR fpBoRt B aBh: hoifeeben, e
(Fi gure ppeips. 'Bl:te\/dﬂ'etiﬁoﬂihe Mbém ef‘DEAI,E #hd lof gevedeton Wesivd Myl $diageded
in-situ (ﬂgtothe cataI% es g‘}g‘s‘f) and 3(¢)),. one recovers M/ Mv
val ues ofddiiRRte eptalysh prjoiogpol V‘é‘ BtipR diresh §9difion farsum tosthe seastr), was
density aigiedCirheteisiticRlsu Ifﬁ&tz«igyﬂlus&élﬁrere‘i‘cﬁllnbléﬁﬂn‘pﬁétkbxhﬁhsh@@oﬂih(e%ﬁes o@gi‘ﬁbé' on

to catalysts (in catalys dinthe in-situ addition (in reactor)
evi denceWhich maafbbeeusg in thyrmseropteinventienr Sikasilisa suenorte wrapabiiussd in e fled

et or bR Host OGP HGGRFE a% HERITERG, TIbICLBRARIE bolBRBERTAR | O
2004/ 0609a18BmP N fa82 638/ viddgdSpore Apmiaterc avepapei o size tahd tieeeabieniomn &f tHEALE.
Ther e |s modes ar ht se evi an _increase in
ow i nashefRisgsns o S tifind| B 1B B8N Ge &Y e SHROIRR 3F Herttio e sBior or
times ar @hy niuhbel wishoat i pradmtitbsihia thdimhhdof theadput suq:ph&e Bs kilies hlbhie. OThe

directly to the catalyst prior t meri zati.on. I|mn |on of
i nduct i oR™Pb§eR Pegnthspss i theappp OF ¢ enmé’PP‘ﬂiW pit s E‘E’Pﬁ?‘i?’f‘t ch P’é‘é"tm\ﬁiﬂfh t he

| ong i NdERES MnprepRtedORSBE ¥GHHoHOTAHHBRISBER sfdds3hafs bhiaMed & the buppliers any

silica fifting the specifications below would be expected to function in a similar manner. The

present invention is not limited to any specific commercial silica support but may be used with
any silicas having a pore volume of about 1.1 to about1.8 cm’/g and a surface area of about 245
— 375 m%g; or a pore volume of about 2.4 o about3.7 cm’/g and a surface area of about 410 —
620 m%g; or a pore volume of about 0.9 to aboutl.4 cm®/g and a surface area of about 390 —
590 m*/g.

Table 2. Commercial Silica Supports and Physical Properties



absence of DEALE. In conclusion, in-situ addition of DEALE behaves
conparably to DEALS added to the catalyst prior to polynerization for this
CrOx catalyst. Table 3 Effect of DEALE of MS35100 CrOx catal yst Bulk
Exanpl e Ti mgothdalekhozs ow Act . gPE Density Mh Mv Mz MM M MzatQuizx2o03/omin 38 DEAL S
m n I ndex cat-1hr /cc X103 X103 X106 n w BBF Icc 10 none 52 123 2.8 974
0.31 17.9 304 1.74 16.9 5.7 5.1 0.9372 11 5eq. In reactor 93 160 8.9 1,272
0.30 11.2 267 2.06 23.8 7.7 1.6 0.9533 12 5eq. In catalyst 60 163 18.5
1,457 0.36 6.4 208 1,99 32.4 9.6 1.7 0-88562 [00124] The same experiments

were performed with QSJI:I_S chrom um oxide catalysts eactions were.
per f or medsiiics §8oAL Of | hey@NElshEr 'Y Stifale 10 Mhi&hgel- Nexen@ @Fl&%d tiles) -
reactionf was run at- 85¢ and 200 psj total, - essure Figure ugt-ratesithe
nmol ecul ar wei ght di st i bu of [ ) )i ng_ﬂél ymar iﬁhéétihﬂlab sence ahd

presence| of DEALE. I'n tthe .absence”pf  DEALE |( Eﬁi@? (a)), the tesulting
pol ymer fexhibits a nol gecul ar weight distri bLtl oln E 7 and a noljecul ar
wei ght of wel | under 500, 000. - When DEALE i s |addéddi n- FI tu (Figure 5(b)) an

i ncr easerof—the % Hymernotecutar—vetght —ci-strbutHons—observedtto—a vhl ue

of about| Ge@ISS @My \al uek4denonit r 418 ¢ hat aZh®gh mol ecutiar weilght-
shoul der -appears—upon—tthe—addi-ti-onl-of —DEALE_Mz/ My being about 45 in the

absence FQDEALEMSfDSAhout BOB and| abaif3 8.3, ré8pectivel yad or DEALE- adied
in-situ a@gb LE addeq to the catplyst. Ingreases in|{density and decreased

si de-cha nching arne realized for both tlhe direct{addition tojcatal ysts
and for st o—addirtomr—(in actory—gs evidenced—n—Tabte—4—A

noder at e Té?é‘é?@e?@é $8 ol eculd?  wej ght490s” denonsiG ated by tHe incleds® ih
fl ow i ndex Simar—to-the-effect bserved flor —MS35100 CrOx—cat-al yst1 the

addi tion of DEALE to 957HS Cr Ox catal yst, either through in-situ addition
or direct addition to catalyst results in a virtual elimnation of induction

time, thejoag2)\O 2003/ BSOM23CHRkT/ 440220 3(BARIIBH  oxdde-dr VRN Rehs AGHIAIAL YorOf
the catalyst (Figure 6). In conclusion, addition of DEALE in-situ to this

O Ox cat aPsjiormanrerld i Hissabsenge jof IHiAJHe 2) aden @EALE Pahaddegglisstly B)rthﬁ/é‘il@h’ﬁt
conpar abl & amhaeH idhas aw&ec%tthéifea&tsf Mthoma ded dxfeggeg?ﬁm{ﬁ%l 08 nfi0

incorporation as the case where o the cata yst
prior to Perywithil@ak ohl-hewms atda@d, |thﬂ1§aqtmnm|mu MSariaanm%O(Hpm éadel préalk. Ti ne

YIELD Fi OP‘Yg@i%% 1ﬁﬁ)ﬂatemsﬂlbl¥cm Mg%%‘gd}{lo%é m@%&lﬂtmg polymer in the absence and

presence of DEALE. In the absence of DEALE (Figure 3(a)), the resulting polymer has a
molecular weight distribution of 16.9. When DEALE is added in-situ (Figure 3(b)), a
broadening of the molecular weight is observed, with a shoulder becoming apparent at a
molecular weight distribution of 23.8. Similar but less pronounced results occur when DEALE
is added to the catalyst before polymerization (Figure 3(c)), the high molecular weight shoulder
being slightly less prominent. When DEALE is added directly to the catalyst, a polymer
molecular weight distribution of 32.4 is recovered. A similar trend is observed in the value of
Mgz/Myw as DEALE is added. Mz/My is indicative of the high molecular weight shoulder; as
Mz/My increases, the desirable high molecular weight shoulder 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/Myw 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,



EX. NO DEALE mn Index gcat-1 hr /cc X10' X10 X108 n Mwvw BBF Icc 13 none 58
153 2.6 1,429 0.34 25.1 243 1.09 9.68 4.47 3.7 0.9392 14 5eq. In reactor 33
172 15.1 2,978 0.31 15.7 189 1.62 12.03 8.60 1.1 0.9553 15 5eq. on catal yst
85 159 7.5 wWOB@M/®0R4 10.3 239 1.99 23.13 8.32 0.6 0.957dc1/08M0d/d40138t O

pol yner yields essentially zero induction tine relative to the finite

i nduction tinmes observed in the absence of DEALE. Table 4. Effect of DEALE
on 957HS CrOx Catal yst [00125] EP352 CrOx catal yst was al so studied for
performance 1) in the absence of DEALE, 2) when DEALE was added directly to
the catalyst and 3) when it was added t2+the reactor in situ. Reactions
were performed in 500 nL of hexane slurry with 10 nL of 1-hexene added; the
reacti on wasconparisat v86.Cha Ao @f PHALTOt Elerepis eggades. mdlécg;larareﬂght fldcremée; at es t he

2o 0 B UM DR L i PR

wei ght di smﬂudblun tiongs ats virbedy vldinand @rbﬁpEEAans 2dged, IBEINIEn aﬂdeddmﬂmtotthg/ to

the cataly Rolvly m ﬁrd:\qe 0f o .lﬂ! apt
shoul der i cr?lét h ca{‘gg&?gélllzm%& ?n{e%ﬁt ha Servel Q%%ﬁ%g@ﬁ a]1 yst
with no DEm_tEcatalb'ﬁ@méeastsmth fhe imgmqaﬁcmémeﬁ pbseemdfdrdwesnms p@tdysﬂamtem rteenchi ng
are realiz ) h I nd in
The 1 nosi & eaRart PEALEHn Lokl S Lol L DEATR RS bbbt A"

addi tion oﬁddMLtEeWW@H@W@P@@@LZ%@D@Ifblat(?a@!ysattalwésul ts in little change in
activity relative to the that observed in the absence of DEALE. This is in
stark cont T&gmgﬂe&bgpgpjgﬁbfm%mbmlﬁtrectIy to the catal yst pr| or to
pol ymeri zati on, where a substantial inprovenent in catalyst activity is
observed, Figure 8 dermnstrat es the inprovenent in |nduct| on tinme in the
presence—o1 A-E—Hhe—t Pt oY ereRt—oet Ay =) atrzed—bhoih —he—pPEALHE+S
added imﬁméu and w VIELDS FﬂﬁlrdﬂdgﬁEdDHQ@yjcmha yeE. | | mz ChRgh|wslpn, fadhtion
of Enb.n-§i beatEo [tihing] GuOY mdedpat-angt (gisey § toey | @sol) | sxio®n] hi gher | ask \_@'&.ﬂ,
broadef nol ecul ar wei ght distribution and conparable conmononer :

i ncorp rat| on to that observed when DEALE is added di rectli/ to the cat alz%st
prior 2004108023 BET/ 1820037 046138 °#28- "% pBftymetitzation” | fduct

tinme i I1Wr%¥fﬂm¥mhgﬁlth@d e hogref BPRALEgddi 3d,0n ida mnp;a;rl%n b&ad ne
absence of Tabl e- 5. Effect of DEALE on EP352 CrOx Catal yst Bul k

Ti me Y] EUD FlsovinablystgPE! Dehsi By MhasKAN MeaVEz | Bk 208 189 324 86 1.7 0952

[00124] The same experiments were performed with 957HS chromium oxide catalysts.
Reactions were performed in 500 mL of hexane slurry with 10 mL of 1-hexene added; the
reaction was run at 85°C and 200 psi total pressure. Figure 5 illustraies the molecular weight
distribution of the resulting polymer in the absence and presence of DEALE. In the absence of
DEALE (Figure 5(a)), the resulting polymei' exhibits a molecular weight distribution of 9.7 and
a molecular weight of well under 500,000. When DEALE is added in-situ (Figure 5(b)), an
increase of the polymer molecular weight distribution is observed to a value of about 12.0.
Mz/My,; values dernonstrate that a high molecular weight shoulder appears upon the addition of
DEALE, Mz/Mw 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 brahching 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



Ex. No. DEALS (mn) (g) Index gcat-1lhr (glee) x103 Mv x10' Mz x10 n w BBF
Den. glee 16 none 67 160 4.7 2,014 0.33 13.3 263 1.48 19.84 5.63 2.7 0.9425
17 5eq. in reactor 60 155 4.1 1,824 0.26 12.9 273 1.83 21.22 6.70 1.4 0.9529
18 5 eq. i nwoenwalope9232 160 3.2 2,329 0.27 11.7 209 1.42 dFr/B8&o6s/046134 . O

0. 9548 WO 2004/ 060923 PCT/ US2003/ 040138 -29 [00126] - Simlar data for SC
catal yst on MS3050 is illustrated in Figures 9 and 10 and Table 6. As can
be seen from Figure 10, addition of hﬁ effects a stark inprovenent in
induction time; virtually ellmnatlng rfAduction time for SC catalyst. This
Is also seen in the g%%?lr agant lrrproverrent s activity as shown in Table

6. Long iFEIRVMNEAFHItHe §6) lkenglgionogdditiqn ATIREALE de-sighiosthls ca
cat al yst sgrOxsafiljst st rdslls ﬁi‘m%\la@uﬁfy RIS A e wedHi oM a-BRROKAL S

significantly increases activity througﬁ elimnation of induction tine. The

nol ecul arweightgitritionradyyiduresmarably opmepomer ipeniporaiionnas the tase mber DEATLE is
f h t
signifi C%ﬁec} aﬁécﬂ?fﬁg ﬂéée&t;lgﬁﬁﬁéfopgcﬁ?ob%@ﬁ%aﬁoﬁ %oﬁpgﬁapp Cg@hﬁﬁ'gncp {he cﬁ[%ct

resul ti ng pol ymer cre enhance Ity In a
two-catal yst system w th the use of an additional catalyst to produce high

nol ecuf ar wg yner. | Tablje 6. |Ef T edqt Bak [DEALP onSC Qatalysy o MS3(50.
[ 00127 D I¥in@r LWE-PY5 Fows | AdtaRE/[Rersingl 818 B M| etz MglaILsz a_naPked
i npr ovieReM L L PEALR L, ¢ (min)) X .8akth] olg/ed P 0 P30 @ fitw TREFR] plec

i mpor t as Iong induction time is a major disadvantage when using

t. Fromthe data in Table 7 one can see hat this is not t he cage

when DEAIE i %eqat’dd@éﬂsl n8§| tu159I n "EI I Iﬂ%esoa‘f hema?ddlzf'? on* 98f HEAGE 0By 98574

g/ 2rcm BBF 1 1.°gt ol > ‘ 8’!"9%‘ g*“t%ﬁﬂgé“‘w’més i

react or Gdbséxﬁalmgh&abhﬁﬂ:ﬁbfﬂnmm 5 0. 9603 21 5eq in catal yst 50 154 112.5
724 0.42 1.4 0.9592 virtually ellmnates i nduction tinme (Figure 12). In-situ

ddi ti d | I I I
nei nt - ELRH SRk BRALE TR TE O Oy des & catalyst | systemthat
[‘ﬁ; : hi gh Rpegsct V'ﬁ%si'&&a&?ﬁyﬁ%wﬁ% ‘é‘ﬁ;&'éd D& o RhESY) 3 e hiitice! GAN
DEALE, 2) when DEALE was added directly to the catalyst and 3) when it was added to the

reactor in situ. Reactions were performed in 500 mL of hexane slurry with 10 mL of 1-hexene

added; the reaction was run at 85°C and 200 psi total pressure. Figure 7 illustrates the molecular
weight distribution of the resulting polymer in the presence of DEALE, When DEALE is added
in-situ (Figure 7(a)), a broader molecular weight distribution is observed in comparison to
DEALE added directly to the catalyst (Figure 7(b)) with the presence of a high molecular weight
shoulder in both cases, similar to that observed for EP352 CrOx catalyst with no DEALE.
Increases in polymer density and lower 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 resulis 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 divectly to the catalyst prior



found when DEALS is used as the reducing agent. This is especially inportant
to maintain polyner nolecular weight at shorter residence tines. O her

al kyal um num conpounds, such as triethylal um numand tri-n-hexyl al um num
woul d be exp¥@eed/06923wrk in a simlar manner. WO 2004/ 06G@9AB2003/040138

PCT/ US2003/ 040138 -30 Table 7. Effect of DEALE on SC Catal yst on 955
Silica. Bulk Exanple Tine YIELD Fl ow ActgPE( Density Mh Mv M2 MV M Mz! M w
Den. g/cc No. DEALE (min) g Index goat-1 hr (glee) (X10') (X10') (X101) n'
22 none 162 127 11.4 129 0.33 7.8 209 1.68 26.7 8.0 0.9505 23 5eq. In
reactor 100 101 73.6 267 0.36 7.8 134 1287 17.2 9.5 0.9636 24 5eq. In
catalyst 118 158 5.2 319 0.46 11.0 233 1.49 21.1 6.4 0.9516 25 10 eq. in
cat al yst 100 pﬂ:szﬁleﬁzh:tiﬁn 8(8dRHAE titheJs IiFroted8FitR @itBer IriietBod) 0D ®EALE2 81dBing. in Tl BA
in catal yst. 2 5 8.0 257 1.96 32.3 7.6 0.9531 27 -5eq.
DEALE in’ cal aPys ntﬁhc—.%bgm%gi%ﬂ&%@% 0.45 0,9566 * run wth 500 cc H2 present
[00128] In summary, the use of DEALE or TIBA with silylchromate catal ysts
results in Tab’@ﬁyﬁﬁﬁ“ﬁﬁpgéﬂiﬁamﬂfé%)ﬁtox&%ﬁlﬁét er| stics (nol ecul ar wei ght,

nmol ecul ar ight distribution hi nh lLecll eight shoulders etc. )
simlar to fthose o tai L}Qnt ouy, E’ §lé"‘o LE of TI BAMW! Dyt th better
pr OdUCEi M&t' eﬁsAi_E‘a (;ImFb qt?ﬂ@:ﬂ E € QJDUHWHB" wmeAPqu g? ‘W "l';‘d!;? DLJ"&@
posi t ir've-TotreTuar- wer gt d.[[ b IEb STy Chromat e- prououced poryTer s D

preserved with the use of DEALE or TIBA with a conconmitant increase in
activitys Use nefe TEAEr andsdDEALE wiziolw Co@x cadal ysias resul tessi 5Hls3p0ob.y Mer.s2s
nore simlar to those produced with SC catal ysts, while preserving the
desi r abl'é a®agiivierdoes 8§ nhdfent 4iln BEk p@lz‘;/meﬁ%g CHit i nLBUSPARZVRIY i h) t K28
TEAL an DEALE in both CrOx and S catal}\: ﬁystems allo a nmechanismto
tailor tﬁe ’e(‘?H’é?aﬁPff e?? stﬂ%os of“t hépol y&fhyl & Ppr o?:lf?cv%%?'rse g? estPH ng
good T ‘
unit of reactor vol ume per unit of ti ne) can be optimzed for a nunber of
di fferent polyethyl ene grades. WO 2004/ 060923 PCT/ US2003/ 040138 -31- Effect
of Co-Catal yst on Performance




[00129] The effect of co-catalyst on the performance of SC catal yst (treated
wth 5 equivalents of DEALE/Cr) was studied using the follow ng
co-catalysts: TEAL, TIBA (tri- isobutyl alumnum, and TNHAL (tri-n-hexyl

al um num) . Wotzoonogbr2exanpl es are limted to specific copcRusoYsEGS | T

shoul d be understood that other al kyl alum num conpounds are applicable and
are a part of the invention herein. Table 8 and Figure 13-21 provides flow

i ndex, activity, density, induction tinme, and various nol ecul ar

wei ght -related data for polyners produd@d when the co-catalyst is varied.
The base catal yst systemstudied in the data of Table 8 and Figure 13-21 is

SC catalyst wwth 5 equival ents_of equi val ent _of Cr (designated
herei n asl®8328bo) . Smilag daip dor $C roptalyst %S@Sﬁoﬁo Tailuatrged pyFigesd ol 1hankase

i ol ecUbale vel Ahkan PR 3RAL Hlle o, A6 LADEALE Tathea udl M SRIRAPY ot es

that catalyst activity is increased by co- cat g&%/st addi tion. shoul d be
not ed t haindyeRn(tims; etifydllypdimgnytingzindedtion tine fps &4 egfalzstc olhja inblye seenfiorthesC

cat al ysts | I I '

Addi ti on eﬁ%‘l Rsic%e n%?rr?gée(@&@a %&Hﬂy/agcﬂlmgﬁhﬁkw %%%%BW@}Mm%r

Den. g/ cc “@ﬂmﬂssnef Gilpbhromatdsen-ditic) cd@liys@ 435100 3HdBion26f THALE . @ ethe631kib7

31.9 649 9.6 217 68 6,7.8 958 115 3 3 358

057 oy dginpn fodpdurty SipniigRtd mtaspecs Bvisy Srugielt sBipieidh of ndier i

340 . 1. A 88 gﬂe ﬂoi%cﬁglgwﬁﬁﬁt&f tlﬁ:’e?prﬂlﬁéd po 1s6@gérg<2 as?%hl&nﬁgcﬁ%ﬁz Biéru&cglt %ﬂ;geage 29 ,
4 54 N 7 155 17 4 1.97

0.9545 3 dex. o Wiy efée mle %&@ %; the r%ﬂ%f%moelxmsrewz agsey, dhig ey

1500cc H2eiiaRS@pplidabMty u{mcasa{w khtdRe widRE 80 ntiakionsl @y tﬁ%ﬂbﬁ&dubé

al ways added "i n- react or", by definition. Table 8. Effect of Cat al yst on
SC- 500 Cablﬁhmecpbrﬁ’m‘éhb?@ﬁm‘[ 00130] Figures 13 and 14 denonstrate a general
I ncrease in catalyst activity and nolecular weight, wth a maxi mum effect

at about %sie BARINGIEDIEATIH orf'§CRYfal RO M@BEsY, of Cr. Al though not wishing
to be bound by theory, it is suspected that higher |levels of co-catalyst

begin to U129 thescadidlyMn @Jacmmm@\/ﬂssaso@tﬂﬂé@%é&l Tembdkbd phirabdndnhe

effect of co-catal yst on  induction tinme. cases, it can be seen that

activity pelafuctinn gmeris ah@r‘reérvgt@npﬁmiwdm g’ﬁ'@ﬁ is/ippoe; avioog fiduction time
PCT/ USZOO%/ a%%? &sadv%gtage when using silylchromate-on-silica type catalysts. As shown in Figure

11, the molecular weight and molecular weight distribution behavior is not significantly altered
by the in-catalyst addition of DEALE to this SC catalyst. From the 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

Bulk
Example Time YIELD Flow JAct.gPE/g| Density
No. DEALE {min) {g) Index cat-1hr | (g/fcc) | BBF |Den. glcc
19 none 227 152 3.8 111 0.44 1.7 0.8545
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 14 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 hlgh -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-hexylaluminem, would be expected to work in a similar manner.
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use of DEALE or TIBA with a concomitant increase in activity, Use of TEAL and DEALE with
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is seen with SC catal yst
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CrOx catalysts resulis in polymers more similar to those produced with SC catalysts, while
preserving the desirable activities inherent in CrOx polymers. Contimuously varying the TEAL
and DEALE in both CrOx and SC catalyst systems allows a mechanism to tailor the
characteristics of the polyethylenc so produced while preserving good activities. In this way, the
space time yield (weight of polymer per unit of reactor volumme per unit of time) can be

optimized for a number of different polyethylene grades,
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[ 00133] Co-catalyst addition also has beneficial effects on Cr Ox catal ysts.
Table 10 and Figure 29-34 provide data denonstrating the effect of
co-catalyst on the performance of Ti- COx (on Grace 955 silica). Table 10
denonst r at ewotzn@tosédzdw | ndex decreases upon addition of pchiEszo@ndotsder ef ore
pol ymer nol ecul ar weight is increased by the use of 5 eq. co-catal yst for
the Ti-CrOx catalyst. Ti-COx activity responds simlarly to co-catal yst as
does SC-500 and SC- 150 catal yst di scussed above. Table 10. Effect of
Co-Catalyst on Ti-C Ox Catal yst Performance. Bul k Exanple Equival Tine

YI ELD Fl ow Act.gPEl g Density No. Additi-éd-ants (mn g Index cat-1hr /cc M
X10' Mw 10 Mz X10 M™M Mn MZI Mv Don. gl ee 39 none 0.00 62 156 3.8 1,497 0.32
12,6 212 0.88 1ﬁffectﬂf@0-¢a’ﬁhﬁlfrbn]’4ﬁm 2.0 eq 40 152 4.4 2,135 0.26 9.3 268
1.82 28.9 8.8 0:9475 - 41 TI BA 5. 88 139 2.0 915 0 3078319201410
6.3 0.9457 100129 N\HA The offesty °ﬁ3°-$§91y .oy the peformanes of §Cooptalyst freated ils 57

0.9464 43 ohiNviibnte of DEAIEA)) vda s&dﬁd%&g%@%ﬁw& ca2a1 ?s EI@AL aHA QR 493
44 TEAL 2.0 eq 36 155 6.7 2 276 0,29 9.0 217 1,19 24. 9471 45 TEAL

5.0 eq 80 lseBub! ghuypmy, and TENHAEQ tri-rhga] ggmanug).o Péhgughzexasw&erwlﬁde@em in

all runs [Qgéo%ﬁ&] cé\eamgmg OlY SRR HeNurieistowd tikatl &h&eﬂk\yl Badtrduil b@hpoindd ark- 2 €q
of Al per seen in Fi ures 31- 314 ecul ar._wei ght distribution
gle Bﬁghp%‘

br oadens vw?@ahceblee%& 4P 9@@“ P%th?ﬁ“éf%'ﬁ{l hergigg T gWedd2h ﬂ’&%‘(l%ﬂ% dndgk
wei ght ShOLHcﬂﬁfy d@@&y nﬁiduawem@ anidl @aﬁe@ infbGecOlbr SREMPAINIE Hata O DEMMSHS

wei ght distri ove phy erties out ncr easi ng

pol ynmer S\Hé‘P‘{‘)l CFG%B? ﬁ@%ﬁu%%@@? gﬂﬁg%évmmﬁf“ @g‘f ieblehal |y,
tlhe i nvent aing thal me13ch1slegmafaagzst th S\é@ﬁ*eﬂm& (ﬂ‘Q)HPﬁIEB;Lc}t‘:%ﬁlﬁvdl@ft of)@ﬁ@_%sé%ﬁted '
al um num are al s ent n or exanpl e, .

Ctr et nyl - D50 S0« kot B b FRE orleble 8 Yobi i o DR M e T b
11 denonst rpbeadditiv of té-edthlya n'ratﬁé E @l’sdimm:ﬁraﬁés tHdE Batalst @atiady IS increibeOb %

11 B ect BOeaRErR atous o G il b el BemdaRa At “op

Bul k for SC catalysts, It
Bulk
Example Equival] Time YIELD Flow |ActgPE/g] Density
No. Addition | ents | (min) (o) index | cattbr | (giec) |wMn px10°) |Mw (x10%)| Mz (x10% | Mwmn | MzMw | Den. giec
28 none  0.00 54 158 49.0 487 043 0.9579
29 TEAL 2.0eq 65 157 31.9 649 0.44 9.6 217 1,68 226 7.8 0.9581
30 TEAL 50eg 115 156 33,3 358 0.37 7.7 196 1.56 253 8.0 0.9619
3 TIBA 20eq 50 151 18.5 873 0.44 8.7 240 189 274 7.8 0.9548
az TIBA 50eq 66 162 24,5 686 0.37 8.5 210 .69 24.6 8.0 0.9542
a3 TNHAL 2.0eq 57 155 17.3 811 043 85 241 1.97 28.0 8.2 0.9545
a4 TNHAL 5.0aq 80 151 30.5 618 0.33 7.8 174 1.56 23.0 89 0.95186
[500cc H2 prasant in all runs]

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



Exanple H2 Tinme YIELD Fl ow El gcat- Density Mh Mv No. Addition e g. (sco) mn
I ndex 1hr glcc X10 X10' Mz (X10') MM Mh Mz! Mv Den. glcc Cllx nn OFF S'I'ra
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 wm3M/@0®2 0.9480 48 none 500 82 161 6.8 1, 3d¢T/HsBd/Aés8 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 nrrnx nn G865 Sum,, 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 1.28 31.7
6.5 0.9522 52 none none 500 64 175 9.-A2%, 380 0.32 9.8 182 0.81 18.5 4.5
0.9471 53 TEB 2.0 500 48 152 21.3 1,589 0.33 6A 177 1.41 27.4 8.0 0.9534

[ 00136] Whgueec8alygds prdserst rladuction tiaes late espraitighy liininated Wathe presence of co-

pol yet hy ue8dnn f Ti-CrOx catalyst alone (Figure 35), and Ti-CrOx
with TEDL%‘I’()}?SCE%%E‘%;%?%P&%SS%' 36). Polymer nol ecul ar weight is increased as
seen in the decrease in flow index upon the use of TEB in conparison to no
co- cat al JU13dbr bdtiguer B2 hrignpnsttOths peenel the presengbsefh cecyhlysthyuirtbgen.

Cat al yst EVIRATA . i t t by .t he use
of D S Wi E R MGh or 8 b bbbl AFBR T oA gl |
t he br oadeidcuigr ofeightoives ihaeasedilyhto-datslyst, hudleamareiveizbt efisthyutioneisutegady TEB
appears acgco ni ed.b he. growt h o nl.y a. nodest. opl.ecul ar wei.ght

shoul der mﬁ%ia’% e ‘Aégjﬂmé@ﬂl"’sth? H@er@gg é& mgﬂg%m?gulﬁgmgﬁggh%ﬂenggﬂ@%@ by
[00137] THeeMpNEs Qflie i1 MRO untitngbd edGivead thdBolyahiietd ptddasedoby KULROULARe

wei ght, nol ecul ar wejght distribution, catalyst activity, as well as other

propert i 8cpge Pf]é°1°é*§b’%§-i NG PEMpEYhFPEABIYSt MERgH Pﬁélyismé?téaﬂau@welym@f

co- cat al yRfeclBP §/efiiht Yor 80%00f ca #@jmrpowf&lmsleaﬁai Fhial 8istrRB6A fid EREdy- The
al um num al kyl conpounds express di scussed herein are discussed by way of

non- | i mi vivigngedapese featmps af@tdhﬂ'l’abé{ forsbariresideange me pperais appl i cabl e in and
a part of the present invention. Simlarly, alkyl alum num al koxi des ot her

ro not [OURRL", oSl PR hon DRI Satlvet MEARE | 05\ g B8 EPoRGe s ™

PCT/ US20e@ieon 38 Cr(8igoatedi hetain o3 BOXI50p, Tablep? epd) Figaka 32-38 mretidas indistion

1! B PRSP PO 5 A B e "
catalyst is varied. The earlier observed trends for SC-500 are evident for SC-150. Induction .
times (see Figures 22-24) are virtually eliminated by the addition of co-catalysts in these catalyst
systems. Figure 25-28 demonstrate that molecular weight distribution is largely unaffected by
co-catalyst. The intensity of the high molecular weight shoulder, as indicated by the Mz/My
value is also unchanged 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.



and tailor the resulting polynmer for specific applications. Inportantly, the
i nvention provides for the production of high nol ecular wei ght

pol yet hyl enes with chrom um based catal ysts of high activities, resulting
in the abil MO20p406p23 at shorter reactor residence tinmespciosmonfsboeds

i nprovenents in the space tine yield for polyethyl ene production using
chrom um based catalysts while maintaining high reaction tenperatures.
Fluid Bed Gas Phase Exanples [00138] The follow ng provides fluid bed gas
phase exanpl es of the present invention. A gas phase fluidized bed

pol ymeri zation reactor of the UNI POLTM Process design having a noni nal

di aneter of 14 inches was used for the continuous production of high-density
ethyl ene- hexene &#pef.yREect of Go-Lifelye g 2650 CanbysiReefoumagae bl over was

si tuat ed upstream of the cycl e gas - heat exchanger in the gas recircul at| on
| oop | WO fcoutg—11d XcEJPE] B

wher e |iekameing er ed |EdwealjTEat 4 i ncheseni n
di anet No Additien |{ angs, O g | @iech X o Az 4 b M i i ne
to coftrol the superfici aI gas veI 00|ty in the f|UId bed at the desired
rate. |Mogonmer smando@asepusisconmponents oxer e saddedrzupstzeam ko t hersCoaogp
beforg the blower, at the blower inpeller or after the blower. Dry catalyst
was c@nt PhuouBty &46ed 5 n HF scPet e*8nallf® al i*quot %vi a P8 i #We&h t UBe AFB¢tly
to the & uidiged died ai ashei@ht @houbsD. 1ab0 2 dd1 abowe thigs di Str i hute
pl atejand nost preferably at about the 0.2 to 1.2 in range using a nitregen
carrigr #as fTI\“t%/ ﬁt"e‘a I% at’f on®abo¥t 183 o0 56% of%*® t he*Peact'st di%nmetdf
Pol y 500 ed to all rups

di scharge isolation tank in allquots of about 0.2 to 5 kg to maintain a
desired approxi mate average fluidized bed | evel or weight. A dilute stream

of oxygen 0183k r og€a-ceizlye adgitier almbas bgeficiehpffestsmCrisesatalmts s Srle 4R p@tt i ments

to mani pul t . | .
P01 B b0 YIS LB Al Oy 0 cTBIECH G PR 7,

no free afii @ofdraeidyd sifies. Jekls dfdemensirpes tﬁ@aft?twi infexsdesteases upnptadilifisn gfidi ti on
poi nt was $ihi GhethelcRre b&?mfﬂl Mbl@éﬁﬁ%e%@m‘m&&séd l%?thyﬁ@é-%e gy, REALER WehL

present in order to avoid pOSSI qtfé i sorfe of t oxygen reactl ng
sl

with the atharki-§uar sptrlyst i Ti- Gcrﬁé aé%WéeﬁPP Hyde cevetpyigsrdopebesl0 aght eri ng
the fluid QQQSOJM%M@&S@d%%aUU on and does not preclude its addition to

the cycle line before the heat exchanger. WO 2004/ 060923

PCT/ USZOOS{F%iOIJOS &[1?0(2%5951 ,@J us aiz&‘ g ;ﬂperl nments were conducted at

discrete ti#es %ﬁf té’g ystphy TG‘-'g)é‘qC o F8¥°¢e case. Background

| n‘pur| c | a fJa; rlefr Qam-a; rl | I hn raar-f V) ok :_enl

Example Equivall Time YIELR Flow |Act.gPE/g Densvty -
No. Addition | _ents {min) (g} Index | cat-1hr | {glec} |[Mn oo’ Mivtw (x10%| Mz 10 ] Mwmin | Meiviw | Den. gree
39 none 0.00 B2 156 38 1,487 0.32 12.6 212 0.88 16.9 4.2 0.8466
40 TIBA 20eq 40 152 4.4 2135 0.26 9.3 268 1.82 28.9 6.8 0.9475
41 TIBA b.0eq 88 139 2.0 915 0.30 7.8 314 2.01 41.0 6.3 0.8457
42 TNRAL 20eq 43 159 3.9 2474 0.25 9.0 247 1.41 276 5.7 0.9464
43 TNHAL 5.0eq 120 135 14 b61 0.35 8.8 439 237 50.1 54 0.8493
44 TEAL 2.0eq a6 155 8.7 2,276 0.29 0.0 217 1.19 24.2 8.5 0.9471
45 TEAL 50eq 80 148 2.6 937 0.29 8.4 297 1.84 52 6.2 0.0472
[500cc H2 present in all runs]

[00134] An imptovemcnt in activity is seen, partictilaﬂy 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 net develop, Broadening of the polymer
molecular weight distribution will improve physical properties without increasing polymer

swell.



with tinme and caused mnor shifts in reaction tenperature and catal yst
productivity between experinental sets. Conparative cases include catalyst
prepared at a conmercial manufacturing facility as well as catalysts
prepared i n VO200460423t ori es. The | aborat ory-prepared catediyesmosgaegsi red a
| ower reaction tenperature and provided a conparative case for experinental
catal ysts also prepared in the | aboratory. [00140] Exanples 54 through 59 in
Tabl e 12 show the results of enploying various supports and chrom um
sources. The reactor operated well w thout sheeting or chunk formation for
all the exanples. Exanples 54 and 55 sho#+the results for the conparative
catalyst (silylchromate nmade on 955 silica dehydrated at 600C and reduced
with 5 equi mé Ats o dd!BEMlE)ﬂleW@lt@fib@ﬁeldiﬁé%teeﬁdﬂ@étfﬁiwdspgcﬁﬂﬁsl‘@mb@ﬁéduto
Exanpl & 55. jefmfeaf abYib ﬁ@ﬂ?lrpﬁe ﬂ}@éﬁ%eﬁﬂﬁpoﬁsr é}%ﬁl@h@ %CUTon was .

significantly higher catalyst productivity and wei ght
di stri buti offusied {priss effci pn aatwsg RerfRsmance Apblgybl émonsmmltbl@pffecmepec@m@t

enpl oyed i noExeRMSshabbt BRALIOR @BmiARS 8%id0 bn & 955 gﬁéegséﬂd' BicRf! %aY s?d at
825C and then reduced with 5 eguivalents of DEALE. In Both cases hi

catal yst pr®@E®sivities were obtained and hi gher reaction tenperatur es wer e
required to nake the polyner. This shows that the catalysts inherently nake

hi gher nol etatlar]. Wefeg bt Coaalamet oroidxuhd i-O@xUSfiyh Peirmeder t  resi dence tine
operation. In Exanple 58, oxygen addback to the reactor was al so used which

at a J-A/-e_n_t_e.mpar_ wers the polyner ol ecular weight and i ncreases
the poliwoRpe el t f rat ] Bmd Maidb | Wik @‘ "P( baﬂgﬂ, Cahi Vawofl brodder [pol yper
mol ecul |arnowe) adttiord s&qH ped) | @) | X gk @ B AViI0% @ 1oh 8 tkbg mbuii | anrIQer Gk

catalygt (CrOx on MS3050) activated at 700(, foll owed by reduction vvlth 5

equi valjenf,s GTPERRER Here again,hi gher ,gat alyst, rOCLEBCtI \_{%tl e1sb1ar
and hi ghe;—, reae:@g onzaegrrperatggresmaare.gneeégd d0 ma e the polyner. 'ﬁ
sumary], 4shesengas asewr esal t961supq:§orU34th633@bse1mvat2n7ons1|’Jeound0| n4'ehe094o7
earlier| &anpl Eﬁ‘ijhéf’“ cafal y&t prfodieti i%®i e®Pland™hi gh&r nBPecdf ar 0946

wei ght [pol yw achieved enploying alternate supports for
silylchrosmte eat al yst produeti asm. -11Errpbﬁ@yrmt ofs reducedss Cr @ cab al ysbs

can al go Zuppl ¥*& he 2%9&mas j}ﬂﬁovig@ent %al S2cagés Wfoad bl e¥dl ate5vveP§

pol ymerls &re OBEAI NSgbaWis 551 abl &sdi OfhsolsgCul 15 wekght 575hodh depgasa D
2004/ 060923 PCT/ US2003/ 040138 - ndi tions an
Results w t [DIDBB]E | Figied 34-96 illustbiid nmlbcﬁmp\pﬂglt—re]ém’dl @xth forpalyphglene frdduced 55 56

57 58 59 C%”B%&EIOX ca%%rt aaﬁons (Figure 35), and Ti-CrOx with TEB co-catalyst (Figure 36).

Polymer molecular weight is increased as seen in the decrease in flow index upon the use of

- (D

TEB in comparison to no co-catalyst for both CrOx and Ti-CrOx systems in the absence of
hydrogen. Catalyst activity was largely unaffected in both catalyst systems by the use of TEB,
however, TEB broadens molecular weight distribution. Additionally, the broadening of
molecular weight distribution effected by the use of TEB appears accompanied by the growth of
only a modest molecular weight shoulder (Figure 36) as is the case when using DEALE as co-
catalyst.

[00137] The present invention allows for the manipulation of molecular weight, molecular
weight distribution, catalyst activity, as well as other properties of the resulting polyethylene
through the judicious use-of co-cafalyst 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 applicdble 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



Ye ve C Source Silyl Silyl Silyl Chrom um Chrom um Chrom um Chronate
Chromate Chromate Oxi de Oxide Oxide Cr Loading, wt%0.24 0.24 0.50 0.50
0.50 0.50 DEALE/CrMole 5555 5 5 Ratio Silica Support 955 955 MS 3050
955 955 MS W¥920W/06@aur ce (Comm Comm Pilot Plant Pil qicﬁ@mmgagmer cial)
Tenperature, C 96.5 88.0 92.1 103 9 99.9 104.9 Total Pressure, kPa 2501
2492 2501 2494 2493 2490 Ethylene Pressure, kPa 1524 1510 1517 1510 1510
1517 H2/C2 Mol e Ratio 0.0097 0.0103 0.0106 0.0103 0.0204 0.0106 Rexenel/C2
Mol e Ratio 0.0049 0.0100 0.0079 0.00503§.-0065 0.0031 Oxygen Addition, None
None None None 0.10.0.251 ppm/ Superficjal Gas 0.530 0.530 0.530 0.589

0. 607 0. BEmInUgRetsexids, dinfpad @lunppm pikpgide, diglayl @Bmgngy peoppide, ag metlrd ethyb9. 9

Bed Hei OBfumiffi? 0 16. 3
St g 14 ot o Hde A%l%lr%ggg Richbhs 200 o 88 cal QLA HED ofRiG ﬂ%ég'%‘tbﬁeé‘%e%
Space Ti 1é¢rdhe @gulgng polymer fpo sipoificlagplivatisns. Capattamly, Be dowatienprovidessd6 5

4035 721 4 Bul 5 351.23 20..170

penc 1y, e dpadiends Bt Ruf toplfl vl e oblBSiaBt i bl ok Gl Wit e

APS, mm 6ctiFittesOresBliing . it 1th®. ability Olo 71t 4. $hbfter reactor residence times. This affords
improvements in the space time yield for polyethylene production using chromium-based

catalysts while maintaining high reaction temperatures.

Fluid Bed Gas Phase Examples

[00138] The following provides fluid bed gas phase examples of the present invention. A
gas phase fluidized bed polymerization reactor of the UNIPOL™ process design having a
nominal diameter of 14 inches was used for the continuous production of high-density ethylene-
hexene copolymer. In these cases, the cycle gas blower was situated upstream of the cycle gas
heat exchanger in the gas recirculation loop but the two could have been reversed to reduce the
gas temperature where it entered the heat exchanger. The cycle pipe was about 2 inches in
diameter and its flow rate was manipulated by a ball valve in the cycle line to confrol the
superficial gas velocity in the fluid bed at the desired rate. Monomers and gaseous components
were added upstream of the cooler before the blower, at the blower impeller or after the blower.
Dry catalyst was continuously added in discrete small aliquots via 1/8 inch tube directly to the
fluidized bed at a height about 0.1 to 2 m above the distributor plate and most preferably at
about the 0.2 to 1.2 m range using a nitrogen carrier gas flow at a location about 15 to 50% of
the reactor diameter. Polymér product was withdrawn periodically from the reactor through a
discharge isolation tank in aliquots of about 0.2 to 5 kg to maintain a desired approximate
average fluidized bed level or weight. A dilute stream of oxygen in nifrogen (200 ppmv) was
available and used on some experiments to manipulate the polymer molecular weight and
molecular weight distribution. It was added to the cycle gas before the heat exchanger when no
free aluminum alkyl was present in the reaction system, but its addition point was switched fo
the fluidized bed when free TEAL and DEALR were present in order to avoid the possibility of
some of the oxygen reacting with the aluminum a]kyln in the cycie line -or heat exchénger before
entering the fluid bed. This was a precaution and doss not preclude its addition fo the cycle line

or before the heat exchanger.



Melt Index (12), 0.10 0.08 0.10 0.12 0.09 0.05 dg/mn Flow I ndex (15), 0.49
0.47 0.60 0.60 0.49 0.44 dg/mn Flow I ndex (121), 10.5 12.8 13.6 12.3 12.1
4.16 WO 2004/ 060923 PCT/ US2003/ 040138 -38- dg/mn MFR~TZI/1S) 212 27.2 22.5
20.6 24.7 9VQ 2004060923 21/ 12) 107 155 131 99 138 90.9 Den&ithys20@/osdiss 0. 9472
0.9481 0.9482 0.9479 0.9483 0.9485 M 10214 - 8374 10283 11140 14958 Mw
256077 - 291804 187522 206907 304972 Mz 1734620 - 2100445 1213861 1302183
1779473 M+l 3284606 - 3626163 268158%62673316 3271683 M 175935 - 190696
134078 146591 216325 PDI (MW M) 25.07°7 34.85 18.24 18.57 20.39 PDI

(Me/ MN)cﬁWéé ; 7.20 6 47 6.20 5. 83 CHVE (%500K) 11,76 - 13.29 8.62 9. 93
14. 28 Pl 1K) Varopg setsyofy gxperiguents Were (rogducted gh 4isprets, Himss.candserch Hebugh
64 in TablmddBa VSHhShratR chib. BacRRBHRT inbufilibsih el dd8Sn & dinTtﬁEE%ctg)%vagé@”pl e
60 is the_conparative exanple, Exanples 61 through 64 show the effect of
TEAL addWithdime andycapsethgundg shiflsyinciepetionttemperetureyand ¢atblyst phdushivity betsvden on

955 sili Heh ﬁ%‘“ ] i E). In
Tabl e 139%63% eéﬁfﬁ@ Wagggt%s??gnﬁ%ﬁ?%&t%%g%%% %E%Eﬁggal%guggﬁgl%as
phase f| fictithesl wedll yavestalysis ippepacdd insthk Vblwhatonwst e Thatlsoyatoryhmemekdocatalysts
producti yj res| icle ch cteristi.cs, increased reaction .

t enper at ﬁérqé%%fln % q%‘rtmltqﬁ mg%%@? e pé%vgtgq%ygtcog}%r T8 PO 0 SrRFrrIesis

t hat opt catalystwelso prapgredin thalabbsidrm the 0.5 to 3 TEAL/ Cr range and nore
preferably in the 1 to 2 TEAL/Cr range. The catalyst was the sanme in this

set of e Lihrent The p uct i, vj e re based on.,a catalyst

addi t i Onf@gﬁgfgndsﬁ)@gmﬁespﬁfggﬁ%&%# g’éﬁ%"%ﬂfze\éﬁ% ﬂ%?aﬁﬁﬁ'@é of ?Wﬁﬁ)é"rﬂgo s

r emai ni ngappbrts drddecht@sium dotircds. Mhdreadtér dpditdarvadLwithoti keetin€ B&hunil b/ O
added nol e rlatio was_ based on the TEAL feed rate and a nmeasure of the C in

the resi Fprbasl the %Wsneﬁﬁ@aplesn% apdnyS Ghew Abgjagsults 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 io 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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Resutis twith DRALE e Chialyst; Sitit SagpdieVildicd but in a

nar r oygka@prRd: - -The walll sgun her rggcoupl essg ocal‘t edsq,t varto 20047060923
PCT/ UR20637/ 040135——=39—<rstane abovethe—ptate—+a—thetfHudb aid-inlt he
freebpard above the bedquﬂ?aéat’ex 8PERYE |for  thel no- TEAL ([case and seened even
bettef _in the presence of YIFEAL| wi t¥ | ess fluctuation and a_ shifit of about 1
to 2C| €t Bewee (f r om bellowSilybwaf dssitshe qud Sayer agEheien § EFRRhidkU Chronfldd 43]
In supmary the additi gnCiebmem- C&)héthﬂﬁé (G}E&hiter S Wik | h hoﬂlla@r 'Cab%&déﬁt
activ J,OWs 1jhe ct ru at s—t Hreve
the s &}{LO?GE}? S _[,Ll_a(.{r_i@;mg ght, 94 k?r§¢ ner rm¢g uI I ght 6’
di str EEM&MQ@ ns Unchanged|in &l I 'qhesé exanpl es. Tabl & 13.] Gass Phase
Condi [ Refis and Resultg with DEALS In-Catal yst; [TEAL/Cr Ratio Var|i ed
Exper g@i@g‘s oﬁl 62 63 6495500rrpar a5 M§r3 Urcegad Tyl Side¥l ™ S { ¥ vl
Silyl €ht uiﬁgbt € Un ofrgte—Chr-orat Gsb‘n otrate (QAEQ Yot ?,ﬁvr i Cau%” m%??gé
0. 24 bSeueR) (S [DEAISDEy \Bile gt | Pilgt Baxs b 5 S | ioa Suppolrt 955 955
955 9b5oLsIel rce ( :orrm =_Conm Comn Comm {Comm_ Comm  Conmerci al ) TEAL
Added| Temheanicp?C N0n§' 0.98k 2.22 .82 Jl 892.1TEAL /1G3.oMolle atgi-0 Term@lgat ure,
C 98. 102 107 . T, —re KPg 249124922490 22491
Et hyl T Rssuire kPa o] 12980 £h g %?L ggqjl,; 3494 2443 2?3(‘)1

Ethylene Pressure, kPa 1524 1510 1517 1510 1510 1517

H,/C; Mole Ratio 0.0097 0.0103 0.0106 0.0103 0.0204 0.0106

Hexene/C; Mole Ratio 0.0049 0.0100 0.0079 0.0050 0.0065 0.0031

Oxygen Addition, None None None None 0.10 0.251

ppmv

Superficial Gas 0.530 0.530 0.530 0.589 0.607 0.527

Velocity, m/sec

Bed Weight, kg 83.9 £3.9 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 TlmeYleld 83 91 50 75 70 50

kg/h/m?

Catalyst Productivity, 4965 4035 7217 6554 5748 6375

ke/kg

Fluidized Bulk 325 351 232 322 320 170

Density, kg/m’

Settled Bulk Density, 4387 527 352 492 508 311

Ieg/m’

Resin APS, mm 0.716 0.734 | 111 0.777 0.777 0.919

Melt Index (I), 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 (In1), 10.5 12.8 13.6 12.3 12.1 4,16




H2/ C2 Mol e Ratio 0.010 0.010 0.010 0.010 0,099 Hexene/C2 Ml e Ratio 0.00433
0. 00353 0.00330 0.00331 0.00360 Oxygen Addition; ppnv None None None None
None Superficial Gas Velocity, 0.555 0.561 0.555 0.564 0.564 nfsec Bed

Vi ght, kg 88 B080o$387.5 87.5 87.1 Bed Height, in 3.04perR¢08:8k8138- 12 3. 21
Production Rate, kg/h 19.1 18.0 17.4 16.6 17.2 Average Residence Tine, 4.7
4.9 5.0 5.35.1 h Space-Tine Yield, 70 69 64 59 61 kg/ h/ n8 - Catal yst

Productivity, 5041 6666 6452 6150 530 kg/ kg Fluidized Bul k Density, 328
333 320 315 304 kg/nmB Settled Bul k BBisity, 483 485 466 464 447 WO
2004/ 060923-PCFUS20034040138 40~ kgl m.- Resin APS._.nm 752-- - 0Q_790
0. 780 0.681 Resin Fines |< 120 I\/e‘ﬁh. 1.311]1.28 0.39 0,65 0.182 W%
Mel t | nMER GRS, "dg/min 02096 0. 0987.D- 098 Q2890 j0. ORile F owzb,r;dex (1;53}1;
M CTLCT TR T A U T WD DS U L P S
101 108DamsHy, Femsi ty, 4/ h¥78_9480.96810481 0948274 00.947%4 (. SOAS3 Cr 0.p485
Pol ymefymnppnw 0. 44 0. 3E-AQL@$‘,‘.9;£'LO“ 53 | Mg#246(0 13548 1 7518“@@85 116458
279637%%681‘_2%—?%"‘55507‘7”’0‘ - 291804 | 187522 | 206907 | 304972
Mz 1734620 - 2100445 1213861 1302183 1779473
Mz+1 3284606 - 3626163 | 2681581 2673316 | 3271683
My 175935 - 190696 134078 146591 216325
PDI (Mw/Mn) 25.07 - 34.85 18.24 18.57 20.39
PDI Mz/Mw) 6.77 - 7.20 6.47 6.29 5.83
CHMS (%>500K) 11.76 - 13.29 8.62 9.93 14.28
CLMS (%<1K) 1.76 - 2.24 1.95 1.44 0.98
[00142] Examples 60 through 64 in Table 13 were run in a reactor similar to those of

Table 12. Example 60 is the comparative example. Examples 61 through 64 show the effect of
TEAL addition to a standard silylchromate catalyst (silylchromate made on 955 silica
dehydrated at 600°C and reduced with 5 equivalents of DEALE). In Table 13 the results show
an optimum in the amount of TEAL added to a gas phase fluid bed polymerization of
silylchromate catalyst based on productivity, resin particle characteristics, increased reaction
temperature and MFR. For the specified catalyst and reaction conditions, that optimum was
approximately 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 bui 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



Mz 1875317 1598806 1826871 1722578 1731498 Mz+1 3543254 3109360 3432220
3224517 3436515 M 193220 188165 190700 182352 174394 PDI (Mw Mh) 22.4
19.65 23.54 27.2 21.79 PD (M/Mw) 6.71 6.02 6.60 6.54 6.82 CHVS (%500K)
12. 63 12. 82 Wi@203/04022324 11.98 CLMS (%1K) 1.31 1.12 1. 34cZarkBoodosdizs [ 00144]
The experinments of Exanples 65-73 (summarized in Table 14) and Exanple 74
(discussed in the text below) were conducted in gas phase polynerization
reactors simlar to those of the previous experinments. Exanples 65 through
71 exam ned the effects of TEAL co- caté?yst addition in the preferred range
at high and | ow space-tine yield and with catalysts prepared at two

DEALS/ Cr dgtangey gbOVpéhazaplgte(ls t@qﬂwapé ardinghe Beiorrdaboxp thetbed vege pwﬂermf@r of
DEALE/ Cr ), e§ ANGISE 358 SoekilB oG8t Blds In RE QPUdGIde \dr i 8D :@uté% I Cat b ach

studi ed, an al so 1ncreased the reaction'tenperature a out

space- t|mﬂm®o%ﬁuutHEMLCaMBQW@@nﬂuﬂ@iﬁbwmﬁs&wlmﬁeVMmngmeEpmeemt¢ne yi el d
with catalyst productivity corrpar abl e or great er than that of the | ower
space-ti W d wigf DQUL, . Lﬁﬁg |

reduced \f;@gﬁh er at| ng at e‘?’f@g“r&%"ﬂ tﬁir;g&?eéf@gﬁs ﬁﬂﬁ%ﬁ i‘l§ﬁ91 %nndgteﬂ;l
TEAL con'pmdea;llom thevirtaltpu tio irtn ai\fn"algherrtempasmdaswlotahlnem ltlaammgpcﬂpaelemblendar

e pr os oREB 0T EADHIRE ol hREP L U EROUD. S RETE BB eh o ARyt

productivity and reqw red reactor tenperature are inadequate at high
space-t i nEably1%®| @as(Bhave Casliitms aad Results With ALY tnCuaiialykip TEALNWEr Ratimséared of

co- cat al E&pe(rﬁiﬁentm and 70)| Tlyggse |gasegphase rgaults sugport| t heggearlii er
exanpl es[showmng the use of Cq,‘ 'yST T h conj uUnctiegm Wi th [silyrchrgmate
catal ysts, WD 2004/ 060923 R &lﬂ%% $/ 040138 | -41 [00145] Exanple 72 shows
t he use aL—ex—ygeﬂ——adel—baek—ré Hh—t-heraddi-t+on—ef—co—catalyst—1Poelyaerif | ow
i ndex i nEFEAQEEF upon the addi t$5H of oX¥¥en |to ﬁlﬁfg r(=ac§g 1" dkyg@ican be
added tp_control polymer npCErmak | fergmate dnthromats. ) Hiromate o, Chromate
di stri buf Cobhoadu)%#%] DEALY wal2&dde¢d 024t hel re@24 or | i nO0Réanpl e 934i nsjt ead
of TEAL UpEAYFRAWIBRHatio! 0Oaded ghrof umsoxide cagaly 5t (3. 5w % Cr50n 955
silica a'Szﬁ‘éﬁ‘éﬁﬁ{)oﬂ[W’ es%gl ng 1 [95§| ncreag cat a'9\$§[ ro@gggl vifty and
i ncr eased-Feactron-tenrperaty conmpared -t o—sttantara—-st ehrorpte oper ation
with or pWeweR(Commy = "Bomm 7] Comm, | Commn | Cofss. " |0 Cotmm

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 3.05 312 321

Production Rate, kg/h - 191 18.0 17.4 16.6 17.2

Average Residence Time, 4.7 4.9 5.0 53 5.1

h

Space-Tmle Yield, 70 69 64 59 61

kg/h/m® -

Catalyst Productivity, 5041 6660 6452 6150 5308

kg/kg

Fluidized Bulk Density, 328 333 320 315 304

kg/m’

Settled Bulk Density, 483 485 466 464 447



[00147] Exanple 74: Addition of TEAL to an ongoi ng pol ynerization reaction

using a

fluidized bed tw ce

| ow DEALE/ Cr

f

or

ratio silylchromate catal yst (1.5:1 DEALS/ Cr)

resulted in the formation of polyner sheets and
aggl oner at esWPRRH/OBI%Eked t he resin discharge
shut down [ 00148] The reactor operated well

port forcipter/@s20@Aed198
Experiments 65 to 72. TEAL

in the

was introduced to a TEAL-free system successfully using the 5:1 DEALE/ Cr

silylchromate catal yst.

TEAL

exanples with the 1.5:1 DEALE/ Cr catal yst were

successful |y conducted by transitioni ng4pr'om the 5:1 to 1.5:1 catalyst with

TEAL alr fluidized bhed reactor s preferred to
initiate catalyst additlion, particularly for theilower DEALE/ O
cat al yst sResioABRSHreni t hat alr eddf52-cont 9t g soOfARDci-ento.a6durlt af6STEAL.
(00149] MhesidEAks anz0 Medl,E [addi 81 on|To11RE rleacs sy s Yer @ gaadd at o3z
pre-cal cuiypped rate and then the Al/Cr ratijo cal cul ated when the expegri nent
was fini BEd+.1- e e Ttosront rot—at etteterned A€
ratio baf"uﬁl_l}‘fi—égg =2 g}‘ﬁ%l_ﬂa'* i ﬁ)ﬁ .6Lat e O—gﬁnf I U;&g)?ﬁif Ie;o‘ﬁ%ﬁl;;\ﬁWD
const ant | Fieednde (), defnine TEA0 | E474Thej r Of4ddd  at@4¥oulld H4%
proport i v Indext(he), dg'siim pr odU@®i o r&t76 t g cdh®t ol [t heis1l cancemd.zatiljon at
sone specmirrew, gvel , preflerapdy ohe pphat dchimves {herdasitied segulfls with
the mni ey Qf Teactive a YO 20041 060923 PCI/US2003/104013 8142
Table 14 ua;t%‘#;%sge -Cotreh t%eﬁg?wu esj}d S—w-th- "._ZI UEQ ;;52;;0% Cr
Ratio ValPEYsEHn o . 65 09480 .| HPBE | REHL | O Miinar P& o
Sour ce Sj Cyin Flymer, ginpwy | Si |l yI 0-4€hr oma085Chrjoned. 38 Chi om@tdd Chron@62a  Or
Loadi ng, | Min% 0. 24 0. 24 0. 24 012460 LiB5¢r Nbl ¢1’RR3t1 0 508855 § Sijkdca
Support P 955 955 955 bour»g@gg 656840 27&9‘?@’” ] %53&@
H TEAL Aclcl ol —Neaaa 1l Namae 47 oot | / a 1

T M Ge o a2 o g T878H 7o | T308s06 | 1850891 | 172857 | 17alds | o O

Mz+1 3543254 | 3109360 | 3432220 | 3224517 | 3436515

My 193220 188165 190700 182352 174394

PDI (Mw/Mn) 22.4 19.65 23.54 27.2 21.79

PDI (Mz/Mw) 6.71 6.02 6.60 6.54 6.82

CHMS (%>500K) 12.63 12.82 13.01 12.24 11.98

CLMS (%<1K) 1.31 1.12 1.34 2.48 1.27

[00144] The experiments of Examples 65-73 (summarized in Table 14) and Example 74

(discussed in the text below) were conducted in gas phase polymerization reactors similar to

those of the previous experiments. Examples 65 through 71 examined the effects of TEAL co-

catalyst addition in the preferred range at high and low space-time yield and with catalysts
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,



Total Pressure, kPa 2491 2492 2489 2488 Ethyl ene Pressure, kPa 1510 1510
1441 1510 H2/C2 Mole Ratio 0.010 0.010 0.0544 0.0101 Hexene/C2 Ml e Ratio
0. 00433 0.00353 0.0065 0.0036 Oxygen Addition, ppmv None None None None
Superficial ®4320048®%30. 561 0.552 0.567 Velocity, msec Bedydoghioisky 88. 9
87.5 90.3 89.4 Bed Height, in 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 Tinme, h Space-Tine
Yield, 70 69 128 130 kg/h/nB8 Catal yst Product|V|ty, 5041 6666 2786 3618
kg/ kg Fl ui di zed Bul k Density, 328 333 324l 346 kg/m Settled Bulk Density,
483 485 5%& gé% kg/nm8 Resin APS, mm 0.752 0.790 0 655 0.752 Resin Fines <
120 Mesh 1. 28E§a13@166 Fhowit, use of oxyasasedd-bagk with gendditprogaomatist.

0.083 0. O%Iynfgr%vllﬂﬂiﬁéﬁnéﬂeﬁed &{me'r&d&n?ﬂ gfl c?cyég o0 9%88?;4@%3’%& gx\’Bé g%féé

(121), dg/m™n 9.79 9.75 10.4 1
2004/ 06092@‘5@@131 piiyoecnoleculagvei gt ani/rRlqc kg weizht dllﬂﬁblliﬁ@l 125 126
Density,'g/ain3 - ~ 0.9480 0.9481 0.9471 0.948 Cr in Polyner, ppmw 0.44

0.35 0.80 [@0 'ﬁ%] DEALE was added to the reactor in Example 73 instead of TEAL using a higher
loaded chromium oxide catalyst (0.5wi% Cr on 955 silica activated at 825°C), resulting in
increased catalyst productivity and increased reaction temperature compared to standard

silylchromate operation with or without TEAL.

[00147] Example 74: Addition of TEAL to an ongoing polymerization reaction using a
low DEALE/Cr ratio silylchromate catalyst (1.5:1 DEALE/Cr) in the fluidized bed twice
resulted in the formation of polymer sheets and agglomerates that blocked the resin discharge

port forcing a reactor shutdown

[00148] The reactor operated well for Experiments 65 to 72. TEAL was introduced to a
TEAL-free system successfully using the 5:1 DEALE/Cr silyichromate catalyst. TEAL
examples with the 1.5:1 DEALE/Cr catalyst were successfully conducted by transitioning from
the 5:1 to 1.5:1 catalyst with TEAL already present in the fluidized bed reactor. It is preferred to
initiate the catalyst addition, particularly for the lower DEALE/Cr catalysts, to a bed that already

contains a sufficient amount of TEAL.

[00149] The TEAL and DEALE addition to the reactors were made at a pre-calculated
rafe and then the AVCr ratio caloulated when the experiment was finished. It would be possible
to control at a predetermined Al/Cr 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.



Mh 12460 13519 8229 10657 Mw 279637 265684 271033 230657 Mz 1875317
1598806 1888749 1607038 Mz+1 3543254 3109360 3520335 3596324 MWy 193220
188165 183560 160356 PDI (Mw M) 22.4 19.65 32.94 21.64 PD (Mz/Mn) 6.71
6.02 6.97 6NF20ENER3(%500K) 12.63 12.82 12.45 10.95 CheMyusiwiddizs. 31 1. 12
2.68 1.57 Exanple 69 70 71 72 73 Conparativ e C 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 1.550 Mle Ratio
Silica Support 955 955 955 955 955 Soafée (Comm = Comm Comm Conm Comm
Comm Commercial)_ TEAL Added to 2.47 no 0.83 1. 60 DEALE at Reactor, 4.7
AUCr  TEAT2blad4. (395 BhasgConditiensand Raselis with PEALE IndatalysyD ACrRatio Vagied Tot al

Pr essur e} Exmaple491 2488 2488 2489 2491 Ebfy| ene -Pre@sure,| kPa68510 (1503
10 1D oL HOIC T4 ey 000 0 (e adtln 08 rpere
%ng Non @rS’olug%@?\b Supegr f ¢ \%Iv?t d Opd ( 56 4136 3.0. 57&?1; y§g4 ©
Vel oci t yt e—Bed—Weght—K 9%{0.% ) ad 8 .u%d.ge
R AR Y 0.24 0.24 0.24
DEALE/Cr Mole Ratio 5 5 5 5
Silica Support 955 955 955 955
Source (Comun, = 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/m3
Resin APS, mm 0.752 0.790 0.655 0.752
Resin Fines < 120 Mesh, 1.31 1.28 1.33 0.90
wi%
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 (I5;), dg/min 9.79 9.75 104 10.1
| MFR (I1/I5) 20.7 20.5 23.5 23.0




Bed Heig

ht ,

m3,22 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 Tinme, h Space-Tine Yield,

67 123 133 62 59 kg/h/nB Catal yst Productivity,

WD 2004/ 060993 240¢990882003/ 040138

343 288 335 kg/nB Settled Bul k Density,

6640 2564 3871 4926 17500

-44- kg/ kg Fluidi zed Bwlcrkfedsihioyzs 309 338
476 508 498 461 418 kg/nB Resin

APS, mm 0.770 0.617 0.757 0.665 1.22 Resin Fines < 120 Mesh, 0.73 1.62 0.64

1.14 0.56 w% Melt Index (12), dg/mn 0,082 0.085 0.088 0.101 0.067 Flow
Index (15), dg/nin 0.429 0.43 0.46 0.50%%0.39 Flow Index (121), dg/min 8.83
9.60 10.3-10.5 9 60 MR (121/15) 20 6 22 0.22 4 21 0 24 MER (121/12) 104
110 115 \MER1BEL] Density, o/ 8 0. 9469 1¥09478| 0. 9428 0. 9481 126946 Crin
Pol yrer , | Ipgusdty,g/ém™- - - 116943011696 101983 9281- 24487 Mv 2H4p22 256144
232504 560 1450341 Zblbi 1o G N | bU +1
3695600 BorseaTRE T 24 EELIRSE 28 03 3 %0k0r Iilseerersr 452554
175124 D (MALMD)—21..95.121 éf@ 5612 3%9 D) @WMM 6 ]‘IO£5E 5.70
6.25 5. 7MWCHVE (9%»5001C) [12.27863b 74 112.62@410. n7 301083 | 230657

Mz 1875317 1598806 1888749 1607038

Mz+1 3543254 3109360 3520335 3596324

My 193220 188165 183560 160356

PDI (Mw/Mn) 224 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 71 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. Cormm. Comm. Comm.

Commercial)

TEAL Added to 2.47 no 0.83 1.60 DEALE at

Reactor, 4.7 AYCr

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 34.7 189 14.9

Average Residence 4.6 2.7 2.6 4.6 5.7

Time, h

Space-Time Yield, 67 123 133 62 59

kg/h/m®

Catalyst Productivity, 6640 2564 3871 4926 17500




CLM5S (%I K) 1.63 1.43 0.75 2.25 0.08
and its advant ages have been described in detail,
substitutions and alterations can be nmade herein
#mthe spirit and scope of the inventicaassfgiifned by
the scope of the present application is not
enbodi nents described in the

t hat var
wi t hout

t he appended cl ai ns.
intended to be limted to the partlcul ar

i ous change

depa¥® P?ﬂj’%ﬁlp

Mor eover,

[ 00150] Al t hough the present
it should be understood

i nvention

specification. As one of ordinary skill in the art will readily appreciate
fromthe disclosure of the present inve#tion, processes, nmachines,
manuf acture___conpositions of matter, nmeans, nethods, or steps, presently
exi stingkefkgl ater to be dpvel oped that performsubsfantially the san
f unct i on FaidiaediBeik®easibst pnt i300l y-1 he 338nme- fesulyy as |t hegg cofresgendiing
enbodingm@&ﬁﬂescrlbed her gi n maybe upil!zed according to the present o
I nventi g , [ ne engeda ar g ol mtend n W t hin
their s @Eﬁlﬁmﬁgg‘%ﬂgg&égses, %Ehi nes, manufact ure, (,orrgglm t on(sa‘llgf matter,
nmeans, LII.UU of—Steps—Wo-—2004+860923 PG/ US2003/040138 | 45. AHMS \What
1S 0T ai (RPRATS, i bl BT o AL Ar o] ysblsbang i 66 | hidRi uth oxi do
a siIicaiﬁﬁnﬁaﬁﬁﬁﬁgo§@§bo't &tpri $i nd.6% | i ¢a Defidect ¢d 1.1ém { he 060U
consi sti|mg¥of silica havipg: (a) a|pore vol ine of abput 1.1 to about [1.8
cnB/g and a surface arealof about {245 to about 375 7279, (b a pore |vol une
of abOUtnaéxﬁm52g3@ﬁﬁhﬁf 7 cgggg a a'aogyrI Ceoﬁéf )l(?ﬁ ut ‘ﬁ?dgp gbout
620 n?/ g ——at ot b6t —PRot g—and-a
surface Wﬂﬁ)ﬂiﬁ/ 'rab" uL sod4 Jn jt@cﬁ d}ﬂgno Iuﬁf}ﬁu
conpound Flaw &dex Hzléoaigﬂnmu hpoBt&d chr ofiGdm cht allPst i $ atd.Fvaf ed9&0 about 400
to aboUtMBRQG/I;2. The cajal pois of [cl apm 1 erngi4n sal dappgapoabygl num
conpound \fr N EIT T ﬁiml‘rﬁ catglpyst| of glsar m T yheretn f@’i_ld
Or ganoal g i oBpoUnt 53 6o 0.9478 0.9473 | 09481 | 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] Although the present invention and its advantages have been described in detail,

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

without departing from the spirit and scope of the invention as defined by the appended claims,

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.



al kyl al um num al koxi de conpound. 4. The catal yst of claim3 wherein said

al kyl al um num al koxi de conpound is diethyl alum num ethoxide. 5. The
catalyst of claim3 forned by the in-situ addition of said al kyl alum num
al koxi de comP¥RAW40@923The catal yst of claimb5 wherein sai Gcahle¥bos o num

al koxi de compound is diethyl alum num ethoxide. 7. The catalyst of claiml
wherei n sai d, organoal um num conpound is an al kyl alum num conpound. 8. The
catal yst of claim1l, wherein the chromumoxide is a silylchromate. 9. A
process for producing :an ethyl ene pol ynéf-conprising the steps of
contacting_ethyl ene under polynerization conditions. with a the catal yst
system ofg%lrm the preceding clainms. 10. The process: of claim9, further
conprising controlling one or nore of catalyst activity, polyner side chain
br anchi ng, wp&!iy &Bimelfid: VW pol yner Mv Mh pol yner density and pol yner

nmol ecul ar weight of the resulting ethylene. polyner by the addition of

al kyl al um num al koxi de in .an anount to effect a final ratio of equivalents
of al umi num t & equi VeuBRerted shroppE fatpsheoMRESIG: about 01: 1 to about 10: 1.

11. The process of claim 10 Werein the polyner MV Mh is greater than or
equal to 16 and the p@byiehoMaeMv is greater than or equal to 6.. 12. The
process of claim9 wherein said. polynerization is gas phase

pol ymeri zation. 13. The, process,of claim9, further conprising conducting
the pol ynerization at 2&HcarapiainingQrpett cpyprjsing, siliss sglpced Spom %ﬁrgf'gﬁp and
operating the pol yrreri;glﬁlsiﬁﬁ?oﬁgm@ahagﬁltgal yst productivity of greater than
3000 kg =pol yner/ kg catalyst and at a reaction tenperature at |east 2.5C

hi gher than the reaction tenperature when IDgl{tyneri zing with the same chromne

catal yst systemin the affdénRae 3Plupie; gagyt L htd,abawt hSaety /Brapd dciurfgca he
ethyl ene polynmer at the §2mgrgedut78s w%&wb%@ggg&(;%&%@&s&mym ng the

saute space-tine-yield val ue, ethyl eng parti al re; H2/ C2 gas nole
rati o and conmononer to @4@2@@]){1@1 37 rcar fgoand 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,
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 sito.
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 alominum 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.



10,

11.

12,

13,

- Vel

."I'i;e catalyst of claim I wherein said organoaluminym campuﬁn'd is am alkyl

almninum compound,

The catalyst of claim 1, wherein the chramium oxide i& 2 silylchromate.

A process for producing an ethylene polymer comprising the steps of
contamng ethylens under polymerization conditions: with & the cutalyst
system of any ofthe pmucdmg claims. '

The process of claim 9, further onmpnsmg controlling one or mors of catalyst

- activity, polymer aide chain bmnchmg, polymer M,/ My, polymer MM,

polymer density and palymer molesular weight of the resultmg efhylene.

polymer by the add;tmn of alkyl alummum alkoxide in an amonnt to effect a

final ratio of eqmva,le:nts of almminwm to equwalants of chr:}mimn of frc:m
abontﬂ 131 to gbout 10:1, ‘ :

- The ';:racess of _clarm._lﬁ wherein the polymer Mw/Mx is grenter than or 'equa!
10 16 and tha polymer M,/M,, is preaier than or equal to 6. .
The process of claim 9 wherein said. polymerizadon s gas phase
© polymerization. ' - ' '

-The proce:ss of claim 9, further camprrsmg conductmg tha pﬂlyxnanzatmn ata

space-time-yield value of greater than &; amd c-pe.ratmg the polymerization at a

| cotalyst. pzoductmty af greater than 3000 kg polymer/kg. catalyst and at a
' reaction temperature at least 2.5°C hzgher than the zeactxon teroperatare when -

| pnlymenzmg with the same chrome catalyst system in the absence of misthyl

alwminum dnd producing the ethylene polymer al the same pn}ym&: molecular
weight end density using the same space-fime-yield value, sthylene partial -

pressure, Hof/Ca gas mole ratio and comonomer to Cp gas mole ratio,



