-1- PRODUCTI ON OF BROAD MOLECULAR VEI 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 alum num al kyls allow for the control

of polymer nol ecular weight, nolecular weight distribution, and side-chain
branchi ng whil e possessing desirable productivities. The al um num al kyl s
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
generally and widely as resin materialsyfor various nolded articles and are
required of different properties depending on the nolding nmethod and

pur pose. For | I r J i ghts and
narr ow nol ecu%ﬁ%ﬁ%ﬁ@ﬂ&? gﬁmﬁuﬁ:ﬁgg}gﬁ.ﬁaﬁgﬁ %@gﬁm&gﬁmgﬁﬁm ded by an
injection nmolding nethod. On the other hand, polyners having relatively

hi gh nol EEGENIGA:. FEEEDand broad nol ecul ar wei ght distributions are
suitable for articles nolded by blow nolding or inflation nolding. In many
applicatj medi - hi C [ j pot vet hyl er a i.rable.
Such pol debpm/l enes ab%s%hgﬁéé:ﬁéﬁtr & rset\ég@%hésgrgg%pu"é% irﬂ)g%g é\ﬁ?lgﬁ?c‘}gi f or
such st r dngidun( elkgl activpiopre Hpphlumatunoakyls adod i whel dcarebofpylypessessulgood
processabiljty characterjstics.  [0003] .Ethylene pal r.s having byoa
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oxide carrier in a non-reducing atnosphere to activate it sucﬂ that at | east
a porti offa®Pr- the carried chromiumatons is converted to hexaval ent chromi um
atons (Cr+6) comonly referred to in the art as the Phillips catalyst. The
respect i g8 dfetROTND OF THR 88 etbQnto silica, fluidized and heated in the
presence 0T OXYgen to about 400C - 860C, converting chromum fromthe +3
oxi dation state to the +6 oxidation state. A second chrom um catal yst used
for hi ghl0092hsi t y Tgbrlgea pelyass happbrentsed risnerals pad ¢y &% rspicHatskale Sor

bl sotr Dy A _ _ i ;
SubsequentionY i aflee R Ske BRERH A U AR AT OEREE doipoh %l B modine |
pol yet hyinethed aqod qummese. Bjoremeinplsf polyess baviing ydatyehr bwdinfoleenientweights ame

i t ant ties, i um. oxi de-on: sidi talysts ha d ...
e b B LA S EL ReRE R pefafgians
cat al yst miathbdbubn Ak dther hae, %p@t € Bgdngvirdlitively ighedoleaflamitights and broad

distributions |ower thap tha esired. Silylchr t.e-based catal ysts produce
molecular weight distributions are swtable for articles molded by blow molding or infiation

molding. In many applications, medium-to-high molecular weight polyethylenes are desirable.
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 chrominm cataljst 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 (Cr+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 to 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 subseciuenﬂy reduced with diethylaluminum cthoxide
{DEALE). The resulting polyethylenes produced by each of these catalysts are different in some
important properties. Chromium exide-on-silica catalysts have good productivity (g PE/ g
catalyst), also measured by activity (g PE/g catalyst-hr) but produce polyethylenes with



pol yet hyl enes with desirabl e nol ecul ar wei ght characteristics (broader

nol ecul ar weight distribution with a high nol ecul ar wei ght shoul der on
nol ecul ar wei ght distribution curve, indicative of two distinct nolecular
wei ght popul ations). [0004] Mnoi, in Japanese Patent 200202412 di scl oses
contain the use of inorganic oxide-supported Cr+6-containing solid
conponents (A) prepared by sintering under nonreducing conditions,

di al kyl al um num functi onal group-containing allcoxides (B), and
trialkylalum num (C). The resulting ethyl ene polyners are said to possess
good environnental stress crack resispance and good bl ow nol di ng creep
resistance. U S. Application 2002042428 di scl oses a nethod of ethyl ene

pol ymer i i j + : Si .2l ]
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oxi de cafrier. in .a ngn-reduci at.no ric to.convert .at. into the
hexaval Zdhs‘ttrﬂ:’suttlgllt:l e %n Ciw}lerr]n ?Ggg??i%eéghﬂ S&ﬁ lfqﬁeraon P}Olleaﬂl I“éﬁl%ﬁ %%ﬂ?‘g%ﬁp%ed in an
i nert hyslieetias bbiwostitinenhoradaredightipogulithessol vent in a short tinme. [0005]
Hasebe et al. Japanese Patent 2001294612 di scl oses catal ysts contai ning

i nor gani i de-s ort.ed Cr coppo l.cined at 300C-1100C i.n a .
nomr oaudbodel’ 0F T KBRSY af aines PROH DGR 0G0 oSl 5 e gropdipemic
phenoxy ;oxﬁie—%ﬂﬁnlﬁ)lﬁad CaelcditiihiBig BalSPon@odedd @) Geemaid i Sintdiy edbalonsddsciag e sai d

to produce,go yol efins with hi gh nolecul ar, Mei%ht_ and_narrqw nol ecul ar
wei ght  @Padiviensy thiabiylalyrpintey fupgiionplegratp-gentaining alcgyides 4B). pad drielk vlgyinps 1 1
di scl os p j i k Y, iBLng Ldes
(suppor Lol o L e PPy Bea ool it Bt
nonr eductsisimce endl geddbloy moldirRTrespTesistiRe= L8 - Spplidetion 20020424288 iseldsoxy ,
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Si O2- su;%eorot%egf %r%ggngf 1§EQ¥£§§@?il%nco rr‘%)%ﬁ%t 0%?‘ g%llo%?%m%m%b%s—@ﬂggﬁ MXture to
gi ve a pomyomid-caidd obimiim desal@t (8),gwhereinmilie alirod®in usattdyst As ldbtdbged bpd and
1- hexene content 1.6 ng/g-polynmer. [0007] Da, et al,., in Chinese Patent
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pol ymer iagaddpRéticOto RbIWErE? RHAB LA tHRY hePaIeEN shieNth@ MhdnN @eARB 8 Wihde
support having hydroxyl group on the surface with an inorganic chrom um
conpoundridkylelsmémns eqrppqua in 4 iaew §ydracasben solyent angemgving digpaivenicn ashomh
oxygen; .gnd reducing the activated catalyst -3 internediate with an ofganic

al um num conpound. 10 g commercial silica gel was nmixed with 0.05 nol/L

Cr B aqueous solution, dried at 80-120 C for 12 h, baked at 200 C for 2 h
and 600 [0005] Hasebe et al. Japanese Patent 2001294612 discloses catalysts containing

inorganic oxide-supported Cr compounds calcined at 300°C-1100°C in a nonreducing
atmosphere, R3-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 Rz-nAll, (R = C1-6 alkyl; L = C1-8 alkoxy,
phenoxy; n=>0.5 but <1), Ethylene is polymerized in the presence of SiO,-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 1-hexene content 1.6 mg/g-polymer,

[0007] Da, et al, in Chinese Patent 1214344 tcaches 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; dly'mg‘ in air; activating the particles in oxygen; and reducing the activated catalyst



Cfor 4 h, reduced with 25% hexane sol uti on of diethyl ethoxyal um numto give
powder catalyst wth C content 0.25%and AI/Cr ratio of 3. [0008] Durand,
et al, US. Patent 5,075,395, teaches a process for elimnation of the

i nduction period in the polynerization of ethylene by bringing ethylene in
contact under fluidized-bed polynerization conditions and/or stirred

mechani cally, with a charge powder in the presence of a catalyst conprising
a chrom um oxi de conpound associated with a granular support and activated
by thermal treatnent, this catalyst bei;ng used in the formof a prepolyner.
The Durand process is characterized in that the charge powder enployed is
previ ous] y | . reat nent b o] cting the..said charge,powder
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hi gher nol ecul ar wei ght pol yners from chrom um oxi de- based cat al ysts.
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nol ecul ar wei g nol'ecular wei g distributi on may be tuned and side
chain branching may be controlled. Additionally, the prior art is devoid of
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production costs. Lowering residence times may lead to better economics but for any particular
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
chrcjamium-based catalyst systems. It is desirable to preserve desirable molecunlar 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 organoaluminum 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 with higher reactor throughput and shorter residence time (polymer



not previously addressed in the prior art. BRI EF SUVWWARY OF TILE | NVENTI ON

[ 0010] The present invention is directed to a system and nethod for the

pol ynmeri zation of ethylene that can be used for high space tine yield
operation (shorter residence times) enploying chrom um based catal ysts that
have good productivities and variable control of polyner nolecul ar weight,
nol ecul ar wei ght distribution, and side chain branch formation. [0011] As
used herein, "a" or "an" is defined herein as one or nore. [0012] As used
herein, "in situ”, in reference to thesnode of addition of a conponent to
the catalyst, is defined herein as addition to the catalyst in the reactor.

Therefo en a,.cat t .conpone .S added in sit it .is_added to the
renai ni %ngﬂeg‘é\?agl\@%%ht,c or r?%%ﬁgaﬁt%elgﬁ &ﬁ%rbuﬁl%é{‘ rca}fhﬁt ip§°(ﬁ%fm§8nbi@8dprﬁﬁe?h t he
ot her catvahtysi addosgpe namidhepof e shertdohtnds df chfdsignibatdl dthfend Agh@izatiod N
reactor” is synon us Wi th and used interchangeably herein with "in situ."”
[ 0013] R%tﬂﬁg‘gélsﬁ’e%xg?eﬁ?ed@ CPEPEMst” or "on catalyst", in reference to the
node of addition of a conponent to the catalyst, is defined herein as

addi t i OBRIEFSUMMARY (R TE ENVENTPONOr to introduction of the catalyst to
the reactor. Therefore, when a conponent is added to the catalyst "in

catal yst. "on gatalyst", it i.s added to the other cafalyst conponents
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et hoxi de. -5- [0017] As used herein, "TEAL" nmeans triethyl alumnum [0018]
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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 sitw.”

- [0013] As used herein, “in catalyst” or “on catalyst”, in reference to the mode of addition
of a component to the catalyst, is defined herein 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 td the other catalyst components prior to the transport

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 Ry-Al-OR wherein R can be any of one to twelve carbon alkyl
groups and OR is a one to twelve carbon alkoxy or phenoxy group. The R groups can be the

same or different.

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



[0023] As used herein, "My" is the z-average nol ecul ar weight. [0024] As
used herein, "nolecular weight distribution" is equal to MVWML. [0025] In
one enbodi nent of the present invention, there is a supported chrom um
catal yst conprising chrom um oxide, a silica-containing support conprising
silica selected from the group consisting of silica having (a) a pore
vol unme 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 cnB/g and a surface area of about 410
- 620 n2/g, and (c) a pore volune of abput 0.9 - 1.4 cn8/g and a surface
area of about 390 - 590 ne/g; and an organoal um num conpound wherein the
supporte omu 4 & cl +400 - 860 T. |In another
enbodi nefr?tofw{ he __o%%%%gbé&%ﬁlhuﬁﬂnm%oﬁﬁ%%ng%@&gg ed’in situ. In another
enbodi nent, the silica has a pore volunme of about 2.4 - 3.7 cnB/g and a
surface [0RA8h of aiowed harein, “ B meng triatiyl bwenor ganoal umi num conpound is an
al kyl al um num al koxi de conpound. |n another enbodi nent, the organoal um num
conmpoundrg n al LA ksl i de. na preferred enbodi nent,
t he al kyyologl9 m nu%éa SE%E%%@’ ?&ﬁ%‘onﬂ%’% gl ‘S%@%@%%ﬁl%m num et hoxi de. In
anot her enbodi nent, the catalyst is formed by the in situ addition of an
al kyl al [#928Lim al KexusddheyeimpGTUVIALT meansgrietkaxybdumitvodi nent , t he al kyl
al um num al koxi de added in situ is diethyl alum num ethoxide. In one
enbodi Nejoe1t he  SURR 3 al ; ' Gl 860 T. In another
enbodi rr\:,‘[r?tm{l e catal ygéﬁ%%gg‘%%oﬁglﬁdg%iglﬁfa%ﬁéﬁ%ﬁ%%e?@#\ggg%tpr opoxide. In
anot her enbodi nent, the catal yst organoal um num conpound is an al kyl
al um nunl0828pound.As usedhgseinf Byly ds thempotiemavsragemwieulahweigbt. ganoal unmi num
conpound i s an al kyl al um num conpound, the al kyl al um num conpound is
triethyl i num b 1 Ut o> 1 r L= H=:0exyl al um num
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Pref erab e al um hum conpoufid 1's addedin situ. Mre

preferabloy, the catalyst is formed by the in situ addition of the triethyl
al um nunl00R8b26] 145 usadhdtein, ‘Gndecilareveight disbibution’ is cquapipd¥lt@:. chr oni um

catal yst system conprising silylchromate, a silica-containing support,
dehydr at abo 0..- ' LS i |0 I gr oup
consi sti 9224 si | ﬁ%éjé}%a%?br?gﬁ]?ean)@og t%glrf’gés\%%l %ﬂ%xﬁfg%, a roeatf"s Q%Eﬁ&nff&gﬂé g and a
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or ganoal at8i BlisBoOPATOUBTS nf ke (s atpake/eilumé of MRet by t he cpfRceg s saffacdabder t he
organoal um num conpoynd in situ. | n another enbodijyent, the organoal um num
conpoundafost 44 =630m ™/ g3 ehoss YOwre el RbsHfbAnd 4 g /mand 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
situ. 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 alky! aluminum alkoxide
compound. In another embodiment, the organoaluminum compound is an alkyl aluminum
alkoxide compound. Tn-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 alominum alkoxide compound. In a preferred embodiment, the alkyl
aluminum alkoxide added in situ is diethy! aluminum ethoxide. In one embodiment, the
. supported catalyst is activated at 600 — 860 °C. In another embodiment the catalyst also
é:omprises titanium tetraiéopropz)xidé. Tn another embodiment, the catalyst organoaluminum
copppound is an alkyl aluminum compound. In a preferred embodiment where the
organoaluminum compound is an alkyl aluminum. compound, the alkyl aluminum compound is

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



preferred enbodi nent, the allcyl alum num al koxi de conpound is diethyl

al um num et hoxi de. I n anot her enbodi nent, the organoal um num conpound is an
al kyl al um num conpound. In a preferred enbodi nent, the al kyl al um num
conpound is selected fromthe group consisting of triethyl alum num
tri-isobutyl alumnum and tri-n-hexyl alumnum [0027] In another

enbodi nent, there is a supported chrom um catal yst system conprising:
silylchromate, a silica-containing support, dehydrated at about 400 - 860 C,
conprising silica selected fromthe gr@up consisting of silica having (a) a
pore volunme of about 1.1 - 1.8 cnB/g and a surface area of about 245 - 375
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sur f ace sdgian of thedethy! 38Mnimih 0 er/ g; an organoal um num conpound sel ect ed
from the group consisti ng of triethyl alumnum ¢tri-i sobutyl al um num and

tri-n-h | um nu at.al eing fornmed, b oces ddi ng
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or ganoal urgl num conpound. [0029] I n another e nment here is a supported
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having (a) a pore volune of about 1.1 - 1.8 cnB/g and a surface area of

about 2 75 g Y
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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; an organoaluminum compound selected from
the group consisting of {riethyl aluminum, tri-isobutyl aluminum, and tri-n-hexyl aluminom, the

catalyst being formed by the process of adding the organcaluminum 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 m?*/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



My, /M ,, polyner density and pol yner nol ecul ar wei ght of the resulting

et hyl ene polyner by the addition of allcyl alum num al koxide in an anount
to effect a final ratio of equivalents of alum numto equival ents of
chromumof fromO0.1:1 to 10:1. In another enbodi ment the alkyl alumnumis
triethyl alum num tri-isobutyl alumnum or tri-n-hexyl alumnum In a
preferred enbodinent, the al kyl al um num al koxi de is diethyl alum num

et hoxi de. In another enbodinent, the catal yst systemfurther conprises
titaniumtetrai sopropoxide. In a pref ers ed enbodi nent, the polynerization
is gas phase polymerization. In a pref erred enbodi nent, the addition of

di et hyI m num et hse tu addjtio di rrent
the. "aadiiThAP GIRIRE 4107030 hiy R Pod i bheal autl B oh Yo BB |
t he cat aduyfaute atezt bfngmawo ¥ SO0 nﬁ@mﬁsﬂ afdtip boton, RBEHSK t I%T?L@dés%ﬂhddlﬁ@ﬂle
pol ymer I}I\ﬁ s greater than or equal to 16 and said pol ymer MZ/ MWi s

greater &P to 6. [0031] In another enbodinent, there is a process
for producing an et hyI ene polynmer conprising the steps of contact i ng
et hyl enef00B0Er polny ABétheadrhiuitenditeicoRS Pobds Fof ploabdis ansa&%temwﬁﬂal sing
silylchromate and a silica-containing su port conprising silica selected
from tHOmyrisng the sers of sentasiing; ¢thdencnundeh golyaprigation, @ndisionyavithia syalyst 1. 1 -
1.8 cnB/ d t?e gé{gl aC g e 7 : me of
about 2. S% }' ?ﬁﬁﬁ‘; gﬁﬁace%ea ofmﬂd}bgﬂ é}% 31&9%15% %%?ea ¥"aﬁ% (c) a
pore vol cmemnmg alwmtt c@m@nsmg, silice s8leged frdmaths \grdupcenaistieg of 81atzn)hmr1ng39@ a- 590
nR/ g; where sai C ont aknin ort t alz,a t 400 -
860 C, apoée wlg%lﬁto(r}oﬁ% nlgficgltéaﬁl%s/g aﬁggdgﬂﬁgrev%r aOfreaggtﬁ%n%ﬁgdﬁ “Pf%e and
pol yrer vabhee uf alfounidghs. 7o<fmt/@end naaifhdel mep of :tb,ohlemao pcﬂzxarrﬁ?r/g,trmdt(b)ea ad@i tion

of an or nou um unt to ef f ynal ratio_of
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conprises addition of  diethy " al Um num et hoxi de. In another enbodinent, the

addi t i orMedipelymgr densifii AuhPelymesagleculaowpiehiselsthe fesylting eindsneinohynest bai et hy |
al um ”U%Stagcﬂﬁaﬁsf aﬂcgrp ARG 55151895 rec&{?% aditd Ay 1'9:;0 mc@ﬁteﬁtshc}t*

al um num et hoxi de conpri ses a |on to the catalyst during

cat al ystalurpnmmaanumaﬂsnw f ahqonedmrof ﬁdme(rrhddo rtﬁrit Intahethpmwhminmmmaordkyis gas
phase p merr za Pr.ef er | chr.o l. oad ont

s P R i st i Bty SRS iR G gy Sttt ¢

chrom umngmbodinaant ey agsD oamﬂmum atttmldedi:tl dlethyl Oeilu.ﬁiﬂlu@{ gﬁmadeum RUghote@pound
conprises addition of an al kyl alum num co und, Preferahly,_ the al kyl
al uni nuntmkadHpBAe catalyal SetebnirbghrepRisgt g@ﬁmebtre‘ﬁeerlﬁa% de-t i eprRjgred

al um NuMyidatrmdrs R LY lynRHWHRAUNeas A bhblymRrifRiy! R IaYFbRHE embodiment, the
addition of diethy!l aluminum ethoxide comprises in situ addition. In another embodiment, the
addition of diethyl aluminum ethoxide comprises addition directly to the catalyst during catalyst
preparation. In another embodiment, the polymer My/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 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



[0032] In another enbodinent, there is a process for producing an ethyl ene
pol ymer conprising the steps of contacting ethyl ene under pol ynerization
conditions with a catalyst systemconprising silylchromate and a
silica-containing support conprising silica selected from the 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 volune of about 2.4 - 3.7
cnB/g and a surface area of about 410 - 620 n2/g, and (c) a pore vol une of
about 0.9 - 1.4 cnB/g and a surface arga of about 390 - 590 nR/g; herein
said silica-containing support is dehydrated at about 400 - 860 C; and,
control Lj A react | W i i e #
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conpri st N8e:§h 8REiAim cont acting ethyl ene under polymerization conditions
with a catal yst 'system conprising chrom um oxi de and a silica-containing
support . conprising silica selected fromthe group consisting of silica
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alum numto equival ents of chromumis fromabout 1:1 ]
controlling catalyst activity, reaction induction time, and polymer molecular weight of the

resulting ethylene polymer by the addition of a co-catalyst in an amount toreffect a final ratio of
equivalents of aluminmum 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 another 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,



to about 3:1. In another enbodi nent, the polynerization is gas phase

pol yneri zati on. [0034] Another enbodi nent of the present invention is a
process for producing an ethylene polynmer in a reactor conprising
contacting ethyl ene under polynerization conditions wth a chronme catal yst
system conducting the polynerization at a space-tine-yield val ue of
greater than 8; and operating the polynerization at a catal yst productivity
of greater than 3000 kg polyner/kg catalyst and at a reaction tenperature
at |east 2.5C higher than the reactiongtenperature when polynerizing wth
the sane chrone catal yst systemin the "absence of triethyl alum num and

pr oduci n eth Q .00l v.er, nol ecul ar i ght and
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be realized t hose skill Lh the, art  that such equi val.ent _.constructions
do ot capceDAes ARIERES bisieh of B 0GR s R0 pBYF ERtHe GReEh o6 SPZHERS, 1 e
appendedincinainiimt Thefeaoy Enalf @b W eguivdiehofslembrin &veahitalenieo fdhadmighesf St i C
of the ipvention, .10 both as tg its _organi zati on and nethod of operation,
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acconpanying figures. It is fo be expressly understood, however, that each
of the fémgeadagentghe mtiowt dewlvalents ohavpinpde equialents o ehremivenisrun alesié i ilpt i on
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under st andi ng of the present invention, reference is now nade to the
fol | owi nP084kcri ptAmtier teakbediniant of rtha pusénd invintinn tihe. procesapian pravgcidg ani ng,
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ol yet hyl ene produced wi th MS35100
oLy ygreater t%an 8; and operating the po]Iymeﬁzation at a catalyst productivity of greater than 3000

kg polymer/kg catalyst and at a reaction temperature at least 2.5°C higher than the reaction
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, cthylene 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 advantages of the invention will be describéd
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. It should also be realized by those skilled in the art that such equivalent
constructions do not depart from the spirit and scope of the invention as set forth in the

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



chrom um oxi de catal yst; (a) no DEALE, (b) hi-sim DEALE, (c) DEALE added to
catalyst. [00401 FIG 4. Ethylene Flow versus Tinme for MS35100 chrom um oxi de
catal yst. [00411 FIG 5. Ml ecular weight plots of polyethylene produced

Wi th 957HS chromium oxide catalyst; (a) no DEALE, (b) In-sita. DEALE;, (c)
DEALE added to6 catalyst. [0042] FIG 6. Ethylene Flow versus Tine for 957HS
chrom um oxi de catalyst. [00431 FIG 7. Mol ecul ar weight plots of

pol yet hyl ene produced with EP352 chrom' um oxide catalyst; (a) In-situ

DEALE; (b) DEALE added to catal yst. 41 FIG 8. Ethylene Flow versus Tine
for EP352 chrom um oxi de cat al yst [00 1 FIG 9. Ml ecul ar wei ght plots of

pol yet hyl en roduced w th I\/IS30 adde

in-situ. b% IS |efganizggon dﬁ??%?fﬁ Iﬂp8 1%3 er §"PJJID§FA 6‘&5’9

MS3050  swvili mcamrh&ldbl@fééa Jrofd tGe fcﬂllbmﬂélﬂ@@r@ﬂt@h WM%h gﬂimd&éﬂt i c@f&neaﬂélyﬁiﬂmﬂeene
produced with sjlylchromate on 955 silica; 0 DEALE; eq DEALE/ eq

Cr: i n- caspempayme igures Hols t@é)&@pé?islzy:rundﬁrﬁtwéahoa‘feygs thﬁ[t@@zlsp% ﬁ}ecaﬁgtms is
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Activity versus Equivalents of - for various co- catalyst
for sil ythe imitsaf e peserityaentie i ng 5 eq DEALE/ eq Cr [0050] FIG 14. Flow
| ndex versus Equival ents of Co-Catalyst (AI/Cr) for various co- catalysts

for silypRi¥PIRse P rROXSOF Aa¥: SWENGREALE/ eq Cr. [0051] FIG 15 Activity
Ver sus I?‘r‘reim—%m%yﬂ—ﬁavi ng 5 eq DEALE/eq C, with no
co- cat al and in the presence of TEAL. [0052] FIG 16. Activity versus
Ti me forfl 0986Y1 chr d?ﬁmaen@@t@rrme nadarsigndingeef hEALEeriginvaytionfefgrensg is now

co-cat al yale 1l it le RLEBARGEIR0 1] BiuleARP b soddopeifibh Ueb¥ink o5 U

Time for yIc rona eca aV|ng
co- cat al yhﬁ:h and in the pr esence of TNHAL. [0054] FI G 18. Ml ecul ar wei ght
pl ot for silyl chromate catal yst having 5 eq DEALE/ eq Cr, produced

pol yet hy C t 0055 G. 19...Ml e t t for
silyl chrt?ﬁg? 1: cat iﬁ?sf géﬂ%%gsu{g Jfﬁ%&@%a’“&?"on b"&@?&‘éﬁsgﬁ %@ﬁ ene, in
the presence of TIBA [0056] FIG 20. Mol ecul ar wei ght plot for

silyl chr[@888F cat &li$s2. Pargiblgstrhictery of BEAtrbmgten silracdtatietl pol yet hyl ene, in
t he presence of TEAL.

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

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

[0043] FIG. 7. Molecular weight plots of polyethylene produced with EP352 chromium
oxide catalyst; (2} In-situ DEALE; (b) DEALE added to catalyst.

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

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

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



[0057] FIG 21. Mol ecular weight plot for silylchromate catal yst having 5 eq
DEALE/ eq Cr, produced pol yethylene, in the presence of TNHAL. [0058] FIG
22. Activity versus Tinme for silylchromate catal yst having 1.5 eq DEALE/ eq
Cr, with no co-catalyst; and in the presence of TEAL. -12 [0059] FIG 23.
Activity versus Tinme for silylchromate catalyst having 1.5 eq DEALE/ eq Cr,
with no co-catalyst; and in the presence of TNHAL. [0060] FIG 24. Activity
versus Tinme for silylchromate catalyst having 1.5 eq DEALE/ eq Cr, with no
co-catalyst; and in the presence of TLBA. [0061] FIG 25. Ml ecular weight
plot for silylchromate catalyst having 1.5 eq DEALE/ eq Cr, produced

pol yet hy, no cat Tarh I i ght, .pl ot for
silyl chrllt())gg?]e cat %S?'%@?%émﬁ%%élﬁm?@%hﬁ% %?%Hrug%%ég%f@rggﬁ?logne, in
t he pres¥icaliaf (fIBADEADBSS]) FbSDEALE/ Myl @t id-eutalysi GNt10pdqODEADE/eq Cr; in-
silylchr orr?%s%\ catalyst having 1.5 eq DEALE/eq Cr, produced polyethylene, in
t he presé’f;iEt ‘of TEAL. [0064] FIG 28, Ml ecular weight plot for
silylchromate catalyst having 1.5 eq DEALE/eq Cr, produced polyethylene, in
t he presi@048] of THRHALLZ. EQGADE Fidvwtrerd. Tive ffor\silylghroatatien $Fuilical ent s of
Co-Catalyst (A/Cr) for various co- catalysts for 957HS chrom um oxi de-TTI P

cat al yst ing 5 eq Cr. 066], FI G. 30 ow X.Versus

au var oJRPBELTS oo FEE, By Bty ey PRivYet o1 Cebeleh A CT o G e
chr om unagatystor §ilyIBrembelcustystigwidde & DEAUELEAE eq Cr. (0067] FIG 31
Mol ecul ar wei ght plot for 957HS chrom um oxi de- TTI P catal yst- produced

pol yet hy no = C st.. (0068 | G . 32. | ecul ar ight plot for
957HS chﬂoﬁﬁﬁLm oxi%gg'- %ﬁg‘("faﬁl‘%ﬂ("y@w}s ﬁﬂa’ﬁlc?ﬁé %ﬁwgﬁtﬁbﬁfe&df? Tt OBt E¥ence
of TI BA cahﬁ)ﬁfg%r Eg/@hnﬁﬁate WMQgtqllaﬁhg\g@hgngM/gq cfor 957HS chrom um oxi de-TTI P
catal yst- produced pol yethylene, in the presence of TEAL. [0070] FIG 34.

Mol ecul jght plot for 957HS chrom um oxi de-TTIP catal yst- produced
pol yet hyl08RE i n T bt SStHBevSH ALY SiyShioseria paipie asie S| BEALERGwel ght

pl ot IO[Clg,?rﬁ*ﬁ@o%mc@ﬁjy@ﬁ‘aﬂdqﬂ%ﬁéﬂ_r-gl‘.éﬁcé;@it?ﬁ})@.t - produced pol yethyl ene, no
co-catal yst .

[0052] FIG. 16. Activity versus Time for silylchromate catalyst having 5 eq DEALFE/eq

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

[0053] FIG. 17. Activity versus Time for silylchromate catalyst having 5 eq DEALFE/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
DEALEFE/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 polycthylene, 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.

[0058j} 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,



[0072] FIG 36. Ml ecular weight plot for 957HS chrom um oxi de-TT] P
cat al yst- produced pol yethylene, in the presence of TEB. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [ 0073] The invention is applicable to the

pol ynmeri zati on of ol efins by any suspension, solution, slurry, or gas phase
process, using known equi pnment and reaction conditions, and is not limted
to any specific type of polynerization system Generally, olefin

pol ymeri zation tenperatures range from about 0OC to about 300C at

at nospheri c, subatnospheric, or superatnospheric pressures. Slurry or

sol ution polynerization systens may uti{4ize subatnospheric or
super at nospheric pressures and tenperatures in the range of about 40C to
about 3 use k QU Gk 0 rd.Zak em.| escri in U S
patent D03, 0o Nt an - iaLerasfty IR ot M RRo RN T ESRE 280kl se a
r eact or PEALKee br,oVidf noco-ravaipsiendamthe padsadcp of THBIAdosi ti on are added, and

whi ch contains a liquid reaction nediumfor dissolving or suspending the

pol yol efy The | iguid,r tion gggi C i.st of 1 | k. |iquid
nononer [396(gn i ne??él'l ?au?%%%}gr ocar bgglﬁl%{ S:ﬂgﬁ ont ¢ %cctara\%gpmﬁﬁg tlge ¢

pol yner ilZidALBagq Coovith 1d anetapgyl anyédthe ArdsbraaghTHWENO an inert liquid

hydr ocar bon need not function as a solvent for the catalyst conposition or

t he pol bt ai t rocess, .it al ly serves o] vent or the
mnomrgﬂgﬁﬁoyedpﬁg‘ ?%‘e E%lh% i et lf)%]iu?rroﬁ F]?‘Fgmlaﬁe?%glp’f qh Vdn%ﬁdi §@ar bons
sui t abl DEALEAH TS, ppedupedpoladthylemppe bd-adislysthexane, cycl ohexane, hept ane,
benzene, toluene, and the |ike. Reactive contact between the ol efin nononer

and the | yst iti shoul d be i ntai.ned by caonstant .stirring or
S0 tat; d0Zh " ERETES MBI HCiERPiRh T S YRR, R MY i e ang
unr eact eoiE gt B/ Ur,ROMHEI pdlSetiilehis irrthe plekitd bTEIB2eact or continuously. The

olefin polyner product 1s separated, and the unreacted ol efin nononmer and

liquidr i on i um ar recycled into the reactor. [0074] The .invention
s howd 063 e_spg?ije‘él i ug@_fl‘iﬂuf% Wﬁg‘aagl%ﬁa% SPsrgmar Q%rewn]la‘@@estl 4 with
SUperaFWPERDE%QGL&&ﬁﬁéaiﬁ§¥ﬁmﬂbhﬁhﬁﬁ85@a9&eéfTE%EQOO psi, preferably 50 to
400 psi, nost preferably 100 to 300 psi, and tenperatures in the range of

30 to 130 C preferablg/ 65 to _110C._ Stirred or fluidized bed gas phase
pol yrrer i[9884lon sy &§H@engS.ar Maleevlar cwieight) plobfer silylchremtsr satplyst havighventflonal

gas phasgs ATkt 38REdLALAEASS, Lne PRAUEL eripapassi ng a st ream - 14

cont ai ni ng one or re o mohomer s cont i nuously through a fluidized bed
react or under reaction conditions and in the gresence of catal yst

conposi tIPBRSlat a TEF-029-t Hetiiitt verpuwnEquivalentah e GatalyBe thIdFr) Sor varighsred-cl es
In a susPERRGCABS dhininfh AdLPIIPCalR Miviig SO SRELER Cr.

[0066] FIG. 30. Flow Index versus Equivalents of Co-Catalyst (AV/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.

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

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



nmononer is withdrawn fromthe reactor continuously, conpressed, cooled,
optionally partially or fully condensed, and recycled into the reactor.
Product is withdrawn fromthe reactor and make-up nononer is added to the
recycle stream As desired for tenperature control of the polynerization
system any gas inert to the catal yst conposition and reactants nmay al so be
present in the gas stream In addition, a fluidization aid such as carbon
bl ack, silica, clay, or talc maybe used, as disclosed in U S. Patent No.
4,994,534. [0075] The pol ynerization S%FtEﬁ]ﬁay conprise a single reactor or
two or nore reactors in series, and 1% conducted substantially in the
absence ataly p i S ) gan.o [ 1ic unds may be enpl oyed as
scavengl[ﬁérggent sﬁ% ﬁ@%ﬁ%}l Fjﬁgeggggort ﬂ%%ﬁf%ﬁma@pﬂﬁfﬂf’ catpdystnpl es
of scavem@@mﬂtﬁe@r@ dRdaadl @I kyl's, preferably alum num alkyls. [0076]
Conventional adjuvants may be used in the process, provided they do not
interfer th the operation f the catal yst conposition in formng the
desi red [Mol ef i EIGO 3r%rdrl%fblé‘f’r‘ Haypi&htuBlel f%Fs9%7%&WWF%n%¥16?TEH’eﬁ%tWFf t he
process prddiced }§,1 cel&m es of hydrogen per nole of total
nononer feed [ 0077] Pblyoleflns that may be produced according to the

i nventi n i ncI udle) but ar e nt I i m ted to, those nmade from ol ef m nononers

: ' pVgher al pha-ol efi n nononers
contalnlng 3 to about 20 carbon atons Hormopol ymers or interpolymers of

ethyl en suchrid Hlkf@ﬁttd%' hBpIRLE '6‘1:15%55? Erbra h ! from
about OT%%mtjo about 0. i ﬁpbe n%de ?gbl enﬁghggggégﬁgﬁ%% :%%Edri;lonorrers
i ncl ude solflt;tm shuairyp pe gas mira@mtoef:ﬁ& uﬂngomoe\meequtpnmhtae&teeactlorheo@ﬁ@ns and is

4- et hyl - hy ol yners
accor di ng 191%? ({t]?@ﬁ%e%e;&ﬁfc @ﬁ% O?gﬁsy%ﬂ gng Itc')ln ggneé%lﬂﬁéﬁér%ﬁlc%o Ztaugn
non- conjienyaiearedi remes froaueboxasocl(] neaabputbt%amﬁmd ,atmnosphyrid, |mbblmpimrzb0ﬂ

from about 4 tq,about 2 " ref 4 to car bon._.at ons.

di enes havi abl
ot of or v SRR PateE. 4. JURPad e At Seopasgbion Sstmis Sy’ Wit

5- Vi nyl @b MabHABRNE: subernAsshRcH cOfBssurék axd te%ﬁéfa@i}@(ﬁﬂﬁe ritige ot lappenfoedirene,
but adi ene, |sobutylene i soprene, ethylidene norbornene and the |ike.

Ar ot | Gb@EnHSiRds A Wesfith favir nghase melmsrissti o systrah 1&315§Ctr5bﬁérfé Hie Patent
subst i “ét:@g 085 Wi gﬁtﬁsphag’é‘ gﬁéﬂan& Wste g&@&ttgt gﬁ a%‘fdr%{) QpHidH bikfn

mal ei ¢ aci d’ este Vi n etate, acry Hacrylat e esters,
vi nyl hﬁ)mmieahrkiydatﬁyslt amm;gosamm artheddedk@dmdyclbeanpmwarhqmdeaﬁc’amcmﬂdiumgfot o the

i ti : fi | yol ef i hat th
| nvent | SRR g suspRE epn Tedt T Bat Ao e oar PR s of Ul
pol yet h)[ilqﬁtrclemétildiﬁérLUil dihgmeﬁ NiguenRydvedaciva Bapial noaRiastaNdhdet thy panRedixene

copol yner s) hono- e | ene, pol r | e et hyl ene/ pr.opyl ene rubbers
oty conditions emp oyeg Alt%ough sucl?an %@rt?f%% d hygroc bor¥ need noFt) ftm% on as a solvent

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



(EPR s), ethyl ene/propyl ene/ di ene terpolynmers (EPDM s), pol ybut adi ene,

pol yi soprene and the like. [0078] Reduced chrom um oxi de-on-silica catal ysts
represent one pathway to inproved catalyst systens for polyethyl enes having
characteristics of those typically fornmed using silylchromate-on-silica
catalysts. It is desired that any such catalytic systemperformwell during
hi gh space-tinme yield operation (i.e., operation maxim zing polynmer produced
per unit reactor tinme and reactor space), producing the greatest anount of
pol yet hyl ene possible with high catalyst activity in a shorter residence
time. Chrom um oxi de catal ysts posse§§ adequate productivity and activity,

yet poI eth enes produ\c;ai%_through thelr e are _less. than optiml for

nunber Bi Pt RTINS e MRy RS RS PEE Y Herwy @ fyidized brd) rsecivramdge ght
distri b%abt@dh cAM¥kionk %dptheﬁﬁriﬁﬁseﬁée §P'&ﬁa1$§tgétﬁﬁpd§ftloﬁ' afoéi%lelot:i}(y Qb %h?@d“ ar
wei ght distribution are desired he so-call l'i'ps catal yst,

i Nt r oduEEEAtain a besl @tﬁﬁqlvl n@ts@gs e sumn qdr epmditiohr ofvi a@waquoa@:mng sihtepeted

t al
o ons yonfts SRS i 1 PECloD Yor SRGRAT BB s Soblhal BERGR blkBIng o
Under t beddly maddistd, cand re@cledantnsthe;mavter t Brbdtict 1€)Wtﬁ1§:‘lraﬁh1efrﬁhi thé rqastoc andl yst

G +6. - THETEP HPSRED  B0raeS i epvote uletty ufS Seu R ot BRI GoBF It vy
t hey pr gdm@nmwhaytmhea@ﬁ gb@meﬂgtortﬁb ahfaMBl YorRsusitiow 41l REsIAS ni G4 be

distribution, The so-called Phillips. catalyst and related catalysts are

herei n PEPEY inireEas sicam: fy gditiongs gWﬁagon ‘Tifi §egheas cagpop black, siligaeriay; s tale

repr esent,athk Qedohs &15@03%&%&’9%“1’?@%@0%@94@% alysts. Silylchromate-on-silica
catal ysts are one type o nor gani ¢ oxi de- supported Cr+6 catal yst that

produces yet hyl enes not having the aforenmenti oned deficiencies.

Si 1yl chi Qﬁ??a‘i] e- on- Eiq padymerizgtion system maecqnarise psdglegearigrer ﬁw%tgr maE eyl yst s.
Fi gure S ey r

catal ysts LrtEwlt BCARERL A SRERIRIEE Dikclte of DR WL GleanlidalBF)
such as C@E]Nlﬁds chay iba gn@lccyacﬂ a$ g(&tzqunmmts farposoeptopincmeasettoe aecttdystt iachvityo t he

react or and has r ve productivity of
Cr Ox Caﬁé@g@@Of%‘{e‘ngm&ag ga?%&ftﬁ?ﬁ%%@’ﬁ“m t n@@ﬁ %cul ar wei ght and
nol ecul ar wei ght distributi ons nore closely approaching those produced with
SC cat al[§oe. - 16CHORBAInaVatjustnto I’jﬁayObe o.ﬁtacalnys:hs peogebDprogdéd Hteys@eaioes

supported on silica have. bee kno artlc | ar, v tio titanium
tetrai sOPFEPH L elﬁ)thnn?)tn{] gk ai{?ft GH]PBO 191 &% Oﬁl%ghﬁweélﬂﬂ@f@ ofilg neci es
before aghioset iR be TdSs\WhhiaitiQsel Srciah eid|abdes, ik Rh6le 8 to0abdst 10Tholesr OK”

(titanated chrom um oxi de). Such nodifications result in polyethylenes with
sl i ght | pfhydrogen per mole of total monomer feed.

:1

[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. Swuitable higher alpha-olefin monomers include, for example,
propylene, 1-butene, 1-pentene, 1-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. Prefarred dianes include 1,4-pentadiene,
1,5-hexadiene, 5-vinyl-2-norbornene, 1,7-octadiene, vinyl cyclohexene, .dicyclopentadiene,
butadiene, isobutylene, isoprene, ethylidene norbornene and the like. Aromatic compounds
having vinyl unsaturation such as styrene and substituted styrenes, and polar vinyl monomers

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



greater nol ecul ar wei ght distributions conpared to those made w t hout
titanation. Wiile this system produces pol yethyl enes tending towards those
produced using silylebromate-on-silica type catalysts, further inprovenents
in nolecular weight and nol ecul ar weight distribution nore closely
approachi ng those obtained with silylcbromate-on-silica are desired.

Exanpl es [0081] Exanples 1 through 53 were conducted as slurry

pol ymeri zation reactions. Exanples 54 through 74 were conducted in a gas
phase fluid bed reactor. General cat aI]%/ét preparations [0082] Unless

ot herwi se noted the catal ysts used in thHe follow ng exanples were all nade
by the fo W ng pr cedyres. [0083] General Preparation A Chrom um oxide
cat al ys@ﬂ%&ﬂ)%‘?@ﬁ kel ey G\B&ymepé%ﬁcsféﬂlﬁgrgrﬁhte Aeveatiops Wl \WPegilie he

chrom umbBbleBAd Yhat M CSH AR ES a%réﬁ% to> HRPAdndion Hi@uaL %@é}bﬁﬁ{ lep hﬁ'ﬁf &akity

properties are described in Tab Activation is cond ucte by” passi ng gas
t hrough P@Wéth(i]&tl%\l ediviordengiti  pedyeilylene (ihdudipe cethylede-betagrercapelymersn agdy air.

This is, LN e red
T R G e I R e
catal ys t(EP]k'siu ethiyleng/probpleae/tigps teapolymere mEPBM'smrpoMgmalmwﬁolpmmmmmidythe
activated catalyst is placed in a 50 nL airless ware flask with a stir bar
under iM&Pt atnosphere. Thirty-five nL of dry degassed hexane is added and
the mxture is heated to 50 C. The reducing agent is then added via syringe

( ﬁl | r e«‘{l@@?ﬁfls ar eR2fircad chr‘ﬁtn%rh @xidex?mﬁi)oa cﬂiﬁ@stﬁhé}ir&ﬁn’egnﬂ pedlivedyt 1o impevad wgys
the ratio of rea to.chromu After 30 . m nu r i conmence
This caf®Blsty %af»n%%r oty YIGRES CATn: ChTEReristing P&o‘é%sﬁ’ B%ﬁfﬂ@ y fg’ﬂ%ecdalu%g is
stored uﬂ%@i&oﬁh&r&%&auwlyswsqg is ﬁ&%]tha@%?rs%h RaRBAICadysem gerfo'ﬁﬁ w¥pe

Cat al yst rations | icas are dehydrated prior to use. Silica
dehydr atiroeg high cpagdane tickl opsagion{ye.gaperatinoughmizies pelyrry Brodeesd pebupit hour s

t th d

o epar ateot il CHBAEELHES, bRhdinks Do el snlQHEHE polfeiybiPhaBbe wity [
airless hw@xrcata‘i)}'saadmmytm aaShSttBITreEldGnGHMEI ChIeMuratomdswhmt}ets poﬁcssr sdeghatwe nl
of dry de sse xane, i s .ad nd the m,xture [sS. heate 5

or ganbe HTEHET BT £00Pt SHRACISg: PRRuRd EOt Sl EEhS Toh Bl axtimbl e, (o,
at the sagbbi cfppEGtiony whdrt Bighagtdédulad Weltht, bReaddhdledildr weldl® diFiritutisg ahé
typical | 2 hours (where_ stated,  stirring can contl nue for 10

stirred, for
hours). ﬂlﬁr@eﬁeéﬁﬁﬁiﬂsﬂ’&e%@'ﬁ? ofl@mpﬁzgﬁy 898@6‘“9?%”%%"@#&@ ighpredesigidnt s are
20-25 W% in hexane). The stated equivalents are always the ratio of reagent
to chronbere] The so-called Phillips caialyst, 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 matrix at ca. 400 °C — 860 °C. Under these
conditions, Cr"™ is converted to Cr™®, The Phillips catalyst is also commonly referred to in the
prior art as “inorganic oxide-supported Cr *6» While chromium oxide-on-silica catalysts exhibit
good productlvrny, 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, such as DEALE, during a catalyst preparation step prior to addition to the reactor. If 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.



After 30 mnutes, drying is conmmenced. This can be done under high vacuum or
with a nitrogen purge. Catalyst is stored under nitrogen until used. In
cases where no reducing agent is added, drying comences after the chrone
source and silica have been m xed as above. Catal yst Descriptions [0086]
When used, the ratio of reducing agent to chrom um added can be found in the
exanple; "in reactor" neans the reagent was added separately fromthe
catalyst. "In catalyst” neans the reagent is added in a catal yst
preparation step. Recited wt % val ues f chrom um are approxi nmate; actual
val ues can range f 50% This applies for both chrom um oxi de and

silyl chr e cat 00 sslhe cata suppl i ed
by Davi Jgn eni cg ftfo s c% n%a?ag%sm emrﬁgﬁngjqﬁts(fpce K9 l’?f‘}fﬁvﬁ & oﬁaﬁ}r oﬂaV§§§ Kilica
and was RGMV%eﬁamtul&Z%aﬁﬁeﬁ@E atanﬁlmt&&maépr@pfbxﬁje (TTﬁQQn@tdghﬁtad onto silica

specific t| on apble 2 088 es 2- Th the sane as
t hat us %(Q‘ﬁﬁge @e‘é]ﬁﬁ?:@%g ¥ atloi“e § ﬁﬂlaé‘@’éﬁst er&’ln g&&%&"”’éﬁo 8 CHral yst
pr epar at@r@ﬂ” iRt chrBm§eRn ki), prsaaarrﬁaiﬂe&lﬁs rgmnlng%olj?@tﬁﬂéﬂeﬁf vifh £1_rgfﬁﬂyl ng
agents are used the nole ratios of each is 1: ampl e

cat al yz tEreads g padiles wagghs digtribafions enmumasd wohosaBads ﬂwt (irpetn. d@Wa taig i on)
: | P
ndded SubR B8 DEVCRHERSSEREADREAE Bl brob B Y s Mo BRI ) 1,

speci fi dyppr catBhls, ésrtlﬁemrmnpfdvemeamdntmdﬂc)ular[‘@éigﬁt] arfdxenojplcelar Srefpht Theerilwabml yst

is the sane t hat d i n hat uci ng agent is added
n & catls Sphy SmAiRrG e AR itk Rsifa TSRS 18 0oo1)
Exanpl es 10 12 l\/535100 is a chrom um oxi de catal yst obtained fromPQ with

t he specificati @asmplested in Table 2. The catal yst contains 0.5 wt% Cr. The
catalyst is activated at 700C (CGeneral preparation A). \Wen used, reducing

agent i 40@8Hed i nEmampleallyttroyghefhvatré aondistedpasasiuiny fadpmeddatipn epatiatd, on B.

0092 a e 3-1 The catalyst is sthat used in Exanple |
\[Nith %h Xaglg%fs?fléﬁo‘iﬂi%@ﬁﬁ ?a‘gﬁgt%‘?@dﬁb%qsﬁ as&é@ﬁb% TGeneral pr epa?gtl on B.
[ 0093] Exanpl es 16-18: EP352 is a chrom um oxi de cat aI yst obtained from
| neos with thepesldidat hepsafiest ed in Table 2. The catal yst contains 0.5
wt% Cr. The catalyst is activated at 700C (General preparation A). Wen
used, r qammg agvnless sthagriednotad aha ediallysts bisqdr mpthe gblloning Sikepplas were &iéner al
preparatio

ade by the following procedures.

[0083] General Preparation A. Chromium oxide 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 flagk with
a stir bar under inert atmosphere. Thirty-five mL of dry degassed hexane is added and the
mixtare is heated to 50 °C. The reducing agent is then added via syringe (all reagents are 20-25
wt% in hexane). The stated equivalents are always the ratio of reagent to chromium. After 30
minutes, drying is commenced. This can be done under high vacuum or with a nitrogen purge.

Catalyst is stored under nitrogen until used.

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

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



[ 0094] Exanpl es 19-21: Triphenysilylchromate is added to MS3050 support

(whi ch has been previously dehydrated at 700C) as in General preparation C
Enough triphenyl silylchromate is added so the final dried conposition
contains 0.5 mt% Cr. \Wen used, reducing agent is added in a catalyst
preparation step as in CGeneral preparation C [0095] Exanples 22-25 and 27:
Tri phenysilylchromate is added to Davison 955 support (which has been

previ ously dehydrated at 600C) as in General preparation C. Enough triphenyl
silylehromate is added so the final drjised conposition contains 0.24-0.25 w%
Cr. Wien used, DEALE reducing agent i's added in a catal yst preparation step

added D puSe HEGRE Bl s R Mo R A BB LOr R B HEPERS B000)
as in GEhityafivepmEpaf dtsi dﬁga&edﬁmmgi‘ust tddptemyl| the shikitre iy Gemed té $0@ddgHe so t he
agent | STERURREEPTI AR P Bl SRSCan ke HAeCg & oA Ton O
[T9?9E] E%Q{i&llﬁ@ﬁacﬂﬁn&ﬂef thBidgslust Bhe/ Sl iWRSs p,gﬂcmg aelred 16+ £ APIE (héatk sBeRl e.
phenysilyl chromate is added to Davi son 955 support (which has been’

previ ougwnl exyepginesor 49 h@a@cjfh@@dmnmémrrhepraé%\a@ Fﬁ@'ﬁlg@(alhﬁé&@ﬁ are
t h t
rp eny @'J«%jﬁbff@%gé)l ] a gqa%l%ﬂ? afd ﬁ%'a ﬁ{'rﬁﬁ? of géﬂt tBQ:ﬂlr']o(frﬁﬂltna' ns

0.24 wt % m X vvlth ours before
t he addlAlﬁeDBD oinuBEALFEngAs Gzrﬂmcrwbd oTliif cDEAl deh&rmdea bighsaduum mﬂw{tﬁ)@ﬁﬂﬂogﬁx arrpl es

35-38: The s a t us in a e, 28 was,used her.e

Dhat t hBuEs: CORUGT it blett T windh OB ShAF sl 0 niE el £ 4RGED (e
cat al ystiryiss dddahendseddick fhe@kaimY @urte WAd siliGslthve bednamixeasaionbysts | i sted under
addi ti on were added separately to the reactor. [00100] Exanples 46-49 and

74: The sane cagal %Sti as_.that used in exanple 1 was used here. Co-catal yst
| i sted under ad sgrigt d separately to the reactor. [00101] Exanples
54, 55, - 88 an cat. al st was on a mercial . scal e
Coi e KO ot | Woh et eid oY ucthF el B RmRiy B fRRORE bR Rna B3R
Tr i phenggdmpié;Chil @aBlog’ mSarRdRethaidht BRY ia86Wa BbbatslyPeh tthd Malszdt RS cAde gat

previously dehydrat ed at 600C) as in Ceneral prepargitlon . Enough
tri phen}flea%ﬁ fihg Feagers ppadded in %Eﬂf]@ﬁs" §€FP9WE°1¥ FlRR Reqief &6 o6 Son shEMEB i ns

0.24 wt % ]IS;BXIIH abfRCvhlRe2 LA O WRLe ?@/ ok ’T’hlrsf"ag?ﬁ@s el bR hmid® oh@dihiq before

t he add| on of "DEALE. A'5:1 ra |o 0 was used. Co-catalysts listed
as addedyltloomhte crighstsor were added separately to the reactor.

[0087] - Example 1: The catalyst was used as supplied by Davison Chemical and consists

of 0.5 wt% chromium on Davison 955 silica and was activated at 825C (General preparation A).

See silica specifications in Table 2.

[0088] Examples 2-6; The catalyst is the same as that used in Example 1 except that
reducing agents are added in a catalyst preparation step as in General 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 9535 silica (200°C
dehydration) treated with titanium tetraisopropoxide prior to activation. Enough TTIP is added
so after activation 3.8 wi% 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.



[ 00102] Exanples 69, 70, 71,74: This catal yst was produced on a conmerci al
scale. Bis- triphenysilylchromate is added to Davi son 955 support (which has
been previously dehydrated at 600C) as in Ceneral preparation C. Enough
triphenyl silylchromate is added so the final dried conposition contains
0.25 % Cr. The TPSC is allowed to mix with the silica for 10 * hours before
the addition of DEALE. A 1.5:1 ratio of DEALE/ Cr was used. Co-catal ysts
|listed as added to the reactor were added separately to the reactor.

[ 00103] Exanple 56: This catalyst is tg sane as that used in Exanple 19 but
was prepared on a pi | ot plant scale. 5:1 rat| o] of DEALE/Cr was used.

(0151 OB 0 et s A S A B R

pr epar ecthe Epealﬂdhﬂuﬁis hst&ﬂ@ﬂﬂ"akﬁ@ al ghe b&@@&&bnﬁmm @t%@r m caalkyad iy Sétiviagedt he
sanme as t @CE ed i | e 1 ogfl ng DEALE as &he reduci ng agent at a
5:1 DEAL& epgra n5he PR RELUSST TaTUsTTEdEe B Added da p satalysioorpreaton)

Al t hougl‘gtgp@ﬁg@ﬁérgplﬁeﬁﬁgﬁhes descrl be specific | oadings of silylchromate
onto si I | ca supports, it should be understood that | oadings of about 0.2 -
1.0 wei % of chrom um _are useful and part of the instant invention. Lab

slurry Bﬁghur e [Eoerolrs Lik1ghelhe qatalyss iy the same aa dhadusein Beraeple orwidhthe
pol yner'aﬁa&ioﬁrafbmgéarasfedulé&ga[gg@%gﬁgeeﬂ@a ragy dried uncer a purge of

nitrogen at el evated tenperatu efore e 500 nlL of dry degassed

hexane was fed to the reactor at 60C. |f used, hexene is added at this
poi nt. [0AP3ks ot Mxrmplse 16dBedP362 ina dromivmestidecitalysiabirined fome Feox péthi ment .

A smal | e and
treated t\gl\ﬂé‘?\%fdé% éﬁéng hl%tefl . %?rﬂ gr%Afth%X %gcn%ogé?ﬁi d‘j %Vg%tcﬁe%gac%ggt ? %Ct%g%g vat e
any i npuat |70®°éb((}ehbrarl'1ﬁé;haratrcaafk)e dWhérl wsed, redigirgdopent it addedyin neatalysheemraioneagent
was adde totE act or se%aratelyfromthe catalyst. After stirring for 15
m nut es YRSSCATERS) pr?p?raélﬁﬂ ged fol |l owed by additional reagents.

Co-catal ysts are added directly to the reactor as diluted solutions as

nenti on [@094her e Exdinples emauorrnbbergamldﬁlorﬁmd ﬁadde@g;eMSBeso siabpcrrg(a;dﬁat hstshi s
poi nt. drogen | noted n the tabl.es. react or
chargedwe% Begohsy ‘i}j‘%ﬁ &WV\E ) EBEhiy SiqBerpls PEPPGHERY (t:o B @Rlﬁﬁpﬂt ain
the reacyilchRiR%sH ra@de@tsoaﬁ)@ﬂﬁh? 'dned ESripdsRIBR cHiRhiake, 5'v§t%‘7€93ﬁﬁf§i 1bd, RediBing
electronic flow nmeter. Al copolynerization were run at

honopol Vagentiis added i omitlEst praparion gep aﬁi‘@l%ﬁfﬁlﬁrﬁﬁ@fﬁ@%re run until a
maxi nrum of 160 granms PE were made or term nated sooner. The reactor was

opened &pgs] depr exampled 28 29nd 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 wi% 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.

_ Triphénysilylchromate is added to Davison 955 support (which has been previously dehydrated
at 600°C) as in General preparation C. Enough triphenyl silylchfomate is added so the final
dried composition contains .24 wt% Cr. The TPSC is allowed to mix with the silica for 10
hours before the addition of DEALE. A 5:1 ratio of DEATE/Cr was used.



and the tenperature | owered. The pol ynmer wei ght was determ ned after
allowing the diluent to evaporate. The polyner was then characterized

enpl oyi ng a nunber of tests. Tests [00108] Density: ASTM D-1505. [00109]
Melt I ndex: (12) ASTM D-2338 Condition E neasured at 190C reported as- grans
per 10 m nutes. [00110] Flow Index: (121) ASTM D- 1238 Condition F nmeasured
10 times the weight as wused in Melt Index above. [00111] MFR Melt Fl ow
ratio is the Flow index/ Melt index. -21 [00112] SEC. Pol yner Laboratories

i nstrunent; Mdel: HT-GPC- 220, Col umms; Shodex, Run Tenp: 140C, Calibration
St andard traceable to NI ST, Solvent: ¥ =2, 4-Trichl or obenzene. [00113] BBF:
But yl &Eqaﬂ' ng frequenc%/}bas nmeasur ed by 13C— NVR.  The val ue is the nunber
of butyll nchesEXERPIE0D03 & arlbefane eelyst[asdhat spedriveExampn 28 vas iissdebdround

t hat sy rm,g}%e,ct g um oxi de catalysts on silica exhibit

t he des?%%?%%%%*@??y while pr ogum ng pol yet hyl enes having ol ecul ar

wei ght and nol ecul ar weight distribution simlar to those obtained with

si |yl chl@8&le- on- Bxdmples 35S SQcfdi t Thensapte catakyst agthahisedrin coerppla Tdvassused as
t th | t t
[t ody oGl Rt RER hnacfhdRg, b duddipatb 0 BRAGRI Y1 BTG

(in-situ) increases the nol ecul ar weight and nol ecul ar wei ght distribution
of the r[@%’lﬂot]i ng Bmw;ﬂem -¢hesl 74:nThe sremeadatalysh @s ﬂ:lakw;edgn@ugaplefl wiseused

triallc same aor. . different shoul d have from about
1 to abol #%cr%}ullyﬁ)tgﬁpeg gf%r ﬁﬂ‘&oﬁ} eafdg?%’fﬂ’? %EWB% ¢4 bon. atoms. Exanpl es
include, but are not limted to, triethylalum num tri- isopropylalum num

tri-isoljo@101]al unExampled 54,-53; 68568 |and|72m Thisncatalytinyhs pliodtdest|oal ainemmesciahnd

trinmethyl alu um Al t hough t exanmp] es al nost _exclu veI use TEA

houn d Bee B The ntaRith o Som BHER o s PRBEred o Op SPAY AL

resul ts Triph&Re@y1sHrcAREOhdRE to Baetgoxbgmﬁapm (Wiich h&s Reh w@iousﬂytdewb@d be

benefici a to elimnate this side branchin ) 1]‘l%%llcatlons where it i s not
P%ﬁ@félb’

desi r ed at §e4°C pe b Bgrerpk preppratiganti dpopghh gt ogagfels 3dde sorfiesfinghn  be
achi evegy P c&ﬂ oA &n%ds 62&%% 'Th'%‘ifl*ﬁq Al 4&%@%9& g]% G o0
I oxI de

di et hyl um n m ‘et hoxi um num a such as
di et hyl @bunsibefore @t ladditice of DEALE) A %1 rarhordﬂEAIbEf@r siadesddr Enehialyyts liskedgener al |
num al | oxi havi eneral fornula R2-Al -OR where the

th | kyl t
al Eyf1 1%8%‘% Je"’l?éortv%eg S%ﬂaratﬁq?fo t?‘%ﬁ ™Lhoul d have from about

[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 wt% Cr. The TPSC is allowed to mix with the silica for 10
hours before the addition of DEALE. A 1.5:1 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.



1 to about 12 carbon atons and preferably 2 to 4 carbon atons. Exanples
include but are not Ilimted to, diethyl alum num ethoxide, diethyl alum num
met hoxi de, di nethyl al um num ethoxide, di-isopropyl alum num ethoxide,

di et hyl al um num propoxi de, di-isobutyl alum num ethoxide, and methyl ethyl
al um num et hoxi de. Al t hough the exanpl es al nost exclusively use' DEALE, it
shoul d be understood that-the invention is not so limted. The data of Table
1 illustrates the reaction conditions and the characteristics of the

resul ting polynmer when TEAL and DENJ%&we used with C Ox catal ysts

(chromi um oxi de-on-silica). The nunerical prefixes |listed before the

al um nu | in ch se represents the nmole,.ratio of alum numto
chrom u;ﬂ]&j @Tap_l éﬁﬁoug&?t%( SQF&&%I Wpf% deseght w&l%a?ﬁcﬁwse@fﬁgﬁ’ %H@Fﬁ?}ﬁ? um
oxi de oORilich 3¢sport, 3t SRB1dShd dndarstdodlthAWadidY oRhbout 012l -di DakdigR B R cRSARIAY t O
about 825 T. Ti-OrOx catalyst is produced in a simlar fashion with the

except | GFf tRBY anq patf s DERRtAREHP®poxi de is al so added to the silica prior
to fluidization and activation. The reduci ng agents are added as an

addi ti onal cat@bygﬁﬁ?@ﬂgﬁ&@@ion step. Table 1. Effect of TEAL and DEALE on
chrom um cat al yst performance. Exanpl el-Ti meYl ELDFl owAct. gPE/ gBul k Density

No. Cat alfasm?t]r eat pRiie Heerefiasd Radht wﬂ&ma&ﬁm@g&%&%@sa rea@liGR. EhbMeafdr 05
cilira 1 none 10 51 157 5.5 1,816 0.37 3.8 0.9415 2 5eq. TEAL 10 46 116 1.9

1, 328 0.vy thorgughlydried Wmdsky purge A niirogsn ahHegie tompemgiupes beforg sady mno488 4
73 1,680 B 03 g5 g vt el R ke Bend TR0 ¥ e 0 e
0. 9586 Tinl€s fothepyiddBoted 10 mal. 3f hdweentds 68d1i63adh &ptri@8H. 6. 82alBqRnGLy9s33 8
oe5, 1o Polih A e S Bt R D BRI AR 52
1, Exanpkéedlioripy sattsr fohksivaiel ety inliRirities. No TEAL treated silica was added in any run

where a reagent was added to the reactor separately from the catalyst. After stirring for 15

minutes the catalyst is charged followed by additional reagents. Co-catalysts are added direcily

to the reactor as diluted solutions as mention elsewhere. The reactor is sealed and hydrogen is

charged at this point. Hydrogen is only used where noted in the tables. The reactor is charged

to 200 psi with ethylene. Ethylene is allowed to flow to maintain the reactor pressure at 200 psi.

Ethylene uptake is measure with an electronic flow meter. All copolymerizations were run at

85°C; homopolymerizations were run at 90°C. Polymerizations were run until a maximum of

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 Melt Index above, '

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



pol yneri zation conditions described, 3.8 butyl branches per 1000 carbon
atons are observed by NM analysis. This shows the extent of conononer
incorporation into the polyner. Exanple 2 shows that when the catalyst is
treated with TEAL the anmount of hexene incorporated drops slightly under
the sane conditions; while polynmer flow index is |owered. Exanple 3
denonstrates that significant branching is found when the catalyst is
treated with TEAL even though no conmononer is present. In this case both
butyl (2.4) and ethyl branches (1.0) aﬁﬁ' detected. When the catalyst is
treated with DEALE | ower polyner side chains are detected indicating |ower

conono i I POla@i . ) ) e cat al yst

reducin gléiel%? is Sghkzg I %g{“i%o%%é{élﬁ aeﬁgﬁ\%g%\igw%gé%%bgo@g@ﬁ' :iﬁjr?g?x’t he
conononekun Tengo rl pAfiCa Chidbraticu $tanderd etaveable 16 NEST, [Solvrdt: W2 A THElI@berzegHICI N
agent al one (Exanple 5). Wen this conbination of catal yst reducing agents

are use ke al ys nd t.he catalyst run in.as ol.yner.i zatjon
reacti oﬁolb?] an b@ﬁtggeﬁuﬁ%%@g%g geguetnﬁ}é/tas ﬁ%&urﬁcﬂg?’ns&mﬁni’lge dereds B’S Thi s
shows t haimteEM Bty SradRfRpes 5000@aften Aiiison of side chain branches in the
absence of -23 conononer. Both in the presence and absence of hexene, the

additio LE. significantl decreases and sonetines elimnates sjde
chai n brGiHg i A0 HBVEE 7 OB RO ARG 501 SRR TEOTTe HRRFAG: ode
conpar i s@psysts bi GilaOekliBit \thd Medifbd PRI ILY O g pﬁﬂhﬁh%sﬁ&lyéﬁ[ylﬁﬁﬁ inéiving (9

pol yet hyl ene/ g catal yst-hour), the presence of hexene becones beneficral,

i mpr ovi golePH@d reighyi ed amelegan vreight wipkibufiandsmiilsr nie) dbereapbiggierghvilbf t he
pr oduced,; 5_.C e d T\VA ] .
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absence @EATEAtitheo 1) Hosdlyptooilie cetdlyishptidrelopingredivtien dafto TEAkeactiay eal} added

i ncrease,.in l.ecul ar ight. as indicated, by the decrease in flow.l ndex.

Thus. - APl BB HisBlor o Pesr il R sl T RO RRT R Dt SPEBIREY on

gf for q; dfie pulting yolgrlathylamii fnlg( gemndrsic tlielaﬂlkﬂvg'r@b& gﬁmé ugﬂlcﬂ@lﬁ_hammwemglﬁlﬁ the
istribution si mul t aneously control side ain branching._in these

chr oni urﬁaas?goagﬁga%&néaﬁ%ﬁﬁe‘g@. frofh pao 4 AR AR 4 HPPT SioEs R PTEETTY 2 ng
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branching and increases nol ecul ar  weight for COx produced polyners.

- Addi t i onisesropyizimingey Bhaisebutiipilerinrey thvaihghd abminwa, mpihghidiebilaysligyrerandnd

or esont ety OBRELR, | M8 E AR ARRCERED SRTRRRETL: Bl i1

t he excepidesmot tlat the inaaitiemis not so limited. However, TEAL results in some uncontrolled

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 Ry-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 (chromium oxide-on-silica). The numerical prefixes
listed before the aluminum alkyl in each case represents the mole ratio of aluminum to

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



tetrai sopropoxide is co-inpregnated with the chrom um oxide onto the silica
before activation (Exanples 7-9 on Table 1). The sane nol ecul ar wei ght
trend seen for O Ox catalyst is observed for Ti-CrOx catalyst in the
presence of TEAL conpared with no reduci ng agent. Effect of DEALE Addition
[00119] It has al so been found that the productivity of chrom um based
catal ysts can be increased by adding an activator such as DEALE directly to
the reactor or as part of the catalyst preparation step. Consistent with

t he di scussi on above, control of polyner nol ecul ar weight and nol ecul ar

wei ght distribution is another feature of the invention. [00120] Chrom um
oxi de- based catal ysts have high activi®y with noderate induction tines.
These catalysts produce polyners with internedi ate npl ecul ar we

di st ri but Tonsilicaadefioprs py ot Haidigatinnsand, egtings oppbapE3 Yy "¢ helifa Py rae Tﬂ%@*atsl on

react or Wirbdfuckd\BiSSsiaid: #syidh Kith 3k Gbdplbh Abeftadiltg tétﬁfiyﬁblbd%mer?@mcp&id@m
increases_activity (boosting productivity). The presence of al so

nodi fi es BRELUFHPEIIP ﬁld&@?l%%ndcﬁogﬁni%uffh%FPd“‘Fﬂl’l&)@H?é‘lﬁ@q gdgled gs ﬁhﬁdﬁ@mlar ly

poor in téh%lysdﬁl@ﬁmﬁi%n%ﬂaycm omat e-on-silica-type catalysts (SC) in the
absence of uci ng agents due to Iong i nduction tines. It has been found

that in-s ffectively elimnpates induction tines in
si lycl ronj'é%bg ﬁ%‘?@&%ﬁg‘% °§91§’E'8 YSLRGHEPIBECCTabl e 2 |ists several

exervnl aF \I C-OARF C: a! CLI I vjd_pnnrf Sk t h 1 lcu:n r nh\lci t‘;ajﬁ nr npnr —es he
effec'_:txalmpl rhe presence ofL%E;.F IEIED eFlgvpc 05@1"11 pl pyed (¢irect
addi (T3 T p Cﬁéjtw?r&atrﬂ&hor }19keR ()ﬁiﬁ?' GAU R & ' RN, gree

(|n- 1_LU) was st uur e,

illustrati ve exa#ﬁj es and notygexhayst iue of55t he itypes of; siliga wheh|may

be used;in the pLESERAt invent{yon. 46 hagg siljiigca syYpPoOrtgccomuil y usesd (n the
filed =and knowrgeg] gefihose of gkillgsi n 4he @t argmal sopapsef vlyher eigaag Fabl e
2 proviges approx pmde pore ol une, surfages aregzr avessge pore disweet er,

averijages por e SkegeEsrmEAper cent1ot i t i undd or 7ishe 188d | can.®uppories ueddti n this
study. &he | abed. TEAMEAGE usedOby the sieppl itdr t@s3efescridse t hendsupperts | The

nunmbler wi t hout the parentheses is the nane of the support supplied as $ilica
al one. The rﬁ#ﬁ%ém&ﬁ%entheses is the name of the su port vvhen it

supplied with a cPﬁ"&m um sal t'0 al P8ady%} npld nat"@ on Q ort O848% hough
thgs si+-cas—wersld A"‘ red ‘“Qm +Hé L%Llrrp iy “:“O 5 'G Ls Ag 0*95‘55 010

spech-eatons QM wotH-cbelexped - 8 “ ; rsier The
present invention |j S limted to any speC| fic conmmercial silica support

but may be used vviph———gﬁ%h@l | i cas having a pore volune of about 1.1 to

sbout |5 19 “Tou 3t 4R SRRl 08 B Rl P Vol e
polymerization COIldltlDIlS descnbed 3. 8 butyl branches per 1000 carbon atoms are observed by
NMR analysis. This shows the cxtent of comonomer incorppration 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 freated with DEALE lower polymer side chains are detected
indicating lower comonomer incorporation has occurred (Example 4). When the catalyst
reducing agent is a combination of TEAL and DEALE it can be seen that the comonomer
incorporation rate is between that found with either reducing agent alone (Example 5). When
this combination of catalyst reducing agents are used to make catalyst and the catalyst run in a

homopolymerization reaction it can be seen in Example 6 that side chains are not detected. This

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



620 nR/g; or a pore volume of about 0.9 to aboutl.4 cnB/g and a surface area
of about 390 - 590 nR/g. Table 2. Commercial Silica Supports and Physi cal
Properties -25 Silica SupportPore Vol umeSurfaceAverage, Average PoreTi /no
enB/ Area n2/Pore Size Dianmeter. Gace 955 (957)1.4531021055-- PQ Ms3050
3.0251319890-- (35100) | neos EP52 (352)1.1549090702. 60 [00122] M5 35100 Cr Ox
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 the catalyst and 3)
when it was added to the reactor in S|5¥ Reactions were perfornmed in 500 niL
of hexane slurry mnth 10 mL of 1-hexeTie added; the reaction was run at 85 C
and 200 total, pre ure ustrates

i st 11 baPrSRoS Bk FEH pfksnse 30 giered of teRet a%eéﬂ@goaﬁgbﬁéiﬁ%ﬁ%ﬁ Y ene
In the ahaememmfsoaﬁﬁm& ¢lirhi@tee sid¢ Shaln brahirpl§ e rod e JOBIn.

nol ecul ar wei ght distribution of 16.9. Wien DEALE is added in-situ (Figure

3(b)), aden] of the,nol ecul ar wei erv h a shoul der

beconi ng“%ﬁ@r ent MgKing copppdzons &Fmg\/BTO&H‘Eth‘P’s(g PPHGT?M?H@/ Sfca@g OT IV AR put
l ess pr %Q‘éﬂﬁ@ﬂe/ge%h@aiﬁt Hﬁﬁ’)ﬂ tHeh ResBeBL bf  hékeRd dBSofRs t Jﬂ&wﬁ@iﬁﬁl ¥aproBBEOr €
pol ymeri zation (Figure 3( %ﬁ@ thé high mol ecul ar wei ght shoul der = bei Rg

sl i ght | Predsisvipyr e priivity. ritqOERLIE miodecalge sepight 108 ¢he producadtielaeralcpsbe o

pol yrer h trend
IS obsergvéeggé‘lf%%t ér\\%g ‘ge(gfo@es[f\/é%kf%ﬁ @Aﬁ%ﬁl&s a%%%%ﬁg@/ ﬁzﬁ}"?“*?ﬁ’. r?g} cative of
t he hi grprwnblbabwiﬂaﬂr@uecgbiystsmﬁmladmpe @STE AN toNhoserprodasem, the hresalesof BBAE hi gh
nol ecul ar ht shoul der cones nced Me/ Mv dat.a.are_obt ai ned
T om SECIEAR) SieSER Bl Eret] A Aot e GErBERPEIoR ire. 156k ) a
val ue ofjumlbﬁé/\fa wiflichtion ¢§TmmmrleEALE\VHaﬁn@Eetb§sﬂ Srepaliesh hffor8d the amitytie the
cat al yst igures 3(b) and 3(¢)), one_recovers M/ Mv val ues of about 7.7

and 9. 6,1¢ p@eltem}@n velgpbelﬁg]olqcﬁ@ &bt dishiwgpy med siaplimegushnepnitel sidet y of
cat al ySteh@ihe kb 48 LR dRrduhul i hREd catalysts. This technology will be useful in

making higher density polymers.

[00117] In summary, addition of DEALE decreases branching and increases molecular
weight for 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

[00118] 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 have high activity with moderate induction
times. These catalysts produce polymers with intermediate molecular weight distribution.

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



addition to catalysts (in catalyst) and in the in-situ addition (in reactor)
as evidenced in Table 3. Conobnoner incorporation, as evidenced by the
branchi ng paraneter (BBF) indicates a decrease in conobnomer incorporation
rate for both in-situ added DEALE and DEALE added to catal yst, -26 in
conpari son with the absence of DEALE. There is a nodest nol ecul ar wei ght
decrease, as evidenced by an increase in flow index upon the use of DEALE.
As denonstrated in Figure 4, induction tinmes are virtually elim nated when
DEALE is added, either in-situ or dlrgﬁtly to the catalyst prior to
polymeri zation. The elimnation of in ctlon times for DEALE addition
in-situ o .cat al cantrast with the | i nduction tinpes observed for
the s ame By EE Tyl oA A iR AL ot CDRAEBPHRBH (EF BISSIER O8) t
addi t i orDRATIDERY oA HR S ElediDa Ay dtsmeE&LEPma@aﬁ& ‘i@pdlﬁ@ﬂ%%kﬁ)byﬁltth@” or
to polynerization for this CrOx catal Table 3 ?ect of LE of MS35100
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The number without the parentheses is the name of the support supplied as silica alone. The
number in parentheses is the name of the support when it is supplied with ‘a chromium salt
already impregnated on the support. Although these silcas were obtained from the suppliers any
silica fitting 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 aboutl.8 om®/g and a surface area of about 245
— 375 m*/g; or a pore volume of about 2.4 to 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



the in-situ addition (in reactor) as evidenced in Table 4. A noderate
decrease in nolecular weight is denonstrated by the increase in flow index.
Simlar to the effect observed for MsS35100 CrOx catal yst, the addition of
DEALS to 957HS CrOx catal yst, either through in-situ addition or direct
addition to catalyst results in a virtual elimnation of induction tine,
thereby -27 inproving activity of the catalyst (Figure 6). In conclusion,
addition of DEALS in-situ to this COx catalyst systemresults in higher
activity, lower nolecular weight, conparable nolecular weight distribution,
and with conparabl e comonomer incorpdration as the case where DEALE is

added e-catalyst prior to polymerizati tu
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[00122] MS 35100 CrOx catalyst (chromium oxide-on-silica) was studied for
performance 1) in the absence of 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
shurry with 10 mL of 1-hexene added; the reaction was run at 85 °C and 200 psi total pressure,
Figure 3 illustrates the molecular weight distribution of the resulting 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 epparent 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
Mz/Mw as DEALE is added. Mgz/My is indicative of the high molecular weight shoulder; as
Mz/ My increases, the desirable high molecular weight shoulder becomes more pronounced.
Mz/Myw data are obtained from SEC analysis of the polymer. In the absence of DEALE (Figure
3(a)), a value of Mz/My of 5.7 is recovered. When DEALE is added in-situ and fo the catalyst
- (Figures 3(b) and 3(c)), one recovers Mz/Mw 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,



added; the reaction was run at 85C and 200 psi total pressure. Figure 7
illustrates the nolecular weight distribution of the resulting polyner in
the presence of DEALS. When DEALE is added in-situ (Figure 7(a)), a broader
nol ecul ar wei ght distribution is observed in conparison to DEALS added
directly to the catalyst (Figure 7(b)) with the presence of a'high nolecul ar
wei ght shoulder in both cases, simlar to that observed for EP352 CrOx
catalyst with no DEALE. Increases in polymer density and | ower side-chain
branching are realized both in the direct addition to catalysts (in
catalyst) and in the in-situ addition (in reactor) as evidenced in Table 5.
However, addition of DEALS in-situ to 4P352 CrOx catalyst results in little
change in activity relative to the that observed in the absence of DEALS.
This is it ommpieor gaibrthxrbsense oh DEASH: tTheis is amodeshmplegrlapweieht desretsseascat al yst
prior to pRlMPRIMyZAlHhOhse MIRMEnA:SIHBS RNE 8 DEADE OXE UBAnsirited RALALY ST
activity is observed. Figure 8 denonstrates the jnprovement in jnduction
time in tReuctigp meneae vituaihraljrinated, whernBB 418 ineadidleds sitheg ey qrAigetlyde thewhen t he
DEALE I's @M@{&Téb&lﬁe&%ﬁon‘!‘{lﬁ@ elithinhSorAtdRdcdon e rr A MSaditon if@RC! USi on,
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prior _28 to polynmerization. Induction tinme is inproved wth either nethod
of DEALE affeqd toitescafalyst pripnpronalgessizationifordhia pr@eeatalsi. DEALE. Table 5. Effect of
DEALE on EP352 CrOx Catalyst T ime YIELD Flow Act.gPEl Bulk Mn MM M MzI M

Ex. No. DEAWK 1EM HDPAER gEME33100 Demsidialysk 10' Mv x103Mz x106nwBBFDen. gl cc
(g/ CO

Bulk
Example Time | YIELD | Flow |Act.gPE/] Density] Mn Mw WMz | Mwit| vz Den.
No. DEALE {min) @ Index Jgeat-thr| {g/cc) (X']Oa) (X103) (X106) n w | BBF gfec
10 ‘none 52 123 28 974 031 179 304 174 169 57 51 08372

11 Seq. Inreactor 93 160 6.9 1,272 0.30 i1.2 267 206 238 7.9 186 09533

12 Seq, incatalyst 60 163 185 1,457 0.36 6.4 208 199 324 96 1.7 0.9562

[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 S illustrates the molecular weight
distribution of the resulling polymer in the absence and presence of DEALE, In the absence of
DEALR (Figure 5(a)), the resulting polymer 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 demonstrate that a high molecular weight shoulder appears upon the addition of
DEALE, Mz/My being about 4.5 in the absence of DEALE and about 8.6 and about 8.3,
respectively for DEALE added in-situ and DEALE added to the catalyst. Increases in density
and decreased side-chain braﬁching 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 demeonsirated 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



16 none67 160 4.7 2,014 0.33 13.3 263 1.48 19.84 5.63 2.7 0.9425 17 5eq. in
reactor60 155 4.1 1,824 0.26 12.9 273 1.83 21.22 6.70 1.4 0.9529 18 3 eqg. in
catal ys32 160 3.2 2,329 0.27 11.7 209 1.42 17.88 6.76 1.0 0.9548 -29 [00126]
. . Simlar data for SC catalyst on MS3050 is illustrated in Figures 9 and
10 and Table 6. As can be seen fromFigure 10, addition of DEALS effects a
stark inprovenent in induction tinme; virtually elimnating induction tine
for SC catalyst. This is also seen in the significant inprovenent is
activity as shown in Table 6. Long indyction tines are the major weakness
of silylchromate-on-silica catalysts, Tn-situ addition of DEALS or ot her
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addition fo pelymer yields essentially zero induction time relative to the finite induction times
observed in the absence of DEALE.

Table 4. Effect of DEALE on 957HS CrOx Catalyst

[00125] EP352 CrOx catalyst was also studied for performance 1) in the absence of
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 results in little change in activity
relative to the that observed in the absence of DEALE. This is in stark contrast to the addition
of DEALE directly to the catalyst prior to polymerization, where a substantial improvement in
catalyst activity is observed. Figure 8 demonstrates the improvement in induction time in the
presence of DEALE; the improvement being realized both when the DEALE is added in-situ
and when it is added to the catalyst. In conclusion,'addition of DEALE in-situ to this CrOx
catalyst system results in higher activity, broader molecular weight distribution and comparable

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



20 5 eqg. in reactor 67 158 49.1 1,157 0.31 1.5 0.9603 21 5eq. in catal yst 50
154 112.5 724 0.42 1.4 0.9592 virtually elimnates induction tinme (Figure
12). In-situ addition significantly increases activity and |owers pol yner
nol ecul ar weight. Use of TIBA with SC-type catal ysts provides a catal yst
systemthat has high productivity and nakes pol ynmer w th higher nol ecul ar

wei ght than that found when DEALE is used as the reducing agent. This is
especially inportant to maintain polyner nol ecul ar weight at shorter
residence tinmes. O her al kyal um num conpounds, such as triethylal um num and
tri-n-hexylal um num would be expected to work in a simlar manner. -30
Table 7. Effect of DEALE on SC Catal ys28-on 955 Silica.

Exanpl eTi neYl ELDFI owAct . gPE1Bul k MMMVEMM MW7 1M Densi ty

No. DEAL E( tei polyr@rizatthex gduchion j gl elnprorod itk 1@y Xethod oA WDS.E gdditeon22 nonel62
127 11.4 Q. ' 6.7 8.0 0.9505 23 5eq. in reactor100 101
73.6 267 %O%%%‘st’ﬁg"%%g“%’%%’%?gﬁiﬁg 5 0.9636 24 5 eq. in catalyst118 156 5.2
319 0.46 11.0 233 1,49 21.1 6.4 0.9516 25 10 eq. in catal yst100 160 44.6 809
0.35 6.3 Ték 3 @@c@&’@@ﬁ@ﬁf%@@&@a@w TIBA in catal yst56 155 9.57* 572
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DEALE or TI]BA with a concomtant increase in activity. Use of L and
DEALE i t Ae® Wﬁ&ysczﬁal y@?s F@sul’f? in Dp%l yr“ré?s ﬁ??re éf’?n |15§8 ?55 t FTBseO%“a
pr oduees 1€ = — o

i nherent in CrOx polyners Cbntlnuously varylng the TEAL and DEALE in both
CrOx and SC catal yst systens allows a nechanismto tailor the
characteristics of the polyethylene so produced while preserving good
activities. In this way, the space tinme yield (weight of polymer per unit
of reactor volune per unit of tine) can be



optim zed for a nunber of different polyethylene grades. -31 Effect of

Co- Cat al yst on Performance [00129] The effect of co-catalyst on the
performance of SC catalyst (treated with 5 equivalents of DEALS/ Cr) was
studied using the follow ng co-catal ysts: TEAL, TIBA (tri- isobutyl

alum num, and TNHAL (tri-n-hexyl alum nun). Although exanples are l[imted
to specific co-catalysts, it should be understood that other alkyl alum num
conpounds are applicable and are a part of the invention herein. Table 8
and Figure 13-21 provides flow index, ctivity, density, induction tine,

and various nol ecul ar weight-rel ated d&?é for polyners produced when the
co-catalyst is varied. The base catal yst systemstudied in the data of Table
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enhanced applicability in a two-catalyst system, with the use of an additional catalyst to produce

high molecular weight polymer,

Table 6. Effect of DEALE on SC Catalyst on MS3050.

[00127] SC catalyst on Grace 955 silica was also studied. Again, a marked improvement
i induction time is observed when DEALE is added. This is important, as long induction time
is a major disadvantage 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 |Act.gPE/g} Density
No. DEALE {min) (@) Index cat-ihr | (g/c¢) | BBF |Den. g/cc
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 1.8 0.9603
21 5eq. in catalyst 50 154 112.5 724 0.42 1.4 0.9592

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

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



34 TNHAL 5.0 eq 60 151 30.5 619 0.33 7.8 174 1.56 23.0 8.9 0.9516 f500cc H2
present in all runsl should be understood that, co-catalyst is always added
"in-reactor", by definition. Table 8. Effect of Co-Catalyst on SC 500
Cat al yst Performance. [00130] Figures 13 and 14 denonstrate a general
increase in catalyst activity and nolecular weight, with a maxi num effect
at about 1-2 equivalents of A per equivalent of C. Although not w shing
to be bound by theory, it is suspected that higher |evels of co-catalyst
begin to poison the catalyst at high levels. Figures 15-17 illustrate the
effect of co-catalyst on induction tinme. In all cases, it can be seen that
activity peaks higher and largely remadths hi gher -32 when co-catalyst is
present. Induction tinmes are essentially elimnated by the presence of co-
cat al yst Tare 7. hEffSCHIAIY ot 2O CafaF@DB PIS Filigur e 18- 21 denonstrate the effect
of the presence of .co-catalyst on the nolecular weight distribution of the

produced polymer. Although we observed earlier that_ nplecular ight was
incredgedpgk co-catal y4t ?rgn ﬁﬁélarw P%E%1 hﬁuti on ar
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DEALE/| equivalent of Cr (designated herein as SC-150). Table 9 and Figyre
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ti mes |(s&e E&guﬂa&n&2m24)mare1marMu&Ilymellmumated by the addition afsses
co-catlal ysts in_these catal yst sSYitwéyPg0ccerteenie 25- 28 denpnstrate t hat
nol ecul ar wei ght distribution is largely unaffected by co-catalyst. The

i nt ensi ty[QﬂﬂZghe hilgfnredrache vge oddIHIE eHdBAdwith sibdchiongitcetabgtshysuithn Mz/ My

val Ue |5 o5 IaBARASEhEhahi YAk EyBRl A BNy RS SEp 50 10
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to nodify nol ecul ar” wel rove catalyst activ
positive molecular Welght attributes of s11ylchromate~produced polymers are preserved with the

use of DEALE or TIBA with a concomitant increase in activity, Use of TEAL and DEALE with

CrOx catalysts resulis in polymers more similar to those produced with SC catalysts, while
preserving the desirable activities inherent in CrOx polymers. Continuously varying the TEAL
and DEALE in both CrOx and SC catalyst systems allows a mechanism to tailor the
characteristics of the polyethylene so produced whils preserving good activities, In this way, the
space time yield (weight of polymer per unit of reactor volume per unit of time) can be

optimized for a number of different polyethylene grades.



Table 9. Effect of Co-Catal yst on SC 150 Catal yst Performance.

Exanpl eEqui val Ti meYl ELDFI owAct . 9PE Bul k Den. Igcat-Density

No. Addi ti onantsm n(9) |1 ndexl hr/ccMh X10Mv X( 10" )Mz X10' MW WMnMz( Mg/ cc 35
none 0.00 74 157 11.2 489 0.43 9.1 274 2.17 30.20 7.9 0.9502 36 TEAL 2.0 eq
57 155 15.3 608 0.38 9.0 265 1.99 29.28 7.5 0.9513 37 TIBA 2.0 eq 54 159
10.8 675 0.37 8.7 265 2.03 30.53 7.7 0.9524 38 TNHAL 2.0 eq 63 155 6.8 564
0.38 9.6 328 2.13 34.07 6.5 0.9522 f500ccH2 added to all rural [00133]
Co-catal yst addition al so has beneficial effects on CrOx catal ysts. Table 10
and Figure 29-34 provide data denonstrating the effect of co-catal yst on
the performance of Ti- CrOx (on Grace "985 sili ca). Table 10 denonstrates
that flow i ndex decreases, upon addition of TEAL and therefore pol yner

nol ecul ar wei gEfestats oEgECce se of 5 eq. CO- catalyst for the

T A ] e T
on Ti-Cr Qeq(ﬁahlaity sf DB&EBMW atudizd anfak eheEQﬂﬂwallg c?BpmlgéisEu"BAEg @B A¢tri- gPE/ g
(B 10" ) M ) MY RO VA “’é; AR R SRR 65@@%‘2(@]1“?%%‘?‘%%%‘5'\@5?8 812 0. 88
16.9 4.2 Qp&Afabd cd-Oatdlits, 4t Ghard 48 dibldrsthdd 2hat 3Bhdd. abyl Sal@nintl donGiduiB. &e 6. 8
0.9475 4111 Btabte Pl 8 Bart SO Einvertion hotein TasIS s Sad Figire 1331 proviesndy Hdad

activity, density, induction time, and various molecular weight-related data for polymers

produced when the co-catalyst is varied. The base catalyst system studied in the data of Table 8

and Figure 13-21 is SC catalyst with 5 equivalents of DEALE per equivalent of Cr (designated

herein as SC-500). The trend in flow index in Table 8 indicates an increase in molecular weight

upon addition of co-catalyst. Table 8 also demonstrates that catalyst activity is increased by co-

catalyst addition. It should be noted that TEB (triethyl boron) can also be used as a co-catalyst

for SC cafalysts. It

Bulk
Example Equival] Time YIELD Flow |Act.gPE/g] Denslty
No, Addition] ents | (min) (o) Index § cat-thr | ({gice) | Mn 010%) | Mw (x10%] Mz (X10%] Mwivin | MzMw | Den. giee
28 none  0.00 a4 158 49.0 487 043 0.9579
29 TEAL 206q 65 157 31.9 649 0.44 9.6 217 1.58 226 7.8 0.9581
30 TEAL 50eg 115 156 33.3 358 0.37 7.7 186 1.56 25.3 8.0 0.8619
31 TIBA  20eq 50 151 18.5 873 0.44 8.7 240 1,89 274 7.9 0.9548
a2 TIBA 50eq 66 162 245 686 0.37 8.5 210 1.69 246 8.0 0.9542
33 TNHAL 20eq 57 155 17.3 811 0.43 8.6 241 197 28.0 8.2 0.9545
34 TNHAL 5.06q 80 151 30.5 619 0.33 7.8 174 1.58 23.0 8.9 09516
[500cc H2 present in 2ll 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



42TNHAL 2.0 eq 43 159 3.9 2,474 0.25 9.0 247 1.41 27.6 5.7 0.9464 43TNHAL
5.0 eq 120 135 1.4 661 0.35 8.8 439 2.37 50.1 5.4 0.9493 44TEAL 2.0 eq 36
155 6.7 2,276 0.29 9.0 217 1.19 24.2 5.5 0.9471 45TEAL 5.0 eq 80 148 2.6 937
0.29 8.4 297 1.84 35.2 6.2 0.9472 1500co H2 present in all runt [00134] An
i nprovenent in activity is seen, particularly at 1-2 eq of Al per eq of Cr.
As seen in Figures 31-34, nol ecular weight distribution broadens when
co-catalyst is present, and a pronounced hi gh ol ecul ar wei ght shoul der
does not devel op. Broadening of the pg ymer nol ecul ar wei ght distribution
wi |l inprove physical properties with at i ncreasing polymer swell. -34

[ 00135] Additionally, the inventors have di scovered that various

co- cat al¥peq §°'ﬁ€%1yﬁd§ Stesy Tauehpn Grca et apayalls giminated byhige preseshtof co-

i nventi 9Ra1y&Qh, t(RE§EOP08 sysl&B (triethyl boron) was studied for its effect on
cat al yst perfor mance. 'be |l e 11 denonstrates the effect on performance of

TEB co-cat al on Cr X échrom um oxi de on Gace 955 silica) and Ti-CrOx
cat al ys{0013J terrsl?lgmabl% hﬂenEW‘?é@éQ tlyr effert it theyBresee foro-aatelysti ool

No. Ade FIS LS SEBRE BB o8 ] R S IBNETRERE) Tiben,
grcc fi tdojecnlar obbglBi Wag id@Geased eby7 9o-tadlyS, 4’nd1¢c2|55® @6@2’: Ziﬁshdblmﬁﬁ . B@eﬂ;o 1 5.0
1. 347 okpdg AnbRtby R infenyig op RS i eteedli” ot BRNGSR 8 st Y 1 574

0. 28 151k MMMyl vBlle i8alo %&ﬁg&ﬂ%ﬁ%%% yétﬁjilelfd bﬂoﬁﬁceﬁ%msﬂﬁoeanlﬁel 11. 9
2563020105172088164510945651TEBZ %56149511449032

6.2 1972bsepee gff co-catalys olgosummarny, ca-calglyel Gistrages iaiéy goliyity gendopalymgr g 182

278}1 é88§1e%ufér Q! ¥ooSCHBB Aty Iout PR 1ybr indtedttlarwdighBaisPibatob it hgkiyl- 41

unchanged. These features are desirable for short residence time operation,

[00132] The same effect is seen with SC catalyst having 1.5 equivalents DEALE/
equivalent of Cr (designated herein as SC-150). Table 9 and Figure 22-28 provides induction
time, activity, and various molecular weight-related data for polymers produced when the co-
catalyst is varied. The earlier observed trends for SC-500 are evident for SC-150. Induction
times (sec 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 umaffected by
co-catalyst. The intensity of the high molecular weight shoulder, as indicated by the Mz/Mw
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.



[00136] Figure 35-36 illustrate nol ecul ar weigh-rel ated data for

pol yet hyl ene produced from Ti-CrOx catal yst alone (Figure 35), and Ti-Cr Ox
with TEB co-catal yst (Figure 36). Polyner nol ecular weight is increased as
seen in the decrease in flow index upon the use of TEB in conparison to no
co-catalyst for both G Ox and Ti-CrOx systens in the absence of hydrogen.
Catal yst activity was largely unaffected in both catalyst systens by the use
of TEB, however, TEB broadens nol ecul ar wei ght distribution. Additionally,
t he broadening of nolecular weight distribution effected by the use of TEB
appears acconpanied by the growh of only a nodest nol ecul ar wei ght

shoul der (Figure 36) as is the case mh§£ usi ng DEALE as co- catal yst.
[00137] The present invention allows fof” the mani pul ati on of nol ecul ar

wei ght, nol ecul ar, [ ? distrjbution,, catalyst activity, as well as other
properties of thgﬁwggugi%%§f§8f%@BWVP 3 5@W%ﬁ5ﬂ“@ﬁBwFﬁdicious use of
co-catal yst generally, and of alum num al kyl co-catal ysts specifically. The
al umnum alJkyT cjprpofinds] exdr s Jhyord] BGWgSed hHer el n] are i sCugsed way of
non-lli Frmeierlg ex ivel| Bnd YIELRYt Aiper| ‘eebtufersitin al kvl s ark al s¢ appl|i cabllePin|and
ditlo 5 in. Itlnrq?_fxr. 1r§ ”g'ga_F 3{10 ¥ Z & fec her

a par
t han |DEALE are al so applicable in the present invention. These include] but
are not 34 i m hee t acadi ebhyhsral um nesm etohoxi da, diamet hyi.t7- 3530@b um 1eum o0.9502
et hoxji de, di propyl al um num et hoxi de, dietoI al um num propoxi de, and_met hyl
ethyl| &% um Aght e¥%Bxi%e. “thr Bdgh®Fudi®d} ous®use Bt t hE®co- €4t al vt , ORé| may
modi fly these rgkopayehi @8 a0ad foai | o t her resil tings pol yoyer #@s speci fdssxs
applijcations. Inportantly, the invention provides for the production of
hi gh [molfécu %FA Ot Pol Y8t h§P enés wi%th cHifomi Uit bastl catdl yst® of *gh
act i Vit , ed’to all runs . ‘. . [
times. This affords inprovenents in the space tine yield for polyethyl ene
production using chrom um based catalysts while naintaining high reaction

t enper at ul®¥I33F] ui Fopetiyshlditiensko Bachvprlicinl pioaB] Critrecatabisisovipblg 1pred;i des
fluid bedpgas fp&;ﬁﬁrg@a@@eﬂa%mgﬁmm@ ik %?f@d?tofb%l\é%%h% égeﬂ@ﬁlaﬂéaa&en_

- th
fluidized bed rization reactor of the [ TMlpro ess design having a
noni nal diCapefaarGrage 904 siliseh eblrd§ dgwerpirpiey thatfloveimdes drgeases ppadiddition af of

hi gh-d i - | ..
I gh-dens 'I%)&L%Elfﬂe?é}ﬁrg gtB e%f‘ﬁlo%éa{}ﬁe%g% llse&%}g%sspcﬁﬁfth%%%@%s% 1GoeHGlyG RS

bl ower was situated am o eat exchanger 1 n"the gas
reci r cul attiecoh-Gr08 patslyst: t HeCrOxmct vbyl 1gspebdsesibidaly tp opepiglef asoloee8Ud80 ek gas
tenper at uke whene. iil;eRt&re6d he heat exchanger, The cycle pipe was about 2
i nches in Jianeter and its flowrate was mani pul ated by a ball valve in the

cycle line to control the .
Table 10. Effect of Co-Catalyst on Ti-CrOx Catalyst Performance.

Example Equlval[ Time YIELD Fiow |Act.gPEfy D:::i(ty .

No. Addition | ents {min) {g) Index cat-ihr | {glec) {Mn [x1o3) Mw (X10%)| Mz (01 D") Mwiin | Mz/Mw | Den. gicc
38 none 0.00 62 156 38 1,497 0.32 12.6 212 0.88 16.8 4.2 0.9465
40 TIBA 2.0eq 40 152 4.4 2,135 0,26 93 268 1.82 28.8 6.8 0.8475
41 TBA  5.0eq 88 139 20 915 0.30 7.8 319 2.01 41.0 8.3 0.8457
42 TNHAL 2.0eg 43 159 3.9 2474 0.25 8.0 247 1.41 27.6 5.7 0.9464
43 TNHAL &.0eqg 120 135 1.4 561 0.35 8.8 439 2.37 50.1 54 0.,9493
44 TEAL 2.0eq 36 185 6.7 2,278 0.29 8.0 217 1.19 24.2 55 0.9471
45 TEAL 5.0 eq 80 148 28 837 0.29 8.4 297 1.84 35.2 6.2 0.9472

[500c¢ H2Z present in all runs]

[00134] An impfovement in activity is seen, particﬁlarly 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 mot develop. Broadening of the pelymer
molecular weight distribution will improve physical properties without increasing polymer

swell.



superficial gas velocity in the fluid bed at the desired rate. Mnoners and
gaseous conponents were added upstream of the cool er before the bl ower, at
the bl ower inpeller 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
nost preferably at about the 0.2 to 1.2 mrange using a nitrogen carrier
gas flow at a |ocation about 15 to 50% of the reactor dianeter. Polyner
product was wi thdrawn periodically fromthe reactor through a discharge
isolation tank in aliquots of about 0.2 to 5 kg to maintain a desired
approxi mate average fluidi zed bed | evéf - or wei ght. A dilute stream of
oxygen in Eétrogen (200 ppnv) was avail able and used on sone experinents to
mani pul at dORE] pol yHASEIORH I EG fentass bas disspvered it dainus co-plyHs Dl based PB Ut i on.

't was addeehifiin bReal&y el GatmedBiRfeinthBoledb:r SxehANASH 1Merond WEE
al um num al ky resent in the reaction system but its addition point

| was
was swit cidief &r i kEeqt op ey E deramanise d 2hlp &b dompomstraierdhpptijobonpsriorpregent i n
order to Qyoigh beatIes TnPEIoxt enRnint QiR Qfn GRS 03y 48RaY SRCTLOD WAl he
alum num al kyl in the cycle Iine or heat exchanger before entering the
fluid bed % was a precaution and does not preclude its addition to the
cycle line or before the heat exchanger. -36 [00139] Various sets of
exper i mentTablaet Eifsond @ot@thlat ol CEIY @l &i-CrIeSsialgn Be@tian@et i ncl uded a

conparati ve case. Background inpurities in the feedstreamand in the
r eact s varied wt i smnor shifts in reaction r e

|
and cgtalyst prodquctilvidy Relween r.f @Z{gﬁ gﬁmt(lms ety [Conparatijve cpses
i ncl upensal abynwk | pecdadcad mad) | agC @ R Cnal NUKAT | tkid) g2 x oA Givivh gmapepts as
catal ysts prepared in the laboratories. The | aboratory-prepared catalyst
requi [ ed. a ¥¥#REEYEacti on fenperatyre d ovi ded co rative _cas i
exper n%%talggﬁat@bm§ts algo bﬁépaﬁéd1%ﬁ tﬁ% Ié%%ra%%rng OOOﬂO]Eﬁxagﬁéﬁ
t hrouph4b9 i nondabl e 12scshosy t et r esal tisarof o.@nphkoyyi Ng7 varbous1oosuppor bswand
chron] ufi souré®s. 2Tke Peactfor Gper &t edSttel +28wi fHout#Sheéfd ng'r ERuNR9483
formaji on fQf .Akdsuihe exanpl es. Exanpl es 54 and 55 show the results for|the
conpal até ve eatal yst (sil sl cheonat.e rade on 95& Siiz caodehydrat ed abeddPC
and rpddced ViEE h 3Cequi val @nt sdf SDEABE) . 03he 8@xpeP] nergal #dt alSyst §9%8% g
compaf e to EFANpIE 552 Scicat ] yst, ndd8 of: M50 upddht [Exargl e &%) [ had
significantly nhigher catalySt proaductivity and nade broad nolecul ar wel ght
di slt ri bgt ifogM ES?I ynﬁﬁgﬂé«% BbLsg i]félisﬁﬂe R R Gl ﬁéigﬂ\@élz%iﬂ da&&lmglgdggthyﬁﬁep&aﬁoa& y SE,
enpl oyed in Exanples an .are_hased, 0 0 si|ica.activated at
825C and tif&h Tl'Epé‘J%e@alY% Yonesfagif o réﬂf g‘“%’bﬁ%%&ﬁr?%&?hﬂc&é ® RPlyher
catal yst oBaie tickotlh e il increased as seen in the decrease in flow index upon the use of

TEB in comparison to no co-catalyst for both CrOx and Ti-CrOx systems in the absence of

\"2

54

V)

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 ag 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-catalyst generally, and of alumimmm 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 applichble 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



obt ai ned and hi gher reaction tenperatures were required to nmake the pol yner.
This shows that the catalysts inherently make hi gher nol ecul ar wei ght
polymer and will be useful for short residence tinme operation. In Exanple
58, oxygen addback to the reactor was al so used which at a given
tenperature | owers the polyner nol ecul ar wei ght and increases the pol ymer
nmelt flow ratio (MFR) values (indicative of broader polyner nol ecul ar

wei ght distribution). Exanple 59 shows the results for a PQ CrOx catal yst
(CrOx on MsS3050) activated at 700C fo[bgmed by reduction with 5 equival ents
of DEALE. Here again higher catal yst productivities are obtained and higher

reaction tenperatures. are eded to, make .1 he polyner. [00141] .In_s ry,
hoce ontsBe Al o8ty D aER Rt Shditeabo: Rai R oninebac fad BV aFy
exanpl esaluklir@iftedthGadeal Drbudhl jadiviohs Mictdrese @chidGNle A8/ B68iIEAhe RIS ties

pol yners can_be achi eved enploylng alternate supports for silylchromate
cat al yst adrteiiny e rawlting rokyneispecibe aprdigeticas Inmpaornntthg ipgensioa arovides rsuppl y

t he sa ' l.agu | . are
ot ai ned s R oloagh Hbj@hlar SRRRELIARACAER ik bRbmI Hilka RILMTRERAA! O
Gas Phaseti@bingi teswdtisg amdhRebility $o win it BEsdE feact@at@midents tiflieh.i chis upfioodst
LA e BBl ot e 85 TP pI e OBTRR ueik Y S 4LGeST !
Chr omat eénasadiEnhanRinedhigie 24t @upteattes L 0adi ng,

wt 9%0. 240. 240. 500. 500. 500. 50 DEALE/ Cr Mol e 555555 Ratio Silica

Suppor t 95595515 34209539555, 39100 1

[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 conirol the
superficial gas velocity in the fluid bed at t]:ml 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 fank in aliquots of about 0.2 to 5 kg fo maintain a desired approximate
average fluidized bed level or weight. A dilute stream of oxygen in nitrogen (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 to
the fluidized bed when free TEAL and DEALE were present in order to avoid the possibility of
some of the oxygen reacting with the atuminum alkyl in the cycle line ‘or heat exchénger before
entering the fluid bed. This was a precaution and does not prectude its addition to the cycle line

or before the heat exchanger.



Source (Comm = Comm Pilot PlantPilot Plant Commercial) Tenperature,

C96. 588. 092. 1103. 999. 9104. 9 Total Pressure, kPa250124922501249424932490

Et hyl ene Pressure, kPal52415101517151015101517 H2/ C2 Mbl e

Rati 00. 00970. 01030. 01060. 01030. 02040. 0106 Hexene/ C2 Mol e

Rat i 00. 00490. 01000. 00790. 00500. 00650. 0031 Oxygen Additi on,
NoneNoneNoneNoneO. 100. 251 ppmv Superficial Gas

0. 5300. 5300. 5300. 5890. 6070. 527 Vel ocity, m sec Bed Wi ght,

kg83.983.971. 779. 479. 469. 9 Bed Hei ght,,in2.182. 022. 602. 082. 093. 48 Producti on
Rate, kg/h16.316.311.314.112.715.0 Average Resi dence 5.25.16.35.76.04.6

3965203970 Fts0.5 ) FHR 7 O] IGAPRRETIR ST BRoadshiBS R0 19 et .

kg/ 8 Seitdlhdsd askdpaldnsedsy,, Bddkgioind ﬂﬁﬁﬁl@@ﬁﬁﬂl& fdeB4tFBm and in the reactors varied
with time and caused minor shifts in reaction temperature and catalyst productivity between
experimental sets. Comparative cases include catalyst prepared at a commercial manufacturing
facility as well as catalysts prepared in the laboratories. The laboratory-prepared catalysts
required a lower reaction temperature and provided a comparative case for experimental

catalysts also prepared in the laboratory.

f00140] Examples 54 through 59 in Table 12 show the results of employing various
supports and chromium sources. The reactor operated well without sheeting or chunk formation
for all the examples. Examples 54 and 55 show the results for the comparative catalyst
(silylchromate made on 955 silica dehydrated at 600°C and reduced with 5 equivalents of
DEALF). The experimental catalysts afe 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 resulis for a PQ CrOx catalyst (CrOx on MS3050) activated at 700°C followed by
reduction with 5 equivalents of DEALE. Here again higher catalyst productivities are obtained

and higher reaction temperatures are needed to make the polymer.

[00141] In summary, these gas phase results support the observations found in the earlier
examples. Higher catalyst productivities and higher molecular weight polymers can be achieved
employing alternate supporis 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.



Resin APS, mm0. 7160. 7341. 110. 7770. 7770. 919 Ml t
0. 100. 080. 100. 120. 090. 05 dg/ m n Fl ow I ndex (15),

| ndex

(12),

0. 490. 470. 600. 600. 490. 44

dg/min Flow I ndex (121),10.512.813. 612.312.14.16 -38 dg/nin MR (12 /1S)""
' 21, 227.222. 520. 624. 79. 4 MFR (121/12)1071551319913890. 9 Density,

g/ cnB0. 94720. 94810. 94820. 94790. 94830. 9485 Mh10214- 8374102831114014958
M\256077- 291804187522206907304972 M 1734620- 2100445121386113021831779473
M +13284606- 3626163268158126733163271683 My175935- 190696134078146591216325
( MV Mh) 25. 07- 34. 8518. 2418. 5720.
(9%-500K) 11. 76- 13. 298. 629. 9314. 28 CL

PDI

PDI

(Mz/ MA) 6. 77- 7. 206. 476. 295. 83 CAMS

(%ﬁlK)l 762.241. 951. 440. 98 [ 00142]

show

5

fied
e 0.5
e
es
i al

in Taple 13 er a reactor simlar to those of

Tabma%@ ﬂ:ﬁﬁs&ﬁ@%%nﬁ@m@ Bl wits DB a&aly Eilen wwped Maredugh 6
t he |di%asanle 5f ~ TEAL hddi®i on |t & stahdaé si | yl cBF ondt e &&t al yst 59
(sillyl chromate nmade 3@0g§§a§| I ehydrated|at 600C |[and redu¢ed W th
equilval ents of DEALE). v% atl e the result$ show an optimumin the
anount—ef—FEA—addedto—a—gas—phase—Hui-d—bed -polyrerizationo
si | Io¥Hst e cat al ybt P&ded |o Vbduft|$hﬂy, Chrin upalr Clremgum Chromium
charlacteristics, inc éTéﬂmmaféhrpmte Ehivarakt ure@sld@l MFROxfEsr { heéOdgeci
cat g gittoading, %®GCt i ON copdi ti;onpa4 hat opbe MU Waso_appr axsamt el yoisg t ]
to TEA llgc anpd Hylfﬁk refgrabty T theri—tqo 2 TEAL Er—range—
cat all W sam thig set” of xpe§| rreqH s. “The |producti yi ty-val U
wer e H4€ed on_a cat I;Lst addition r and reésin production rate nater
bal gritikca Skipeort hr ormi um r @84 nijng 455 MS 3050 955 955 MS 35100

Source (Comm. = Comm. | Pilot Plant | Pilot Plant

Commercial)

Temperature, °C 96.5 83.0 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

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

ppmy

Superficial Gas 0.530 0.530 0.530 0.589 0.607 0.527

Velocity, m/sec

Bed Weight, kg 83.9 83.9 71.7 79.4 79.4 69.9

Bed Height, m 2.18 2.02 2.60 2.08 2.09 3.48

Production Rate, kg/h 16.3 16.3 11.3 14.1 12.7 15.0

Average Residence 52 5.1 6.3 5.7 6.0 4.6

Time,

Space TlmeYleld 83 91 50 75 70 50

kg/h/m’

Catalyst Productivity, 4965 4035 7217 6554 5748 6375

ko/kg

Fluidized Bulk 325 351 232 322 320 170

Density, kg/m’

Settled Bulk Density, 487 527 352 492 508 311

kg/m’

Resin APS, mm 0.716 0.734 1.11 0.777 0.777 0.919

Meli Index (L), 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 (I2;), 10.5 12.8 13.6 12.3 12.1 4.16




the resinis simlar to the productivity trends. The TEAL/Cr added nol e
rati o was based on the TEAL feed rate and a neasure of the O in the resin
by an X-ray nethod. The TEAL was added to the bed using a 1/8-inch tube set
up like the catalyst injection tube but without sweep nitrogen. The TEAL
was provided as a dilute solution in purified isopentane, and the contai ner
It was prepared in had previously been exposed to TEAL prior to filling to
reduce the possibility of reactive inpurities such as water in the

cont ai ner that would consune the snmall anount of TEAL present. The reactor
operated well during the time TEAL wgg-added wit hout sheet, chip or chunk
formation. The static voltage in the bed neasured by a high resistance-high
Cﬁpac a@@,ﬁg el[éctroni ¢ probe snow_ed refiuced Tevels vvnen ||:/-\L vy present| -
the s neirned IIGULI T apar T owet band—the—waltt—skin
therrﬁw@ﬁ&ﬁﬂﬁl acat ed él’l us 213y _gj st dhces abé)\pétm ptafe iln tHé flyid
bed ansFRNI#M2 freebo hrd 18Bove t hessbed| werdl exdel | eat fpr 18fe no- PBAL clhse
and se]g%gfxré/&m Detter '0%4‘79e PTEa5IICE| Ofy gh&AL Wlé-&ﬁgeSD g!gﬂgé uftld?§|4§§na a

shi f t FoE—abdut t-0—2C osér lfrnm be n\Al\ oW

terrpethﬁure [00143] In. 10§l!|ﬁ1mry the afdi8i%n qf E&83at hl Vdi4Q TEALY4X8suf t s
in hipghgr catalyst actiwkgys7 and al | ows g@ﬁgoaectctl(grysip rugo@b—,vhl g@gﬂgn
t enperatures—to—achteye 13 me—potymer ecHt ‘the

nol ec r weight distni J@[ﬁ%@ r emai ns n7cll¢ Htre 3%13@6? h@@%lgg’x ngﬁe(’éﬁ Tabl e
13. GhMzPhase Conditi on32sa606 Results w t362BEALE 681681 a| Y2733 BEALSTII6RAL | 0
Var i efd peri ment 6061626354, ;Compar at i V?9(§69pbc urﬁgﬁﬁ y% Thdbh i '2%3Bi Fyl

Silyl \ronateChronmat e Chy orat-eChr onat e Chitm Loadihg,

Wt %0. PBDL Mw/Ma0. 240. 24 TEXLE/|0r Mol e Rat34o%5555 $8RAcal  18.57 20.39

Suppof +Ep@RaRRPR°95595% Sgurce ((Conm =| 720 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 & 1/8-inch tube set up like the catalyst injection tube but without sweep
nitrogen. The TEAL was provided as a dilute solution in purified isopentane, and the container
it was prepared in had previously been exposed to TEAL prior to filling to reduce the possibility
of reactive impurities such as water in the container that would consume the small amount of
TEAL present. The reactor operated well during the time TEAL was added without sheet, chip
or chunk formation. The static voltage in the bed measured by a high resistance-high
capacitance electronic probe showed reduced levels when TEAL was present — the static

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



Comm Conm Comm Comm Comm Commercial) TEAL Added to Reactor,
NoneO. 912. 223. 224. 85 TEAL /Cr Mol e Rati o Tenperature,

C98. 0102. 5102. 5102. 5100. 5 Total Pressure, kPa24912492249024922491 Et hyl ene
Pressure, kPal5101510151015101510 H2/ C2 Mol e Rati 00. 0100. 0100. 0100. 0100. 099
Hexene/ C2 Mol e Rati 00. 004330. 003530. 003300. 003310. 00360 Oxygen Additi on,
ppmvNoneNoneNoneNoneNone Superficial Gas Velocity, 0.5550.5610.5550.5640. 564
m sec Bed Weight, kg88.987.587.587.587.1 Bed Hei ght, in3.042.943.053.123.21
Production Rate, kg/h19.118.017.416.6 2 Average Residence Tine,
4.74.95.05.35.1 h Space-Tine Yield, 7069645961 kg/ h/ nB Catal yst

Productiyity, 50416666645261505308 kqg/.kg Fl uj di zed Bul k nsity,
3283333 Ow@qu%aﬁ T%écfp“%ﬁ\??é B %W%' Sebagr %ﬁ%‘&@ﬁhﬁp‘g weppExeeligrhdor
the no-TEAL case and seemed even better in the presence of TEAL with less fluctuation and a

- shift of about 1 to 2°C closer (from below) towards the bed average core temperature.

[00143]

and allows the reactor to run at higher temperatures to achieve the same polymer molecular

In summary the addition of co-catalyst (TEAL) resulits in higher catalyst activity

weight. The polymer molecular weight distribution remains unchanged in all these examples.

Table 13. Gas Phase Conditions and Results with DEALE In-Catalyst; TEAL/Cr Ratio Varied

Experiment 60 01 62 63 64
Comparati
ve
Cr Source Silyl Silyl Silyl Silyl Silyl
Chromate | Chromate | Chromate | Chromate | Chromate

Cr Loading, wt% 0.24 0.24 0.24 0.24 0.24
DEALE/Cr Mole Ratio 5 5 5 5 5
Silica Support 955 955 955 855 955
Source (Comm. = Comm. Comm. Comm. Comm, Commn.
Commercial) :

TEAL Added to Reactor, None 0.91 2.22 3.22 4.85
TEAL /Cr Mole Ratio

Temperature, °C 98.0 102.5 102.5 102,5 100.5
‘Total Pressure, kPa 2491 2492 2490 2492 2491
Ethylene Pressure, kPa 1510 1510 1510 1510 1510
H,/C; Mole Ratio 0.010 0.010 0.010 0.010 0,099
Hexene/C; Mole Ratio 0.00433 0.00353 0.00330 0.00331 0.00360
Oxygen Addition, ppmv None None None None None
Superficial Gas Velocity, 0.555 0.561 0.555 0.564 0.564
m/sec

Bed Weight, kg 88.9 87.5 87.5 87.5 87.1
Bed Height, m 3.04 2.94 3.05 3.12 3.21
Production Rate, kg/h 19.1 18.0 17.4 16.6 17.2
Average Residence Time, 4.7 4.9 5.0 5.3 5.1
h

Space-Time Yield, 70 69 64 59 61
kg/h/m3 '

Catalyst Productivity, 5041 6666 6452 6150 5308
kg/kg

Fluidized Bulk Density, 328 333 320 315 304
kg/m3

Settled Bulk Density, 483 485 466 464 447




Resin APS; mmD. 752- -
1. 311. 280. 390. 650. 82 wt % Mel t
Fl ow | ndex (15),

(121/12)102100101108116 Density,
Pol yner,

- 0. 7900. 7800. 7650. 681 Resin fines < 120 Mesh,
I ndex (12),

dg/ m n0. 0960. 0980. 0980. 0900. 087
dg/ m n0. 4700. 4740. 4720. 4590. 450 Fl ow I ndex (121),
dg/ m n9. 799. 759. 919. 8110. 2 MFR (1 21/15)20. 720. 521. 121. 322. 7 MFR

g/ cnB0. 94800. 94810. 94740..94740. 9472 Cr
ppmrO. 440. 350. 380. 410. 53 M1124601351911758968511647

in

MV279637265684276778263471253762 Mz18753171598806182687117225781731498

Mz+13543254310936034322203224517343651

My193220188165190700182352174394 PDI

(Mn Mh) 22. 419. 6523. 5427.221.79 PDI (Mz7"Mw) 6. 716. 026. 606. 546. 82 CH M5
(%5001 12+6332-8213--0412, 2411 08-CLMS (% 1K) 1,311 121,342 481 27 .100144]
The expg&ihents of Fxanpl és 65-73 |(sunmar i ed in Tahle 14) and Exanpl e 74
(di scugSeainiAPS, man't ext bel ow).7%kr § cOf8hct pd 0.780gag phR&dés ppl yoresld zat i on
r eact or Resinfitesk 120 Mdshose of tihe jprev2gpus exg,ggr nﬁnt 3)_,555xarrpl @265 [ hrough
71 exarrnvﬁ%d the effects of TEAL cg- cat aIyeEar:ldr;rron in the preferred range
AT I A RO LW S A
DEALE/ GHow e (e dg/ei o | nb4 it ol v Od by oHUGAT 1y aRAS 3606 &fSGach STY
st udi ed Flcamﬂldea(lﬁm dghomeas ed 9178e rleacd.75on [ enpéitat Ur e S¥lout | 3 116.25C pt each
space- t|iviEr yi@kd. TEAL al lowed7 operafgopn at pne hilghen space-pope yjeld
\émplegeﬁ@eﬂ)? Zﬂogv:fgexlt[: E(’:‘ﬁwaz DLB“@.[*:: :F&g‘ fe 3251 :r:[ ;Iselgg:nd :‘Nierres
r educed RgRsH: & 8i58Y at i ng_at |t 99480 ghier %-84Rcel t 0874 al L-P47% he K¥dance of
TEAL cd rﬁrémEallymer ppmiwhout i t 0.44FR i nor.3asefd WOBR i rcr b4l ng| spacé-ti e
yield. [he performance of |t hegbew andssibi gh DAdd dat @kysts| wagegy m|ar in
the pregggee of TEAL bUt T bGram WSERFT | 57778 |"263471 | 253762

Mz 1875317 1598806 1826871 1722578 1731498

Mz+1 3543254 3109360 | 3432220 3224517 3436515

My 193220 188165 190700 182352 174394

PDI (Mw/Mn) 224 19.65 23.54 272 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 1.34 248 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 temperaiure 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 cafalyst productivity and required reactor temperature are inadequate at high space-time

yield (Jow 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.



seen the catal yst productivity and required reactor tenperature are

i nadequate at high space-tinme vyield (low residence tinmes) operation w thout
the presence of co-catalyst (Ex. 67 and 70). These gas phase results
support the earlier exanples showi ng the use of co-catalyst in conjunction
with silylchromate-catal ysts. -41 [00145] Exanple 72 shows the use of
oxygen add-back with the addition of co-catalyst. Polynmer flow index

i ncreased upon the addition of oxygen to the reactor. Oxygen can be added

to control polyner nolecular weight ang nol ecul ar wei ght distribution.

[ 00146] DEALE was added to the reactor in Exanple 73 instead of TEAL using a

hi gher d ch at al 0/ n_95 a act vat ed at
8250), r[é,@ ing %2?@’&%%% %gg’iy(g Oog\)’?”&/thﬁr‘?gﬁw&ogﬁgﬁdt Y&acti on
t enper atPalyenet ﬁewqﬁ@@t mﬁe@tacaggtame additiod @ffoggraltte tRPRA@G. Qxpeh BarDbe Mdkdiout
TEAL. [00147]_ Exanple 74: Addition of TEAL to an _ongoi ng pol ynerization

react i of SEIREPAYMEIGYPleier Y esht pad melesyinywelEitskRERItOat al yst (1.5:1 DEALE/ Or)
inthe fluidized bed twice resulted in the formation of polynmer sheets and

aggl onef Nﬁﬂi}t hat pEhogkes: Jib&d foané fba@ltbﬁﬁl@fagﬁﬂe @?fn%te&d)éﬁTEﬂL%sﬁE %%Qfer
shut down [00148] The reactor operated well Experiments 65 TEAL

was i nt Meaded elromdurg oxideagalflys o Oy Yoy 9uc9<‘:5é§§,hqa| gofiveisd iy Sﬂﬁ&)BreﬁuIDEg\mE/ Cr

S|Iylchr t'r:ﬂé Qgﬁ# g%g? t were
success %&c%?\%g)s 2} df)l aﬁ@%?ﬁ%ﬁ%ﬁ% %‘%&Pnﬁhttgwé [ém% t E% °ca %@t W th
TEAL al rsﬂysldlgromabwmmmwtﬂnerfvﬁhmmm bed reactor. is preferred to
initiate the catal yst addition, particul arI y for the | ower DEALE/ Cr

catal ys t r suf f i ent L.

[ 00149] A, "ERtE T2 AGH o AL S Prdtied pb iR b whieh

pre- cal dow aDRALECRt @tiantlylchematd eatdlysiC(1.3: at]DEAI‘.B/iCE}I limttre finidredt bl exdger i ment
was finished woul d be_possible to control at a %&dgtermne Al / Cr

rati o bas¥ ecbw' @St formpdipn gfiapYymsh shegtsend geslomettis dhatp sphesndisgharse

const antyofte&dink atr€acRh shih@owWEAL 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 wth

the m niffiA8lse ofhe wAEoT oreraipbell forBxpeempss 04 to Ehs TRAdswaggheatucrd 52 and

ggfr;; S DA Cg%é%erh NscadsSthuts tusidgdBtEs @ DRATIICY Al koA RAERS: 806768

examples w1th 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
rate and then the AV/Cr 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 raic of the TEAL or DEALE. Their feed rate could also be
proportioned to the resin production rate fo control their concentration at some specified level,

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



Cr SourceSilyl Silyl Silyl Silyl ChromateChromateChronmat eChromate Cr

Loadi ng, wt %®. 240. 240. 240. 24 DEALE/ Cr Mdl e Rati 05555 Silica

Support 955955955955 Source (Comm = Conm Comm Comm Conm Commerci al) TEAL
Added to Reactor, NoneO.91Nonel.07 TEAL /Cr Mol e Ratio Tenperature,

C98. 0102. 592. 799. 0 Total Pressure, kPa2491249224892488 Et hyl ene Pressure,
kPal1510151014411510 H21C2 Mdl e Rati 00. 0100. 0100. 05440. 0101 Hexene/ C2 Mol e
Rat i 00. 004330. 003530. 00650. 0036 Oxygen Addi ti on, ppnmNoneNoneNoneNone
Superficial Gas 0.5550.5610.5520.567 Ve]ocity, nmlsec Bed Wi ght,

kg88. 987. 590. 389. 4 Bed Hei ght, nB.042942.972.92 Production Rate,

5“9/e|hég llla%leol%lél(}gs?’ﬁha& égr?c{lta (91183 aﬁg iesu?trs] %?m%gAL]gﬁ %gtalgst-r bIEEAL]g}CrS ﬁgt:(l;oeV;.rrlled

Example -~ - 65 - SR 1/ 68
Comparative Comparative
Cr Source Silyl Silyl Silyl Silyl
Chromate Chromate Chromate Chromate

Cr Loading, wt% 0.24 0.24 0.24 0.24
DEALE/Cr Mole Ratio 5 5 5 5
Silica Support 955 955 955 955
Source (Comm. = Comm. Comm. Comm. Comm,
Commercial)

TEAL Added to None 0.91 None 1.07
Reactor,

TEAL /Cr Mole Ratio

Temperature, °C 98.0 102.5 92.7 99.0
Total Pressure, kPa 2491 2492 2489 2488
Ethylene Pressure, kPa 1510 1510 1441 1510
H,/C, Mole Ratio 0.010 0.010 0.0544 0.0101
Hexene/C, Mole Ratio 0.00433 0.00353 0.0065 0.0036
Oxygen Addition, ppmv None None None None
Superficial Gas 0.555 0.561 0.552 0.567
Velocity, m/sec

Bed Weight, kg 88.9 87.5 90.3 89.4
Bed Height, m 3.04 2.94 2.97 2.92
Production Rate, kg/h 19.1 18.0 34.0 33.7
Average Residence 4.7 4.9 2.7 2.7
Time, h

Space-Time Yield, 70 69 128 130
kg/h/m3

Catalyst Productivity, 5041 6666 2786 3618
kg/kg

Fluidized Bulk Density, 328 333 343 346
ke/m®

Settled Bulk Density, 483 485 523 511
kg/m®

Resin APS, mm 0.752 0.790 0.655 0.752
Resin Fines < 120 Mesh, 1.31 1.28 1.33 0.90
wi%e

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 (In1), dg/min 9.79 9.75 10.4 10.1
| MFR (I2:/15) 20.7 20.5 23.5 23.0




7069128130 kg/ h/nB Catal yst Productivity, 5041666627863618 kg/ kg Fl ui di zed
Bul k Density, 328333343346 kg/nB Settled Bul k Density, 483485523511 kg/ nB
Resin APS, m0. 7520. 7900. 6550. 752 Resin Fines < 120 Mesh, 1.311.281.330.90
wt% Melt Index (12),,dg/ m n0.0960.0980.0830. 081 F|OM/|nd6X (Is),

dg/ m n0. 4700. 4740. 4380. 441 Fl ow I ndex (121), dg/m n9.799.7510.410.1 MFR
(121/15) 20. 720. 523.523. 0 -43 MFR (121/12)102100125126 Density,

g/ bi n30. 94800. 94810. 94710.948 Cr in Pol ynmer, ppma0. 440. 350. 800. 59
Mh1246013519822910657 Mv279637265684271033230657
Mz1875317159880618887491607038 M+13543254310936035203353596324

I\/}/19322"1°9““:1835601693 6—PDL_(MuMR) 22419, 6532-9421._64-PDI
(Me/ My 6MFR6l0%4, 976. 97 GHIVE 1%500k, 12. 88912 8 12.4830. 05 126
Density, g/ém° 0.9480 - 0.9481 |- 0.9471 0.948
Cr in Polymer, ppmw 0.44 0.35 0.80 0.59
Mn 12460 13519 8229 10657
Mw 279637 265684 271033 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) 131 - 1.12 2,68 1.57
Example 69 70 71 72 73
Comparativ
e

Cr Source Silyl Silyl Silyl Silyl Chromiwm

Chromate | Chromate | Chromate | Chromate | Oxide
Cr Loading, wt% 0.24 0.24 0.24 0.24 0.50
DEALE/Cr Catalyst 1.5 1.5 1.5 5 0
Mole Ratio
Silica Support 955 955 955 955 955
Source (Comm. = Comm. Comm. Comm. Comm. Comm.
Commercial) ‘
TEAL Added to 2.47 no 0.83 1.60 DEALE at
Reactor, ' 4.7 AYCr
TEAL /Cr Mole Ratio
Temperature, °C 102.0 96.7 100.0 102.0 104.5
Total Pressure, kPa 2491 24388 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/Cy Mole Ratio 0.0037 0.0042 0.0036 0.0037 0.0034
Oxygen Addition, ppmyv None None None 0.120 None
Superficial Gas 0.570 0.564 0.573 0.570 0.564
Velocity, m/sec
Bed Weight, kg 88.5 90.3 88.9 87.5 84.8
Bed Height, m ) 3.22 3.00 2.92 3.42 2.84
Production Rate, kg/h 19.3 32.8 34.7 18.9 14.9
Average Residence 4.6 2.7 2.6 4.6 57
Time, h
Spaceifuneiﬁﬁhd 67 123 133 62 39
kg/h/m®
Catalyst Productivity, 6640 2564 3871 4926 17500




CLMS (%<1K)1.311.122.681.57 Exanpl e6970717273 Conparativ e Cr SourceSilyl
Silyl Silyl Silyl Chrom um Chronmat eChr omat eChr omat eChr omat eOxi de G Loadi ng,
wt %9. 240. 240. 240. 240. 50 DEALE/ Cr Catal yst 1.51.51.550 Mole Ratio Silica
Suppor t 955955955955955 Source (Comm = Comm Comm Comm Comm Comm  Conmer ci al )
TEAL Added to DEALE at Reactor, 2.47n00.831.604.7 AI/Cr TEAL /Cr Mole Ratio
Tenperature, C102.096.7100.0102.0104.5 Total Pressure,
kPa24912488248824892491 Et hyl ene Pressure, kPal5101503151015101517 H2/ C2

Mol e Rati 00.0100. 0100. 01010. 0100. 0098 4Hexene/ C2 Mol e
Rat i 00. 00370. 00420. 00360. 00370. 0034 O&Qen Addi tion,

ppnvNo .'ﬁé‘ﬁge.’\bneo. 120Nore—Superficial—Gas 0.5700.5640.5730. 5700 564
Fluidized Bulk Dénsity, 309 338 - 343 288 335
kg/m®
Settled Bulk Density, 476 508 498 461 418
kg/m?

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
wi%

Melt Index (1), dg/min 0.082 0.085 0.088 0.101 0.067
Flow Index (Is), dg/min 0.429 0.43 0.46 0.503 0.39
Flow Index (I1), dg/min 8.83 9.60 10.3 10.5 9.60
MER (Iz1/15) 20.6 22.0 22.4 21.0 24.8
MER (I2:/T2) 104 110 115 103 143.1
Density, g/cm’ 0.9469 0.9478 0.9473 0.9481 0.9463
Cr in Polymer, ppmw - - - - -
Mn 11571 11696 14938 9281 24787
Mw 254022 256144 232504 218079 235551
Mz 1560945 1450341 1326253 | 1364031 | 1350517
Mz+1 2925600 2717358 2562773 | 2544778 | 3047628
My 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.



Vel ocity, nisec Bed Weight, kg88.590. 388.987.584.8 Bed Hei ght,

i n3.223. 002. 923. 422. 84 Production Rate, kg/hl19.332.834.718.914.9 Average
Resi dence 4.62.72.64.65.7 Time, h Space-Tine Yield, 671231336259 kg/ h/ n8
Cat al yst Productivity, 664025643871492617500 -44 -k ~9~ Fl uidi z-ed
13~al k- D&nsity, 309338343288335 kghn' Settled Bul k Density, 476508498461418
kg/rn' Resin APS, m0. 7700. 6170. 7570. 6651. 22 Resin Fines < 120 Mesh,
0.731.620. 641. 140,56 W% Melt Index (12), dg/ m n0.0820.0850.0880.1010. 067
FI ow ha&x (15), dg/ m n0.4290.430.460.5030.39 Flow Index (12,1),

dg/ m n8. 839. 6010. 310. 59. 60 MFR (121/.345).20. 622. 022. 421. 024. 8 NOR
(121/12)104110115103143.1 Density, g/ cm-0.94690.94780.94730.94810.9463 Cr in
Pol ymegp ApREW - - - - ML1115711 1169614938928124787

What is claimed is:

1. A supported chromium catalyst system comprising:
silylchromate,

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

comprising silica selected from the group consisting of silica having:

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

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

an organoaluminum compound,



MA254022256144232504218079235551 Mr15609451450341132625313640311350517
Mz+1 29256002717358256277325447783047628 Mr178701182668167657152554175124 PDI
(Mw/ Mh) 2L9521. 915.5629.5 PDI (Mz/ Mn) 6. 14 5. 665. 706. 255. 73 CHVS
(9%500K) 12. 1412. 74 111. 2510.47i0.9 CLMS (%I K) 1. 631. 430. 752. 250. 08 (001501
Al t hough the present invention and its advantages have been described in
detail, it should be understood that various changes, substitutions and
alterations can be nmade herein w thout departing fromthe spirit and scope
of the invention as defined by the a_gge_nded clainms. Moreover, the scope of
the present application is not intended to be limted to the particul ar
enbodi nents descriped [n the specification.. As one of ordinary skill in the
art will readily g’&ﬁ?‘ieéYéI?eepqu%ogﬁédlag§@ldﬁgﬂﬂéa]BFm@% CHMBLERtinj nventi on,
processes, machi negy, manufacture, conpositions of matter, neans, nethods,
or steps, presently existing or later to be devel oped that perform
substantially the sane function or achieve substantially the sanme result as
the correspondi R extipdieiis HevborriBagidnaeaioalumigun comppindzisdnaccor di ng to
t he present inveﬂ&:lg,lqmmméﬁcaggoq}]dggﬁﬁ old¥e appended clains are intended to
include within thelir scope suc progessés, machi nes, manufacture,,
conpositions of matter, neans, nethods, or steps. -45 CLAIMS What is cl ai ned
is: A suppbrted thyoidlystroteleim Ps whepistsaith aliofphiminumg alkoxide gpwpeiodat e, a
silica-containin . e ed at about 400 to about 8600C,
conprising sili c%@%g{%nﬁggég%ﬁ% group consisting of silica having: (a) a
pore volunme of about 1.1 to about 1.8 cnB/g and a surface area of about 245
to about 3%5 ir~Thg cgtdystafpaim Vowhereinchidadgaroalupiidum gozpowrtd B8.2% cnB/ 9 and a
surface area of Olml 410 to _abou 620 ra~/g, and (c) a pore volune of
about 0,9 to aboli yflgmgﬁzg/campg% "a surface area of about 390 to about 590
tn~/ g-, an organoahi m num conpound,

5. The catalyst of claim ¥ wherein said alkyl aluminum compound is

selected from the group conmsisting of triethyl aluminum, tri-isobutyl

aluminum, and tri-n-hexyl aluminom.
6. A supported chromium catalyst system comprising:
silylchromate,

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

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

7. A supported chromium catalyst system comprising:
silylchromate,

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

comprising silica selected from the group consisting of silica having:

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

2.4 to about 3.7 cmsfg and a surface arca of about 410 to about



-46 formed by the process of adding said organoal um num conpound in situ.
2. The catalyst of claiml wherein said organoal um num conpound is an al kyl
al um num al | coxi de conpound. 3. 4. The catal yst of claim2. wherein said

al kyl al um num al | coxi de conpound is diethyl alum num ethoxide. The
catalyst of claim. | wherein said organoal um num conpound is an al kyl

al um num conpound. 5. The catal yst of claim N wherein said al kyl al um num
conpound is selected fromthe group consisting of triethyl alum num
tri-isobutyl alumnum and tri-n-hexy), alum num 6. A supported chrom um
catal yst system conprising: silylchrondte, a silica-containing support,
dehydrated at about 40Q to about 860C, conprjsing silica selected fromthe
group consi sting of si6apé%/3a&9 (g %aPorp FPEmEAL ut()(?gé‘béh‘?“td:ﬂgcm%gabout 1.4

cnB/g and a surface anedaghrfacdhilor 30 b RRBYE: 539/ 9; and, an o
or ganoal um num conpound. 7. A supported chrom um catal'yst system conpri sing:

silylchromate, a silica-containing support, dehydrated at about 400 to about
860C, conprising < qreaogamiaing gompeindiselscigd digpn &wngrrun corsising of | i ca

having: (a) a pore Mo W hn@PeNkorkt AR Wnddri 8. surface
area of about 245 to a%!out %1;}1%1 mz%%, )%ll%?ﬁ}g pore vol ugr%@gg about 2.4 to
about 3.7 cnB/g and a surface area of about 410 to about -47 620 n2/g, and
(c) a pore vol ume dermggdout the mogess abeising said ermneplumiimacaupduaddn ar ea or

about 390 to about cQL%B;s{.TQ/Q; an or ganoal um num conpound sel ected fromthe

group consi sting of

8. A supported chromium catalyst system comprising:
silylchromate,

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

comprising silica selected from the group consisting of silica having:

(a) a pore volume of about 1.1 to about 1.8 cm’/g and a surface
area of about 245 to about 375 m%/g, (b) a pore volume of about
2.4 to about 3.7 crn3/g and a surface area of about 410 to about
620 m’/g, and (c) a pore volume of about 0.9 to about 1.4 cm’/g

and a surface area of about 390 to about 590 mZ/g;
and,
triethyl boron,
formed by the process of adding said triethyl boron in situ.
9. A process for producing an ethylene polymer comprising the steps of:

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

from the group consisting of silica having:

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

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



triethyl alumnum tri-isobutyl alumnum and tri-n-hexyl alumnum forned
by the process of adding said organoal um num conpound in catalyst. 8. A
supported chrom um catal yst system conprising: silylchromate, a
silica-containing support, dehydrated at about 400 to about 860C,

conprising silica selected fromthe group consisting of silica having: (a) a
pore volunme of about 1.1 to about 1.8 cnB/g and a surface area of about 245
to about 375 n2/g, (b) a pore volunme of about 2.4 to about 3.7 cnB/g and a
surface area of about 410 to about 6%? n2/g, and (c) a pore volunme of about
0.9 to about 1.4 cnB/g an d a surfacé”area of about 390 to about 590 nP/g;

and, triethyl boron, _forned b%&th% process of adding said triethyl boron in

situ. 9. A process for4pPcdQel Hd can/eetndd srcporspnirabehdil 4 #heut he steps
of : contacting ethyle Dah Ve o idd - Mk t tal yst
system said catal yst Bgo g?%?nﬁ%%@p%@%gagﬁr@gﬁggngo% gg?bo\gﬂrtllgl %ﬁ@ al um num
and a silica-containi ﬂ@}i/%%@oﬁ greg ofghoub3Mgosheit §80 sBigect ed  from the group
consisting of silica having: (a) a pore volunme of about 1.1 to about 1.8
cnB/g and a surfacg,qarea of about 245 to about 375 n8/g, (b) a pore vol une
of about -48 2.4 to dbout 3.7 cnB/g and a surface area of about 410 to about
620 n2/g, and (e) a pore volune of about 0.9 to about 1.4 cnB/g and a
surface area of abeoentroadd® woe asomors 9 qatalygt atbvityl 1polymer stleneiail | i ng one or
nore of catalyst agiivity, I id hai ranchi ng lynmer M/ M™

pol ymer MW/ M, po %ﬁ%¢£%é%§ﬁFéﬂ§% mﬂ%% n%}ﬂ%@ﬁ%éﬁﬁ mﬁ%?§ﬁ¥ 8?{the

resul ti ng ethyl enepplylmgmesoldayldr veeight of the resulting ethylene polymer by the

addition of alkyl aluminum alkoxide in an amount to effect a final ratio
of equivalents of aluminum to equivalents of chromium of from about
0.1:1 to about 10:1.

The process of claim 4 wherein said alkyl aluminum is friethyl

10.
aluminum, tri-isobutyl aluminum, or tri-n-hexy! aluminunm.

11, The process of claim 9 wherein said alkyl aluminum alkoxide is diethyl
aluminum ethoxide.

12. The process of claim 4 , wherein said catalyst system further comprises
titanium tetraisopropoxide.

13. . The process of claim 9 wherein said polymerization is gas phase
polymerization.

14. The process of claim 11 wherein said addition of diethyl aluminum
ethoxide comprises in situ addition.

15. The process of claim ti wherein said addition of diethyl aluminum
ethoxide comprises addition directly to the catalyst during catalyst
preparation.

16. The process of claim G wherein the polymer My/M, is greater than or

equal to 16 and the polymer M,/M,, is greater than or equal to 6.

17 Avprocess for producing an ethylene polymer comprising the steps of:



addi tion of al kyl alum num al koxide in an anount to effect a final ratio of
equi val ents of alum numto equivalents of chromumof fromabout 0.1:1 to
about 10: 1. The process of claimqg wherein said alkyl alumnumis triethyl
al um num tri-isobutyl alumnum or tri-n-hexyl alum num The process of
claim9 wherein said al kyl alum numallcoxide is diethyl -alum num ethoxi de.
12. The process of claimq , wherein said catalyst systemfurther conprises
titaniumtetrai sopropoxide. 13. The process of claim9 wherein said

pol ymeri zation is gas phase polynerization. 14. 15. The process of claimii
wherein said addition of diethyl al af’rium et hoxi de conprises in situ
addition. The process of claiml| i wherein said addition of diethyl

al umi num et hoxi deogiBping stbglene dhdirqreoldnerizetiony conslitions with &l sasalydur i ng

catal yst preparat] pl: cliai m.g wherein the lymer M/ M
is greater than orsll(&g%lugm{%&i% %&%Efoﬁg?{)o grr%rSl 7’%@%&“&’?@& t han or
equal to 6. I T A poopesisgfilica piladedciong tiarpraipishengngodlsilive hadagpr i si ng t he
steps of. -49 contacting ethyl ene under polynerization conditions with a

catal yst system conpry sing skl yl chr0 an SLl i Ga- cont ai ni ng support
conprising silica sg}@c%g f‘fog)‘f#? ﬂg%lqﬁf‘]g t@o”?‘?g]%sf‘kﬁﬁi %f i} P Ravi ng: (a) a
pore vol une of about atealoftaboabDist tolabB8utc318/8%/aNM) 8 poty felaBe oflbbautof about 245

to about 375 n2/g, (bz) a pore Vol ujve ;{) about 2.4 to about 3.7 cnB/g and a
surface area of about>#i02Rayt 3ot /8 gaba fpriece Aot ehouh 4Bt abBitune of about

0.9 to about 1.4 cnBlggo A AdTeY 4 568 vBluaR & abdloutd téaﬁo&tq.zﬁaﬁu% 590 n2/g;
wherein said silica-containing support is dehydrated at about 400 to about

860C: and a surface area of about 390 to about 590 m%/g;

wherein said silica-containing support is dehydrated at about 400
to about 860°C;

and,

controlling catalyst p_roductivitj, reaction induction time and polﬁner
molecular weight of the resulting ethylene polymer by the addition of
an organoaluminum compound in an amount to effect a final ratio of
equivélents of aluminum to equivalents of chromium of from about
0.1:1 to about 10:1.

18. The process of claim 1 wherein said addition of an organcaluminum

compound comprises addition of diethyl aluminum ethoxide.

19. The process of claim 1§ wherein said addition of diethyl aluminum

ethoxide comprises in situ addition of diethyl aluminum ethoxide.

20. The process of claim 1€ wherein said addition of said diethyl aluminum
ethoxide comprises addition directly to the catalyst during catalyst

preparation.

21 The process of cléim t"“l Whereih said polymerization is gas phase

polymerization.



and, controlling catalyst productivity, reaction induction tinme and pol ynmer
nol ecul ar wei ght of the resulting ethyl ene polyner by the addition of an

or ganoal um num conpound in an amount to effect a final ratio of equivalents
of alum numto equivalents of chrom umof fromabout 0.1:1 to about 10:1.
18. The process of claimi | wherein said addition of an organoal um num
conpound conprises addition of diethyl alum num ethoxide. 19. The process of
claimi$ wherein said addition of diethyl alum num ethoxide conprises in
situ addition of diethyl alum num ethoxide. 20. 21. The process of claim18
wherein said addition of said diethyl50al um num ethoxi de conprises addition
directly to the catalyst during catal yst preparation. The process of claim
11 whereixy sai d PRI }IRE: 3AELRN 1 SviAsn BAASAYICROMMIE]S 1Badddhto s2@ 22. The
process of claimil wherein said silylchromate is | oaded onto said

si | i ca- cont ai ni Fgficdwppisiningsuppott ghailerding ofatheut 005 19 abeuiabButeight 0 wei ght
percent of chropil: &RnrolfEmPr 0Cess of claimi 7 wherein said addition of
an organoal umi ndm conpound conprises addition of an al kyl al um num
conpound. 24. 25. The process of claim 13 wherein said al kyl al um num
conpound 1% selldstrrdcdss oimclan G vhereinosrsd sddifien of anrdrgadeghumaumi num
tri-isobutyl alum - L s 1. um. r ss for producing an
et hyl ene pol ynercldg%ﬁ%ﬁ %olgﬁgm%#edd{sﬁtogg%%?@%& "élctzl{“idrégﬂjé) @I ene under

pol ynmeri zation conditions with a catal yst system conprising silylchromate
and a sil24&a- conlihai prioogys sufpgaint 23 cehqein siant) alliyl iabenisehecdngmbufid den t he gr oup
consi sting of Sislefegt%d

-

rﬁic;/n'l "He group consisting of triethyl aluminum, tri-isobutyl

aluminum, and tri-n-hexyl aluminum.
25. 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:

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

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

wherein said silica-containing support is dehydrated at about 400
to about 860°C;

and,

controlling catalyst activity, reaction induction time, and polymer
molecular weight of the resulting ethylene polymer by the addition of a
co-catalyst in an amount to effect a final ratio of equivalenis of
aluminum to equivalents of chromium of frorn about 0.1:1 to about
10:1.

26, The process of claim 25 wherein said step of contacting further comprises

contacting with diethyl aluminum ethoxide.



(a) a pore volunme of about 1.1 to about 1.8 cnB/g and a surface area of
about 245 to about 375 n2/g, (b) a pore volune of about 2.4 to about 3.7
cnB/g and a surface area of about 410 to about 620 n2/g, and (c) a pore
vol une of about 0.9 to about 1.4 cnB/g and a surface area of about 390 to
about 590 nR/g; wherein said silica-containing support is dehydrated at
about 400 to about 860C, and, controlling catalyst activity, reaction

i nduction tinme, and polymer nolecular weight of the resulting ethyl ene
pol ymer by the addition of a co-catalyst in an anount to effect a final
ratio of equivalents of alumnumto-équivalents of chrom um of from about
0.1:1 to about 10:1. 26. The process of claimi5 wherein said step of

cont act i ng2%.ur t hérheqoogesd sfedaimodntlreecdin iig coichtalydt Bishigtted from theigroap hoxi de. - Sl

27. The pr- f clai . wherein the.co-catal yst i | ect ed the.
ot oupconsi St ngPBReE B4 WA A G APORKOBIE T FOREoRha

tri-n-hexyl al urdiigum28. 29. 30. 31. The process of claim2.5 wherein the
ratio of equivalents of alum numto equivalents of chromumis from about
1:1to ab 3:1._The process, of claim)$ wherein said polynerization is gas
phase poloi;/gr'reri zﬁhedﬁ‘.’ge% PrgL &% Fhgemcig raoef egnivplents daluniaundeyst i s

treated, in-catalyaivaichlsof chrdfhiih itrord bt 14 @hord: 2l Kyl al um num al koxi de
prior to said addition of co-catalyst. The process of claim 30 wherein the

al kyl alungnhum al koxi de is diethyl alum num ethoxide and the ratio of
equi val ents’” of al Ui BipRessoof claim™ 25 wherein said polymerization is gas phase

polymerization.

30. The process of claim 25 wherein said catalyst is treated, in-catalyst, with
an alkyl aluminum or an alkyl aluminum afkoxide prior to said addition of

- co-catalyst.

31. The process of claim 20 wherein 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 about 10:1,
32. A process for producing an ethylene polymer comprising the steps of:

contacting ethylene under polymerization conditions with a catalyst
system comprising chromium oxide and a silica-containing support

comprising silica selected from the group consisting of silica having:

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

and a surface area of about 390 to about 590 mzlg;

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

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



equi val ents of chromumis between about 1:1 and about 10:1. 32. A process
for producing an ethyl ene polynmer conprising the steps of,. contacting

et hyl ene under polynerization conditions with a catalyst system conprising
chrom um oxi de and a silica-containing support conprising silica selected
fromthe group consisting of silica having: (a) a pore volune of about 1.1
to about 1.8 cnB/g and a surface area of about 245 to about 375 nR2/g, (b) a
pore vol une of about- 2.4 to about 3.7 cnB/g and a surface area of about 410
to about 620 n2/g, and (c) a pore volune of about 0.9 to about 1.4 cnB/g
and a surface area of about 390 to abdut 590 n2/g; controlling catalyst
activity, polyner M/M,, and pol yner nol ecular weight of the resulting

et hyl ene ol yner Thyprotess afidaiti snwhdéreia tixoso-cadl gdt ysstelected dronatim gniupt 0 ef fect a

fmal ratio of equivalents of, al um num .to-equjval ents .of., chrqm ym of from
about 0.1:1 to a%"&ﬁ’r*%‘%:"ﬁ?“?t@?% . nB'r’%’Eﬂ%’La TR, Pﬁ%ﬁjaﬁﬁ‘l{ﬂl n the
co-catalyst is sgheated fromthe group consisting of triethyl alum num

tri-isobutyl alumnum and tri-n-hexyl alum num 34. The process of claim

4) -whereig,the ratio of equjvalents of alumnumto. equival ents of chrom um
is from agé‘ut 1:@%?@8@68?0 im 3 .ewﬁlgleﬁ?tbfbgggqub‘fale@ltsa? lyyinuigfer ei n sai d

pol yneri zation i guédSenRFeRronROh)ERhInZ861tAR. to3Bout: Pr OCESS for producing an
et hyl ene polynmer 1n a reactor conprising contacting ethyl ene under

pol ymeri zation cgnditions with a_chrome catalyst system conducting the

pol yneri zaPi on atl% PEJSEeOf iGimy F Wherem ) i @P}g’&%‘é@t&n th&ks 803s§nd operati ng
t he pol yneri zatim%,]ﬁgﬂﬁﬁg@t al yst productivity of greater than 3000 kg

pol ymer/ kg catalyst and at a reaction tenperature at |east 2.5C higher than
t he reactign tenmperature when polynerizing with the same chrone catal yst
system i n3the abAereesseifor produging lan Atudesupalaner Br dderFuicompEisBehy| ene”

pol ymer at the SgiiB. ting ethylene under polymerization conditions with 2 chrome
catalyst system; conducting the polymerization at a space-time-yield
value of greater than 8; and operating the polymerization at a catalyst
productivity of greater than 3000 kg polymer/kg catalyst and at a reaction
temperature at least 2.5°C higher than the reaction 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, Ha/Cs gas mole ratio and comonomer to

C; gas mole ratio.

37. The process of claim 2, wherein the reactor is operated in condensing-

mode.

38.  The process of claim 2% or 27, wherein oxygen is added to modify the
molecular weight or molecular weight distribution of the ethylene
polymer after catalyst productivity and reaction temperature requirements

are met.

39. - The process of claim 26, wherein the chrome catalyst system comprising a

silyl chromate catalyst systems or a chromiwm oxide catalyst sysiem.

40.  The process of claim 29 wherein the chrome catalyst system is a silyl

chromate catalyst system.



pol ymer nol ecul ar wei ght and density using the sane space-tine-yield value,
et hyl ene partial pressure, H2/C2 gas nole ratio and conononer to C2 gas
nole ratio. 37. The process of claim3b, wherein the reactor is operated in
condensi ng- node. 38. The process of claimU, or 3"i, wherein oxygen is
added to nodify the nolecular weight or nol ecul ar weight distribution of
the ethylene polyner after catalyst productivity and reaction tenperature
requirenents are net. 39. The process of claim 36 wherein the chrone

catal yst system conprising a silyl chromate catal yst systenms or a chrom um
oxi de catal yst system 40. The process of claim3i wherein the chrone
catalyst systemis a silyl chromate-&atalyst system -53 41. The process of
claim 3g wherein the chrone catal yst systemis a chrom um oxi de catal yst
system 42. 4the fFhocesessefofctlaimm Z6whimineite thromsl catilpstnsataay lis i s
diethylaluninun1cﬁyhoxide. 43.1TheEFrocess of claim3 or 31 wherein the

pol yneri zation at gﬂg%38§@FF%§EQ§W%]a'value of greater than 8 is conducted
in the presence of an alum num alkyl added to the reactor separate fromthe
chronme cat ald4gst Suspsmess of claim 36 wherein the aluminum alkyl is diethylaluminum

ethoxide.

43.  The process of claim 2e or 21 wherein the polymerization at a space-time-~
yield value of greater than 8 is conducted in the presence of an aluminum

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



