,e3e}}:V6<Tt}rl1l Anril 2002 OLEFI N POLYMERI ZATI ON PROCESSES AND PRODUCTS
THEREOF This invention relates to olefin polynerization processes and the
resul tant pol ymer products. U tra high nol ecul adldprih2002| ef i n pol yners
‘such as polyethﬁmﬂmm"wmmmwmw have 5 excel |l ent properties, such as, for
exanple, high i h and di mensional stability, |ow coefficient of
friction, self lubrigating and are highly resistant to nost chem cals.
Thus, ultra high nol ecul ar wei ght pol yethyl enes are useful in many

demandi ng and tlcal appl i cations, such as human joint

repl acenent s, Ewmmmm mmmﬂu proof vests, skis, and other applications.
However, ultra ecul ar wei ght polyéthylenes can be 10 difficult to
process with conven?”%ﬁal equi pnent. Since ultra high nol ecul ar wei ght

pol yner cannot be -elletlzed after IeaV|no t he reactor the polymer nust be
sold as a fl uf fOl&E D PREYXNERIZA i3t ANDRPRORUGES JHEREQlghness of the
resul tant polyner i ‘ﬁm@rnlvadtfaﬁkelatéyaameﬁpm&iz%ong&c%a&n@ﬁ& rB¥ifthd: BBk Rert O
produce ol efin polynmers, such as polye | ene he nopst ecohoni ca
routes to most PESHERRr ci al gr ades of olefln 15 polyners is a loop/slurry

process with a parafffdamigi hoRANar W8 R fih HelyRelsYsuBH hszanyémme Ql%ﬂ? hﬁ@n be
carried out at a tenperature | ow enough that the resulting pal yne

| argel y i nsof ulskeslp ProRertigs. g8 A foy %Xa‘P%le sl mpar srength ang diransiptf Ftﬁbll‘ty’
accept abl e ul t ngy Qbahcml&qmtah mlw}tcatmgmhhwmgmlyy@mm tté bt évRmaklsy are
made using a stirred t VlErocess % E@ﬂé rogﬁnbon di | ueng.. 20
General |y, the Prései@ }gh PlequiBh YeiRhh ROLE f PR B AR ‘Efﬁl'bghartﬂ tra
hi gh nol ecul ar eweémdN crhmmpﬂicytimg au@fas ﬁtuhaﬂ J&ﬂﬁreﬁﬁdnﬁﬂ@@eﬁm&t@fcofvests

et hyl ene/ 1- hexene, for, ex a Ie?ular we

et hyl ene/ 1- hexekié %@ﬁﬂF&ﬁ@ “Hﬁv ‘Wﬂbwg%BgBﬁHV§F%%W“gFgBéWPﬂ8¥Séﬁhﬁhred

to conventi qoaldifficilf @& Biogdds m@dhasbubeaﬁonaebwm@t hsshreaeﬂtEwmmwmras weight The
i nvention also p% y\r/naépgaarigot%e pelYeuEed a¥ter gasvm%nche reac I:to?vtﬁe p((ﬂymer muspge %maarsl t?uj[f on

or a powder. Therefore, particle size and toughness of the resultant polymer is critical.

Many commercial methods are available to produce olefin polymers, such as
polyethylene. One of the most economical routes to most commercial grades of olefin

15 polymers is a loop/slurry process with a paraffin diluent wherein the polymerization
process can be carried out at a temperature low enough that the resulting polymer is largely
insoluble in the diluent. It is believed that commercially acceptable ultra high molecular
weight ethylene polymers traditionally are made using a stirred tank process, in a heavy
hydrocarbon diluent.

20 Generally, the present invention advantageously provides very tough ultra high
molecular weight homopolymers of ethylene and copolymers of ethylene/1-hexene, for
example, ultra high molecular weight ethylene/l-hexene copolymers having improved
physical properties compared to conventional ultra high molecular weight ethylene
homopolymers.

25 The invention also advantageously provides an improved olefin polymerization
process which can produce both homopolymers of ethylene and copolymers of ethylene
and at least one other higher alpha-olefin comonomer for example, ultra high molecular
weight polymers and copolymers.

According to one aspect of the present invention there is provided a continuous

30 loop slurry process producing polyethylene having an HLMI of 0 g/10 min in the form of

particles having particle sizes in the range of about 40 to about 400 microns comprising



_process which can produce both honopol yners of ethylene and copol yners of
et hyl ene and at | east one other higher al pha-ol f'n,f onmer for exanple,
ultra high nol ecul ar wei ght pol yners and copolyﬁgégﬂ—&@, rding to one
aspect of the present invention there is provided a continuous 30 | oop
slurry process produci ng pol yet hyl ene having an HLM of 0 g/10 mn in the
formof particles having particle sizes in the range of about 40 to about
400 m crons-conpri sing 11 April 2002 - la contacting ethylene and
optionally at |east one conmononer selected fromthe group consisting of
1- butene and 1-hexene or m xtures thereof in a hydrocarbon diluent having
three to four carbon atons per nol ecul e-ilm-a | oop reactor under continuous
slurry loop conditions with a catal yst system conprising particul ate
catal yst and an alum nium al kyl 5 cocatalyst at a tenperature in the range
of about 65. SCottactiapcttyléd? . anC opadoally i 3AE ¢re @boudbmd8@kyied vilvar diengrbiye
ethyl ene concentratl op i.the naactor, b5 i, hhcetanac,of, abott 2 1.0, about
20 wei ght perceﬁi Based’on the meléﬁt SH Y Re st al IVqU|& coﬁ?ghfmg?gthe
react or and whhbtee tonfoluhearlpar toncupea tnelacalt ah wdooporearprr iuadss cnBtges duntyalnob
titani um support n.khe. ino nic._oxi LLd f sai.d
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particul ate cataly avi n

m crons. Ac6oraaayst et atempératureds gegtngefof thvet v ¥Semubdauh§2210 @bout hENE té s
provi ded a congli I . Sl U r nr. ' i ng an
FLM o 0" g/ 10 R 8RR e BERERRRUAN AR ER: B MELRK FEAZN TR,
range of aboutabd@ 2Giveighhsertent bdsesian the Beightoaf dregotelolquid ehtent of dlret ragstdr agd

et hyl ene and i I 1akE S NAPRLuselact r QM LAE ok HGr OUp
consi sting of -etegl?glr?eyaan ase-_ﬁagx)ésﬁggrg&%?xt %lg t her et%gm];ln : ohydroocar bon

di | uent havi ngnerganéeoxids, the particles dfsrid aerterdatp eatal ysbhavinglacpartiglessize dofhe rasget or
under conti;quoys ShanlYonk0OP conditions with a catal yst system conprising
particul ate catalyst at a tenperature in the range of about 70C to about
100C (about 158F t dcefsding to2otmr asnepieaf dierprasend inveiph dhete ie pigtided # eanfinipus n t he
reactor is in pheqrangsed prakeil palybilydRlingth MEVEBE 0 P46 GRDI BOrRASEd On
t he wei ght of the total Iqu|d_congent of the reactor and wherein the
particul ate particles having particle sizes in the range of about 40 microns to about 400 microns

comprising contacting ethylene and optionally at least one comonomer selected from the

15 group consisting of 1-butene and 1-hexene or mixtures thereof in a hydrocarbon diluent
having three to four carbon atoms per molecule in a loop reactor under continuous slurry
loop conditions with a catalyst system comprising particulate catalyst at a temperature in
the range of about 70°C to about 100°C (about 158°F to about 212°F), wherein the
ethylene concentration in the reactor is in the range of about 2 to about 20 weight percent

20 based on the weight of the total liquid content of the reactor and wherein the particulate
catalyst has a particle size in the range of 1 to 40 microns and comprises an organometallic
compound selected from the group consisting of zirconium complexed with a beta-stable
ligand and hafnium complexed with a beta-stable ligand, said organometallic compound
being deposited on an aluminium-containing inorganic oxide.

25 According to a further aspect of the present invention there is provided a
continuous loop slurry process producing polyethylene having an HLMI of 0g/10 min in
the form of particles having particle sizes in the range of about 40 to about 400 microns,
comprising contacting ethylene and optionally at least one comonomer selected from the
group consisting of 1-butene and 1-hexene or mixtures thereof in a hydrocarbon diluent

30 having three to four carbon atoms per molecule in a loop reactor under continuous slurry

loop conditions with a catalyst system comprising particulate catalyst wherein the ethylene



catal yst has a particle size in the range of 1 to 40 m crons and conpri ses
an organonetal i c conpound sel ected fromthe group. consisting of zirconium
conpl axed with a beta-stable |igand and haf ni um 1 with a

bet a-stabl e l'igand, said organonetallic conpound being deposited on an

al um ni um cont ai ni ng i norgani c oxide. 25 According to a further aspect of
the present invention there is provided a continuous |oop slurry process
produci ng polyet hyl ene having an HLM of 0g/10 mn in the formof particles
havi ng particle sizes in the range of about 40 to about 400 m crons,
conprising contacting ethylene and optionally at | east one conononer

sel ected fromthe group consisting of 1-butene and 1-hexene or m xtures
thereof in a hydrocarbon diluent 30 having three to four carbon atons per
nol ecule in a | oop reactor under continuous slurry loop conditions with a
cat al yst systemrrcanqaﬁdrsihrtig pobymtetizatibmteactereltasti ges is inttierrenge of hiues ydbena2 11
Anril 2002 2con entr t. ct.or. flash |S|n

t he range of abol cte% a oufrelfégemrfea‘%wﬁ%m%a{a@at P aﬁ'ﬂﬁa Elze I'n tk ang%grtl cul ate
cat al yst has a4pamitrond sndsis zelejted frore (ahpag@ubtte datalypt 4Qtnpnsmgomsoxgmdmetslhc
selected from t

compound sel eCQé%poﬁé‘J Be'le%t]éh fhtoﬁ] {ﬁ@g,% 0%%3115@&%% zﬁb&%u@%ﬁ%@cﬂgw a%eéa é&zble
beta-stable % Illg@elrmhdemﬂxmafcmnnmedowﬂi e>betd-st@.blte ngandoé¢m51srdaml 2) hlungennnh
deposited on a i n I b, cihat e
catal yst conpr ?%ﬂ%%%ﬁé% ?u?n’agé%dﬁ tg i {bgﬁlag?nmétg &éﬁsggaorgﬁ%“% %lgﬁlnl CdOXI de,
wher ei n t he t etipeiat wproried opayl pergaicerideowhargin ﬁleémmrwc of Iasﬂyrgﬁrmmn(veljl |s in

the range of a E

catal ysts of g?%%lgsm(y@fgn?tﬁ (Q)qgﬂlitg%gg& O@Q@}gt&oo&g ag%qtlo gg%?ft%#@ na?!a out 10
| 50F to about 2186Rnd Wﬂh@ﬂfelwtsofagrw (priothiedenge af abopidisyiie to buteB2YE éaveutand at
| east one cayoneme, sol.E%h4e from 1-hexene and |-butene produced by the

process of the imedi ately precedi ng paragraph and having (a) a weight
average nol ecul ar wBisghis dsceprodided pgaplyresr Af| qhyiae apd )t éfﬁls‘l PiiFetoaipnOmer

viscosity gr ea%éiéctédh?r&nlﬁhex(eﬁé afid Qad’uteh@|p@od§ée€leb)n%egbﬁ@és§roftlﬂ@nmﬂg&l%l 15 400
mcrons; (d) a density in the range of about 0.92 to about 0.94 (e) a

hi gh | oad nelt PreAesisng Refaserply ARdAving (p¥ 3 Wil averagepmoleeiilag siant gregle ‘H‘t Or15er cent
comononer; (9) nAibeNs) Aﬁnl%‘i‘é’n?@igéo@xt)aérea\lér%aq 1'9n(c§ Ngarﬁ@lgg@e R grt@ed Banbol¥ba;

(h) a ten5|le strength at break of at |east i) an |lzod i npact

of at | east 1%5 4Ry migFonsiTide a densiti isthe fang,ef 4bﬁ\';é}ﬂ2| ‘Sﬁb%ﬁsgi“sg(“e@%éﬁtgihé‘l’qdy of
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i ntended that the roceﬁdnfoes no contg};1 @n urther steps I ch woul d

have an adver sé' pe éaqﬁ%% %938 ) pensiigstrpngthegid F“Gh"f‘}‘ﬁea“ 5"
accordance wit mgaWnHmieanas@thiact(bfattléhlsﬂﬁkwént| on, a conposition conprising

a very tough, ultra high molgeul ar, el oht polyet hylene. s PLoy det, 3°

20 the term "consists essentially of” it is intended that the process does not contain any further
steps which would have an adverse affect on the desired object of the invention.
In accordance with further aspect of this invention, a composition comprising a

very tough, ultra high molecular weight polyethylene is provided.

25 DESCRIPTION OF THE DRAWINGS

Fig. 1 shows three (3) molecular weight distributions obtained from size exclusion

chromatography (SEC) of three different polyethylene samples. "UHMWPE" designates
ultra high molecular weight polyethylene. The x-axis, labeled "LOG M", is the log of the
polyethylene molecular weight. The y-axis, labeled "DW/D(LOG M)", is a differential
30 mass fraction. Two curves, designated as "Supported Titanium Catalyst System" and

"Organo-zirconium Catalyst System", are curves of ethylene/l-hexene copolymers



Fig. 1 shows three (3) nol ecul ar weight distributions obtained from size
excl usi on chromat ography (SEC) of three different polyethylene sanples.
"UHMAPE" desi gnates ultra high nol ecul ar meightlbéﬂ¥5éﬁglene. The x-axis,

“| abel ed "LOG M, is the log of the polyethylene nol ecul ar weight. The
y-axis, |abeled "DWD(LOG M", is a differential 30 mass fraction. Two
curves, designated as "Supported Titanium Catal yst Systeni and
"Organo-zi rconi um Cat al yst Systeni, are curves of ethyl ene/l-hexene

copol yners 11 Anril 2002 -2a prepared in accordance with the novel,
inventive process. The third curve, designated as "Commercial Sanple”, is a
commercially avail abl e pol yet hyl ene, GUR2&H 50 made by Hoechst Cel anese USA.
As used in this disclosure, the term"polynmer" includes both honopol yners
and 5 copol yners, even though the ternms "honopol yner" and "copol yner" are
used in the Sp;ﬁeﬂafeidmahdceﬂancbim\ﬂwnovélhevamee:jn'b'cess tﬁrerthii‘dﬁ@xmpdftsmnd agreans a
pol ynmer that rodu d from predom n RO , ch, as,

for exanpl e, e?ﬂgpgﬁ@ esﬁ;gc?WEmV@ﬁ ym Poﬁégwm%éans gﬁglpf%er t hat

i S produced f rHusthsr @dowiers8K.ly one ol efin and another hi gher al pha-ol efin,

such as for exanpl 200 9] t ene,
et hyl ene and hexengéug?ﬁyfgggm%ﬁ;m eéﬂg"%§?¥FBB?‘%£§§%2¥#§E§3%?§6Q§ of

cat al yst syst eopolyagts, baeemsk@dgh the atemor thamoslyoier'h andh 'eopolymerirtareo psed on gheoduce
ul tra-hi gh nol ecul ar. ol y 0 e o em
useful i g t hi sSp?ch{/céatrll“l on i gvegn "gg&ﬁc ]'Elrﬁ o%’?@gﬁ%}%@po nf%fmé RoBlykel Y S
titani um cont gireurg! foon atesi(snmsylstoeﬁrpleﬁm monerhey, suelf as; fasgxaraplgpthylene. The
"Ziegler-Natta" PXS " # ort"
refers to a cé‘??er% &gﬁgﬁ% q§%§%§q§59%§g%%%g eﬁ#&Fﬁn&geg%ﬁﬁﬁbﬂ%gﬂﬁeans
is a support atefinrmed tnothet kighea hiphd-lefins sysbasfopexampléat a support can
contribute to catalytic activity and selectivity. Commercially avail abl e
titanium catal yst systens typically conprise conpl exes of titanium halides
wi th organonetal |ic conpounds, such as alum num al kyl s. Exenpl ary

magnesi un' titani um catal yst systens include, but are not limted to, those
disclosed in U S. Patent No.'s 4,394,291; 4,326,988; and 4, 347, 158.

Exenpl ary i norgani c oxi de catal yst system supports include, but are not
limted to, either alone or in conbination, inorganic oxides of silica,

al um na and/or titania, phosphated inorganic oxides, and m xtures thereof.
Particularly preferred supports for the titaniumtype catal yst systemare
selected fromthe group consisting of silica, silica-alumna, alum na,
fluorided alum na, silated alum na, thoria, alum nophosphate, alum num
phosphat e, phosphated silica, phosphated alum na, silica-titania,
coprecipitated silicaltitania, fluorided/silated alum na, and m xtures
thereof. Preferably, the titaniumtype catal yst system support conprises
silica, titania, and alumna, either alone or in conbination and either
nodi fied or unnodified. The two other types of catal yst systens useful in
the present invention are selected fromthe group consisting of

or gano- zi rconi um and or gano- haf ni um cat al yst systens whi ch have beta-stabl e
| i gand(s). The organo-zirconi um and organohafni um cat al yst systenms nust be
supported on an al um num cont ai ni ng support.



The organo-zirconi um and or gano- haf nium catal yst systens conpri se a
supported, beta((3)-stabilized Goup IVB (Chem cal Abstracts Service
version of the Periodic Table) conpound. Al kyl ddARi2002,f G oup |1VB
‘nmetals can readily elimnate a hydrogen through a nechanismreferred to as
bet-a- hydride elim nation, shown below in Equation 1. 11 Anril 2002 -4
Equation 1: MCHz CHz-CHZ-R --> MH + CH? "CH CHZ-R a ~3 y wherein a = al pha,

~i = beta, = ga ta-stapilize onpoynds are ipherently nore stable
then thos ézoﬁ?}wgfﬁnn@etﬁﬁﬂ%a%gﬁftﬁ?% eﬁ‘ﬁ‘ﬂ’;‘?&ngg@ﬁ%‘?e’ ﬁli‘ﬁ’reﬁﬁ ad, ogfenti nat i on
reaction, a ~i-hydrogen on the Ii g@gglﬂ'sgsglsrﬁﬂsferred to the netal and an

al kene conpound is elimnated. One"way to deter this elimnation reaction
is to use |igands tHrentypes nbcatdystysystememan bEusapinaacgordancet wihih Ithiz ed

conmpounds .can,.have a general,.formyl a, of X(R) 3, rein Xi el ect ed
romthe: dfRRHOR b5 eraiEn 5l gl riRle iR o e po s TG ok R 2 ARt and
wher ei N Rsgamhfiefulln S38veAticH fsf " iﬁﬂ%aﬁi‘&g)ﬂi&e-sﬁ%b@ﬁé@ﬂtaﬁi}[uﬁﬂbérﬂﬁng{ oup

y

consisting of saturated or unsaturated hydrocarbons. Preferably, is
sel ect ed fcpighist pstem.otpmmenyireferrad tofs dliegler-Natta'cedtalyss. Asosedibothis 4 to

about 12 c a alicychic.radicals of fromabout.4 to about 12
carbon at (ﬁgm;c PO%{a}‘IIjey}ﬂ‘Pe%gflcg}llpé% gtf r?freg oaab%ﬁ{le%ftof 8"488u a?ajylu%ﬁ?rﬂ%?{le& "ons and
hydr ocar byHoveeiRg thyt w e@amy] ¥d a b@shoetedrSingHGhataSalaltky badsible aiad a%ﬁﬁ;b&ﬁhiﬁvl aryl
of from about 6 to about 24 carbon atons. Exenplary conpounds havi n? a
general f GPAGIbHEM0 qoralytithegtivity and iselegtiite t Commermialhavagata gitardwrsicstalysy of
titanium _zj j n ni . be, 1he sa r different and is
Lo U ShESOUARIE AR LA, B G BE phls S Lot and s
Exenpl ary cogipausdsabhch dsi gamiin alkk14deExciplargmbaghediuhitiiadied datalyshehssths

trimethylsilylmethyl (TMSM, 1nethyl ene-1-naphthyl and neopentyl. Zirconium
or haf ni urieiadealbpy aresnql Haigad; to; thosé, disglgsed ipdl . SsfateatlNpns 43%4488nt within a
range of appiyoda. t J . : . ithin a range of
Sbodt 0. 1 T oangu g UTaRs! KD ipBERAE BiccNaflal Qo WA, 0

cat al yst dydtdenbus agepwottlinpikadstoz eitleep raiane gorin kambinatomehadghnic Mxsdes pfef er abl y,
zirconi um Qr ha];lni,umi present in tg@cat al yst, system,in an anount within
a range ofSlligapalugmina grd/efhtitania, phosphated ipreaniq pedeHend misrieesdhereple cat al yst
system f or agga,t] | Mi 1 b Vd I S best
pol ymer prPo uctarggélt%}c%feg S??Sé‘gemgﬁglﬁéaﬁﬁbnmgﬁ g%@ I ?\it)*lsgéngéﬁep%ﬁc‘{%s%?ﬁl to
support orthagmupi consistingrofisiica) sgraaiumihaj alomost duysdedsalsmers sidded be used.

Exenpl ary catal yst supports include, hut are not |jmied, to, inorgani
oxi des, eid}{BnaaHgFa dhminopbg AigafiugHum B SahgteuphESPLfEH alFe Adostled
earlier, t/hgndPRREs (el cSﬂEEi ithte@ S Hich/RkHNa, EXBPREALIMIRIUARRIHaS ah T t he

or gano-zi rconi um and or gano- hatni um cat al yst systens are sel ected 11
Anri| 2002mixBures thereofie Pgeforably; thestitaniumytype catalyst pestqmASINOYL compsises ded

al um na, sj.lat alum,na, .flourided/silated al um na um n hat e,
21t num g Azl S5 G liowae et Bord aF ML Frm St e QR os ot o
or nore thgmesdfifier eferred supports are selected fromthe group consisting
of alum na, alum nophosphate and silica alum na. Most [ﬁr eferably, any grade
or designation or typke ofo ethentypes offatdlyst syptams usgfblin thefpresent wyention
preferably, | 0 i r cept St ef er ab £55:.fhan 6

wei ght peracr%rﬁgl,%gtleé ?%gleé‘ea%%léggé?sgﬁ ‘9%@%%@%@5%‘% %n%f %réa Aefs?%fﬁlruéljis]ul t ant
catal yst sqasdlpisggémy iwthych Kiveetd-sable ligatd(g9h The&ryapotrioninth hidbrgansS ace
area are preferred. Al um na supports having higher surface areas and pore
vol umes, uERUMCHHESrsyaaRS St B SHRROTICH PBrA YROiVETCONANING SURPYAL al yst
systems having hi ghefys alahyShediih il A kinb fatnidAckaifg YNl bimpaneral |y,
al um num cont ai ni ng supports useful 1Tn thrs 1 nvention have a surface area
of gr eat ersupporee)detal §)-aitilited1GRHUPANE (Chenfica fAlysahity Serveat warsibhafi tlidbout 200
n2/gram and. a pore volunme of greater than or _equal to apout 0.7 cc/g,

pr ef er abl yPgjiadig Epbleh £ampeund: 3.@1&87“@9‘%5@ Grosp é?fgbmﬁt,aﬁ can read7lly

al um num cgptatni 0, e ' S d ty : ce area
B AR R e e R A e R S L L S S ek
1.8 to 4 cshogn Bebew paBquatien &i ze of the polyner fluff is critical. In
accordance wth this invention, it has been found that a correct selection
of particle size of the catalyst systemparticles can control the particle
size of the resultant polyner fluff. Usually, supported catalyst system
particles are within a range of about 1 to about 40 mcrons, preferably
within a range of about 2 to about 20 m crons. Most preferably, in order to
have a correctly sized polymer product, catalyst particles are kept within
a size range of about 4 to about 16 microns. Preferably, a cocatal yst, such
as, for exanple, alum num al kyl and/or boron al kyl conmpounds, is not used
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.React ants The pol yners produced in accordance with the process of this
invention are honopol yners of ethylene and copoliners of ethyl ene and

hi gher al pha-ol efin conononers. The present inv 002 i gue in that
"copol yners of ethyl ene and 11 Anril 2002 -6 higher al pha-olefin
conmononers have ultra high nol ecul ar wei ght Preferably, the ethylene
concentration in the polynerization reac 'OI’ is wthin a range of from about
2 wei ght percent .to about 20 t based on the total liquid
contents of tHERHERIi or . I\/bstV\@:'g*:i pi{eﬂ@'? Rheet MH éreHe&&atrBtion in t he
pol ynmeri zation reactor is wthin a range of from gbo 4 to about 15 wei ght
percent. Measured in another manner, ethylene concentration in the

pol yneri zati on reactwherteinash= gaba,ifs= \/ls)ietahiyﬁ= gammage of from about 5 weight
per cent t 12 wei erce ny, t he et hy| ene

concentr at % i{'ahﬂ;[zﬁg CB iZaih %Wnt @é‘&‘t ‘{bfea é%&se icempPytsvhich ange of
f r om about cdatain RohyRGEhs 1@\%@1@%%1%5&?&'[ rea(WHnl & [?Bfl%fb?ﬁﬁleoﬁ;%c has i on
does not significantly affect the nol ecul ar wel ght © e resu ant

pol yner, htrgts’éﬁrredrtoltm\metaétahgt Iaeraﬂ(engmompwrat isclinvasted Daetwayatoadepert this

activity. The al pha-ol efl 0 sed i h resent invention nust be
sel ect ed f;rli%nt“ﬁ FretE ’é é’isg ﬁ‘gdeéﬁat agatngﬂ%hyd? E %‘S‘ empldY i xt ur es
t her eof i nBgfaBRIzed @OﬂbMQaﬁ hﬁ@@@'g)éﬁ@&l R ladISCHAERS,, PhvaBRld Xas as wel |

as ease of use in a |oop/slurry polynerization reacti on process. The nost
pref erred ft?&ﬁ?tﬁﬁ‘d?ﬁ@m th@ g&oummﬁetntgaot}émm siligopoprsmpmiam, mnt andt lead pedt

pr oduct prope rt| conono resent  d nerization, the
Conononer UBHEBR 4P 5 FRHa Hfeptnl APE 5 el ieBanl BN ConfREE P nge o
from about sa@urbtell @r alaguthirattd mt&aﬂﬁhgemefeﬂt{b?t Rprs%taﬁt:@blﬂsbm GRNBRAPEr 1S
present within a ran&(g of about 1 to about 15 we percent.

Pol yner i za¢ansisting of akyl rgigalsedf fromjabautot ta h@%|18fqarbmmt@nsr%1)cymfstadtfels
carried ou e d 0 e

o ot ok 0l 0R) SIS ABIMTREHE A PR NSRS B frdsg
pol yner i zagdrben tteﬁtarunau@raro&myt\awsuknwmyl fadidas dich aalaucya:rrgat gliascl osed, for
instance, in_ Norwood, U S. Patent No. 3,248,179. A light diluent, Ioop

pol ymer i za¢yckrllsaybetirpm Wéh‘sr%labmﬁr%f @huatomsn Bxeaiplary sampawidsr eact or

because a o]

pr oduce otﬁéedrlﬁég%‘rergllkfa) IFmﬂpop a&lﬁ’:% ﬁ@gie?ét}‘?e %%g?%?ﬁ)eﬁe po?ﬂr%&
product grdgemm,Aidcogipn gaichainiual sl Ra:a.n de thelmam agdiffepertt aat i3 sedéatedne

di | uent can be flashed off in_a laoo rocess, i Ng ecessity of
separ at i ngtIp® heErou eansisting ph n@gﬂ(&éﬁb -bealy Pﬁt%ﬂ%lMﬁheEQ?%&P@'rg HRat
transfer s r gyés,h ] ant
oper ati on, Hé‘%tlgq%fﬁ y ﬁd(lgggpolﬁ}{g%gecn%@ léﬁfet%‘ﬁ"ﬁé’ dur |tgg{epc?x ﬁ{@ﬁ{:ﬂ%‘t ?F%\r/%ém?hg

tenperaturmeﬂfyldnlael mﬂh;hytktandabmmtyieactor or reaction zone, 11 April

2002 _7_according t t hi.s i nvent.i on, i critical ndant on the
type of catalyst sys B’ﬁ?’HWBI% HusB sy tsz%fﬁe&ﬁ"tﬁ'ﬁcctafa%ts Mfres with

a Ziegl er - Nabhst widdiftlayah éMtS&lf‘dﬁt mtﬁttoba%otﬁe@twetgt&%ftea bAdeabfwakiaut 150F
to about | 80F (65C to %2 preferably wthin a range of about 160F to
about | 70Fnggdf @bw 0717@) abcm§tw1agbtf parednitybasedhen theatotal apass of éhe eatgestat ur e

i's W|th|naran 2F.to 168F ri,zat.i on. reaction

t erper at ur SSF EeRoo PREeRBRLpr hRTet el Mok RS TEa & btBRUbEBE ) s
be kept W hifnfund iy pregdit &f tibalyst 3Pdterh Gn AR Quioudd Rith(n/H carlge omoz:)o 4
preferably within a range of about 167F to about 203F (75C to 95C). Most

pr ef er abl y Wweight persatthased o tie totahmeasapfithe gatalytishistemfor hesgsal@lysh ot o 194F

(80C to 90 eraLure r rgie produce an
ultra hi ghggtnglllté{canldaqmmlfeﬁtl&h ?ﬁy S% Swr’&lé @?ﬁdﬂcﬂp?x{t@% Sr”Eeact or tenperature

can produce a pol yWEBAanhJﬂnInQﬁt J:cﬁitﬁt@ifng%upﬁdreﬁwfﬂrtovsap@iﬁ brdafe-ziroomiod a
reactor tenperature can nmeke the polynerization process inoperabl e because
a | ower reatd ergapeplvivm grtalyshpystanstant beouied. thxemmlary splYLRIAPETE he

exot her m Cu&?&d%”ﬁﬁé Zr@tn' PHmu%&% 1981' ahi %J}i:deﬁgetﬁtfei a[o%@%t‘?ﬁ oSibH&Abn %@]'a be
difficult tan uce al I'y "unaccept’a

mol ecul ar  wek@hds. théﬁ’eef I mp{asddwmm(erpﬂmcsagporuaﬁdt camtmhlammmumntEmm;rtugt be
carried out in an inert, ght hydrocarbon dil uent ﬁmedl unm), selected from
t he group é?ﬂ?é’ir@tphﬁledtfgw&‘ff@w“ﬁbﬁ%d H%E?P‘Pr@aftnﬁtfééa@ ySt BiitenSaHBSRles el per
nol ecul e. Exenplary diluents include, but are not limted to propane,

n- but ane, isobutane, and m xtures thereof. Diluents having greater or |ess
than three or four carbon atons per nolecule can be difficult to separate
fromthe polynmer product during the polynmer recovery process. |sobutane is
the nost preferred diluent due to | ow cost and ease of use. Pressures in
the Ioop/sl urry process can vary from about 110 to about 1000 p5| g9
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Hydrogen never is added to the polynerization reactor because hydrogen 11
April 2002 _g_ has too great of an effect on the nolecul ar weight of the
resul tant pol yner. Products Pol yners produced i dlpuk20dce with this
‘invention are honopol yners of ethyl ene and copol yners of ethyl ene and

hi gher al pha-ol efin conononers. Polyners produced according to this

i nvention have an ultra high wei ght aveﬁage (MA nol ecul ar wei ght

2ecor dane R Lie BRCE PhYRHTS SRS Qi) i e abireb. Sinteh AR Bange of

greater t afurRi@uliatbdvaluMihd, | WinindpRABh f LM a
range of grez;ter t?}tan (;lr 1equal toplg%guﬁgg%l%lggggggﬁ(ﬁs%tg’ @L%ﬁdefo%%%‘%oo.

Conononer silireflyoing: prshmixturss tofiéwo v erire vierendp dirgfeened suppoats| aye seleated hi n a

nFange on a2t 2pg SR ok s BeR B SRt SRER B e i B 15 |
present i rpréfefab®n Qﬁ?)@i”&fc o dedighation @«n%ge QF afidiRa, 1Witld 2 WeinB hmBEKt G4k 1ida0"

best resultant copol yner gropertl es pressed in different terns, the
i nvent i ve prefseablidess than 40 weight pprceste moshpreterablywiesshihan & weightepaséengbisut
.015 to ah 5 rcen oxon [ referabl y withi.n.a range of
about 0. 039 87 2 eSS PRl SUnc OB BeesuuBhr RN Yol ishBind, ' To pr esent

in the copol yner wi tfipposts kathdeglobofd Wilifle And hidh Gitfacd efedand Fife@érréaes'f
resul tant copol yner properties. Since the nolecular weight of these

pol yners iAlugdngsypports havigg gher surfjcelaress ngdipore velames wed i pesofd®ncs or bot h
th It i : i ' 3 M) . The.,inh t. wi it
(1S o et MkaE b Pl RSB IR i e B8 AP e 5 O L

a range ofandippoducti®ity 0 Genetally Slumihisi-coiteinGigadupyortd BefEldh\th@risvenibh have an
IV within a range of 22 to 28. The density of these novel Folyners usual |y
i s within Ve 2rigEags ares o iRrentes Or $AuR 1o AbaBolR0 1 /grany Rreferabiegi@righ hant r om
about 0.9 17 4 Y. ify is

W thin s riea FPHE et g Bore RNImEL P RAEP e dr VBOIGHEEL: 7RI,

defi ni ng pirgferabdy godater altdneabiost 1 S @fg. t Mesepeédryvies sluinsnunbreorithinfdg, suppomrowder ,

particle size. .Usyally, .the partigcle size is |ess than about 0 m crons
(40 nesh) ,ussﬁ%%#abwew“em fez2 FUHGE a5 Wkt @oge At dPOHs 00 41&&5@ angl

m crons (@Qoﬂg%mme 8@% erﬁfggr@mg/m gf&g/éparti cle size is wthin a range of

about 50 to about 400 m cron Particle Sizes of |arger that about 400
m crons often can apflenparticletsiee dfithe pblgchep flotflisterigisala Il amoordenceawithithie

patch. Wile not w.shin 0 ke bound b 11 Anril.2002 -9 theory, it is
Dol § oved tHenoR; & sveth Mpgdane Dot ssledite Bt Bee aF HerBENSI ded by

typi cal nefheeSpirficled 8arPbdntrd?Wle FrBcIBRIZIOf thesQMIAAGRIYAE MYT CORRAIRSSI ON.

Fine, or small, particles can inhibit transport of the powder through
conveyor biuppented ersdustsastemepdriicles grarwithin @srasgmoflcationt) 11t aheut| 49 mycrensat i ¢

and can pl ;Sjrgfegﬁyw %&i{h%? AL rg.rilgletoefra%ogtuf tcg gbo%lt QYN efons. Most preferably, in order to
have a correctly sized polymer product, catalyst particles are kept within a size range
of about 4 to about 16 microns.

Preferably, a cocatalyst, such as, for example, aluminum alkyl and/or
boron alkyl compounds, is not used during polymerization with the organo-zirconium
or organo-hafnium catalyst systems. The presence of these common cocatalysts does
not appear to enhance catalyst system activity or productivity and can, in fact, reduce
catalyst system activity and productivity.

Reactants

The polymers produced in accordance with the process of this invention

are homopolymers of ethylene and copolymers of ethylene and higher alpha-olefin

comonomers. The present invention is unique in that copolymers of ethylene and



Polynmers produced according to this invention nust be very tough, as

evi denced by a sand wheel abrasion test, tensile_ strength, elongation,

fl exural nodul us, hardness and |zod i npact stredéﬂﬂ'@ﬂm)st i mportant of
“these tests is the sand wheel abrasion test wherein a plaque of conpression
nol-ded pol yner is subjected to sanding and the anmount of polymer lost is
measured. Generally, the conpression nofded pol yner sanple loss is |ess

than or equal tp ab 150 grans referably, |ess than about 140 granms.
Most pr ef gl‘%‘ﬁf 9&*’???&%‘0%?‘@8@?%}‘??& ‘ﬁ@ﬂ htﬁ?‘l %%F“lébﬁ‘ﬁlggt-l bederaplys Wgen zer o
(0) and 1 & i : t o W i i $el e of
Sbout 15 SR PR i Iy EpraiG e WAL rmalfc i 00800 o
24 MPa. Mveightipefaentitel about 20 aveight percantp basefl dnothg hotels Equit eenteansifitie st r engt h

t yield i i t hi f 2 24 MPa. . Tensj | trength at b Kk
sunl 1y 1 Soagfea s Gre@ey. Yoo plsie SansehBaion dbe PP GRkRR BRcBhin about
3 5 MPa. Magiin R8ASKY SPirym a%%u@ﬂ 0 ngdlﬁ a% %elaigrtt ﬁe%ﬁghn%%f\%gmi Ezngcgﬁérl e

strength at break 1s greater than 38 and | ess than . I npact
usual |y i snagnettethylene eoneentration abthet polsnérization reactsir dlaablggs redbiara tange

about 50 kJl/.ng . r ef er abl S ot her. indicator of topyghness, the

| zod i npadl fiom gb c'f\%%}]wglgggﬂage%%{é 3@%'?1@5%6’5@ %668‘16‘?' tl?\rﬁfﬁ?blg' b gt?d i npact
i's not onlephyléreaioncert@tibMen BRI poRRheridatioh reackidtflagh $8s isswmﬂnimﬁhgabgfmﬁf how
wel | the polynmer particles fuse, or knit, together during the fusion
process. RBPULHR? 40 RBRUtAY Weighthpegeenh Whilecetheenseonghntration degs @opoor | zod

i npact str, f or fusi,on.. . thus. . |zod inpagct,strength often
can go thrsgl}g%&gﬁ}%%%%ﬁt%ggls&%iaéc ﬁl%lﬁ%v%ygﬁ?sust?%ipﬁppér%’s 1§.herA?1ro ﬁ”’gf critical
property ethyldiesdnbent@tion Ghi effedlicafalygph@adyar wei ght pol yners incl udes
physi cal appearance, such as cleanliness and whiteness. Hi gh bulk density
also is inportant bedgarhaglefin gemenanyers ysedeingthe Present; ineentippumEst S

conpr essi I f Sy . it - nhi pi t
and sl ow ggl\%ﬁg%?%&% %‘gﬁé 5%&&3%@%3?%19%: Qpﬂg'% %&%%gﬁrﬂ g Eécset enl%ﬁpladcg@re gance
Wi th this topweitice arcopolyther with d¥sirable pEiperties b9 veelbasl daselenaid i looprshater
than about 0.1 g/c¢c, preferably, greater than about 0.15 g/cc. Mbst

pr ef er abl yolypesrizaton gractionyarpspdsy The mpstirefered seganqypergs dshexgne tay/ cc. A

further u i : r i i j are

provi ded B)s&{rl%?' gpéeg Rgg’ntggcr) ‘%lﬂgthgoq%mb%&ggﬁﬁpﬁs %M@BE%%E&%% et;

Ft hyl ene tdumngqiojé}p?qrizaﬁmg thepmtlymt?per om:acentqati?lpiixt e‘fb pmyi:aermapn heqm:so;tlis cle g
orm process .conditio y .contact i e catalys st em wi et hyl ene an

optional | W‘Q"Eérfé%ﬁr%& FfPW %?O_Et. @%ItPtagg‘}t Oa’@IQgt %"(ﬁ‘,l‘/enlﬁeﬁ??t QE%F@LQYM ocl ave

reactor. |3oRubARE VS ern?ﬁ/ét‘ﬁ&duﬁs e Y EIRIGNoABELOTs GRIPRDPEREVEr € added to

S
the reactor for sone of . The reactor was operated for a tine of

60-75 m nutes. Reactor tenperat Rdymerszation Pré@8C), unl ess st at ed
differently, and total react.or pressure (isobutane plus ethylene) was 3.8
MPa (550 psig). Pol r?éYm?r!I{# n\ﬁgéhe‘r@ﬁ%@é‘gmpmfﬁésfﬂié’s}p%ea‘éa{g?gﬁﬁ P ng

pol ymer i zabéslufr9 podfiRériAtion cdiiBtiGiivhetsih thY Sngitpattieds KB elw epar ed as

descri bed bel ow, "sone were prepared in-situ in the reactor and some were
prepared dsmpenatire powhish podemergiwellsatSacly polysmesizatan \gelniques are avelidenopines had

ticle si f 1Q i . | i
Do yirer | AP gt gnf o84 BReB5ed S nGARATIn KBS YPS, MRGIR PEREE, AT O
(Zr (TVBM 4jghadduéiaf Iwop rpolyehdridstion brocestinyueh | irdregiréfeiryd (Hdhn(aldvbddtanker e

prepared in a manner simlar to that taught by MR Collier, MF. Lappert
and R Pedeawor becgiseyd srresytank senmme contaia ishvpanexwichpa necepsarkito @qduss | y

Stable Al of Ti ' WA j ' e J

par . - 1randim kA be ian Jeb B hot b fnl Py R oLt enkhes, SaTolb

t ol uene asrefct6i0ilad 1ad as Ndiantagp i@ e obatané dHGént @8n $elflashid. ofAld arleggent s
wer e handl ed under an_inert (nitrogen) atnosphere. 1.08 mmol "0.252g"

zi r coni um(AN§esHI Yimigating thgnecessity pf egpatating Pobertr5Pdnch &8N EPI¥YH ed to - 78C.
Then, 4.4 . i i X | 1t 1 s kept at
T78C and st SHiodetphnie el hed: SaRGRE ARFCURT 43065 hack SR HLLPRGES 108
stirred aneerimtititsgfdr glantropermtibengmglr éftenriess pdlymecivlling dursey polgahedraion. f ai nt
yel | ow sol ution was renoved. Assym ng 100% reaction, the solution had a
theoretical concentr5e§ Eﬁ'?lp(’ifatllrerﬁljerZ‘? Py mieFizatigBNFActon Q8 IEACHAmZRE: i n a
simlar manner to yield Ing H/m . A um na catal yst system supports were
either Ketjen-G (A1203), having a 11 Auril 2002 -11



surface area of about 340 nR/gram and a pore volune of about 2.1 cc/g,
conprises about 0.5 weight percent silica and is _comercially avail able
from Akzo, or SRSII (A1203), comercially avail dd1Apxik 20025 ace- Davi son and
“whi ch conprises about six (6) weight percent silica. The supports were
screened through a 325 nesh (SO-cm opening) screen; the snmaller particle
size fraction (higher screen nunber ) wels- retained for use. After
screening,_ catal yst..supports were.calcjned at, 600C in air. In-situ catalyst
Systoms WA, G Wl ik Fcrdisal e GiegSleRben 4 AR OF SPAINEY SR na
SuUpport t Cerhf1ByédaPbYmefigatidhSleadidnAbRpiatureY WRRTG BbgleS AU ARGIyst Bitdnfact or
was seal ed and half the isobutane was added; the stirrer was drarted. The
desi red ormusidedtapt Mithic s rprgernf ahaut BWAE do abouthi80PB461°6r tovd°K) t prefematiipr

hal f of the.l.sobutan f 1-.hex ~Added.concurrently wth

et hyl ene. %el%rae%é@g%gf\ﬂg%uthﬁr%gﬂa it 2oyt S?@fgﬁﬁeégﬂgqe(bny%ﬁfepﬁﬁgegql&d&%n
demand. EtdeydtRinezonenefpéraiit Rnwithintahi@ngeaC1 O1°Fi 108 188P® (APE 0moegs 14 wei ght
percent. Externally prepared, supported catal yst systems were nade by

sl ur ryi ng Bolygenzativarrieasiion, temperetumesowitin aZircomiunf- o dipfrawre-contiliningweatalyyt
addition of 7, 7 n.11 Zr/m | ut i of Zr (T o was
stirred fo‘“’ryg‘f'Jﬁ.B1 ln[;q‘iilllﬁtaﬁee e,pttvﬁgﬁigglrﬁ%ge sé%’lpg{:!)%}:eta aﬁﬂé‘ %@%3&‘)@}9‘%2‘5% % 50 m
hept ane. AprpferdblpWvithin bliengd off dbputVBST°FapRYeEt Z039F ¢75°€0t0295°t§0Gepder a
stream of nitrogen to give a free-flow_ng,tgpv\der. Polyrrerlzatloon thh

ext er nalj | ?fprﬁfeﬂtﬁy,é&e ERACHPY Zpne; ieEPEFAUIRAS Within & sangef 108TRry 494 W@Q&ﬁz
repare -

Peactor i ol Fu Tp EEPRanke Pings 10 BRiGEHh GPhd Blootie A TLAFEh S AUTE
from each weighapslyghglegel Too diighhofia 4ddclodtémpertmscdndfiodideCd polymRe xatin t o

remove | arge particles. Sieved sanples were conpression nolded and tested
accor di ng 8 leWefrapmolasiiag wWstaht dan e of adigagtes temperatyre casmale the 1505- 68 and
ASTM D 19 N ' [ S ool ed
at about _ 18 SR ch Hioless HERELBILIEEaRE kR RLERE AR B e A B el 00
hours. Hi gio thaiathidvihé td thdeexoftetdvc) folyrmiérization readfdi fAkRAG- AP reactondiluemn E,
determ ned at, 1 g§ with a 2l,600 gramweight. Bulk Density (I bs/ft3) ASTM D
1895- 89 Tefrdi heedidficults gnd can prasyse 2 Ratigienyath g ommssgally upaccogtablasTv
D638-86. dfechidf | ﬁl-lgngOZ -12 lzod I npact, notched (kJ/ne): ASTM D256(a) - 84.
Fl exural WMbdul us a): ASTM D790-95a. Tensile Inpact (kJ/nR): ASTM
D1822-89. Sand Wheel Théicopi/sturry proaess used in thip invABiivl DES-@Acartiedient madnues

are nore desirahle, as an indication of resistance to abrasi.on. Shore D
oy dnose: - Rert e Te et AleR IR etHra, SERESS (T Tie. o0k Carsits o) om
ol ecul ar mrg&&%&i'zs%rvi@ﬂli&rbr%hﬁ&xw kohR et Rol&Rnst BREHpiaRPdARMEat e for

pol yet hyl ene in , 4-tr1 chl orobenzene. ASTM D4020-92 procedure includes a

def i ni ti oninoludgy butzane ght Hmited to propaes, gHbutans, jsebrtane, Mo aairtures theraght

Di stri butin: | i ght d I I ight distriuti

ob ai ned BTG5 g e &S B ol o Ehech Al oSl RFOESTE
trichl b Epa ' fdtedsut t
Lempor ot ur 0GB B B B e L Ryl e ahonal) Bl P e At

concent r at Jshutate . the grast neaferiesedilugnt duestoalom ¢astrnd pasend UFEB. An i nj ecti on
volume of 220,L was }ﬂfe%%r@é ol .16‘03)'7%115}%% HPO%%Q’S r &a%ﬂ?rgp}a%tl?qﬁft%‘o%r&@o% g’ 1

(at room tenperature §sol uti o g sanple | i zed

carried oul0Giypdig€0.763 MP) Q2 hGef, PrefefibhioBB 0 torbGhpgig.c Thie @anlyst gsndh és
agitation. The colum was made using two Waters HI-6E col unmms (7..8x300m) .
The col unmkentdn suspsnsipn andds cantasted Wit sthylangahp syfficjent pyesswe 18 taHutaing

det er m hodt RSt B i ey hBordl G nt WAL 4 B BROD, Tifko2REH
medium and temperature thus are selected such that the polymer is produced and
recovered as solid particles. Catalyst system concentrations in the reactor can be such
that the catalyst system content ranges from 0.0001 to about 0.1 weight percent based,
on the weight of the reactor contents.

Hydrogen never is added to the polymerization reactor because hydrogen



_TABLE 1Run101102103104105Cat al yst

Syst en¥r (TMSM ~Zr (TMSM 4Zr ( TMSM 4Zr ( TMSM) ~Zr ( TMSM ~1- Hexene added

(g) 02060060React or Tenp., C€9090907S7SReactor PrdiAprd 2002

" pSi gSSOSSOSSC37S37Sbensity (g/ cc)0.9290. 9300. 9270. 9300. 9271- Hexene

Cont ent ~8~N Al 0. 07 nol e% 02 th/AN/AN/ATensHe Strength ,
(MPa) 4S. 386 S64. 46S. 458 8Tensile Yield NPa)22 820 S19. 122.421. 6El ongati on

(/o) 9160089 S65TES F4RE by B8leEan Fheh 6 e Feuiint bl N () sampl

anal yzed by NMR spectroscopy 11 AnpidqueR02 - 14 The data in Table 1 show
that even with the addition of 1-hexéne, density drops only very slightly,
about 0.002 or O. OOQOb’mﬁts ptedueadem accmdmmmlmh tho$ invehteoreare heathgelstnoerRuns

202, 203, ase on %P /slurr o] atln results, usually
i s enough® 589‘?{% ﬁé"%"exgﬁefs %'Esat ligher M@‘gﬁffbf% NERUINnd, usual |y
i ncor por aPblgimend prbdheeaemomlﬁg)ﬁ)t thyl iRtftioh H4RE an tu'l't@a H%hwhwam i, 9f the
resul tant pol ymer. Thus t he copol yners produced ns 202, 203 and 205

are bei ngmesBlar sveighs, Benerly abewe onemildion; (41960, 0%) eﬁmfﬁablw\ep‘dhmersNear ly all
f th d by th
£ 1 DOk POREALSS, LOFIAF A DR, AN SR HER el

excl usi ongedatep niednOgoap byo (fHHch (263)@0 Iooe) afdeméh%mferdblflv@ﬂﬁﬁ alranddef curve
desi gnated as " Organo-Zirconi um Cat a S\éstem is the for
14

et hyl ene/ EW@B@ér‘i}é"ﬂc‘éfp%H%h@r ahoup 988, OP(%IE tp goeufnl 01¢99,000h; s sarrpl e, analyzed
by SEC, had a wei ghb YOTORRf i rﬁ?*p‘?ﬁ_ﬂoﬁrm%ﬁﬁlghﬁv&&@@%&@olﬂg&g 15121% 000, a

nunber average nol ecular Wel of “about ated 1V of

about 21. wdthirga rivgiecoftdbatit 0.08 t6 Wby 1@asmghita;teechnas§omon@@mprsferablySanmhe had
a simlar SEC curve as that of the, Supported Titanium Catal yst System

sanpl e. ERdARgecofabont 8107 e a&%&%m@lahép%rcwed’ap@aﬁ % Cﬂ@@é@'ins’étf prﬁseemrm el,
t th I I 100%
Concti on, Do pplyitelic o Gl bf 618100 TR Y 1:20me S55UITE0

addi tion pfopei'msalﬁxpressaedsmpqh&ietent i'anms ethbuxg)rmtwe:ouspnéytheramsmﬂysmmpnsens

mnimzed the actual K quantity_of ca st system added to the reactor.
Pol ymer i z&PTP8RTAES within 3 gagee of abopt 6@0 artbﬁH(v)gé rB%lthequgt PR PrDbecess by

contactin réfé’ﬂa@i'yy@fthﬁyaﬂ?aﬁgéMﬁﬁblﬁtomab%%o&rrpb QVé%l-E p%rdehHUPFEférHlklkr | oop

reactor, having a vol une gallons (87 liters i sobut ane as”t he
di | uent; wcombyonemysrpreszat mditie dopalymeewitbiaca mngd of OrfgtoRA wght mrmx &ore
conononer ,Was a(ilded to. Run 202 to have a flash gas concentration of 0 64

mol e per c &Rt TESLIRRY CAPOIYRT RIRPYiSSThe react or was operated to have a

residence tinme of alxpile the 2Rl uTar Wei tr&QHés@rpoI}@rm?ﬁsangﬁ@hV\ﬁé pb¥irerk 90C)
for Run 201 (honopol yner) and 185F ( for Run 202 (copol yner), and the

pressure Wil %B@ltp%m}ue Af Zslloe@klﬁorshoéh ﬁlecmﬁlél indes (¥ hl%’d@@@ el inded rat e
Feactor chyMie Ths i hiiBRt, GRsR fulREndRRbuC BB et ®
removed f rl@%idﬂ&atﬁl?&ﬂlﬁﬁ addangd6f i€ 200 dbout 39/ hMostTmefesabey/aﬁe pbkydie@st was
bl ended with 0 4 Vg
will have an IV within a range of 22 to 28.
The density of these novel polymers usually is within a range of about
0.91 g/cc to about 0.95 g/cc, preferably from about 0.92 to about 0.94 g/cc. Most
preferably, the polymer density is within a range of about 0.925 to about 0.935 g/cc.
Another critical, defining physical characteristic of these polymers is the
fluff, or powder, particle size. Usually, the particle size is less than about 400 microns
(40 mesh), preferably within a range of about 400 microns to about 40 microns (300
mesh). Most preferably, the particle size is within a range of about 50 to about 400
microns. Particle sizes of larger that about 400 microns often can appear in the

finished product as a flaw, or a white patch. While not wishing to be bound by



11 A~~ril 2002 - 15 percent, based on the weight of polyner, calcium

stearate (Ca St) by tunbling. Al other variabl r eqal gd constant. The
results are given in Table 2. Particle size anaﬁ-@égﬂ;gﬁ—gi ven in Table 3.

" Tabl e 2PropertyRun 201Run
202Conmmer ci al Commer ci al (honopol yner) (copol ynmer) Sanpl e A() Sanpl e
B(b) Density, g/cc0.9300.9290.9320. 9291* eneN Ao. 24 nol e%V ANDcont ent 0. 72

w %densi | tre 0.418.52220.4Yi el d, ,MPaTensil e..

S rength, a1eSeteg? %, Peiyed? by DR el abetry HeFe Copesruslss arpaRs aeided by
| mpact , 768}5tal3REth6Hs B AS bliare merely fused together by compression. Fine, or

| npact, 291029401 8902400k J/ nRFl exur al 3509712606M3dul us,

MPaF| exur #M@HoBartivies cam Gihikih transponrefShe dowderethmuzh 106 96/ab bisiern bSaupt e i s
1900 | A le is.GUR,4150 d hst, Cel
L0 e o MRS o S U By G A B B SIS e e

det ect abl é&ldyoMdR spectroscopy net hods 11 Anril 2002 -16 Table 3Particle

Si zeRun 201Run 202Conmer ci al Conmer ci al (honopol yner) (copol yner) Sanpl e
A() Sanpl e B(") >354a,Pakymers poodiged geronding taitie #1veBEan must be very tough, as

W opL. 230 QSRR R bl aobleiSh ef, SASRLyR R BT RERTI Hesvial gt
1900CM ndriednsys dinIzel limpsd. streagth) erHesmé3vRnAdHaht ofakkae hastdRatbsindGrhesiese

USA. N A = not avail able The datfa denonstrate that acceptabl e honopol yners
and et hyl eREsiPnrisstawkereigfoplaaes of cumprewiosn Balded polysrends subjesied | saadimgum

catal yst SY§ufiEmdftt df¥iymer lost is measured. Generally, the compression molded
polymer sample loss is less than or equal to about 150 grams, preferably, less than
about 140 grams. Most preferably, the compression molded polymer sample loses
between zero (0) and 125 grams.

Polymer tensile strength at yield is within a range of about 15 to about
30 MPa, preferably, within a range of about 19 to about 24 MPa. Most preferably, as
an indicator of toughness, the tensile strength at yield is within a range of 20 to 24
MPa. Tensile strength at break usually is greater or equal to about 30 MPa, preferably
greater than about 35 MPa. Most preferably, as an indicator of toughness, the tensile
strength at break is greater than 38 and less than 75 MPa.

Izod impact usually is greater or equal to about 45 kJ/m?, preferably
greater than about 50 kJ/m?. Most preferably, as another indicator of toughness, the
Izod impact is within a range of about 55 to about 200 kJ/m®. Izod impact is not only
related to the polymer itself, but also is an indicator of how well the polymer particles
fuse, or knit, together during the fusion process. Polymers having too high a
molecular weight can have poor Izod impact strength because of poor fusion. Thus,
Izod impact strength often can go through a maximum as molecular weight is
increased.

Another critical property of these novel, ultra high molecular weight
polymers includes physical appearance, such as cleanliness and whiteness. High bulk
density also is important because bulk density is related to the amount of compression
of the polymer during fusion. A low bulk density can inhibit and slow down

processing rates. Generally, polymers produced in accordance with this invention have



_1-hexene is incorporated in to the conmononer. Exanple 3 Ethyl ene copol yners

wer e prepared under continuous particle form pr fess,c nditions simlar to
Exanple 1 by contacting the catal yst systemw t and optionally a

" cononomer in a 1 gallon, jacketed, bench scal e autocl ave reactor. |sobutane
was the diluent; hydrogen was not added to the reactor. Conononer was added
to the reactor in quantities shown in-T& e 4. The reactor was operated for

eactor pPASl e Etione Aok ST Ekhpreliis SeApheB SR b Pehun 301
had 0. 0148405t dterbssly, %M@hﬁmbﬁﬂddeﬁgigy;s\k}ﬁffﬁrherafnggofg 2N 1 §/@8t0r Run 302

had 0.0259g catal yst system and hexene to the“reactor. Polyner
fluff was renoved foforthee undastanding of tevpregenp aivention zmt itoadvaotagenarey si s.

The cat aI te used nmrer ci al I avai |l abl e catal yst systens
pur chased f(?"’di%/d\sly REEAS %&%E%awxa%ls ‘Davi son business unit,

desi gnated as Davi son Syl opol 5910, ExawpgE@n average particle size of 10
mcrons. Sales literature for Syl opol 5910 provi des a chenical 11 Anril

2002 -17 anal ysis (wei ght per cent) dfxampla 4% C, 4.44% Al, 2.9S% My, 0.60%

-sr: | ?gg_ 2ugg{) -rr![ e(rjmlzflr é)aFnel\qu{x%)olymers %crl] %E)S(l)ly%erstwheere%%p%lré/ds inde BhE 's a
particle form process conditions by contacting the catalyst system with ethylene and
optionally a comonomer in a 2.3 liter, jacketed, bench scale autoclave reactor.
Isobutane was the diluent; hydrogen and/or comonomer were added to the reactor for
some of the runs. The reactor was operated for a time of 60-75 minutes. Reactor
temperature was 194°F (90°C), unless stated differently, and total reactor pressure
(isobutane plus ethylene) was 3.8 MPa (550 psig). Polymer fluff was removed from
the reactor following polymerization for analysis. The catalyst systems used were
prepared as described below; some were prepared in-situ in the reactor and some were
prepared external to the reactor. Catalyst systems used in the Examples had an average
particle size of 10 microns. Cocatalyst was not present during polymerization in
Example 1.

Zirconium tetrakis(trimethylsilylmethyl) (Zr(TMSM),) and hafnium
tetrakis(trimethylsilylmethyl) (Hf(TMSM),) were prepared in a manner similar to that
taught by M.R. Collier, M.F. Lappert and R. Pearce in Silylmethyl and Related
Complexes: Part 1. Kinetically Stable Alkyls of Titanium(IV) , Zirconium(IV) and
Hapnium (IV); J.C.S. Dalt. Trans (pp. 445-451, 1973), herein incorporated by reference,
using toluene as a catalyst system preparation reaction solvent. All reagents were
handled under an inert (nitrogen) atmosphere. 1.08 mmol "0.252g" zirconium(IV)-
chloride or was slurried with 96ml toluene and cooled to -78°C. Then, 4.4ml of 1.0M
Li(TMSM) in pentane was added; the solution was kept at -78°C and stirred for one
hour. During the second hour, the solution was stirred and brought to room
temperature. A precipitate settled and a faint yellow solution was removed. Assuming
100% reaction, the solution had a theoretical concentration of Img Zr/ml Hf(TMSM),
was prepared in a similar manner to yield 1mg Hf/ml.

Alumina catalyst system supports were either Ketjen-G (Al,O,), having a



.catalyst, also described as a Ziegler-Natta catalyst deposited on silica.
0.5 mM of a 15 weight percent solution of triethylalumnum (TEA) cocatal yst
was added to the reactor. The results of these lﬁ%@ﬂél ven bel ow in

Tabl e 4 Tabl e 4Run3013021 Et hyl ene Conc. (W % 0. 6S2. 0Density

(g/cc)0.9260. 927Bul k Density (g/cc)0.360.31Tensile Strength, Yield,

MPa22. 020. 3Tensi l e Strength, Break, MPd46. 246. 9El ongation, 971262l zod

! t, kJ/pe87755h0 6866Sand | 10985Fi than 200
mooh (o S BB AL DTSR ABLA Rl YpOERS ARG £ LB COPRTIS) ©. 72 2
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but is |ntended to cover all changes and nodifications within the spirit
and scopebioNgietor pressunejang gthylenmpas fedon denvind) . Ethyleaacppasatiationbpthel ur ry

process p;% 'n'f'@uHQllMFtlbylv&QqﬂWéﬁglEiﬁpe?&nﬁLM of 0 g/10 mn in the form of

particles 'zes 1N range of about
Externally prepared, supported catalyst systems were made by slurrying

7.7g of screened, calcined in 50 ml of heptane, followed by addition of 7.7ml of an
11mg Zr/ml solution of Zr(TMSM),. The slurry was stirred for 10 minutes, the solid
was recovered and washed twice with 50 ml heptane. A portion of the slurry was
removed and dried at 100°C under a stream of nitrogen to give a free-flowing powder.
Polymerization with externally prepared catalyst systems was the same as catalyst
systems prepared in-situ, except that supported catalyst system was fed to the reactor in
lieu of catalyst support only.

Polymer product was collected from each run and passed through a 40
(U.S.) mesh (400 micron) screen to remove large particles. Sieved samples were
compression molded and tested according to the following procedures:

Density (g/ml): ASTM D 1505-68 and ASTM D 1928, Condition C.
Determined on a compression molded sample, cooled at about 15°C per minute, and
conditioned at room temperature for about 40 hours.

High Load Melt Index (HLMI)(g/10 min): ASTM D1238-95, condition
E, determined at 190°C with a 21,600 gram weight.

Bulk Density (lbs/ft’) ASTM D1895-89

Tensile Strength ( (MPa) ASTM D638-86

Elongation (%): ASTM D638-86.



40 to about 400 m crons conprising contacting ethyl ene and optionally at
| east one 5 conononer selected fromthe group coEsi Sti ng of 1-butene and
1- hexene or m xtures thereof in a hydrocarbon d ing three to four
" carbon atons per nolecule in a | oop reactor under continuous slurry | oop
conditions wwth a catal yst system conprising particul ate catal yst and an
al um num al kyl cocatal yst at a terrpera'tll?‘e in the range of about 65.5C to

about 82.2C (about OF.to about, 18 _ int et hyl ene 10
concentration in t heZPgdmpPat P%“’]i‘eg‘? &ﬁgzz?'mﬁ@;bzég&)tsﬁ to about 20 wei ght
percent based on theppgbahMoahiut tEEapt alsTvi Prod.ggnt ent of the reactor and .
wherein the particulate catalyst conprises magnesi um and titani um supported

on an inorgani c oxi dBensilhdmpastt(kinds ASTMEDASP2RYI cul ate catal yst having a

particle size in thegr f..l to 40 m crons, 2?2 JA.process according to
claim1, wherein a p%?'@%@eﬁgag%g??%ﬁo ?sépr%g?i%l?“%“ ZL?)V_V?SC‘@E‘%CS
accor di Ng 4re nidt¥ desieabes]ial@n GhditdtionVdTaeditinde® aBedsioer i zation is conduct ed
at a tenperature in the range of about 71.1 C to about 76.6C (about 160F to

about 170F.) 20 4. AShredbHerdaessor 48hY P324h§6.precedi ng claim wherein the

i norgani c oxi de consj sts.essent | .0 RN 9. nocess, accordi.ng to
any preceding claim in\?%esgce?%%?%{é’a@yé)ﬁ @P@gfak)eﬁafé%qldnciﬁg&l‘i‘rc‘ﬁ?lawe ‘8‘5&*’8*19‘&
have a parisifg Mask-ERudink’Eondiaglsippraprialecds pofiethildae Gf 8 SB54-2eE6Ebétzeh® any
precedi ng cl al nh4wher ein the particles of said 25 particul ate catal yst have

a particl eASTMeDAR2QA2 pregeduredncludes defintien efultraligh melegdarsweightcor ding to
any precei&%&lsai m wherein said cocatal yst conprises triethylalumnum r
8. A proc according to any preceding claim wherein the al um num al kyl

cocatal yst is enpl oy®mldcilad W élgiUDistribu€ibn:t Mdledula WERhtS tan@fmalkbdutdrnum al Ky
cocatal yst 30 is, about 5 to 500 per kg of the hydrocarbagon diluent. 9. A
process ac¥eight ﬁ’@“tbb‘tlaﬁ%/wﬁ?eél%ﬁp%u%ﬂl&? atfseho8i GViask PEFANSpEPhY | ene

chromatograph with trichlorobenzene (TCB) as the solvent, with a flow rate of 1
mL/minute at a temperature of 140°C. BHT (2,6-di-tert-butyl-4-methylphenol) at a
concentration of 1.0 g/L was used as a stabilizer in the TCB. An injection volume of
220uL was used with a nominal polymer concentration of 0.3 g/l (at room tempe-
rature). Dissolution of the sample in stabilized TCB was carried out by heating at 160-
170°C for 20 hours with occasional, gentle agitation. The column was made using two
Waters HT-6E columns (7.8x300mm). The columns were calibrated with a broad
linear polyethylene standard (Phillips Marlex® BHB 5003) for which the molecular
weight had been determined.

Polymer properties are given in Table 1.
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mllion. 10. A process according to any preceding claig} wherein the

pol yet hyl ene has an inherent viscosity of at le g. 11. A
*continuous | oop slurry process produci ng pol yet hyl ene having an HLM of O
g/'10 min in the formof particles haV|lg particle sizes in the range of
about 40 m crons to about 400 m crons -cenprising contacting ethylene and
optionally at |east one conmononer selected fromthe group consisting of

1- butene and 1-hexene or mxtures thereof in a hydrocarbon diluent having
three to four carbon atoms per nDIecuIe in a Ioop react or under continuous

- W

slurry | oop SEa =pstr=tEe—ste SFeFSHNg particul ate
catal yst at EPEr & e fangeg of| abput| 70C t ¢ alfjout 100C (about
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conpound 25 || s zirc@ﬁiun1tetrak (tripethyl ilylmgthyl).|| 14. A process
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16. A process according to any one of preceding clainms 12-15, wherein the

particles of said particulate catal yst have a particle ze of 20 m crons
or less. 17. A process according to any one of Mﬂﬂi&-@-cl ainms 12-16,

“wherein the 11 April 2002 -21 particles of said particul ate catal yst
have a particle size in the range of 4 to 16 mcrons. 18. A process
according to any one of preceding cl aink 12-17, which produces a

h | f ethyl 19. di.ng .t \ f di
Clame 12 18, wher o TS 1A 8 BANBdcGRanE: svae it tersREn o SBeeRey of at
least 20 Qehdityedidpd oWl €Y sAYIRIVAEEUTR. GRURE 00 bRt HEWRRLE th BABLAMGY

mllion. 20. conti nuous” Loop "slurry process producing pol yethyl ene having
an HLM ofl-lgexgnd adéedntoi Runsz02f 80Im antl 204y based @9 thpivalngop/slutiyadperaginges i n t he

range of about 40 to.about. K 400 mi crons).conprisi c acting ethyl ene and
opt onal | it el 5 %8Hen dS s s OB T Bpo 0 B of RS GF btip SeB st 1 ng o
1-but ene agehlf- MEXPBEtRR T IXhekeRS alnlBE BRfays Tovierh Yib ReRERIAN wlidht8nthénavi ng
three to four carbon atons per nolecule in a | oop reactor under continuous

slurry | osgsulteriopalymas Whus the eepohynyers peagueedrincBugsr 202, 23 pad 1208 wreibeing
cat al yst wherej et hyl en ntrati Ln. the | ri i r eact or
flash gas c|o§1p nghe'atthgl%rrr(;io%%yng?rggggl'l}fg%g} 8Ee§§1§‘lrj'tvv eiggl t'vvehf)eéﬁy ape?f(z:@%tpgi;'rql “wher ei n
the 15 parproguriiat @sidatfany Stiosbastuallpahproeédbs tieLadditidR & fT1aR@@ne) ard stin 40
mcrons and is selected from(a) particul ate catal yst conprising an

or ganomet &Uite S8 iemapslesred from t he group consisting of zirconium
conpl exed with a betg: LAl . ' , t

bet a-stabl e |igand dggﬁ%g?l?gsgc’do%ﬂgE‘qgl%}%hﬂgﬁ}ﬁggﬁsglﬁﬂpﬁgghﬁﬁlg%ﬁn?%egxi de; and
(b) parti cileadueve désignasdd @0TQMEarsd-Afcorhgn €italyat Bystein"tiamhe for etippateiled on an
20 i [ i de, wh in the t t f I i i i

cat :a|n§ ;? 2?{9?{&831),( le p@e l)(n@reprrgéi&]ct ma%e ir? %%rl%frfhig sarggle}/ grﬁuz%g tblycg"E(\f\,lI ttxaq a

weight average molecular weight (M,,) of about 3,820,000, a number average

molecular weight (M,) of about 915,000 and a calculated IV of about 21.7dl/g. Note

that the curve designated as a "Commercial Sample" had a similar SEC curve as that of
the Supported Titanium Catalyst System sample.
Example 2

Catalyst systems were prepared as described in Example 1, except that
the faint yellow zirconium or hafnium solutions, assuming 100% reaction, had a
concentration of 10mg Zr/ml or 10mg Hf/ml prior to the addition of the alumina
support. These higher concentration solutions minimized the actual quantity of catalyst
system added to the reactor. Polymerization was carried out in a continuous particle
form process by contacting catalyst system with ethylene, employing a liquid full loop
reactor, having a volume of 23 gallons (87 liters), isobutane as the diluent; no
hydrogen was added to the reactor during Run 201. 1-Hexene comonomer was added
to Run 202 to have a flash gas concentration of 0 64 mole percent (1 weight percent).
The reactor was operated to have a residence time of about 1.25 hrs. The reactor
temperature was 194°F (90°C) for Run 201 (homopolymer) and 185°F (85°C) for Run
202 (copolymer), and the pressure was 530 psig. At steady state conditions, the
isobutane feed rate was about 51 1/hr, the ethylene feed rate was about 23 Ibs/hr, with
a reactor ethylene concentration of about 16 mole percent. Polymer was removed from

the reactor at the rate of 22 lbs/hr. The sieved product was blended with 0 4 weight



Is in the range of about 70C to about 100C (about 158F to about 212F) and
wi th catal ysts of group (b) in the range of about 65, ,5C to about 82.2C
(about 150F to about 180F.) 21. A copol yner of &M&@Q&nd at | east one

* comononer selected from 25 1-hexene and 1-butene produced by the process of
claim 20 and having: a) a weight average_ nol ecul ar wei ght greater than one
mllion) b) an inherent viscosity grea‘t!ﬁ'than 19, c¢) a panicle size no

greater than abqut 400 mcr.o d), a density in ther e of about 0.92 to
about 0. o seRl Bakes'ay o EGAC ot idiviter et sefeleots $6 8k AmoRes  Abuc o, 07
to about StH& @fabRE r&Bkhed OHMMANE The Fosufts LRNSVELISTAROA! PAlicl¥isBled 1N the
range of 15 to 30 MPa, h) a tensile strength at break of at |east 30MPa,

and 11 Awelyse@exiveryin Tabd3) zod i npact of at |east 45 kJ/ nZ.
A {R A ARREREALRARA A AN A A LLAA A AEAA QOpn A A __ALE A

Arr U A LAY, A5, AU@Ec[k~" 0 *JPMd Table 2

Property Run 201 Run 202 Commercial | Commercial
(homopolymer) | (copolymer) | Sample A(*) | Sample B(")

Density, g/cc 0.930 0.929 0.932 0.929
1-Hexene N/A 0.24 mole% N/A ND
content® 0.72 wt%
Tensile Strength, 204 18.5 22 20.4
Yield, MPa
Tensile Strength, 61.8 59.3 41.7 39.9
Break, MPa
Elongation, % 252 313 287 345
Izod Impact, 76 81 553 90.6
kJ/m?
Tensile Impact, 2910 2940 1890 2400
kJ/m?
Flexural 543 509 712 606
Modulus, MPa
Flexural 650 643 712 606
Strength, MPa
Sand Wheel 71 74 106 96
Abrasion

@ Sample is 1900CM, made by Montell USA.

® Sample is GUR 4150, made by Hoechst Celanese USA.
© Sample analyzed by NMR spectroscopy

N/A = not available

ND = none detectable by NMR spectroscopy methods
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® Sample is 1900CM, made by Montell USA.
® Sample is GUR 4150, made by Hoechst Celanese USA.
N/A = not available

The data demonstrate that acceptable homopolymers and ethylene/1-
hexene copolymers can be produced using organo-zirconium catalyst systems and that
1-hexene is incorporated in to the comonomer.

Example 3

Ethylene copolymers were prepared under continuous particle form
process conditions similar to Example 1 by contacting the catalyst system with
ethylene and optionally a comonomer in a 1 gallon, jacketed, bench scale autoclave
reactor. Isobutane was the diluent; hydrogen was not added to the reactor.
Comonomer was added to the reactor in quantities shown in Table 4. The reactor was
operated for a time of 60-75 minutes. Reactor temperature was 140°F (60°C) and total
reactor pressure (isobutane plus ethylene) was 3.8 MPa (550 psig). Run 301 had
0.0148g catalyst system and 50g 1-hexene fed to the reactor; Run 302 had 0.0259g
catalyst system and 100 g 1-hexene fed to the reactor. Polymer fluff was removed
from the reactor following polymerization for analysis.
commercially available catalyst systems purchased from W.R. Grace and Company, the
Davison business unit, designated as Davison Sylopol® 5910, having an average

particle size of 10 microns. Sales literature for Sylopol® 5910 provides a chemical

The catalyst systems used were
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U ()- 18 a%gl)/'ds'{g(%wgght per]égn{y%lg.)m%l_él];%ﬁ%% Al, 2.95% Mg, 0.60% Ti and a Mg/Ti

molar ratio of 9.69. Generally, the catalyst system is a silica-supported Ziegler-Natta
catalyst, also described as a Ziegler-Natta catalyst deposited on silica. 0.5 ml of a 15
weight percent solution of triethylaluminum (TEA) cocatalyst was added to the reactor.

The results of these runs are given below in Table 4.

Table 4
Run 301 302
Ethylene Conc. (wt%) 0.65 2.0
Density (g/cc) 0:926 0.927
Bulk Density (g/cc) 0.36 031
Tensile Strength, Yield, MPa 22.0 203
Tensile Strength, Break, MPa 56.2 46.9
Elongation, % 271 262
Izod Impact, kJ/m? 57 75
Shore D Hardness 68 66
Sand Wheel Abrasion 109 85
Finer than 200 mesh (wt%) 69.0 294
Larger than 35 mesh (wt%) 0.32 0.9
Activity (ppm Ti) 9.7 22

The data in Table 4 show that a supported titanium-containing catalyst
system can produce ultrahigh molecular weight copolymers of ethylene and 1-hexene.

Size exclusion chromatography (SEC) results are shown in Figure L
The curve designated as "Supported Titanium Catalyst System" is exemplary for
ethylene/1-hexene copolymer products made in the above-described bench scale

reactor For the SEC run, reactor pressure was 250 psig, 0 0564 g catalyst system and
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weight (M,) of about 227,000 and a calculated IV of about 15.4dl/g. Note that the
curve designated as a "Commercial Sample" had a similar SEC curve as that of the
Supported Titanium Catalyst System sample. The sample also was analyzed by NMR
techniques for 1-hexene content. 1-Hexene was present in the copolymer in 0.32 mole
percent, or expressed in a different manner, in 0.95 weight percent.

While this invention has been described in detail for the purpose of
illustration, it is not to be construed as limited thereby but is intended to cover all

changes and modifications within the spirit and scope thereof.
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- 110% ()-3!'10%& ()-nBl0% ()-12z10%& ()- 100 100 100
: 10908 () - yN_PPRSSSS" SxnmbCYz! Fz10%&' ()- 10 10 10 cF109%& ()-Y. "109%&k' () -
-109%&' () - FS# 109%& () - " S&SsS| SSUUMENCYz! F10%&' () -s! 10%&' () - &
10%& () - 3LMLO% &' () - 10%& () - 10%& ()19UGXXYZZ\\ aB7C 10b
s3110%& ()-110%& () -! CLAI
, 1 10%Dbé& ()-Zy& ! 10%& () -$: 10%& ()= I%%%% () -M\A\\\ATA T KC 10b
S! 1Q‘V¢( & ()- !1.91 109% ( &A CcyntDueis 1oy skiry) proressQygdaciog pHydidqnehaving &0b
10bi * Fbbdf f f fﬁil&d?@fﬁf‘ Eﬂé%?{% &1): 'forgnoc(f(pa&lgl(eg having particle sizes in the range of about
40 to about 400 microns comprising contacting ethylene and optionally at least one
5  comonomer selected from the group consisting of 1-butene and 1-hexene or mixtures
thereof in a hydrocarbon diluent having three to four carbon atoms per molecule in a
loop reactor under continuous slurry loop conditions with a catalyst system comprising
particulate catalyst and an aluminum alkyl cocatalyst at a temperature in the range of
about 65.5°C to about 82.2°C (about 150°F to about 180°F,) wherein the ethylene
10  concentration in the reactor is in the range of about 2 to about 20 weight percent based
on the weight of the total liquid content of the reactor and wherein the particulate

catalyst comprises magnesium and titanium supported on an inorganic oxide, the

particles of said particulate catalyst having a particle size in the range of 1 to 40

microns.

15 2 A process according to claim 1, wherein a polyethylene copolymer is
produced.
3. A process according to any preceding claim, wherein the polymerization

is conducted at a temperature in the range of about 71.1°C to about 76.6°C (about
160°F to about 170°F.) '

20 4 A process according to any preceding claim, wherein the inorganic oxide
consists essentially of silica.
5. A process according to any preceding claim, wherein the particles of said
particulate catalyst have a particle size of 20 microns or less.
6. A process according to any preceding claim, wherein the particles of said
25  particulate catalyst have a particle size in the range of 4 to 16 microns.
7. A process according to any preceding claim, wherein said cocatalyst
comprises triethylaluminum.
8. A process according to any preceding claim, wherein the aluminum alkryl
cocatalyst is employed in an amount such that the amount of aluminum alkyl cocatalyst
30 is about 5 to 500 mg per kg of the hydrocarbon diluent.

9. A process according to any preceding claim, wherein the polyethylene
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15 from the group consisting of zirconium complexed with a beta-stable ligand and
hafnium complexed with a beta-stable ligand, said organometallic compound being
deposited on an aluminum-containing inorganic oxide.
12. A process according to claim 11, wherein the beta-stable ligands are
selected from the group consisting of benzyl, trimethylsilylmethyl,
20  l-methylene-1-naphthyl, and neopentyl and wherein the inorganic oxide consists
essentially of alumina and wherein the total amount of hafnium and zirconium in the
particulate catalyst is equal to about 0.1 to about 6 weight percent of the weight of the
particulate catalyst.
13. A process according to claim 12, wherein the organometallic compound
25 s zirconium tetrakis (trimethylsilylmethyl).
14, A process according to any one of preceding claims 12-13, wherein the
particle size of the polyethylene particles that are produced is in the range of about 50
to about 400 microns. r
15. A process according to any one of preceding claims 12-14, wherein a
30 polyethylene copolymer is produced from ethylene and 1-hexene.
16. A process according to any one of preceding claims 12-15, wherein the

particles of said particulate catalyst have a particle size of 20 microns or less.

17. A process according to any one of preceding claims 12-16, wherein the
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