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;e3eN>>?1 AB. LN6NTN{ - 1 - 10 May 2004 POLYMERI ZATI ON CATALYST AND PROCESS
BACKGROUND OF THE I NVENTI ON This invention relates to nodified supported
chrom um oxi de ol efin polynerization catal yst systenms. 5 It further relates
to a method of making ethylene polymers and copol yners. Supported chrom um
oxi de catal yst systens have been used for many years in the pong(?% z%mon
of olefins. Ethylene can be polynerized by contacti ng the nono
silica-supported chrom um OXI de cat aI yst Syst ens

carried out in an i nerPOLYMERIZATIQ ghnas 4 S

solid pol ymer suspended |n§2g!§g¥$k6%@lz ﬁ;twqwﬁes above 110C for
sol ution pol yneri zati on. esul trng pol ymer depend
upon a number of factTkis invensibt @elags tdenddyficd smpparatdathromivy sxidn Aap oyed
and its activation tenperature, the reaction pressure, and the reaction

t enper at ur epolymeﬂ@tl@éﬁé@é)rﬂt?yslﬁnknom that titanium can be added to the
suppor ted chrom um oxj,de gl AlaialioWRERER dfndkifluGgiche olyieEs ai@vi ng an
increased nelt index an roa ecul ar weight distribution. is

al so gener addpylyii@wwn that certain substances call ed pr ormt ers or adj uvants

can be used in conbination with chrom uym oxjde cata ) di f
the properties of theSpeRojtFerch f%luﬁhéxlagéa@!‘y“cWF% at]te&l% {?syg?&rots with
certain orga r g.ggﬁ D YethPlekdOMbd lfn@ﬁﬂﬁﬂb Bentacinger
nmol ecul ar e{%ﬁﬂ Tg‘?s[ﬁl u fa%ﬁn%&%géﬁ% tlttyzﬁl umin ?(hg cat al y?st system
support or {perashoelruvialnsBichsupdteted ehodrount axide estalyst $yiSterpAp eV EEREHIS i n the

tal st % t ESCR) _of
el | 2ol ncpeins earmsatal g f et B b A0BRF RS Dol & Coniy oy B TS,
modi 11 cal | Opsy SRP sAERERESR D iglIDHN: Bt érawrégoibewltqm°@\mghﬂumml ynmer and

ol i goners t are formed. Low 'nol ecul ar wel ght pol yners and olrlngorrers can
contribute F«ﬁﬂpiﬁenamdanodphe pmpen@stdﬁehqareeclesglpnbfmﬁr eRenhBPSE AUIEET flesi n)

as it is nolded into bottles her articl u Anot her
i nportant cFskEBLIBFREIELNEAYRE ‘Pfd‘iﬂt\?ﬁh%lsﬁtt '%n%‘tih%egcgl%##ﬁ% properties
of 1 he resif., E}‘\ﬁml%' ﬁ%sregfztloﬁl ebsuf, %nﬁrthé téﬁ@thorﬂiéﬁlﬁ&gat@eom mDgelierddly These

are vvelght e er swel ; the later also is referred to
herein as " dhews el litanids qalbenetded 0o theesnpportcclscltﬁmm@étld?r@éﬁimr%%%fﬂte

t hrough a die open|n and -2 10 2004 has a
t endency t o!&HEIAICHS Hotyr%%]%aé“’tgh@] H’Fé gl i C%ﬁn \i\qn?a g?a&mgﬁght EI@\%\I/el | and

can be det e%éh@;dlls\ﬁ?btﬂ 1§ Ris6 kRESEN P knbRh tha@ céhih, subﬁamk kalkesi t he

overal |l weigh t he resu tant bl ow nol ded product. For exaggl e, a reS| n
which is extprmdtﬁdrstdtrr:m;mnm En3BBuserhig @D@l@lﬂaﬂ@h)ﬂ@h ArpEpIR{OF

bottl e wall thickness J] 52 rrm R}lé’ﬂheS) in which case the wel ght
swel | is saSpst¢ms Eﬂew % PF L t 0o nuch can produce a bottle

wi th tog ot hick of ‘a wafye ustoommﬁﬁﬁatﬁat yiSsiding wiBeoirtgn osgangb@encan be
narrowed by manual adjustnment. However, any decrease in die

i ncrease t hgromstest geneeallyais tknewhl tovbrogden e pelymer mﬂlQFG{:ﬂﬁ W%%t%ocggngﬁéﬁnr ower

di e gaps can result in higher shear rates during e SO
can i ncr easdlsyettitaniygy 15 e catalysy, sy SUPRAILHT %&P?ée{ug%{rl ace. Wﬁét‘éf‘c? resin

whi ch can be.desgr dhﬂiéévéﬁe&@ﬁi ¥ RAVRSRESRR @relisthck xistirice [(BECREioG e swel | .
which allows a w e gap D aneter, or die, swell refers bglfhow ch a
parison fl arresuliaut pelymiets, ias veeklt asuendased atalyse SYREN PRRFUCEY

truded th lar die of .15 2. 54 t
o e o e aS Bl Hen 0§ g 11 it ST B cial wkighf 58 t%‘éf@d?re
swel | is saig; ;t)ﬂaepsethép%c RBirRed W oy mm&umwetghagblypmamwmmwwal ly are

desi gned for certain anount of flare: too nuch die _swell can interfere
with nol di ngccmtnlmtd:)atmke ahd odbrduringthg prersgyies ob the RAIYRET SHEFHDGF PR causes

hi gh die swell cau ft di ortunately, a narrow gap
al so i ncr eas®elds }qni |"§{21a9f5 afrgVYB% g&%ﬁ?ﬁggg Thus, as used herein, a
pol ymer which is COﬂS'ﬁﬁbﬁt@rﬁﬂﬁé&aﬂtenmamlaaabm mbhintgjmmsuht swellv di e

swell. Attenpts have been made to obtain ethyl ene poly s ha g al.htggé)ader
mol ecul &30 weprghertids of theotesinonTymikdydsafwelare gudeal qURBE :

are "weight swell" and "diameter swell"; the later also is referred to hcrein as "die

swell". As polymer, or resin, is extruded under pressure through a die opening and




environmental stress crack resistance inparted by organoboron pronoters and
25 titanic-containing catal yst systens. One of the nost preval ent probl ens
associated with such attenpts is an increase of the amount of swell
exhibited by the resin as it exits the die. Swell can be decreased by
raising the activation tenperature of the catal yst system hom?awotbi S

al so can reduce the polymer ESCR Swell 2al so can be deceased b |ﬁg
the nelt index (M), but this generally nakes .the resin 3Q.nore difficult
to process,inta mobl @rrAYBY kastHipndensy 4O SRS 1 c?‘rtsa&‘:dg%. §\5§e1sei‘“:9f‘§’oascan be
decreased hy.addin r r om t : buk Wwd g gends to
inpart a di‘%’@gééﬁegr&;ao&?% %ﬁ%\%ﬁ%&ey@g%&o uc% ?gﬁﬁg‘w?t’%as bee%l_%
difficult towerall-Weight dbthe 28apy dwamobled esoduct h&For medmplai asesipytichws| | and
processing characteristics, high ESCR K and a | ow vol atil.es, co ... SUMVARY
OF THE | NvENindsd throysh 38<PB apme 003 w@ﬁ"a@aa ‘B‘rgBEEEZ& ByPO ?‘é’%ﬁﬁl?’é‘ﬁ“g%nsi ty
ethyl ene S ol YIRS (B8 i0AR0| WIBARACAR. bR BN sotiecinaybegoarhi gh stress
crack reésistance and are prepared in high yield. Again it is desirable to
m ni mi ze t hesip g 4olel1o Bocofuch icgoperdacardottawith| tee thigk ofvei G- pél yrer
during the polynerization process. Once agrral n it .is desi r%ﬁds?méxﬂ. mnimze

the anount GPRENEIS Ve !dicaqmnm,%g@}htcag\)aa _a”é’k‘Fﬁdbl?}i gl&n%)at € resin during
ol di ng. 6o 083l Mt adceaen] BRI daft iR AR Sedluliertol i fgwpel Eeesiuhi ch
processes well 11 tHe bl ow nol dihg nachi ne. I'n accordance with one .

enbodi nent tafoughehé dicerNirooweradip gapsrean wavlt o highenshesr ralgs denng sXHISHN ded
whi ch conprises chrom um oxide gn a 15 silica-titani wher.ei | id support
conpr i sk | whish @isarraaBeeass Mgt g‘ﬁ?‘%%&@é‘ﬁg tPiat%‘P_HgﬁllﬁO%_}ensuégac i rr:rgﬁ%goaﬁ with an
O ganobor o, g ARLET.n B LA S6 Qhdy Ktk Asd1E mudy BibRNow akei gl ctine

pol ymer or copolynmer 1s produced by gont acting an ethyl ene nononer, and an

optional cowhizbr#owsw Whleate gep.i vat ed catal yst system conprising chrom um
oxide on a silica-titania, wherein Sﬁu d. support comprtse nlfFa§§s &naa@ ipbout 3

20 wei ght percent titREMR PhdhE™p égféﬁc ™ B BrgBRObOr on promoter. The
resul ting pol XIBG.J foff &gqgéd}?bpcfﬁn%lc,ﬂ elsth anshdeashrbughrbdifatldratie of

i mproved propertres, 1ncluding high 'shear response, good environnent al
stress I¥ ack 54esisoaacs), inalddihingter demyidd a pRETR LD CESEREMFI(OR BEhesHE

| NVENTI ON 2S The silica.contalni ng sub ates, or,, Suppo i e

i nvention cHt @Wﬂeﬁs@i@tdéfhiw%{fég 5,@?‘??%{;‘: géor/"si ﬁiec%"‘f%ﬂ ﬁnﬁg%ﬁé%qtsb%@gg rrlﬁbglg%]s

convent i onal,Lyyar. BESARAGEL bYei R otk U6 bulh Bk iotn daererel L an
0 al |

aqueous sol uti1o an a metal silicate such as sodiumsilicate to
produce an aghensigirgedf a bottlbydndigel A hithedegred obweight swell ablep casseadidgliy t o

the acid, and the reactign m xture .is st I agi d,..T. 1. %]

t enper at ur edEaVellabRsauS A e BEEPW 18 ﬁﬁp'aﬁr&?&%y’rﬁgg&é‘gtﬁapi %80 ﬁ;ﬁra‘?)%el is
appr oxi gpt e i WeLE@NtTIRRT 6€RdedSi¥ina R Gohiaseravipith incensidenge of
about 37to geo%§lg%@#%§%t§Fogel is aged at a terrpg)r ature of about -4 10
May 2004 18€asily [28&ssabie alssshaudleghibitiew demeell |y nore than one hour.
Silica gels often have a m nor portion ener.al | v .not i wei ght
percent, of alumina or“GERLY g?'?@tp?ﬂcnd%q?e@,&gﬂa %ée%cu%%g&%ﬁgéﬂ%gi nvention

| ncl udes  CORROTE! foflchiaF dreifth iABRIJSMAWT dilCSorsagheat irmproaed t hor i a,

zirconia an e substances. 5 As used in this disclosure, the term
"support” reherenrhentd stesy érack fesistannoimparteshion byganeberenTse@AteTs Mhever, by

no nmeans, iS a. support necessarily a ;
25 titania-cgrﬂaingng cataefyst systems. Bne of the most prevalent problems associated

with such attempts is an increase of the amount of swell exhibited ;oy the resin as 1t
exits the die. Swell can be decreased by raising the activation temperature of the
catalyst system, however, this also can reduce the polymer ESCR. Swell also can
be decreased by lowering the melt index (MI), but thus generally makes the resio
30  more difficult to process, as measured by outbut rate and melt fracture. Swell also
can be decreased by adding more chromium to the catalyst system, but this .ends to
impart a dirty color to the final polymer product. Thus, it has been difficult to




inert material; it is possible that a support can contribute to catalytic
activity and selectivity. The hydrogel then is washed with water and either
an anmonium salt 10 solution or a dilute acid to reduce the alkali netal
content of the hydrogel to | ess than about 0.1 weight percent. The amoni um
salt solution is preferably one such as amoniumnitrate or an @%@%
salt of an organic acid which vol ati zes3 upon subsequent cal ci n<1;1 . ter
inthe hydrogel can be renobved by any conventional nethod, 15.such as, for
exanpl e, byrodyweay radiny thagmaimizins good eweld apd procesngmFarafieisigs éb at

t enper at ur es_abov 00C.,lf the hydrogel is dried by heating, it is not
necessary Fgcgdﬂn ﬁ}%‘ﬁé’mm‘t‘ﬁ 9% el to prevent shrinkage of the pores. The
_support nust conprise titangumMARNYOF THE DIVEMEIGN| i ca can be effected

using a variety of nmethods.” The titanated catal ysf. systens.nust.comprise 20
no nore than about SItmidghrahbétfbéfm’lqei%Hﬁﬁc%byb‘éfg’éai‘bé’ gwlmﬁ?neof t he

catal yst system (not includin h , t@¢istadeCi Ni ng.
All or %ar 3‘5@{%@%?%&&?&‘?{? 8%‘?&82“%‘3%% |g‘§j)5g§nggpr$@2i§tg‘is%§%n of silica
and titani g,q bR érpﬁrg@mgxghgiiaa_ti on nethod, a titanium conpound, such as,

for exanple, a titaniumhalide, nitrate, sulfate, oxal a{e,. or al kxbiw
titanate, can be i ncéeptr Atiedeswabls toHBINAmIZS the PEERR 8f PHEPES PAY AW anount

such that the apount .of titanj ] i di oxide in the final
cal ci ned Cgpiqcy N %qenr?hrgerl ée&é{sﬂgtpﬁgﬁ)%%%ﬂﬁaébﬁf%ﬁg percent. The anmpunt of

titaniumin the cal cigied a%@iha{ esdesayisle eanmgieneize theyampirt eliabeed agd 5 wei ght
percent to about 3.0 weight percent, preferably within a range of about 0.5
to about 2w@igheisyhll epbibitedby thosesiphwing MIYNEt he anount of titaniumin the
catal yst 30 systems rf. i.s. Wit hi I f ing paiyidrObficiper cent .
The coprecipitation :ﬁ)&tgﬁ gr%?bs\,\ﬂvésphﬁgﬁ?ipgﬁg?esgo‘ﬁl(g%?%%glgéipg U S. Pat. No.

3, 887, 494, thesdt sellasuhe bhfw wivldihg irsachéreeby i ncor porated by reference.

-5 10 May 5004 Titanation of the catal yst system support alternatively can
be effected by i npredh&csBAanse Wite OR ainbgdimegt OE] eo'g‘g?m't?@f Bre or after

i ncorporation of.the romn . : Vg &fde bara

exampl e, af® %%Qo%gﬁ%@?go gfﬁ)gpﬁ?g{atg?%}#sﬂ]?%@ sf&g)ﬁ??ﬁdani um conpound
can be jsncqnpanifg widreindsatd hippartootpezes 165s drd aboiied Weyelt devesnt i onal
techni ques. Titanation of the silica support also 3€n be acoggngltg) ed by
addi ng a t ittamimmicenmpanaion Fithie Tepmebergbpogater JSH ¢RI ReNRA" t o
vapori ze the sol vent i | : b eshtadtinkhe abppodst .
Parti cul ar Ilg}vcé‘g\(?g’n%naa@g%gg%gﬁg?é;s({ra@?gl erfﬁtqsJ lﬁgreq‘aglgaiﬁg} this i tr%vent i jg_n_ are 10
silica-titapbm@! 8al 6 opiodalicomonginag wits anl hstelatsiechtalyst (Y SEFEIEHISIIRO
4,981,831, the disclosure of which is hereby incorporated 1‘5%5%{ %[gﬁ%e. The
chr oni um calpamism oxitle ORe silicari{ania, WheramsaldyPPYLSOTRBIT ‘059t 6 about 4%

wei ght percent. chrom um .prefe 9 Whordoter. WELE Bésupmigcent
based th‘@e‘%ﬁ%ﬁ?g‘%%ﬁuﬁ%bg '(rlzll’g églseggét)gﬁ/lg?ﬁggg?grgn gnd nost 15 preferably
bet ween 0. 8ydMiflerlis Frodwricd it higr gielt andThas  borobinatior: ofrjsepreried PERCRES,
coprecipitated with the silica or the silica-titania qr a%ga%geb%ldr]ﬁ s of
an nonaquecdgncludisg gl SheH TeSPERTee BPOMCRYRIBTHASHER Y&k EPPIAFY Bty

chromate to thi xerogel, but preferably it is introduced by incorporating

an aqueous %célf ‘ion of a water sol uble chrom um conpound into the hydrogel
after washing the hydr DEFIAILEIPDESERIPEIQNIQF (T N Sui t abl e
chrom um conpounds i ncl ude chrom um agetate, chrom um njt r&gqm&l%gm um

sul f at &5 chroni um tri 5R¢ Bica SARBHIRMPERIBYE & S_d‘Pp%%I UBYher cnr om um
compound th':a(%ar]y&asry}stg%s GROVREL g sflﬁa-@sﬂ{rﬁ’iﬁhlgasoxsm Q'YS conventionally are

prepared by mixing an acid such as sulfuric acid with an aqueous solution of an
alkali metal silicate such as sodium silicate to produce an aqueous gel, or hydrogel.
The silicate preferably is added to the acid, and the reaction mixture is strongly

30 agitated. The mixing temperature can range from about 1°C to about 43°C. The
resulting hydrogel is approximately 3 to about 12 weight percent SiO, and has a pH
in a range of about 3 to about 9. The hydrogel is aged at a temperature of about




calcination with at | east part of the chrom um being converted to the
hexaval ent state. As used herein, the term"chrom um oxi de", as used to
descri be the 25 chrom um conpound present in the catal yst systemafter

cal cining, includes fixed surface chromates formed by the reaction of
chrom um oxide and silica, as discussed in Hogan, J. Poly. Scitg¥a}2084
2637-72652 ( 1970). The chromi um conpound can be enpl oyed in any anbunt so
as to provide the desired weight percent chrom um igl t he fli nal cg{ al yst
system 301Tt@tca8%l futa sytblntimengensrail Mosr Ban P DQPL; FHiGY B5ls often
tenperature withi.n the range of. ab } 164 Yr

at mospher e bg¥nt FHRPHBOTERY W,eraalguréﬂ? %&c%r%% %%?W%ggl? bg’eé??%gf o?%‘lﬁc};bout 10
mnutes to oa%r lﬂﬁéﬁlsoﬁ&esl R0 e suppo® of GhdviweRiiivinehides aompesitgatliRgeiow:
titanation of the catalyst systemin the acti g{(or, as descri bed above, by
heati ng t heofmprbidg ssttacadzalysinas orian7Eeqist émi/ aBbARtasT6C, substituting
dry air for the nitrogen ALAGRRNGLERIESED ferfiUhBbrt fefRSld @Rarrieaiiar ng {he

tenpera?ure to at le out and calcining the fluidized catalyst
system at tQhmeebaNRtieGompbRemeridwser, iy nameaanps osRPRATE NEEEIAPEE Abn ti me.
Fol l ow ng activation, the catalyst system nust .ge stor egynicn Cﬁvg’% Ying 1 nert

at mospher e inert idatarisbdit 1CResEb)e that pSUBRYT 670 FAIEPHSJR FEOH CAE ot “Tequire a
reducti on step.using carbon nonoxi de or other reducing treatnments. In fact,
such reducts’ic@%‘“t’1 eat ments can be detrinental to this invention because they
can narrow the 10 nol egahadrop&lithh istivadhed beith wateandd s ant HEMQBIE] ¥ of
the resin beyond that which I's desirabl e for EI ow rm(l}fc{hn%. dr-gggl fLgsyl tant

chr omi um orsobitionca-a Aiduiniagidcat eryes the walingas FOBEN Y 18° P&P A n porosi ty.
The pore volune of the r I 9{1%%' kieh @¢ aldfarabls otetshein a
range of abthﬁ‘i‘ 2o ({'Ew&@ﬁ)c&ci%ﬁg mﬁvﬁ%l i te#@%&?%&am.ang pref zr,abl y within
a 15 range Qf srafeiundnifratedoamoinmonBurishit iof iah erganie acid valkich VBISHZS P8 abl vy,
for best catal yst systemactivity and nost inproved pol ymer product
properti es, subkesugnt ealyipitiffe of the catal yst systemis within a range of 0.8

to Llmlliliters petygram g bighlePontod Rt tyong ddveiteahigtied suel |
in the resin, and | ower pore volfunmes destroy the activity of the catal yst

system 20 Jhe SUfdasampleayabrahéryin abysin syst SmirgsT BeONHYRES r ange

of about 100 nme/gramto about 500 n¥/ gram . preferably w {hj I of
about 200 ntehmezatures abpsutON6o Hrthg by Ogﬁ)b’étc{“ﬁfjgfyzi?eﬁ%}f‘%’,&tl#go%herc ?Sragtc area
of the catalyst, system r t NSikasy SF @B poregluct i vity and best
resul t ant pﬁ@‘i‘pe?‘}l%%néet%?%n%ag? [gg\ﬁl?gsﬁ[} saﬁvvithi n?% range of 300 n*Z{)gram to
400 nez/gram 25 The r g3ilsuppdrt parse cathpniet ganius:. i Fperatigntoffbe sijsa <p1 Ptan

affect the anount of swell in the resin. As used here abeter is
cal cul ated bffecthd usigg vasety popmsthadgngy rt‘@naﬁ?cgﬁqtgyvosl‘ya%g}%/ﬂ%ﬁﬁ? ate Area).
The pore. di amet er .pust f 1o 13 aR0ES bhsaBon A Wegkhsfuthe taidlys

pref er ag‘i’y B8t%§ﬂﬂ%baa&gr%d&%%gﬁ;8%%%§ nost preferably between 70 A and 120
A 30 O ganghaéminsORMdidsths segarmbopmormmpEment)i after (REIHNE | &al o5 Pt P a
chrom um oxi de catal yst systenms of the invent ifo. .can bt(iat ; prlﬁg_ﬁced as BR))
wher ei n eacthRitasineicar be qUPRIFE BN ERMET ISR i Htalt kyl",  cycl oal kyl
and aryl, at least. .. 10 NEorbdiuhdEaRR A0 FRaRathpheiangasum
hydr ocar bon SPREFPRA ARG %F%&Q{l‘iﬂtﬁo lrgpcar bon atonms, with the total, number
of carbon atfBe NGtraex Sk, Rxabie, ion alad ity can de l%ﬂ?ﬂa@é‘%@&?iatcé%f“é
boron pronoters include trinmethyl borane, triethyl hor A

tri - ndodécy|thesligafe intan; FRRUOH HR B’@bﬁ’&naé?o‘irﬂlic’%ﬁ%‘tuﬁ gsfgf ?)Spteltr?{uyuln; borane, 5
triphenyl boraneg, tribe | DRE- €, 41414 dt GoatBinhiy I ema Atuuk 3negight percent.

nmet hyl di et h %’Spgﬁ%?heaﬁéﬂlc?{%(ﬁa@goc%% gnd? Bor on conpounds su_ckhea%Pdi Bgr ane
whi ch can f orge afoefgEtEdumnnchapalsimtdicatatyst gystem seaeraly ilki Rer20OHEY 0l ef i n

mononer (s), also are suitable, Trialkylborane es £lef 68d
because of tweight wamtéeiabwfty%-Oﬂlréaﬁr%ﬁwt’oﬂm%&%hwg@#p%ﬁ%{ﬁuﬂd I's

generally w thin r : a ferdtly, ahO din 1 wleiighivmper thervatalyshsed
on the wei ghtt0 %@uﬁﬁ'gqg%ggfégé&éa?gﬁg;s@esyﬂ?%m fed 0t o the gol ner. é%ﬁi on
reactor.3g N gysfeanbippoonis widiin iactangé of MBpook 8 geeighti REEFeat: | d8p PRIGEPYFIN or

exanple, it is _convenjent to . introduc which
separate st rebftanig with ﬁg‘cﬁé%lé{sﬁlic’? ﬂﬁé@%%ﬁﬁ?jgﬁﬁgﬁoﬁgﬁﬁeﬁ%gg as a

di lute sol utj i i défer@kdon, e.g. 0.1 weight percent in
i sobut ane. Tﬁgﬂﬁ%ﬂ}c% g ttédﬂy

ncentratiron of the organoboron conpound al so can be
expressed in parts per




mllion (ppm based on the diluent used in the polynerization reactor.

Wei ght percent ranges of organoboron conpounds shoul d be from about 0.l ppm
to about 2 ppm organoboron conmpound, based on the anmount of diluent charged
in a continuous particle formprocess using a loop reactor. Preferably it
shoul d be from20 0.3ppmto |.Sppm and nost preferably it shou mabeofis om
0.8ppmto |.3ppm Hi gher levels of the Yoron conpound can generate nore

vol atile conponents, and |ower anmounts do not give suf.fl.ci %rfak@h ESCR
React ants Pol ymers pFishatiou dfnh%lé@t@lb’ﬁia?ﬁ(é‘éfl\/ﬁ“ﬁ’ﬂg‘? w‘b"?%{}:éel s?gl?)?)‘:t h{;és

i nvention 25 are honopg rs. of £ aRel MeBpsraonatfitiie ene and
hi gher al p%%?@@%‘%o‘#o%gﬁg qgcbgég%lr)%gﬁ?@?ﬁe et hyl ene con%rattj on in

t he pol ym@lr%@ﬁﬁhﬂ% ARLATofitHe htalYitsysieranFer ofanipio AlAHERUSSNE PR Der cent
to about 20 werght percent, based on the tatal lr'[aﬁ‘: |igtoc‘,9?%1ggth @fogkhe
reactor. Mpgdrolysifresistbhtytitaniuen eTRpIUKaR HIBHRTPEA G I'n” the POl yiveri zati on
reactor is vm'thiﬁ a ran%lz. ofl fe%}g)r{%&lgout 4 to about 15 weight 30 percent.
Measur etl i ARhABEREY BN \ona yl'éne concentration in the Q @/%ri zation
reactor flash gas isWahRtidh &f mangiactipporoaisalsen be 2CEETRIHE % 8% about
12 wei ght percent. Mst preferably, the ethyl en centqatk kansdifed: he

pol ymer i zatjtamium cogipotd kahernee ¥Eagd orsupf §Vﬁthgl'z'aesplﬂjs9 thin ar ange of
from about 3 to about. 8 wei &FhBykene concentration in the
react or cadnSicgMcHHEHM Evﬁ\’eg‘?q?éepcolgﬁ%ﬁ%mrpgl eltiz)gl ar wei ght of the resultant

pol yner and al so cat gygéul@¥s hévmegtousi dayalysiispiems LesiinncSoRSTE Uged in

t he present invention can have 5 from 3, to 8 ca n angs PRSI, the
preferably stiglaattesds tm&dtbﬁ’e%%é@“&o%s‘?%cg‘i’sﬁﬁ ’JE);P' %‘- %%%ﬁe{rr?go 1-héxene, and

m xtures thereof in.order. tg pr AteRAROleVdFBicewt t h desirabl e properties
as wel | as dsedesups o ¥gt nlsgwf%éfg éﬁﬁ?rf pol yneri zation reacti onbghrnocess.
The nost preferred copper@miis chnipereneftthe pataldsce®SETE 6PBPYIRA Wi t h t he

best product properties. If a conononer.is pres g Paerg zat i on,
the 10 conohb¥ew dontéit WatEhe RETCANY OrB'(B'lr%/rPE?ffe:rzagﬁ %%Bﬁ?eact or iswithin a

range of from about Q.1 t i Ea188EE enbtlysidystenpamd moabl v,
conmononer i?elﬁgbﬁgﬁ?mmﬁﬁlgr?%gtﬂgé‘%gm\g? about 0.2 to ahout 2 wei %&Jhé npngercent.
Pol yrney§ Zalgljcpéélaﬁg,%gﬁ&nl:@g)ﬁﬁﬂrli.i%t\ir&ightcﬁcrttché Fhe ChIHBRIRTRPCRLEY" Be
carried out under” 15 | oop/ sl uny pol%/ erization cg%gibgiﬂg&sm%ei n the

t enper at ur ecosedippated slibvibe waidrariad SUGEEH2 Fhi S pdl yner si/\ﬂ/el |'s. Such

pol ynmeri zati on techni ques . LRd bl & fertany baryé chiosstoted) for

I nst ance, iHOWcﬁc’ﬂ&%}. &rﬁgfﬁéﬁt iﬁ%%@&&l?& the disclosure of which is
herein incogporabed by grefeeagndeis ifroducghby ddompaieting B BISHY AR At on
process is much nore preferred than_a stirre A6ted h S8 a
stirred tankvatarsobtble OROHEIHD W&ﬂé‘}m\f&#ﬁ E%&Péaﬁggg{sﬁﬁyio p_?gggge é)t her
commerci_al 'y popul ar..hi densi oLyeihaRenpeahiniciude TRiugY 3FENS: A

| oop redft or“”%’g al%ﬁlé r%cggia]gggntsgggmi n that isobutane diluent %%p?%rf | ashed
of £ during et hGRY Shyomiek silfuc ichrpriban WeXkiss ARYROHUNE SREmAT ST

pol ymer product from solvent. Addjtjopally, the t ARAL okidansf er
surface of anyonhcrzﬁmléa@@69@P¥@r§hﬁgfﬁnﬁ’8rcgnyl%r?éd:@iﬁ?yﬂ;gtr? pl gln;tn
operation, and.often le I Wehtdrmsintbeihg gopartedue itreabexgrale

Pol yneri zat iﬁi‘EF“?aé”é’é’t‘?’%afleegn%e%ag?Efr% in the r,eaﬁor, (gr reachg_?[% zone,
accordi ng t qu4iBi ¢ 18 MHetein, thi Teren I'thiromiumaedide’s agdise iaAtscE e type of
catal yst system enpl oyed. Pol yner.izati reactlo eRekiad Uheladetssfiadd y nust
be withi?b a GRomiumyEomPORRbUTESHRIOR %°§§8&‘tsy§'§htglffé§3c t-0 ; ;L%C), pref er abl y
within a range.of about YeacRed bf ¢B@mitm dOFCIn 8% 3ref er abl y,
the reacti ong’iﬁﬁ‘ig Cﬁ%%%?sgecgﬁeca?)gat\?\net hﬁcn a ragzqe of i diE.to 22%|i:ur§199c to
1040). Too hjjghuseéd @ Hogéh, 1. BolyaBcR(04, Bet¥Tofo ety at TR sduce a
polymer with too | ow of a nol ecylar weight.; o ho ufe d@ukédveigmct or .
Too | ow of acorspeunsy canehpemBleY PR 17t 7Y ?ﬂg‘énttﬁ?eép}g;bggrrg?i zation process

i noper abl e because .a | I r gagmp giéire can be difficult to maintain
due to the e?ﬁﬁcﬁ%tr?hr%mfp{l\gj?Q%ehfeiafzig?icgn regiti on, flashjn of{ Qﬁ]{%&m

di l uent ggn be difficulThe cardystapstpmodods @Upj%}PS‘/f%rcal/&"' gﬂgé‘ @owmerci al |y
unaccept ably hi gh nol ecul ar_wei ght . Productso SiRb§shefLcbnitaining

accor dance wiwitum ghesrang of apept '%’Bec%ﬁgo%{oé%nggé)ég@et hyl'ene and copol yners
of ethyl ene %%j:géﬂ, qﬂgﬁbabﬁt@f’%ggiﬂ;m of about 10 minutes to 20 hours or longer.




10 conmononers. Pol ymers produced according to this invention are nmuch nore
easily processed than pol yners produced in accordance with different

pol ymeri zati on processes. The high load nelt index (HLM) usually is within
a range of about 5g/10m ns to about 25g/1 Omns, preferably within a range
of about 8g/l Om ns to about 20g/10 m nutes. Most preferably, tqﬁWO(ﬂf

t he polyner product is 15 within a range of | 10g/1Orins to 169 mns.

The HLM /M, ratj.o of TRLS PLO d.i : - inS dhJaMBLi i ON IS
ol at i vel y At 6o Kla el BhER eyl SREACRARC Heg bt o8 dhtiped 0
preferably anotdiby Heatiapaie fifiidadeddatalykd syaeraBanipie 80abaub S8 67F.efubstanting t he
HM/M ratiois wthin a range of 160 to 200. These pol ?.{ megs al so have a

broad nol eciry atr feetlhnitegen pirpeEPhess RIESCRDAEAZ BIRRREOTh € 'YRREMSF t he
Ma/Mh ratio is,Wwthin 0 3 QustbimefiahRRisvawiat hin a
range of abt8LP? 1?’3‘ &Ouéggg@%%q %@pﬂgﬁéﬁlg‘ﬁ‘tﬁ@b‘?ﬁ%” N&;’?\Eh ratio isavvi thin a
range ofs 18ckPerdtire THESR APryprRns aahwtiohaine:. aFvkoyingaachvanaentd eaalydinge,

usually within a range of about 0,950 g/cc to about d. 960 g/cc. Preferably
the densi t ysystsmanusii be gforedriger &, AEHLATYSESE yrikused: about 0. 958 g/ cc and

25 most preferably t héatgﬁzgﬂ SYCnllssofV\@hﬁshii\?\P%rﬂic{na&gﬁoplfquirgé%egﬁ&féntsﬁbpo' 957

g/ cc. Polyners producé ccordance hi's 1T nvention al so have a very
hi gh envir tatbors @8 side o akher esdistig reattEBGR) In fBenenell faducuander
Condition A, the ESCR is greater than about 400 hoHrsFiZHFref eri}lloly greater

than about BEUTEEHCIN BEJeFBBENtH O BISIBYSRUORPEEBER) Do Y PFERY A s great er

t han 60Q, hours. The 3 iaf L giggg dvongheatvidficit han
about 5 ho'i?lggef:ulﬁrrgfﬁ%ég%gﬁ%drtgogtag?qgwg}ng%b%&t GSf%EASSi)ny%r%’? nost preferably
Beat er t hanjs8Qsiai¢ sorFsibyrmorligf this invention al so have excell ent

processi ng -10 10 May 2004 characteristics).as in%i cat eg by asﬁgi %tgashear
rate at the onset of mef fespiaiqiFmiunhan SHicarIRE £aRYYSH LA SFhet |
fracture is_at .| -.ab ' I bt hrafer g 2100
seo "and gt PERERd oY SRR o B S e e e

i nvention aks@inhavmgsi@hbout (6tto rabbes] . moiliilaets| maw groh dindprofeebn@ithi 2| east

| 200 5 grans per mnute_(g/mn),_pr.eferabl reater th 0 1n, and

nost pr B er &5y of phautd} 7 ﬁ%ahoqts%b'@ﬂmt?f? W%E%ﬁ%rg&%sll pf%?‘?%?yn\(/%ce)% %p(c)n are

characteriz havi DA AeH SolyhéClrodh@propéreivs, Ukdipbrcy

exhibit | esgg%lggnsy%gﬁ%tw)a}%?g@sml ﬁ{ }g{rlef er abl 3/3 I.ae-,s_s t han about 39%

and nost pr ebRARMMLE @3Blvshaystdn % withm sveirghtof K08 swdl 1 molfiligess peregi8of t his

invention usually is | ess than ahout. 380% eferably | ess than ?QL s 350%
a

and nost pr Sigheaippie velymes g 9IDVE hﬁé‘Fﬂ/%‘FlE’rrbfhetrﬁF‘Q’ P‘?]%Z%‘Y?rd)r?re SO are
h terized LS hat i tent, k tent. Thi
characteri Z?ﬁ%@i‘ﬁ%é%ﬂ%ﬁ{ v f*’éﬁ%'ﬁfﬁ“ﬁpn en or snoke conten i's

means t hat arn an 2% of their weight as oligoneric
conponepds havi ng | esShharfaddf@a wbitiec tdtaystisysiesi ghust beewethar apmee dThese

PPt or nbil v Ehe 0RO RIS PO8 T Cardmy HEergbon i Fate R RA0m0s,
nmol ecul ar i2 S [ & bhte catabyust 0. 7%
‘Sgr}lgg&n &ge 86 R y%lm?g%aén. m&tgtr)%faegﬁ,% firfack e fays 6

xyl ene sol era ss than 65% and nost preferably |ess
than 0.6% xgbeas, foluthl esaly2GydFem protbaivitygandxzesptesultan @OBTaL RIGEFSEIBE

further assist a_persaon skill ed%}ng thgf art w h@ der standi ng the
i nventi on. TRePeRAs(IF GUIaR arangs aind Q0 Mg 9 4HE M AHE ot her vari abl es are

i ntended<to be general j ailel YEmefe q@ﬁﬁg\oﬂagygggmg antfitethaot neant
to be cg%strued to thef%nﬂﬁéql%ﬁf Prri t‘?{ng tﬁe reasonabl e scope of the

i nvention. 2BndoXAMPLES! Gattel rgsin. s teedshens atie pore diametsr delgelenlaiwddpy hee
inventive resins, Runs

comer ci al | FaayRan abPre %%#FRZ/\%FQ(%E: eollu?nvg)f?é)l.{r?ascietXre%/ %h,: ip%i?e' Eh*a?n@ﬂ:'r Pnust
be from about 50 angstroms (A) to about 150 A, preferably between 60 A and 140
A, and most preferably between 70 Aand 120 A
30 Organoboron compounds used as promoters with the silica-titania
chromium oxide catalyst systems of the invention can be expressed as BR;, wherein

each R is selected independently from hydrogen, alkyl, cycloalkyl and aryl, at least




G ace Conpany as 96S Sylopore. It contained 2.5 weight percent titanium as
titania and originally 1.0 weight percent chromum Sylopore has a pore

vol une 30 of about 1.0 cc/g and a surface area of usually about 380 m-/g.
Speci fic neasurenents may be shown in the Tables that follow. In sone Runs,
both inventive Runs and control Runs, éxtra chrom um was added 0%4

i npregnation 10 May 2004 of. a 0.5% nmet hanal «2f 61k
as i ndi catoad R in eash cpgmosad %wﬁtﬁwﬁ?@%nsra%ecragﬂhg%% rom several ot her

types of commer ih?p‘egggaw?beéxﬁ&@s& OF¥RICE icRtdedingyi0 lratdch compoud R

Grace. Thé tara ys sonetinmes also referred to as 1§/O on.G ade 952
silica), UseehdierofRuitabik boraOpromaaters inclyds Eimeshyiberags. RSBYIDOIANS: B4y and a

f d 300 . 11 i 0 t, f
WR G acetedaithgnenteebpery padod ol BT Gl Bt 0000t U
made DY a Ghal fidral MG, IBRENLD8R 2tyiticay]borane thithyBldicshisllbarane, Bil's

made by .

silica al so"wa Q@ ace and had a surface arg}a 10 of about 580
m/g and aifoEésnpaindsre Boforatmupoudds sedy 3. dipgrsnp sthid) Fac 0™ @port used in

Runs IS and 16, |abeled HPV, had a pore vaol - ang, gesurface
area of 30UEARIRPTOSHRBPYEISASIY: O%Fg‘?t«%‘gi‘?’\% !thv(rgzcrﬂgflrrlm 2 rg)@h)’964 I\/ggnapor e~

Runs 23 - 34, andr 963 VBGnanGrsmy RO predbired Béausnof ihhircivatahilizi ned 1.0,
2.0 or 3.0 ? wei ght percent” chrom um on a hi gh por05|t¥. ilica-titanic and
vigy2 (R

either 2.5 or 5.0 weThhtmpentcefhboren campowrd weed; 1 dcedplby ore~ has

a pore volunme of 2.3 cc/qg and a surface of .. A3 Magiapor e~

has a bor eaRat (ntptdpgbopt 68&91 taﬁ‘?ﬁccgg’g’aﬁagélgagr%g%ggo Zg%ﬁlzclg. Theyﬁlat al yst

system useg,sk{;n RUPS A9 polyBrlerafios kdicldr 1ha &h%indusMugridpdoma prdsess had onl y
per

one (1) weig cent ‘titanic in the support. Another catalyst system was
used i n Rugsng2 leopfeaand, imsxpmpisartat ChvopR! tﬁ%wuﬁ?tlﬁeﬁg@{c’tsb?ﬁcﬁy

al um nophosphate (P/Al nolar rati . i ReLES Pfin pllskgas This
material h&MBOWGF ¥ % SAPAHAL FFeqm ?%%geg%g% r’a&t;hgf %glggﬁgr eg of - ?58 ne/g. 25

ELhyl ene pol B! SIVRK inPLPRRAAY diRaftn] bes ®. patagly gleresgsinermsbima The
continuous particle tormprocess (also known as a slur r%/pel 00 prcr)cess). by
cont act 5 ng candeatratigsdf Sysirganolotds OmRRPH dlfe @RPeIERERETR!D BRdi um

(diluent) and.tenperature thus.were | ﬁﬁ&%‘i‘i ; etabté_cqsm Mer was

produced asvEn pﬁﬁﬁjﬁf@l% n‘ai/\lﬁ%s:lt ?%géggiéeggol n tzgtE@{f{)rmrEt- hyl ene t hat

had been drigd P%F%@&ﬁ6%%&!&&00@11@5%&@sh\@ﬁd&ﬁefdomsabbw@-hmmﬁélﬂbomh?e
aeh PI qu ful ™ 15

reactor wa .2 cmdi aneter pipe.l og hgvi n&.a vol unme of 23
gal | ons (8%phi dbreasdbortu qainpoursh batedris thg gpeyab @f BYusH LERIEAAE Pon and 10

May 2004 12 dried over alum na . Use dpldigbly ipfhubEBasioanal |y
some hydr o fERUBRAYS PAEElE %W%rﬁﬁ?s\gﬁgmghaeﬂjﬁgﬁg%% arP%Nei ght of t he pol yner

producty, Trb%éfrp%‘?% ?.rs\%gﬁleéﬁ&'hﬁasv\@ﬁf@m tit Sh¥ild/Be ftah & RpPPES® h3PPM- The
nperat ur e

reactor te s varied over the range of 180 .50 230Fc£§2g%50
! éd to have

120C), as iHighemaleeels iofi thehborPalspapoBnh EALBFICTE ML COH WET BT at
ares dencelmtvierrre arﬂgfmtéL H%Snort]%yvress'uf&?lgrﬂlyy ﬁitgh ESCR.
| Reactants
Polymers produced in accordance with the process of this invention
25 are homopolymers of ethylene and copolymers of ethylene and higher alpha-olefin
comonomers. Preferably, the ethylene concentration in the polymerization reactor 15
within a range of from about 2 weight percent to about 20 weight percent, based on
the total liquid content of the reactor. Most preferably, the ethylene concentration
in the polymerization reactor is within a range of from about 4 to about 15 weight
30 percent. Measured in another manner, ethylene concentration in the polymerization
reactor flash gas is within a range of from about 2 weight percent to about 12
weight percent. Most preferably, the ethylene concentration in the polymerization




system was added through a 0.35 cc circulating ball-check feeder. At steady
state conditions, the isobutane feed rate was about 46 liters per hour, the
et hylene feed rate was about 30 Ibs/hr, and the 1-hexene feed rate was
varied to control the density of the polyner product. Catalyst system
concentrations in the reactor can be 1Qguch that the catalyst 1§}ﬁ%£f%04
content ranges from 0.001 to about | weight percent, based on the I gh f
the reactor t R r iR cibbioMtd Bbout Baweight aercentr at e of
about 25 Igg&gde}rﬁ%g?aséﬁgmrﬁg%g\\%fgecd in a flash chapgber. A Vul can dli] elg was
used to dryBthiensobnaentrationdiar thaircactyyetin pigniheantlygditect BeapglFeuigpperght o
Cocatal ysts_triethyl al um nu TEA). and e -horon (TEB) sone 15 tines
wer e added,th%lECSPlrﬁﬂ%d%&lEBeri ?‘Prgté’ﬁo ?%FB‘?’@ sryé{cg)nw_ ‘m%gprevent static buildup in
the reactor, a small RYMefi<SomemBrrs dsdd@nthy méseat myemteorccall hawt i stati ¢
agent sold as Stadis 450 was usual | y added. Den;i ty g%/mzl: ASTM D 1,505- 68
and ASTM D fi@28, toCdrdibion amords aimbawsr prefesably selactes fie &5 FVRGPERY 8t e,

cool ed at about 25 er mnut a conditJ ata b hempanature for
about 40 hohg’ét.en?-li ‘gﬁe{eélad”kd;i“ﬂ"e‘}‘rﬁag@“%‘%ﬁ&l ‘??%ﬁ {fgg}rgnﬁ%) A TM D1238,

condi tion Ey.Datierminegdeads HO0 aCedet 4T e 24 2066p/sluam padymhtizativ| rezauioar

Wei ght Distribution MM : Mlecular weights and nol ec&JI ar. wei

ht .
di stri buti oprecaser dhebnastmedferst sgmanymeeiss] -RSFneN FEPIY5E W&Pg%erigm

hr omat h with trichlorob T O 2w rat
gf r Tmm_? ?nr (rj: Fé’vggtprgdﬁécrﬁggf ! 1651? gffge? gqﬁ%n%@eragﬁ}&@ntsﬁd@%olyffﬂeﬁfhtﬁm w rate

(2,6-di r({)erédnt?éﬁo\&keﬁ’c—oﬁ@éd%ﬂéheﬂeﬂ%a péllmerigannerteat isonitin Aradgg/of fwas used
as.a stabilizer in the TCB. An injection volume of 220 L was used with a
noni nal pol sbrer Oclotvcalmut 40 verigf paacent.gMost greleeBly: CEMBBPREUPH D ssol uti on
of the sanmple in stabilized C J y 30 heating at 160-170 C
for 20 hourg’lwnt"hr%’(gga%#i%’ﬁﬁﬁ 8-938},1\% Y %é‘ﬁ%ﬁipghgcn?he colum was two Waters
HT- 6E col ums (7. 8x300mm) . The catdiymerizugion Rratesbrated with a broad |inear
pol yet hyl ene standard (Phillips Marlex BHB 5003) ﬁior ich tge ¢ &gf 10 May
2004 nol ecul ar wei ght Poldndration of drenpleBr monomer(sh Juist 8° §ATF6) At if'e

oligoneric co nents, or. snoke, the ] ad iof @delo thee range
of nol el afoREIGRt BOPTHHIZIG f%ncﬁtﬁ%qg?ég%i @% éﬂﬁ?ﬁaﬁuﬁéelst%ﬁeegel ow. Xyl ene

sol ubl es ( %emASEMORAMicR bolyinéraacilt ersuioh pofyrhérezatiommasbniques ateowiFlhol ecul ar
wei ght oligoners and thus, of the potential of the re%igesl%gny during
processi ng. kdowQumtheaah rodaradiseiosidy for WEEpesyan 8°%; Y& Distr i but i on

| nstrunent’ eqd t et ernm.ned .t f. gA ANgrReR&®. Valigwe of the
supports. Tﬁ!@%i’#@ﬂ At 0%‘%%5&“’3‘&?hr g}e?#%%%&r&an@achr ome Cor por ati on,

10 Syosset, MNydne R PBYmcASitih Stk nethuol nhdreprefemed thasna admedig8kul far
bl ow nol di ng appl i catl ons. In these exanpl es bl ow I.g‘}ibng evalﬁll,l);iléi ons were
conduct @d byreactds| twaiawsg @stones gak (cannct FoRtan 150bUENG AYIIEY I PECFR 7 Uni | oy

2016 single head blow nol di ng..machi i ' i beprodi®, 20
degree di verBPdtye Ather @?%‘Tﬁgggﬁ?%ﬁgth@' %‘g’éﬁ' i%gir},‘at . SCS%%%EEd low i ne,
0.10 second Jl w dehddp rédctbP ak8IREAn pieahhginddhaisobitdna ddEm! gar ge

tenperature.” A reci procating screw speed of 45 rpm was used .0V dhi
pari son ext risshahofftduingpolymerrscgyess: dimingting thy %G?Sétécosfesteﬂ?rg{?g%b&kgg&i e.

Thr ee measurenents. of | yne [ | i i QvWrfaed 8f ado wer e
det er m ned ilﬁg&%%’f%’ Isg&e%tg éﬁ&é@ﬁ?@é?@é Hfta?\%r ﬁlgtaﬂeﬁ%if%ut . Descri b%(s) t he
speed atyswhi Gheron6FrRahudf mohevirsQilitynibdplagt opeeatidn, end wiisn dee IR MThed. For
this test, the extruder on the bl ow nol ding machi ne was set at 4S rpm and

it was al | ovewklling dutingigelymesizatidtor one full minute at the sane die gap

used to nake the desir bottl| es. : 1 Ein thDfeator! B5teav@sn sdmepped
and extruded pol yrer ngl%ﬁté%r feégﬁdé{te(:r nigH{ehg I-rr?nute out put val ue.

This val ue p{&s}cﬁl@%st@mié ifich@di, 38 chficdl hed riadepanidasxar thei type of CBRYSpol ymer
oW no

during the b di ng operation. Processing Rating. subj iyeratin
gi vengby t hesystern iemlqy;ggér S{Qljymcrization reaction tet%pcraturesgusu'glly mﬂs?%& \Withid @' N9

30 range of about 200°F to about 230°F (93°C to 110°C), preferably within a range of
about 210°F to about 225°F (99°C to 107°C). Most preferably, the reaction zone
temperature is within a range of 210°F to 220°F (99°C to 104°C). Too high of a




based on their unbi ased observations during the test. Each resin was given
arating 30 of froml to 5 wth 5 being the worts and 1 being the best.
The operator considered such factors as head pressure, tenperature, cycle
time, pinch-off) and difficulties trinmm ng. -14 10 May 2004 Shear Rate at
Melt Fracture. The onset of nelt fracture of each resin was evgl vayedosn
the sane Uniloy machine used in the prefi-ous two tests, by opening the die

gap and extruding the resin. Shear rate was |ncrea i Lye: By
i ncr easi ngreahier ITNPWANPAEACHEICOHR Pﬂg’fﬂl‘“f‘?‘ i%ﬁ@wmgfgg@g&?‘%}m%cﬁﬂm(inch t he

parison 5 showed yisible sig 3 rdatis tatheratatClanagalee tikar k ski n
appear ance®ti Y ?j}l%lﬁ%(?feeaa%%'i ppog wgﬁlrfgce. Perlgsent Wei ght Swel |.. Measures
t he amount Pg%dmlaﬁ@ﬁpf&&ésﬁnepﬁahﬂdsbetmdilawelt reagior torRperEwic Al s the di e.

Percent weight swell 1s a neasure of the "nenory!. ghaifns as the
chai ns seekiffioult 40 eizam @@f@r%ﬁﬁ%‘giﬁnlﬁrﬂoj}ﬁﬂ 881%%2?5%%%_ EWei ght swel |

is inmportant because, i s i ¥ at;ktﬂﬁdinewghm congtherorllndj ust ed
to prov?der%?cé%n‘gruﬁﬂtt&%]oﬁ??lgﬁé\lg?’gaﬁtewa%fﬁgdresi n has high weight swell, the
di e gap reqyhiRaabiy highanbleghteweight. make the proper part weight. In so

doi ng, higher stress will be required_to, push the resin through the die
than a | ower wei ght swell resin. Wi ght Il is defined as the ratio of
the die gap to the 15f{ngl. 80l Hakbortliickuisshis DiansereueSagid (i e
Swell). The ratio of parison dianeter- to the die iamjl%fer. EXAMPLE 1 A
total of 64 prhyeeITetwier: priochoidndrof ehiyieneead gnAARFdle with 20 the

above procedures. Information about the,catalys em. 108 meteydasiy zati on
reacti df, aethawaiaiat FelYmsEs PW@“H&{ chgn%ioehﬁysl 1'gntvg%éclgnn{‘P'{I:abI e 1 bel OV\)/}. Only

t he uni que conbi nat,i StRMARESRGtH diffsrehp prlymdiiastemer

activation RrSﬁ%é?@{h&ﬁ&o%&g?gé%ﬁk? é%¥/6| ) and reactor properties %TIEB | evel }

32/i5el ds a poigr)éeg_gr?]s; hahe hi‘gh_elgaxémeﬁtl igﬁewxﬁﬂﬂalr\]’ghmlé*éi)’tlb i gadss 0;51 Bw nol di ng
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and most preferably the ESCR, condition A is greater than 600 hours. The
30  modified Condition B ESCR usually is greater than about 50 hours, preferably

greater than about 65 hours, and most preferably greater than 80 hours.
Polymers of this invention also have excellent processing
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invention also have high output rates from a blow mo

g mac ine, at least 1200
S grams per minute (g/min), preferably greater than 1300 g/min, and most preferably
greater than 1350 g/min. '

Polymers of this invention are characterized as having low swell
characteristics, too. They usually exhibit less than about 42% diameter swell,
preferably less than about 39%, and most preferably less than 35%. The weight

10 swell of polymers of this invention usually is less than about 380%, preferably less
than about 350%, and most preferably less than 330%.

Polymers of this invention also are characterized as having a low
volatile content, or smoke content. This means that they should contain less than
2% of their weight as oligomeric components having less than 1000 molecular

15  weight. Preferably, these polymers comprise less than about 1.6 weight % below
1000 MW, and most preferably these polymers comprise less than 1.4% material
below 1000 in molecular weight. These polymers should also contain less than
about 0.7% xylene solubles, preferably less than about 0.65%, and most preferably
less than 0.6% xylene solubles.

20 The following examples are provided to further assist a person skilled
in the art with understanding the invention. The particular reactants, conditions, and
other variables are intended to be generally illustrative of these inventions and are
not meant to be construed to the unduly limiting the reasonable scope of the
mnvention.

25 EXAMPLES

Catalyst systems used for the production of the inventive resins, Runs
17 - 22, was a low porosity Cr/silica-titania commercially available from W.R.
Grace Company as 965 Sylopore®. It contained 2.5 weight percent titanium as
titania and originally 1.0 weight percent chromium. Sylopore® has a pore volume

30 of about 1.0 cc/g and a surface area of usually about 380 m’*/g. Specific

measurements may be shown in the Tables that follow. In some Ruas, both

inventive Runs and control Runs, extra chromium was added through impregnation
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polymer was produced as sohid

temperature thus were selected such that the co

particles and is recovered in that form. Ethylene that had been dried over activated

30  alumina was used as the monomer. |
The reactor was a liquid full 15.2 cm diameter pipe loop having a

volume of 23 gallons (87 liters). Liquid isobutane, degassed by fractionation and
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Stadis 450 was vsually added.
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
20 conditioned at room temperature for about 40 hours.
High Load Melt Index (HLMI)(g/10 min). ASTM D1238, condition
E  Determined at 190 C with a 21,600 gram weight. '
Molecular Weight Distribution M,/M,: Molecular weights and
molecular weight distributions were obtained using a Waters 150 CV gel permeation
25  chromatograph with trichlorobenzene (TCB} as the solvent, with a flow rate of 1
mL/ﬁinute at a temperature of 140 C. BHT (2,6-d1'-tert-butyl—4-mcthy1phenol) ata
concentration of 1.0 g/L was used as a stabilizer in the TCB. An injection volume
of 220 L was used with a nominal polymer concentration of 0.3 g/l (at room
temperature). Dissolution of the sample in stabilized TCB was carried out by
30  heating at 160-170 C for 20 hours with occasional, gentle agitation. The column
was two Waters HT-6E columns (7.8x300mm). The columns were calibrated with a
broad linear polyethylene standard (Phillips Marlex® BHB 5003) for which the
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smoke during processing. '

A "Quantachrome Autosorb-6 Nitrogen Pore Size Distribution
Instrument” was used to determined the surface area and pore volume of the
supports. This instrument was acquired from the Quantachrome Corporation,

10 Syosset, N.Y.

Polymer resins obtained by this invention are useful for blow molding
applications. In these examples blow molding evaluations were conducted by .
blowing a one gallon (105.0 + 0.5 gm) bottle on a Uniloy 2016 single head blow
molding machine using a 2.5 inch diameter die, 20 degree diverging die, 32%

15  accumulator position, 8.5 second blow time, 0.10 second blow delay, 0.75 second
pre-blow delay and a 45°F mold temperature. A reciprocating screw speed of 45
rpm was used, providing parison extrusion at shear rates greater than 10,000/sec’
through the die.

Three measurements of polymer processability during blow molding

20  were determined in the following three tests:

1-Minute Qutput. Describes the speed at which one part of the blow
molding operation was accomplished. For this test, the extruder on the blow
molding machine was set at 45 rpm and it was aliowed to extrude resin for one full
minute at the same die gap used to make the desired bottles. After 1 minute, the

25  test was stopped and extruded polymer was weighed to determine the 1-minute
output value. This value provides an indication of the rate of extrusion of the
polymer during the blow molding operation.

Processing Rating. A subjective rating given by the machine operator
based on their unbiased observations during the test. Each resin was given a rating

30 of from 1 to S, with § being the worts and 1 being the best. The operator
considered such factors as head pressure, temperature, cycle time, pinch-off, and

difficuities trimming.
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| 50 Angst rohamcteristics (as indicated by the 1-minute output test, operator evaluations, and

the shear at onset of melt fracture), and low volatile or smoke content (as indicated
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