; --. 1 0e3e} NXzPPQRFRWBWINXP[ 9 May 2003 -1 A PROCESS THAT PRODUCES POLYMERS
FIELD OF THE | NVENTION This invention is related to the2Man200¥t processes
that polynerize ethylene, or that polynerize ethylene and at | east one
other .olefin, to produce a 5 polymer. BACKGROUND OF THE | NVENTI ON There are
many- processes that polynerize ethylehe, or that polynerize 10 ethyl ene and
at | east one other ol ef] s 0 : ere are al so many

manuf act uri ng processe 2Pl s bf=poryhers to produce useful
itenms. One of these manuf actpiifgPTAR TgoRal 1 ed bl ow nol ding. In
general, blow nolding is usetu or produci ng hol |l ow plastic products. A
princi pl e advant agEhisinvehtion isodethitertyta theiftedd abptdcesses thappolyureizéiol | ow shapes

wi t hout having to joip two or re separatel | d parts. In order to
pr oduce eg‘é%??doﬁ L “Eﬂrl?ﬁ/emﬂq%)ﬂfda“ﬁir%gf?ék ,0“%ﬂg;%ﬁ8§§§’ foPrPducs art with a
good5quat]0i1}l;[?{%rpol ymer. However, producing such good quality polyners is

di fficult "has been especially difficult to produce a good quality
pol ymer that has a hi gh BA(VKGR 24 0N esi st ance (ESCR) and

that is useful for_plow nolding a Iictios..Th refore, .the inventors
provi de this i nventh&s %mﬁ%?%ﬁ%ﬁs H@gﬂ"lé'ﬁ‘ Lige ctylengopy, that Rolymerze, gh
ESCR' s | ' ; : S ' | di ng
appl i caﬁ%?&%@@egﬁg Pﬁvﬂéﬁﬁ g@ﬁ%@?g’bl estiHr ab gg?llgr%gryo@l:gggna process
t o pol ymanfactediiiy prcesseothat useytheseetypss efpolymetsctagiroduve wstfubitemisefin to

roduce olLymer. Again .t is desira 0 prqvide said polyner. In
gccg da %epﬂ}. ¢ maé‘g&ﬁ%‘é‘ﬁgi%?feéseﬁr‘%fi%@ égwsP@gf"&ed. Thepprgcess 30
conprises_(or Opt'ﬁﬁgéﬂe)ﬁl,"ﬁl%%§mﬁug9§$ﬁ@ﬁﬂ %rlpfoeﬁémag H&ll&ﬁgih%ﬁéts of ')

pol ymeri zing ethylene, or polymerizing ethylene and at |east one other
ol ef i n, prodwetsddcpriaciplelagvantagepichloivrmelding isdtsyabdlity 20 pgoduse doldwct ed in a

pol ymeri zation. zo and wherein said pol rizi I s, conducted using a
cat al ystélﬁﬂ‘(’:{i ‘X‘tﬁ%‘ggﬁ’ﬂnﬁ;{? ,Jm&ntavovﬂe?lgfens[égﬁg?%gfoé‘?%sﬁméonpri ses chromi um on
a support, and whergpsler to pr%dﬁ@la 2068 quality BiovR MBIadd ﬁﬁdﬁﬁ%&x&ﬂé&%&m on

said support is fromabout” 0.5 to 5 wei ght percent, ‘and wherein said
suppldr t stantpwithse gosd iqiality polymesj dlowewver, predusing such good quality polymers

is difficult. It has been especially difficult to produce a good quality polymer that
has a high environmental stress crack resistance (ESCR) and that is useful for blow

molding applications.
Therefore, the inventors provide this invention so that such good
20 quality polymers with high ESCR’s are more readily obtainable, and readily useable
in blow molding applications.
SUMMARY OF THE INVENTION

It is desirable to provide a process to polymerize ethylene, or ethylene

and at least one other olefin to produce a polymer.
25 Again it is desirable to provide said polymer.

In accordance with this invention a process is provided. The process
comprises (or optionally "consists essentially of", or “consists of") polymerizing
ethylene, or polymerizing ethylene and at least one other olefin, to produce a
polymer,

30 wherein said polymerizing is conducted in a polymerization zone, and

wherein said polymerizing is conducted using a catalyst and a

cocatalyst, and wherein said catalyst comprises chromium on a support, and wherein
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wherein the anount of titaniumin said support is greater than about 3.5 to
about 10 wei ght percent based on the weight of said sufMay2083d 5 wherein-
said support his a surface area from about 400 to about 800 square neters
per gram and wherein said support has a pore volunme fromabout 1.8 to
about 4 cubic centinmeters per gram add wherein said catal yst has been
activated at a tenperature in the range 10 of about 3|1 5C (about 600F) to
about 59B€amaboutf daitl @hFYmium o saig suppart s emahowixd.diteiSnyeighbpement, and
wherein said cocatalyst is an organobaron .co und. In accordance with this
i nventi o‘H‘%aw‘b‘HFWé \éw %‘i%“%eﬁé“‘f’%|‘f‘d¥m8§g§£o%‘grti es: a density from
about 0.94 to abou{yhredP thearfinlt of Gidhivire|ih shiddappdrt @prkatsr aQUWHos t 0 about
45 g/ 10 min., a shear ratio (high load nelt index/nmelt index) from about
150 to abbue aho®, 1 awieéghs metrentchaspd pn diesc wetgbtrob bd supgpost, tapdabout 55, an ESCR

Chan Sabout 200 nouPera sgf auprarlie 7 Sitdee PR BeaA0 e ARyPaBRIT 171

vei ght  syihfe theRR 3@Adt o about 500 percent, and an onset of nelt
fracture greater than about 2000 20 sec'. These and other objects wll
become nore appar ewherin aid isuppast hasi pere vieme érops abays riph tesebout 4conpri ses”
and "conprising.' are open-end and do not exclude the presence of other
steps, € @gfeﬁqrg{m%?rs,%q?g@g@ hat are not specifically mentioned in this

speci fication. 25 JnerdicAadRatalys0nss bdes dlivatd af' £ teperituitinahe rafee Cl 0sed
ended and do exclude the presence of other steps, elenents, or materials

t hat10ar eofiahout 3&57G (ahaut 0ATR tto chewt S93°€ Kakous J$0U°F) dmtheopresansaefen, they do
not excl ucll . irgurgi i gﬁa&gor mal |y associated with the elenents and material s
used. Th%xg}ﬁ AOORY %t s essentially of and "consisting essentially of

do 30 not excl ude whRrdinasideeatalystos harorgirmideronadopiponhd, or naterials that
are not specifically nentioned in_ this specifjcation, as al og&]@as such

steps, el ements, oin gaeasdanee withythis,Eweniianeg polyrier gamprising dhe,fpllowing

characterjstics. of .t iV i i Y a: hih t May 2003 -3
excl ude PF urrule i easderPgﬁaqu“gggéslggbé?ﬁﬁg%’to \'?lep ?Gt %(}a"%ﬁ I(t;)xrr(\!:n °s‘p§‘ﬁa" ﬁ%f%ri al s
usedi5 Thebdit SVioabout @5 e 1R itn.phshes Fatiy ¢high l@ddaelt imdex/mselt indedr Ram out si de
of U'S, jurisdiction. thin the U S. | u%sdi ction the above terns and

phrases abautil§Oe abppt #QQ apketerpggnely dn empbautpls 19 aboug 55 aESRR the U. S.
Patent O f] T L ' i zat i
can be csoidiflon A il deid Hou TOGT hod, Snd ik Rniifiolt Erdafe Ry i 21 "

sol uti on200 hehrdl &hop@hlized dig sveld frono atbut i0o so abdustli I, aeweiphesiall fromn be
utilized for a batch process, or the reacgi on can be carried out

cont i nuo@gpyt 308 ta 3beup SP@ aercent, andhanransst B melfraciure igseatersthan AbRIK 12980 n a
pol yggri %?é—li on zone.- It is preferred to conduct this polynerization in a

| oop reactor. It is nore preferred when said polynerization is conducted in
a | oop reactor undéFheseé and ythpobbjets iveiHtbicomme armle apparent Gth tlenfollpwirdie

preferred diluent for slurry polyperizatioq ia“i sobyt.ane. Loop reactors are
known in the art, s tergs e, COMBIISES (38Rt SOMBriyng 1areopgn-eadeb s 341;

4,501, 8554 ahat §bBH: plelbhcB BEofter Yo ASHIRS o Tmhi A0 174 Sre not
specifically mentioned in this specification.

25 The phrases “consists of” and “consisting of”” are closed ended and do
exclude the presence of other steps, elements, or materials that are not specifically
mentioned in this specification, however, they do not exclude impurities normally
associated with the elements and materials used.

The phrases “consists essentially of” and “consisting essentially of” do

30  not exclude the presence of other steps, elements, or materials that are not specifically
mentioned in this specification, as along as such steps, elements, or materials, do not

affect the basic and novel characteristics of the invention, additionally, they do not



her eby i ncorporated by reference. Especially preferred processes are
disclosed in U S. Patents 4,S89,957; 4,737,280; 5,597, 89Maw2@035, 575, 979
tthe entire disclosures of which are al so hereby incorporated by reference.
A preferred polynerization technique is that which is referred to as a 20
particle form or slurry process, wheBein the tenperature is kept bel ow the
tenperature at which polynmer swells and fouls the reactor. Such

pol yner iexghiderimpunties qmllé{rﬁswtﬁd RAdvihe |€l¢nt5(ﬁt§ and matgtiaksrsedii scl osed, for
exanpl e, in Norwo di scl.osure o

t.h
her eby i ncor por at ﬂh%{/’reve%ug e "’deévemsC§ ee’rnrwe e&’(g lﬁsgrlf’zaéﬁsoor‘ft%hﬂgds f or

the sl urys. pirgeespnar Withlioge @2.3. ?.iﬁﬁdwﬁbﬂgh@alb@@ﬂerrn@éﬂdoﬁhﬁestat’@t& ype
di scl osed in Norwood and those utilizing a plurality of stirred reactors

ei t her iapphied e sheyprie gonsrued bycHbicautts em%theHéSeBatemh@f@m the reaction

condlrstl ons are di ff%ﬁg Iﬂébtﬁ@sg%?ﬁbﬁ]bﬁﬁﬁ %%I[gﬁﬁ;dl | uent, before it
enter’s the reactor efore the di | uent
enters the react or Thishlyfaératibl cah bs dbefiedi dui@Nbny fadfer ISR A akl | S
preferred when the di I uent contains 60-100, nore preferably, 70-100, and

nost pr esuch&BIgps 9basmeolmq>rgﬁt slyay polymerization &ﬁ'édlﬁmﬁedAcﬁﬁlmeﬂeemrng of the
di | uent t
1 et BP0l o S0 88 gcign S BY o0 i TNEBRIY TR 220 00 1

230F) . H@up\t&rqont IS pref erred when said polynerizing is conducted at a
tenperature from about 90.5 abqut 19SF) to about 107.2C (about 225F) and
it i even nore pré& emoéunw]eﬁtogateo PS?ﬁemazmbgn?rszagoeéﬁmcltea at a

t enper at 4 ow about
BaC. (abobfeTtrD RLtiey e dimerRafOf ul b1t Hater e S FREIRLRET Wigh

adver sel saidbbBeiegidatiod ist cmdacted in eslocquaetoahnde‘r shirCpdlghetiizatida0 F) t he
reactor could foul due tq the_s of the polyner. The_ pressure that

the pol yseaditions; drrrrentlyq theprefearegy q“§‘% fqr shgry polyaerization 1&5@9‘#“‘23756 kPa
(about 400 psia) t about 3445
kPa (about 500 psi g)g'? é%é@g;%P%P%out %Qpél a)éQa.thgJ gg? used in
t Ei s13 nv&,attsgﬂ%@,m B8 Es4,600, &Sﬁhmmdm;ﬁB m?ﬂm[]entxr@dsbbsm’ek wf Mﬂudhh&ef or m of
chrom um oxj de on a suppori. The _anoby of .chr.om umon s port is in
the rangBerspy &‘H@Eﬂor@eg%ﬂt’ %5‘?5‘5’? "giﬁ Prsferred processes rags 35‘?&? But 1 to
about 4 08 BleREIRD1957.12 7379800550 DS, Y dS’zsfsf?@”théeM istl 9B

e support.

per cent, ere such Werght’ percent’s” dre’based of the wel
The suppehichcarspisosiesetsi inlcﬁ@omudi by refedence. Addi tional 'y, such support has
silica, as its major caonponent % as_its mn

dtit
conmponent by wei ghtA preferred q?’é\?“l%géﬁﬂl%a I“%ut‘ipféfet“cédﬁﬁ§ts
| t It
esseqq | ah%ﬁrﬁgeg gogn,ep étﬁ‘\%gperﬁ%si'%ﬁé}bﬁ th(‘!"'ténl(i]bérétﬁxte i§ kel f bA&Y:thd MPUri ti es.

is even e silica and titanic re cogelled. It is
preferr embm\pmatutdm which rpbl)miertswsteélﬂ audnfcpuis ﬂtwcwpxpochhu polymenizatioout 3.5 to

about 10 erc u bout pergent, and nost
pr ef er abi ?F Fﬁ g glgﬁcm\% ﬁl? EFL%?& véi%cﬁ%seg’aﬁ%ﬂ em@ﬁt 1 gf’f%‘?ﬂds are based
on the 2% 3epghiNgoh 2489 79UQEQﬁ§olost96'f Whikhasmeteby qtcot;sot:@cea BPrkferdngss t han
about 3.5 weight percent, the ESCR of the resin produced tenhds to be t
| ow. When t he armuriEW@preferred polymerization methods for the slurry process are those
25 employing a loop reactor of the type disclosed in Norwood and those utilizing a
plurality of stirred reactors either in series, parallel or combinations thereof wherein
the reaction conditions are different in the different reactors.
The diluent, before it enters the reactor, comprises isobutane.
Additionally, before the diluent enters the reactor, the majority of said diluent is
30 isobutane. It is preferred when the diluent contains 60-100, more preferably, 70-100,
and most preferably 80-100 weight percent isobutane based on the weight of the

diluent before it enters the reactor.



titaniumis greater than about 10 wei ght percent, the catal yst becones-
thermal |y unstable and processability of the resin prod%dtay 2003ds to be
undesi rabl e. The support should have a surface area from about 400 to about
800 30 square neters per gram It is nore preferred when the support has a
surface area from about 425 to 700 squhre neters per gram and it is nost
preferred when said support_ has a surface area from 450 to 650 square

meters per gram SUheRObymgrizaton incopdycied @b a tempapre HBBLboMbE8THY/ g tend to
have | es o I : i F-¥ ile surface
areas ab \l/)g&a!)%duwé%@gﬁ‘gllggﬁég@&c@?ggq)yrr%zr“ég‘{eh’aft? 1ié\§g"aed%ens§/\aé | that is
t 00 hi ghpolgmedigRignis cdohddcpetDatch snpebatareciibmaiboha0.5%C (aboul DS Freslabasgsi bl y,
a melt index that is too low 5 The support 3h uld _Iaave a pore_ volume from
about 1. B3 Grhwut 228U asd dbt VR IBPLS RIstertgd Yyhen Spid; Rolymerzing & er r ed when
t he syupport p 0o ofh. cnB/g, and it is
nost %re?ctgal}dpg%avﬁign&?%ﬂc@gg%j}tgg}r?agbczggoéég\}g?ﬁangq??oooﬁ?‘zr‘x‘?o 2.7 cnB/ gram

Por e vol wifserdteles Wekho dbout .88°Cr@baut 90ECthe pifigiensy ofithd catalwstEB@Rhewhi | e
pore vol unes above about 4 c¢nB/ geare difficult to i n_conmerci al

10 handl
oper at i ofeactoris aberssaly affecied;c i Jemperatirgs ghoye GPO\EaklgfﬁQ@ug?éOﬂmdm in the

3 405, sot-eSlpr AR die RGN of B hdbder. L 00T Wi ch are her by

i ncorporated by refReesresureTthet thatmelymeriztion Ii:dcdmlueteﬁ iav &t iadhé m:{gbeofpr esence
Cenpid af Bbait ke Eha A00RHA 32 500 K0lohsu1 (K00 Auto0k PSR SRk
(about 705% XPE (FEES00 (RRELEUBES P Tibe900 BARFY hibalyi TR ROV P0G ©

when t heirtventien @bmipeisésschirorminnalooa suppatt, prafapahily Hif) €e) fotro eflwhrdminBB8C (about
1090F), and it is nost eferred en the tenperature js from 20, about 482C

(about 9OWIKE qrua SURROTE 5 bt pIEURSRfFShromium op, sald SUppeIL 15,1y the, rangs Af 315¢
(about 600K} d.?% ABbhS hight gkteen& §;&Laa5ry dbdut 89a66kt A defphiepdbusi cal
properties of the polymer are adversely affected. At tenpéeratures above
abouft 5 593fd (ado preféfabbFromhks do i3sweighbpercat, WBER sich whighppérgergs areCur rent | y,
t he prefgrﬁf’ed o>i‘i‘di Z#ﬁ?‘? f';mbi ent is air. This activation is carried out for
a time porFontheawsight of the fYPROto 25 about 50 hours. This allows a portion
of the chromumin },g,?g i C val ent
state. The et hyl ene%‘és%ﬁgﬁ\(%l bgs %%ﬁ/ﬁneér?tiag?l oﬁduéﬁgﬁfgé%lﬁgﬁgﬁg&me ot her
ol ef i ns thaatilitanadits uspat campoakbyithy weight, rred Higania gsfitsanindr tanpénhenibpon
atons. Currently,, 1-hutert]e, 1-Eexen€, and 1-octene Er? tpel.rmst preferred
ol ef i ns. veightneft dsmasy prefatied, When $id SupROTt GpasiSis Essertialy ot silieg,aad o) yst t hat
I's angor Qﬂ&&ﬁ@%ﬁﬁ IRAEPE YR - infPulifiBa DRY i9 Rved Hoed! P forredSwhtit e isNich ing
i nvention, have the follow ng general fornula: B(X)3. 9 May 2003 -6 In
t hi s f or mithma @4 cogelledhydr ocar byl having from 1-20 carbon atons. Currently,
it is preferred whep. is an,al kyl having from1 to 10 carbgn atons.
However, it is mstﬂdgﬁeéw%ﬁw\%‘éﬁ}é(%o% ogé'lmé]&'gdn %k}eosmpp?] ‘ngrSHb
consi sti ngodf 3ot ]‘30 :i%light pefdeit, préfetaply atdne4its abetit)d perbereX@iPhest of

0

such conpounds are as | ows:” trimethylboron; triethylboron;
t ri pr opylprefesably tfrarh 4t tp| Gweight pensent] wheve saighweight Pereeis areihagedhon fhe

. 4 ) : it . .

thi o2 nSHERbRE 1 SbBhita e e A of lipBhAE IORRY Bl BRRROUO Gty 150, 1 1

based on ;%é}eexw,eﬂﬁmsm dfltee eHisinysrotiudedftonds totbeadd ¢ve. Wiken haaimunt bbwever ,
e

it is preferred when the anount is fromabout | S 1 to about 10, and it is
nmost pr ef étaniun jheavgaten shanabout 10 vejghd pereenty the saalyst beeames thermadly The

pol ymer pro ed peeds qs . i L8S:.jx.0order to be a
pol yrner tﬁ%ﬁ%{ﬁ% aré@gg&feggra&rl}%\}éfﬁ%ﬁf‘h?rg%?g%@ |E gﬁgé mfﬁeecg“%ge'lﬁ‘si ty needs to be
from about 0.94 to OHRGuppcrrshduid haveda surfite aesat fromtabout 4§ @vabiont BOO i s

preferred when the density is fromabout 0,95 g/cml to 0.96 g/cnB and it is
mor e $ ef BqUASRI MERASA PEh&rage ki 16 ynare prefered whemthe support Baga gurfacg/ared Thi s

density i ?roﬂ,eaﬁ&ﬂ‘i £H3%,) ‘ﬂ)oasﬁﬁé)&qﬁa&@ p‘M’ %thﬁ‘%];m iPisHost preferred when said

support has a surface area from 450 to 650 square meters per gram. Surface areas



The high load nelt index needs to be fromabout 5 to about 45 Erams per ten
m nut'es. However, it is preferred when the high | oad ne is from 25
about 8 g/10 mn to about 35 g/I1Omn. and it is even nore preferred when
the high load nelt index is from10 g/10 mn. to 25 g/10 mn. This high

|l oad nelt index is determ ned in accofdance with ASTM D 1238. The shear
ratio (HLM/M} needs to be fromabout 150 to about 400. However, it is

pr ef er r belowhabput 480 ai'ée tendatoi lnvi dess petivityh dess ESTIR tanddbo little3die sawell, it is 30

Chdox (MR RS Aoy B0 4Huh A08 Bl b pdsS pl R Bt R st T 9eme! Y
pref err eghtwhesd hige, HebbaBesEIohY chilf ®farichinl il idQod v andsbsiiblyl s 9 May

2003 even nore preferred when the heterogeneity index is from 2S to 4S,
and it ineclhindex phasfiefroel@Wahen the Heterogeneity index is from30 to 40. The

het erogeneity ind t i [ i C ography. The
ESCR Condi ti o A oer pob el tle DhobPyoBHTRh (BRCTE SBER A"
Condi t i @b &htiﬂﬁ&r@ﬁér)égs%ig. | B igneaé preférfelwREDtHBGupport RALA &6ﬂ>bvl'dlmﬁé eater

t han 300 hours. These s,are neasured according to ASTM D1693,

Condi t i drem abextdl.Bto abentt3 emae) gud i iemesh Breterred vehandsaidasupparties @l e ESCR

greater than ,70 ’ [ | e, exanpl.es bel ow
Thedi e FGrPIGNS SR 25 21087 defte DO ARREE BBt L8y PR "0 ™ o
flare oyolyaseri with Soww’BSQRIedhile poretvotuntseaboldabanidnethi/g et difeeuitel | shoul d
be between about 0.8 and about 1.1, preferably, about 0.9 and about 1.0S,
and !Rosthapdlefiacapimercinl oparatians. t o 1. 0S. Normal i zed die swel |l outside this
range | eads to po il i i I i arison
ext endi ng beyond t 8ﬁlr8r%‘% é?p@ggin%gh?sg,ﬁégﬁfgﬁa eﬁré%%%’éag%m'?r&ot her
pr obl engfor kganle cUSV@latencsB90R4SE HOSIANT24[392990p4 403,501, 739930; Vi ght
swell is a neasure of how crfl,g&%ory he pol yner retains as it is

ext r udedh 98,80 thedigrlosyes ggm ich,gze herehy ipcorparaied by refeencenal bottl e wal |
thi ckness is thre ' ' LSt ; has a
characteristicall ;?H#l ég;%ia#etl gotqldgbv\%ﬁay%gt“?g%fﬁrreéeeglcgggﬁg%}éﬁgég e gap to
prodgce dnhisienta@omesle wefetre@ @o ‘as t'stinokphess’) aba tenapesarate greatgathag aboutest ri ct

pol ymer flow, and thus machi ne o t. The weight swell should be between

about 309 Safkdabeps R008D °§hgg%§@gﬂ‘lt,“gsé¥£ﬂgbﬁ SvengpeNGtPratsged yheapout 475
wei ght : r %aicg t C . The
onset OP& %g%aﬁ?rﬁglg%ﬁ;@&ghaggﬁg%g@g g%{tgrb B:Iﬁgttg l%%otgéggc : géoml\g@ES These
exanpl esit & evep muredsreferred fwiidnhihe térhpanatureats drdnn about\i82PC @about BB Ry ape of t he

invention shaould not be linited.tp these exa es.. TESTS A "Quant achrone
Aut osor @‘@“Nﬁ%%ﬁ;@%ﬁo&%sﬂé“ "E{Sr’f‘%tpquﬁr%‘ga&‘ﬁ% the trmperaturg ds g@%‘d to
det ejgm nggt ﬁ?z@géb.%ﬁ@@d"?? 16886 ROLBotCl 0508F)0 Al REapeHRRRE blow 4ot

i nstrunment was acquired fromthe Quantachrorme Corporation, Syosset, N Y
Pol ymer 3IE11€1 tapoutatNOAEY theractividy ioh thyrcatadysp év redudsidcancletht iphptieal pfopectiss

of the polymer are adversely affected. At temperatures above about 593°C (about

1100°F) there is a loss of ESCR in the polymer. Currently, the preferred oxidizing
ambient is air. This activation is carried out for a time period of about 1 minute to

25  about 50 hours. This allows a portion of the chromium in a lower valance state to be
converted to a hexavalent state.

The ethylene used should be polymerization grade ethylene. The other
olefins that can be used are alpha-olefins having from 4 to 12 carbon atoms.
Currently, 1-butene, 1-hexene, and 1-octene are the most preferred olefins.

30 The catalyst must be used in the presence of a cocatalyst that is an
organoboron compound. Organoboron compounds, as used in this invention, have the

following general formula: B(X);.



9 May 2003 _g_ on a conpression nolded sanple, cooled at 1 SC per hour; and
conditioned for 40 hours at roomtenperature in accordaﬁ.&.ﬂl@.‘ﬁa ASTM D1505
and ASTM D1928, procedure C. High |load nelt index (HLM, g/10 m ns) was
determned in 5 accordance with ASTM D1238 at- 190C. with a 21,600 gram

wei ght. Melt index (M, g/10 wins) wag -determined in accordance with ASTM D
1238 at 190C, with a 2, 160 gramweight. Environnental Stress Crack

Resi st ance (ESCR, Imrth)s foasudeiXdrisiartgdraadiyl diavigg tfoordhITM Earbob admsCondi ti ons
A and B. 10 The. Het erpogepeity jndex s, det.ernmi ned using size exclusion
Chr ontat SYREESRY. KaBEoianel yeek (Khis amaka! BRarb ot 40 10 AReboromoAL or

nodel 1 o & i i t I ntration of
0.2S weig \gﬁé%gﬂ?ﬁf{rﬁ;ﬁ%‘yﬁdc{x(}?gbsgﬁggﬁef% V\nég?cf %%hg%gagﬁﬁgfeasonabl e '
el ut i on méthyls ethpb| propyl, bewi,rmnddkstaityled by this invention are useful for

bl ow_nol di ng 15 apgl [ calti ops..In thes& exan‘gj s bl ow nol di ng eval-.uations
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exanpl es and sone conparative exanples the catal yst contained nore than 1
wei ght percent chromum In these cases extra chrom umwas 30 added to the
catal yst. This was acconplished by inpregnating the catalyst to incipient
wet ness or somewhat |ess, with a nethanol solution of chromum (111)
nitrate containing 0.5 g G/100 m's. 9 May 2003 -10 EXAMPLES 1-4 These
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A-commercially avail.able chrom um cat al yst system was purchased 20 fromthe
WR. ‘Grace Corporation. This chrom um catal yst system \$aMayR280364 Magnapor e
Catalyst. It had a chrom um content of about 1 weight percent based on the
wei ght of the chrom um catal yst system and about 5 weight percent titanium
based on the weight of the total catalyst system |n Exanples 1-3 extra
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to incipient tness or .sonewhat less, with a anol ti of chrom um
(111) nidhost W8 and éﬁﬂ‘i‘tnﬂs’ov."%g xasmeféﬁhmre?sﬁpﬁef’ée{fﬁ?ﬁa?m 386 g&éﬁ@n e 7 and 8 a
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desi gnat ed "HPVSA 1 ndi cat i ng its relatively high pore vol une and surface
area conpared to siTandaset od poliragtirg shouldiber greatar that 20008es” added to the

cat gﬁj/st. This was acconplished b xéﬁﬁﬁggati ng 9 May 2003 - -12- the

cat st to incipient wetness or | ess, with a nethanol solution of
chromum (111) nitraeg SQRpRsErdgrdtided do Gurb0ijikteatd theCiav@aioal TR exanpl es
10 to 14 a commercially avail abl e chrom um cat al yst system was purchased
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under the nane 964 Magnapore. In ex s 10, 11, and 13, extra chrom um
was added to the catalyst. This was~-acconplished by

A "Quantachrome Autosorb-6 Nitrogen Pore Size Distribution

30 Instrument" was used to determined the surface area and pore volume of the supports.
This instrument was acquired from the Quantachrome Corporation, Syosset, N.Y.

Polymer density was determined in grams per cubic centimeter (g/cc)



| mpregnating the catalyst to incipient wetness or somewhat less, with a

met hanol solution of chromium (111) nitrate contai ni ng $Mayg2083/ 100 nis In -
conparative exanple 9, a 964 Magnapore catal yst was produced 10 except that
no. chrom um was used in the process. Extra chrom um was added to the

catal yst. This was acconplished by i n’&regnatl ng the catal yst to incipient
wet ness or sonewhat less, with a rret hanol solution of chromum (I1I11)
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Polymer resins obtained by this invention are useful for blow molding
15  applications. In these examples blow molding evaluations were conducted by
blowing a 3.8 litre (one gallon) (105.0 + 0.5 gm) bottle on a Uniloy 2016 single head
blow molding machine using a 6.4 ¢cm (2.5 inch) diameter die, 20 degree diverging
die, 32% accumulator position, 8.5 second blow time, 0.10 second blow delay, 0.75
second pre-blow delay and a 45 degree °F mold temperature. A reciprocating screw
20  speed of 45 rpm was used, providing parison extrusion at shear rates greater than
10,000/sec through the die.

Percent weight swell measures the amount the molten resin expands
immediately as it exits the die. It is a measure of the “memory” of the polymer
chains as they seek to relax and thus reform the polymer shape. Weight swell is an

25  important parameter as it determines how tight the die gap must be adjusted to
provide a constant bottle weight. If a resin has high weight swell, the die gap
required will be tighter to make the proper part weight. In so doing, it will require
higher stress to push the resin through the die than a lower weight swell resin.
Weight swell is defined as the ratio of the final bottle wall thickness to the die gap.

30 Another measurement of swell is die swell or diameter swell. This is
the ratio of the parison diameter to the die diameter. These numbers are referenced

to a standard commercial blow molding polyethylene resin, Marlex 5502, obtained
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which the onset of melt fracture occurred. Pressure drop versus flow rate data were

25  also collected using the orifice die alone. Using standard calculations for flow
through capillary dies, this data was then converted to true shear stress versus shear
rate for each resin examined.

In some examples and some comparative examples the catalyst
contained more than 1 weight percent chromium. In these cases extra chromium was

30 added to the catalyst. This was accomplished by impregnating the catalyst to
incipient wetness or somewhat less, with a methanol solution of chromium (III)

nitrate containing 0.5 g Cr/100 mls.



7. A process according to any preceding claim wherein said support has a
surface area from about 425 to about 700 square neters B.M_ablﬁ 8." A
process according to any preceding claim wherein said support has a pore
vol ume from about 1.9 to about 3 cnB/g. 9. A process according to any
preceding claim wherein said catal ysl0i-s activated in the presence of an
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based on the weight of the total catalyst system. In Examples 1-3 extra chromium

was added to the 964 Magnapore catalyst. This was accomplished by impregnating
25  the catalyst to incipient wetness or somewhat less, with a methanol solution of
chromium (III) nitrate containing 0.5 g Cr/100 mls.
COMPARATIVE EXAMPLES 1-15
These polymers were prepared in the same reactor and under the same
process parameters as described above.
30 Various catalysts and cocatalysts were used in these runs as indicated
in the table and descriptions below.

In comparative example 1 a commercially available chromium catalyst
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transported by the nitrogen in a 3.17mm (1/8”) stainless steel coil which introduced
the vapor into the bottom of the bed. After all the titanium had been added, the
nitrogen gas stream was replaced by dry air and the temperature was ramped up to
the desired activation temperature in the usual fashion. The final catalyst
10  composition was analyzed after activation.

In comparative examples 2 and 15 a commercially available chromium
catalyst system was purchased from the W.R. Grace Corporation. This chromium
catalyst system was sold under the name of 965 Sylopore. This chromium catalyst
was treated with titanium during activation as described earlier.

15 In comparative example 3 a chromium catalyst system was obtained
from the W.R. Grace Corporation by spray drying a silica-titania-chromia hydrogel.
This chromium catalyst system was called the SD Tergel catalyst.

In comparative example 4 a commercially available chromium catalyst

system was purchased from the W.R. Grace Corporation known as HA-30. This
20  chromium catalyst was treated with titanium during activation as described earlier.

In comparative examples 5 a commercially available chromium catalyst
system was purchased from the W.R. Grace Corporation. This chromium catalyst
system was sold under the name of 965 Sylopore.

In comparative example 6 a commercially available chromium catalyst

25  system was purchased from the W.R. Grace Corporation. This chromium catalyst
system was the 963 Magnapore catalyst. Extra chromium was added to the catalyst.
This was accomplished by impregnating the catalyst to incipient wetness or somewhat
less, with a methanol solution of chromium (III) nitrate containing 0.5 g Cr/100 mls.

In comparative example 7 and 8 a chromium catalyst system was

30 obtained from the W.R. Grace Corporation, designated HPVSA indicating its
relatively high pore volume and surface area compared to standard 969MS grades.

Extra chromium was added to the catalyst. This was accomplished by impregnating
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13, extra chromium was added to the catalyst. This was accomplished by
impregnating the catalyst to incipient wetness or somewhat less, with a methanol
solution of chromium (III) nitrate containing 0.5 g Cr/100 mls
In comparative example 9, a 964 Magnapore catalyst was produced
10 except that no chromium was used in the process. Extra chromium was added to the
catalyst. This was accomplished by impregnating the catalyst to incipient wetness or
somewhat less, with a methanol solution of chromium (III) nitrate containing 0.5 g
Cr/100 mls.
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Activation Temperature (°F) 1000 1000 1000 1000
Cocatalyst used TEB TEB TEB TEB
10 Concentration of Cocatalyst (ppm) 2 4 2 2
POLYMER PROPERTIES
Shear Ratio (HLMI\MI) 222 291 191 191
High Load Melt Index (g/10 min.) 17.8 17.4 21.0 17.2
Density (g/cm3) 0.9552 0.9564 0.9554 0.9567
15 Heterogeneity Index (Mw\Mn) 33.5 439 38.1 38.8
ESCR Condition A (hours) >1000 >1000 >1000 >1000
ESCR Condition B (hours) 300 261 317 429
Bottle ESCR (hours) >700 >700 >700 >700
Die Swell (normalized) 0.97 1.02 1.02 1.08
20 Weight Swell (percent) 410 457 392 395
Melt Fracture (sec-1) 2194 2169 2155 2200
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