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BACKGROUND OF THE I NVENTI ON This invention relates to nodified supported
chrom um oxi de olefin polynerization catalyst systens. 5 It further

rel ates toVPHEEd of making et hyl ene polyners and copoPgIUsS®M42088ppOr t ed
chrom um oxi de catal yst systens have been used for many years in the

pol yneri zation of olefins. Ethylene can be polynerized by contacting the
mononer with silica-stidhd 190 GATALYSS ANDRRQAEESY St ens, the reaction
10 being carried out in a@At"%éoﬂmﬁﬁfE hUPRRITAIN' es bel ow 110C for
produci ng solid polynmer SUSpended T the r1qgurd or at tenperatures above
110C-for sol ution p&hiymmsenten fetaes tHhmodifiahspports] difortnen oxideblefing pol yrer
depend upo ; ctors, including the type of catal yst system
enpl oyed aﬁ%@% ic\?}%%yi_s{)%sgef'g‘rrper ature, the reaction pressure, and the
reacti of tenperat ur elt futther selgesner almeyholioflknaking éthylend pdlpnensnmdan be added
to the sUonrltled chrom um oxi de catal yst systens to produce a pol yner

havi ng an | FY¥8%8¥d nelt index and a broader nol ecular wei ght
distribution. It is Sippertgberabmiiny olidie \bhtalystiysesk havdbsristanz egangal | ed
pronoters or_ adj van}s can_ be u%ie,%gi n_conbi nation with chrom um oxi de

catal yst - ¥§% BhiePomsaraen: oferlefmsy dithylere ¢ herpolyiptrizsd by confactig use of

chrom um ceeathyfdmes ¥ittesihcaubPorted’ dhRbihind! Sa80BRLAN syRERNRhEfeaciftpneral ly is
known to broaden the polyner nolecular weight distribution. Use of

titani dfh i Reips&amiss QpY/y ancipert dignid a5 semperasprep below HAPG Ferprodyding selidr eact or
can _resul bolyhel SBRGNRABILS lighid BeaBMbEARR ML PIPETE Gidich T €51 Stance
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(ESCR) of the resultant polynmers, as well as 1ncrease al yst system
product i vi PYlymeRzasiony ke Prgperties of ke eesylting polymer depond apor aomwbereoft he anount

of | ow nol r; k; ' -ormed. Low -
nol ecul ar S%i\"%ﬁtmpo y Ehre%é/n?%alt]ﬁg%r%éﬁéh%@%%@?%%@%‘%ke and odor

duri ng t hetampsoatersi thg resctiothprepsute; rmpd theoreastiomitempenaturet It &5 gemetatlpd i nt o

bottl ese<an i.cl es ,of facture., Anpther i rtant characteristic
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of swel | atepodiude £pdlymierhavingdnoincreatedinedt indear] a broader molecular’ T '
weight distribution. It is also generally known that certain substances called

promoters or adjuvants can be used in combination with chromium oxide catalyst
systems to fnodify the properties of the polymer. .
20 The use of chromium catalyst systems with certain organoboron
promoters generally is known to broaden the poiymer molecular weight distribution.
Use of fitanium in the catalyst system support or boron adjuvants in the reactor can
~ result in improvements in the environmental stress crack resistance (ESCR) of the
resultant polymers, as well as increased catalyst system productivity. Unfortunately,
25 these modifications can increase the amount of low molecular weight polymer and
' oligomers that are formed. ‘Low molecular weight polymers and oligomers can
contribute smoke and odor during thel procéésing of the polymer, or resin, as it is
molded into bottles and other articles of manufacture.
Another important characteristic of a blow molding resin is the swell
30 properties of the resin. Two kinds of swell are critical during blow molding. These
are "weight swell" and "diameter swell"; the later also is referred to herein as "die

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



are "weight swell" and "dianeter swell"; the later also is referred to
herein as "die swell". As polyner, or resin, is extruded under pressure

t hrough a dwewmped ng and WO 01/ 34661 PCT/ US00/ 42023 -2 potos@adebd, a
pol ymer has a tendency to swell as it exits the die. This is known as

wei ght swell and can be determ native of .the thickness of bottle wall, as
well as the overall weight of the resultant bl ow nolded product. For
exanpl e, a ring amold, ahpolynerdras a tabdehcy o swelh amit @xBOBendie. (Thi® > knvwim)asdi e gap

m ght yield a bpttl |l thickness.5 af 1.52 mm (0.06 inches | B_whi ch
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whi ch al so can increase nelt fracture leading to a rough bottl e surface.
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| ow wei ght s ' ' L Sad@Ped 5 RURIE5d; e, swell
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Unf or t unat el which allaws awidegiegdapo i ncreases 20 the resistance to pol yner
flow. Thus, as used herein, a pol ich is considered, easily.
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die swell because of the narrow die gap. Unfortunately, a narrow gap also increases
20  the resistance to polymer flow. Thus, as used herein, a polymer which is considered
easily processable also should exhibit low- die swell.

Attempts have been made to obtain ethylene polymers having a
broader molecular weight distribution (MWD) and consequent improved
environmental stress crack resistance imparted by organoboron promoters and

25 ftitania-containing catalyst systems. One of the most prevalent problems associated
with such attempts 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 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 this generally makes the resin

30 more difficult to process, as measured by output rate and melt fracture. Swell also
can be decreased by adding more chromium to the catalyst system, but this tends to
impart a dirty color to the final polymer product. Thus, it has been difficult to



be decreased by lowering the nelt index (M), but this generally makes the
resin 30 nore difficult to process, as neasured by output rate and nelt
fracture. @0W34681so can be decreased by addi ng nore chpersvisions t he

catal yst system but this tends to inpart a dirty color to the final

pol ymer product. Thus, it has been difgi-cult to WO 01/ 34661 PCT/ US00/ 42023
-3 produce a resin that maintains good swell and processing

char act er i spiodece diegih thar g@Rtainhgoad swsll and prcedsing chaattenstics, SIgMMVARY OF THE

I NVENTI ON | obg g fodfathQ J%EXJ de a process by which high density

et hyl ene 5 pol'yhers and copol yners can be nmanufactured having a high stress
crack resistance and are REIMARLY OF BHBIINYVENTIONAgain it is desirable to"

m nimze the production of. i.goner.s and | o) | ecul ar wei ght pol yner
during the pol ymeri zéﬁsép lggigctgggtm%]%gmgﬁg&Wﬁn?chﬁgéihg?ﬁ%gtﬂg e?eg mni mi ze
the anouft pdlydére asdvedpolyamess cahCbevvhbrgifichiwdhdvingxdhiph ks biack Fistasd N duri ng
nol ding. Yet again it is desirable to provide a blow nol ding polymer which
processes wid are Hre_P?'FSdHl _ Y ng machine. In accordance with one _
enbodi ment of the i nvghti ioR, dedirabtoyiiBirhizé e PRodudtic! ¥Sdligdmetseiiiisw Pr ovi ded
whi ch conprises chromiumoxide on a 15 silica-titania, wherein said
support confPiesdy Vg rolyamr dptng th PRIVIMEHE2GB PERSYS- titani um i n conbi nation
with an organoboron pieEBsA it if HEHRE 1 etk Hfodnl'6f dieMWeRbheN. an
et hyl ene pol yner or copolyner is produced by contacting an ethylene
nmonomner 10 anweight sysHlieghibitedBnthaaesin dunggrmoldingact i vat ed catal yst system

compr 1 ses I ess. than syt Setiltp (RuodE 8w WIRE BopRLCWRUEDSTL o o
an or ganobaoprosesses ovelltie the blbre malding tmaalyne.pol ymer i s produced in high yield

and has a conbinatio | \; ropertie incl udi ng hi gh shear
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or suppgprts,.used.in the inyentign catalyst syste are silica or
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titanium, in combination with an organoboron promoter. Further according to the

invention, an ethylene polymer or copolymer is produced by contacting an ethylene
monomer, and an optional comonomer, with an activated catalyst system comprising
chromium oxide on a silica-titania, wherein said support comprises less than about 3

20  weight percent titanium, in the presence of an organoboron promoter. The resulting
polymer is produced in high yield and has a combination of improved properties,
including high shear response, good environmental stress crack resistance, and high
density.

DETAILED DESCRIPTION OF THE INVENTION

25 The silica containing substrates, or supports, used in the invention
catalyst systems are silica or silica-alumina gels. Such gels 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



prepared by m xing an acid such as sulfuric acid with an aqueous sol ution
of an alkali netal silicate such as sodiumsilicate to produce an agueous
gel, or hydmapmRd4eé1 The silicate preferably is added to thecausels2esd t he
reaction mxture is strongly 30 agitated. The m xi ng tenperature can range
fromabout 1C to about 43C. The resultigng hydrogel is approximately 3 to
about 12 weight percent SiQ2 and has a pH in a range of about 3 to about
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hour. Sili caﬁﬁ"é’l SMYPT B °ﬁ’a¥7§er§ﬂ¥1f’%to?‘°f)eéﬂgi @n‘,"’elggtrpeegcaeﬁ’ ;9?%13%41 "8@eeding 20
wei ght per cegther ttaRbtifisNandthe s@FPda of TR Mvertivhdrdudes rampbsite siligpgels of t he
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thoria, zirc6MPenshgsiisagnd 2 fRoria, zicoRia dlike; sy %‘?ﬂcgs'di scl osure, the
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salt 10 solution or a ute aci reduce the al kali” netal "content of
t he hydrogel stlectivgs t han about 0.1 wei ght percent. The anmoni um salt

solution is preferabl nyr&d?c%%Pthefi‘?s @%@W\ﬂt&rﬁﬁ%ﬁﬂ& aﬂ%’ﬁﬁ@%{‘ gén salt of
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The support st con&ii.se. titanium Titanation of the silica can be
ef fected usi Eggsﬁq‘i?ﬁtr' $RPU8R et hods. The titanated catal yst systems nust

conprise 20 no nore t{afr abtiethydrogell Gh beRahoRAby! dnly aBhvbitiondk sRthod) t he
wei ght of the catalyst system (not jncluding the Qrganoboron_conponent),
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copr eci pi t at iygfnddrured bbdve 1904, L it B hhrogel i difed BORRRSE, B & Abt AedtRhOd, a
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sul fate, oxalteedd amagent toythe gektamaevent shrinkage of teoPgses at ed with the acid or

The support must comprise titanium. Titanation of the silica can be
effected using a variety of methods. The titanated catalyst systems must comprise
20  no more than about 3 weight percent titanium, based on the weight of the catalyst
system (not including the organoboron component), after calcining. All or part of
the titanium can be supplied by coprecipitation of silica and titania. In the
coprecipitation method, a titanium compound, such as, for example, a titanium
halide, nitrate, sulfate, oxalate, or alkyl titanate, can be incorporated with the acid or
25 the silicate in an amount such that the amount of titanium present as titanium
dioxide in the final calcined catalyst system is less than about 3 weight percent.
The amount of titanium in the calcined -catalyst system generally will be about 0.5
weight percent to about 3.0 weight percent, preferably within a range of about 0.5
to about 2.6 weight percent. Most preferably, the amount of titanium in the catalyst
30 system support is within a range of 0.8 to 1.5 weight percent. The coprecipitation
of titania with silica is disclosed in U.S. Pat. No. 3,887,494, the disclosure of which
is hereby incorporated by reference.



25 the silicate in an anopunt such that the amount of titanium present as
titanium dioxide in the final calcined catal yst systemis | ess than about
3 wei ght p¥0f834661 The anount of titaniumin the cal ci nestTambek2emt system
generally will be about 0.5 weight percent to about 3.0 wei ght percent,
preferably within a range of about 0.55-to about 2.6 weight percent. Mbst
preferably, the anount of titaniumin the catalyst 30 system support is
within a range of 0. Jiteration Bf fiej egtalysphevisicmrgupportaltesuntively icph baeffegted of
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of the silica suppor ti&Ratign of 1"35%1?51‘?& OrfEn bHyRe
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advant ageou@dcanss) tiaiug g be deposited o the SUBPRTLS | nvention are 10

silica-titanias creapgdichiyrly WivaRtaB&h Gatalfst sptsid ARIRM it hiddnPentioalgNt NO.
4,981,831, the disclosure of which is hereby incorporated by reference.

The chr thi usticadhprosscaneatesk byt trdcecaging, ps disddgsed amlUc Hatent Ng. 4BBLE31, the5% t o
about 4% wei: ], b out 0.8 to about 2.0 weight
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percent, bas on the wel ght ned cat al yst system and nost 15
preferably between 0T8e ghrdmiungeompainghtt ofihe catalyst syEtem comprisesiabaibnponent can

be._copr eci Pl ab loulab bl Sirbdnf Shrihiokd Breilrbbif bl ANICar Bl Aded by means
of an nonaqueous sol ut o of & chrom um conpound such as tertiary butyl
chromat e t oweiglitepercentp ased ob dlic yweightenf alind galdidedi catalyst sysetocand rhgsti ncor por ati ng

an aquepus sol utjan_ of o.Sol.ubl e chrqm um canpound into the hydrogel
St oduept. el Vot ot A5y Pkl pleoigt, o iR RgRbond] Pl i " "
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the xerogel, but preferably it is introduced by incorporating an aqueous solution of a

water soluble chromium compound into the hydrogel after washing the hydrogel to

20 remove alkali metal ions. Suitable chromium compounds include chromium acetate,
chromium nitrate, chromium sulfate, chromium trioxide, ammonium chromate or
any other chromium compound which can be converted to chromium oxide by
calcination with at least part of the chromium being converted to the hexavalent
state. As used herein, the term "chromium oxide", as used to describe the

25 chromium compound present in the catalyst system after calcining, includes fixed
surface chromates formed by the reaction of chromium oxide and silica, as
discussed in Hogan, J. Poly. Sci. A-1, 8, 2637-2652 (1970). The chromium
compound can be employed in any amount so as to provide the desired weight
percent chromium in the final catalyst system.

30 The catalyst system can be activated by calcining at a temperature
within the range of about 530°C to about 650°C in a dry atmosphere containing
oxygen, usually dry air, for a time of about 10 minutes to 20 hours or longer.




calcination with at | east part of the chrom um being converted to the
hexaval ent state. As used herein, the term"chrom um oxide", as used to
descri be t hwod®34sbr omi um conpound present in the catal yst psyesonsroast er

cal cining, includes fixed surface chromates forned by the reaction of
chrom um oxi de and silica, as discusseg-.in Hogan, J. Poly. Sci. A-1, 8,
2637- 2652 (1970). The chrom um conpound can be enpl oyed in any anount so
as to provi dActivadonesi folidwtitimghibn off the wetatysicdystemi inrthe activier,fas dedcribed al yst
system 30 The cat al yst em can be aciivate cal ¢i gin t a
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appropriate activati oncati%@%s%l%%h %ﬁv&hﬁgﬁ%@%{%g??%n& t eégégtiéatﬁ)gss%b system
must be st or esing parbordmpnoyideeert otherrednsingriccatmentsl  Indadt, suchredugtsn syst ens of
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detri nenttal tidchias weightedistribatidreeUowert the density of) dhrerresin biygpn@Ghatwéhedhul ar

wei ght distrib t.i%l'll %n(rj%l ower ..t he density of the resin beyond that which
i s desirabl e fCP B oW HOTa e ™ &rhe resultant chromiumon silica-titania
catal yst system nust bFheddesubtantCebidraiuth §n0diGi-titynia Thelygasysenahustrbe of at he

resul tant catal yst syste referably_is w.thin range of _.ahout 0.6 to
about 1.4 ni F‘F‘Ta%‘/’? P‘érf’éfypg eg?"é?nvﬁlﬁﬁmﬁf thedesplipot Waﬁﬁf WS%"iBrefeé% Sof about
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l ower pore voluies™ destroy the activity of t st system 20 The

surface ar eavelmelns theaeatalyst system isowithin gtrangs ofi0tftonl. 4 npillibigess per gram.

Higher pore volumes tend to give higher swell in the resin, and lower pore volumes

destroy the activity of the catalyst system.

20 The surface area of the catalyst system must be within a range of
about 100 m?*/gram to about 500 m?*gram, preferably within a range of about 200
m’/gram to about 400 m*/gram. Most preferably, the surface area of the catalyst
system, for best catalyst system productivity and best resultant polymer processing
properties is within a range of 300 m*/gram to 400 m*/gram.

25 The resultant pore diameter is important because it can affect the
amount of swell in the resin. As used here, the pore diameter is calculated by the
equation: Pore diameter = 4(Pore Volume)/(Surface Area). The pore diameter must
be from about 50 angstroms (A) to about 150 A, preferably between 60 A and 140
A, and most preferably between 70 A and 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



about 100 n2/gramto about 500 nR/gram preferably within a range of about
200 nR/gramto about 400 n2/gram Most preferably, the surface area of the
catal yst 9Syevmss6if or best catal yst system productivity peflu§fbezs esul t ant
pol ymer processing properties is within a range of 300 n2/gramto 400
n2/gram 25 The resultant pore dianetefy.is inportant because it can affect
the amount of swell in the resin. As used here, the pore dianeter is )
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chr om um oxi tal yst. syste of the inventjion can be expressed as BR3,
wherein ea ?fgﬁ%l‘a@r%’l '@(‘,’Y‘éé‘e?‘ﬂg@ﬁ‘é"m&é&tmifhﬁfy& ﬁ%}'&&i‘fﬁ » al kyl, cycl oal kyl
and aryls atiphesstordfe, RiberBfhbrdre; THiISARYIARAYBborarke, adthyRidihyIBaakE, apound

bei ng a hydrocarbon radi cal havi n&(f roml _to 12 carbon atons, wth the
total nunbelkosorgnounds Bareprgomprunds ik @5 diorzne which gam faengfound.  Exanpl es
of suitabl e, bor B & Bﬁ{ﬁlﬂﬁl&d&{l&{gﬁﬁlﬁiﬁlaﬁi‘fﬁ dhdrtsS gl pOr ane, tri-n-
dodecyl -borgllr_%e, trri%iilglﬂohexylsbo’r ane,natri (2-methy cy?:?_ opg_g’tag/%é)agorane, 5

tri phenyl bosutable. tTrialkstopyanesoprageatly aveiprefemsedbdcaise o Kiebrovaitability. :

met hyl di et hyl bor ane, ' folaqelo! di bor ane
whi ch can form an or'Iglzlgl(r%glt())(!%{rltl(gér?;bf:(\)orrpowrii5 E?dn'-%%?ﬂ%&g’%ﬂgwg‘c%%? ﬁ‘st he ol efin
nmononer (§) , atwlut0 1 @bows UD tveeighe perfent.diaked drotha rvexighp of thervhlcined catalystef er r ed
because of tg%imrfeg\{githlea%' Lity, .Tr}eacgnoggt %}‘mt_oronmﬁ [ ound gsed S

general ly wWHERTH S 2 &S ejo"flmzi apout o £ COEBBLP P’ﬁ%rcent, based
on t he wei giingd 1dop @eacair,con exhnipdd, df iy cdnvenigad torimdaiicd thetdfganpldrymrer i zat i on

reactor. In a continuous particl.e formprocess using.,a |oop,reactor, for
exanpl e, i t SPUPOREH TR PR SremAig AR TFette CEPE SRUBBPEY CLBGR® as A
separate st @ séthford Memlieat hffrocatiohNEE., 0ankéighiPefcet ififiscbitai!| TS, as a
dilute solution in an_inert hydrocarbon 0.1 weight percent in

e.g.,
i sobut ahe. SEREnfBtieh ACHA OFeaRe ”o‘fmfﬂ?én‘lﬁ]@%%@olﬂﬁﬁ‘ﬂ?r?ﬁﬁd%@ﬁ‘ﬁﬁ Bffso can be
expressed i filRéd {pprd) Based Bn the BifuchPiyed id B gdlyaibrizRtfondeick@ntweigRd i n the

pol ymeri zation reactor. Wi ght percent ranges of organoboron conpounds :
shoul d be fPasrnbrBEes o argasabaren gerpraunds shopld, os fiomm aboyt 8remtp 3l 2 based on

the amount Qi didahédkonCimipd@sh, ibBsed on the amount of diluent charged in a

continnous particle form process using a loop reactor. Preferably it should be from

20 0.3ppm to 1.5ppm, and most preferably it should be from 0.8ppm to 1.3ppm.
Higher levels of the boron compound can generate more volatile components, and
lower amounts do not give sufficiently high 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 is
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



continuous particle formprocess using a |loop reactor. Preferably it should
be from20 0.3ppmto 1.5ppm and nost preferably it should be from 0. 8ppm
to 1.3ppm wdaBsss1l evel s of the boron conpound can gener gbgubsiagezyol atil e
components, and |ower anmounts do not give sufficiently high ESCR
Reactants Pol ynmers produced in accordagce with the process of this

I nvention 25 are honopol yners of ethyl ene and copol yners of ethyl ene and
hi gher al phareattef flash gasisrwithdn a.rafgeaff droabhhyout 8 he aledub Bl vegight pervestnt r at i on i n

the polynerizatjon reactor i.s, within a range of from about., 2 weigh
percent to aé@‘&{e“'iﬁo%ﬁ‘? n i the pActor jyan, sign ﬂ?’t‘?éftefto‘g]ﬁfnq??cﬁm H’E’Lgbﬁ?}ent of
the reactor. thipedultit PoBmabhiyd alkd car@ly Sy aag ag@Agentration in the

pol ymeri zation reactor i thin a range of fromabaut 4 to about 15 wei ght

IS w i
30 percent. Measured iﬂp%angf’%fmﬁ%ﬂ?ﬁﬁs,“é@ﬁy@éﬁéesefﬁﬁﬁ\éqﬂ??‘h?%hﬁvtsn t he

pol ymeri zgt i fBm 3 RAE tRbod 1BHE a&ﬁﬁ‘eip?eﬂﬁ‘iaﬁl?isele&ed 08O brdup WhARREr2 Wei ght
percent to about 12 weight percent. Mst preferably, the ethyl ene

concent r at i ofrbpigngHehqseney ard mixtyres thewnof 0U prdapie Predute BSCRYIRETSIth - 8 react or
fllash gas isgu ik ?fd}ﬁﬁil%ﬂgste\ﬁlgﬁ ad EQPLRRQUL aslogﬁrzflﬁl?g g%lyﬁn;/e z t@gtredﬁﬁﬁrg ent.

Et hyl ene concentra e reactor can si ect th
mol ecul ar weprghess.ofThe mivst prefstred sormonpoiey net-hewede & prodecstaa¢opslyney stithm

activity. Al pha-ql efi s used in .the present. i,nventi. n have 5

froms to o Batedealds GOURISIAS RRob; b DEaPaRaR! polibERRSy 67

consi sti 3@ otomdnohst esreentiatibe e the, polyntbrizaticnUresesortih eAithinf a rangovfifomt 0 produce
a copolyner wt desirahl e properties. as | |..as ease of.use in a

| oop/slurry \#Zﬂ“gﬂérthab?‘%?}R W%@’é%ﬁm' 3\48%8\5%}3 FreCORPRPmEL BPLSFYd cononomer

i s 1-hexene WithfarDeugeoPaboePD Yorabou tweight perchigst product properties. If a

conononer is present during pol ygeri zation, the 10 conononer concentration
i n the polynerization reactor is¥ of from about 0.1 to about

10 wei ght percent. MsiohRhefzichdfhe SRR MUNBMeH(S R 6 Bhrriedobidde” I ange of
about 0.2 to about 2 weight percent. Polynerization Process Polynerization

of the olféfi lporshimeobaneriretion qeadigians Vewmeip fhe \eppempture 5 hepbbrlaw dhe y
oL e o) e s MRl e ORISRl Skl U |
wel | known in the art and are disclosed, for instance, in Norwood, U.S. Patent No.
3,248,179, the disclosure of which is herein incorporated by reference. A light
diluent, loop polymerization process is much more preferred than a stirred tank
20  reactor because a stirred tank cannot contain isobutane, which is necessary to
produce other commercially popular high density polyethylene polymer product
grades. A loop reactor also has an advantage in that isobutane diluent can be
flashed off during polymer recovery, eliminating the necessity of separating polymer
product from solvent. Additionally, the greater heat transfer surface of a loop
25  reactor offers much more versatility for plant operation, and often less polymer
swelling during polymerization.
Polymerization reaction temperature in the reactor, or reaction zone,
according to this invention, is critical and is dependant on the type of catalyst
system employed. Polymerization reaction temperatures usually must be within a
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



known in the art and are disclosed, for instance, in Norwood, U. S. Patent
No. 3,248,179, the disclosure of which is herein incorporated by
reference. wdohsidpt diluent, |oop polynerization process cg.ﬁ, % fhsnOr €
preferred than a stirred tank 20 reactor because a stirred tank cannot
contain isobutane, which is necessary. §o produce other conmercially
popul ar hi gh density pol yethyl ene pol yner product grades. A |oop reactor .

al so has an.3q¥%etp&smidlcah PAddukcs 2 PlyBRE with 16 Tw Siad‘mbl‘écul;ﬂ\a& d010ff during
pol ymer recovery, elimnating the necessity of separati n pr oduct

from sol ven@venwaf@ulmaw moyr@aﬁl@?ﬁ?féﬁmpﬂﬁwaé@% eace of a loop 25
react or off often less
pol yner fm ﬂ n&s%g éan%ﬂrﬂlle?g%éiu%ﬁé lowcfymarl za ngﬁﬁ? g%g?:l on

t enper at ur edxfﬁcutt he mamn dng toothe mnqhmpdmmzahmmﬁMngaShmthff s invention,

Is criti and f | oyed.

Pol yneri atﬁe °frdé§‘8‘ﬂl on ?enpg@gtahggg& ﬁ% y&%ﬂ%%@éh amgg range of
about 200F iimacepably BgDmoletdar weightl0C), preferably withi n a range of about
210F to about 225F (99C to 107C). %ef erably, the reaction zone
tenperature is within a range of 21 220F (99C to 104C). Too high of a

WO 01/ 34661 PCTI USOO 4Bk pm&cé@acimbrdhmmﬂﬁﬂﬁsrmvsnﬁm preddoe a pol yner

with too | ow of a ecul ar, wei t ven | e eactor. Too | ow
of a react oPolﬂéﬁégvﬁ'l‘ﬂF’ée and ﬁlgg‘fr,agﬁi pﬂ? tess i noperabl e
because;@ |£aﬁ?ohm&1&§011=@1yrﬁeemeﬂ@aea raecoeaﬁlg bﬁmlsdhf:a‘nhsmhxb rinthHdreteasity due to
the exotherm c pol ynerization reaction, flashing off 5 reactor diluent can

be di ffi cul processed qbyrasre seoduceddn peeoFdapFe With diTfeRent PRYEETIZAON hac cept abl v
hi gh nol ecul,gL.wei git mﬁﬁ@%&ﬁmﬁgkmﬁuﬁmducﬁm Rrageer dnce with this

i nvention are hono- polyners of | ene” and "cop ol%arir)ers of ethyl ene and
hi gher al ph@gltﬂrmﬂmaboutc%ﬁ@ﬂ&myrefmhlymgl praper eletboatcd WAt o this

accor dance. PPk P17 H %ﬁ?%*%@?@%‘??@%‘*%“?@@feﬁgkmkizﬁm?Fﬁa'd”m t
i ndex ( HiLM ithis aabige of Sl OgflPiming to 16g(h@eing B0l MY/ raticCpi Méym@s about
25011 O 1, BALERE Bl Y Oy Pop ABBYA bl SRR s welly 200710
range of about 100 to about 250, preferably within a range of about 140 to about
230; most preferably the HLMI/MI ratio is within a range of 160 to 200.
These polymers also have a broad molecular weight distribution as
20 evidenced by M,/M,. Usually the M, /M, ratio is within a range of about 15 to
about 30, preferably within a range of about 15 to about 26. Most preferably the
M,/M, ratio is within a range of 18 to 23. These polymers also have a very narrow
density range, usually within a range of about 0.950 g/cc to about 0.960 g/cc.
Preferably the density is within a range of about 0.952 g/cc to about 0.958 g/cc and
25 most preferably the density is within a range of 0.953 g/cc to 0.957 g/cc.
Polymers produced in accordance with this invention also have a very
high environmental stress crack resistance (ESCR). Generally, under Condition A,
the ESCR is greater than about 400 hours, preferably greater than about 500 hours
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



15 within a range of 10Qg/1QOmns to 16g/10 rains. The HLM/M rati o of
pol yners produced I n accordance with this invention is relatively high and

usual ly is w range of about 100 to about 250, prefﬁﬁrﬁg th| n a
range of about fﬁ& to about 230; nost preferably the HL ra ?zé\i S

within a range of 160 to 200. These pol Xﬁzrs al so have a broad nol ecul ar
wei ght distribution as 20 evidenced by . Usually the M,/M ratio
is within ary xggc@tamdléa&dtbg gﬂeﬁea?ﬁate artﬁé ShRPbY mélt trhihird TiRNgE Of
about 15 to abo . Most preféra IM, rat|0|s wi thin a range
of 18 to 23. sird:aesae pbinsatesfomelt ﬁ@cttrau%a%\lcaﬁeﬂgouna%%wc ' ueferably grestefe, usual |y

fengi Ty i & w ot 21 B SR oSl BBl Wb BAPLRIE, Fighendfiite"0,

nost prefer abhv;enhdsredsl@hmetlygh eutputtrhhemframrabigw moéldidg Qﬁahgbcnt lcast 020957 g/ cc.

Pol yner s oduced in _.acc i t.h thi hi gh
envi ronme%r a| BTUDS RE Spptg 2%’1“?‘@ P’ée?n%b% q?g‘#@&éﬁ%}‘ mo%gre?%o ¥l| tion A
the ESCR i s Qr&@ddr@hant 1330 ga@ut 400 hours, preferabl y greater than about 500

hours and nost preferably the ESCR, condlt on A i eater than 600 hours.
The 30 nodified ConditF %‘ngsﬁ(@?sﬁg’ﬁﬁmqny”%ﬁaﬁ%%&ag PPBRSUTYSB0 hours,

preferably qhgatefisticlabo. Rt usdRN QML 1edWad Bstut BE% I @iARtYsw@IIeat er t han
80 hours. Polyners of this invention also have excellent processing WO

01/ 34661 PCT/Rﬁf%PWé@BZCJhaILabPEt INerandmagst prefesably less than3eur ebhepyeighthi gh shear
rate at tfie QUIRlrQbiyels of tﬁ@%%ﬁ&on dshsity ﬁh@s@rthinaéb%ut%so%%ﬁéfeﬁfaly%‘ds

fracture 1s at |east "about 20 sec', ﬁre erably greater "than about 2100

sec 1, and ndban @Oéféi%la}ldgm@épréferamﬁa sothgn33¥e’ . Pol yners of this
nvention al so have h c , at | east
i nvent S v '%ﬁ(&)'!ltspéftthlﬁx%}gﬁn %%Byﬁe L té@eg 'a?ﬂi 0 S

1200 5 grans per mnute m n) grea er t g/ mn, and
nost pr ef er ablojatilgeantentror tsiake d@t.g ThisrmeaRoihptthey sidfuld bongain tesetiahon ar e

characterize ) ving .l ow swell. charac i sti.cs,.t0 sual |y
exhi bit | essdzt/ﬁzgﬂhlﬁgovﬂ g‘ﬁﬁ/o g%"eﬁ“@%‘fﬂl%% avine e e | Po essX?"Ean about
39% and mostwéigial Prefbiayly] thes ﬁdhﬁﬂerﬁ%pﬂ'daeemagrﬁboﬂiﬁl 6mlght%bqﬂmbyrrers of
this |nvent|o s |les abo t 380% bly | ess . fhan about
350% and nos °§We?%domﬂ|l’é§‘§m@&&ﬁ%§?@ J“eﬁo‘f%gﬁ’é’ ? i1 MASE on al so
are charact ertiefs¥ 160D iiaNolEGlaR wedlt. 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% xy]éne 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
invention.

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 Runs, both

inventive Runs and control Runs, extra chromium was added through impregnation



vol atile content, or snoke content. This nmeans that they should contain
|l ess than 2% of their weight as oligoneric conponents having | ess than
1000 nol ecvih guzader Wei ght. Preferably, these polyners copfisiusb@ss t han
about 1.6 weight % below 1000 MW and nost preferably these polyners
conprise less than 1.4% material bel gy 1000 in nolecul ar weight. These
pol ynmers should al so contain |less than about 0.7% xyl ene sol ubl es,

pref erabl y of 9559 Rsthaabi0dttutin @5 Uaromitin HiGte, B RIRERY liny/the 'TRBRs.t han 0. 6%
xyl ene sol ubles. 20 The fol |l ow ng exanpl es are provi dg& to furfher assist a
person skilled in thentnl fesigs tterqmads Semmavery ofive BiPRY & RCFhe parti cul ar

reactants, c&ng%U s?rht% coBerciafy G4l bR AR VR, Bide. "I}'l@?zgﬁ stiggoleg general ly

illustrative ese inventions and are not nean e construed to the

undul y | i ni(sonretimeh alsp ecfomerhiolae 14Ba Grade AR siligakaied B Rups 1 EXAVBRES
Catal yst Slsqto?é”%lh{ﬁ?%f L@Ju&ﬁ ?gclclﬁg RA4CL A0 fba bldfnd 50 i/%.ve resins, Runs 17

- 22, was a‘low porosit ca-tirtania commerciall'y available fromWR
Grace Conpany-as 965R&yl bmas madd using a HA30abppedt, from Wk dbraceydademt titani um

as titanh@l%gg&%%%%%%ﬁ%}mi ght percent chromium Sylopore(r) has a

pore volu eﬁ and a surface area of usually about 380
m2/ g. Specific measkiimnE2N B, wWaye inedestyoavatalpst tsheter] dbdcabed dsathrdnpiiumow. | n

some Runs, bq i nyentive Runs and contro S, ex chrom um was added
t hr ough irrﬁf‘é'&’nr{’a%‘ ¢ &'b‘iFé‘&BBIPWEﬁ'F‘@g%é}'&%%éT&?ﬂég?ad%s A58t hanol
sol uti qf ofof Ghu®RBO M3 dnal fore ASunBdf Gued.2idd/g he Tables. Control resins

were made from several other types of commercial . catal yst. systens
commerci al |y avai | abfeothe spicpskepogyusedin Ryps lée?PQII%IL%{’g%g%EV’%/ fetines al so

referred tQoRSyohidd o085 GtR%ad A%erfade! dréndf. 30056%.f or Runs 1 - 10, had 5 a
pore volu of about 1.6 cc/g and a surface area around 30Q n2/g. Run 11

was made using a HA3%Pme plRers, qrresiRsy e mpdeizom 944 POHe> BF¥perti es
listed in bhe ;hahl £663 ﬁu%aﬁé%c ‘Rxﬁaéssvl@rs?aﬁWﬁcﬁ’llforﬁaiﬁe@ £O.Y56 0B 33t M

described 45 chfomum on HPVSA silica. This silica also was nade by WR
Grace dnd Iveighaperosii sheonbwe an ajldgloporasity ailiagtaniprng dther 25965 vol une of

about 2.2 %vceég(ﬂt percent titanjum, as indicated. 964 Magnapore® has a pore volume of
2.3 cc/g and a surface area of 540 m%*/g. 963 Magnapore® has a pore volume of 2.6
cc/g and a surface area of 520 m%/g.
The catalyst system used in Runs 49 - 61 was similar to 963
20  Magnapore®, but had only one (1) weight percent titania in the support.

Another catalyst system was used in Runs 62 - 64 and was prepared
by W.R. Grace by depositing aluminophosphate (P/Al molar ratio of 0.6) into the
pores of silica. This material had a pore volume of 1.3 cc/g and a surface area of
250 m%/g.

25 Ethylene polymers were prepared using these catalyst systems in a
continuous particle form process (also known as a shury loop process) by contacting
a catalyst system with a ethylene and 1-hexene. The medium (diluent) and
temperature thus were selected such that the copolymer was produced as solid
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




Anot her silica support used in Runs 15 and 16, |abeled HPV, had a pore
volume of 2.5 cc/g and a surface area of 300 n2/g. Sone polyners, or
resins, werwomwnsssrf r om 964 Magnapore(r), Runs 23 - 34, arch/S$eis2023
Magnapore(r), Runs 35 - 48, and which contained 1.0, 2.0 or 3.0 15 weight
percent chromumon a high porosity silipca-titania and either 2.5 or 5.0
wei ght percent titanium as indicated. 964 Magnapore(r) has a pore vol une
of 2.3 cc/ g daed omersalurhiag,cwasrsed of ths 4luert/ apd @6Biduhlipnsqmer ky(drggehawsa por e

vol une of 2. c/ d.,a surface area.of 520 nP/ The catal yst system
used in Runsa(agf‘?.flic"-O rgqﬁ%ﬁ?csrf’ i i?r ‘Y%g‘gﬁ%%%m‘aﬁég%%(f?? reﬁ%?lyhad only one
(1) weight F}Eés&ﬁat\ar;k lab@wniles maKMusz.TWmhmgfte%p&aﬂummem was used
in Runs 62 - 64 and wa £Lpared oW R ce .by deposjt]j

al uni nophosrﬂ‘(ﬁ‘i@e(ﬁgﬁlér}%grt"r?ggiFo&éfeN@ 63‘)@?&36 R @tﬂdﬁ%&%’f%ﬁqessi lica. This
mat eri al shachefowd OTEe MAtbIMaPbpetatet ©UHade aRsbiRnE Hithe 6f 125 3ulf Caldft M2/ g. 25
Et hyl ene pol yners were prepared using these a(;:lﬁtghilﬁ]{St systens in a

conti nuous paREmeTas addadibraugh 8 03X e GrsuleHpRA Seedery yAY SR90Y Stabicess) by
contacti ng nﬁ;ﬁ&eﬁ%l, WielisobBhé E&e\i"rﬁt@ whs _%B@}f lyg qgergggrhﬂo{uﬁ,%g Qﬁyleﬂ_@i?ee di um

(diluent) an i erature thus were selecte that the copolyner was
produced as raiglwad abpitr30ilby/ers andhtheilshexensofged rate was vavied to genirol thehy| ene t hat

had been dri .oV ar ' 0 ] HES .AS ABh be ThE
react or was %gﬁlﬁqoﬁitﬁédwgi@ggu%mc%{l%e% pI Sgéﬂ%%%%éﬁg\% n}g@%& volbﬁrre of 23
gal | ons 1087 suth thasthe chialyst systemaiouteatmanged dpms § 901 Iy aiquai¢ tweigha pereentand WO

01/ 34661 PCTNSQO/ 42023. ,-12.dri ed over .al ] na, was used.as the dj |l uent,
ond-oosas onEr erie weign E pl redior oS PR RE AR PerttRER a8 Fler Yont e
of the pol yrai rpe @f dbdut 23 Nbs pet dotuoind PEésRdir aVvilash alismtier. 3SASVEE ( about 580

si). The reactor tenperature s varied over fh e .of to 230F
FSZ)C to 110 ,eré%asi“ﬁ%io'i?a%&éﬁlq RP\QXBKH@"‘FQE}]IB@%CH&QP%%? 6@%299@8{ %‘% s operated
to have a residence t CoButdtystsluikthyRuniitum CXEA) Wed triefiyiorsh (FEB)aeMed t hrough

a 0.35 cc circulating. ball-check, feeder. Atwsteady state _conditions, the

i sobut ank  SBBFSERR 29ed; asqpdigeicd i Yo Tabls bslaw. nbiprevenistae Byildipentied rate
was about 3Qehdas/ Qﬁmﬂﬁgﬂoﬁﬁ%?<§pﬁﬁ)@ RRuERPOF 4 BdrEm¥RRl YiftlstaBE aféht SQR%LE 0! the

Stadis 450 was usually 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/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 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



density of the polyner product. Catalyst system concentrations in the
reactor can be 10 such that the catal yst system content ranges from 0. 001
to about 1 wepydséipercent, based on the weight of the reagigfiepst ents.
Pol ymer was renoved fromthe reactor at a rate of about 25 | bs per hour
and recovered in a flash chanber. A Vuizan dryer was used to dry the
pol ymer under nitrogen at about 60C to about 80C: Cocatal ysts
tri et hyl al umotagnial Weight badcbeen detbimyihdsior Ana (iEERYe efovrdatild bligarmeeis wer e added,
as indicated in the Tabl | ow. To.prevent static buildup.in the reactor,
a smal | amoUAtP ?nggts’p‘f)rrﬁrrb"%e’glﬁ? i e) OBE"ageﬂéfc:i%(hﬁ "EF Tage i°gflg’ﬁcﬁha’é\gent sold as
Stadi s 450 weightssuah [100 adtiogd. ardHsted tnythé gabld BelowASTM D 1505-68 and ASTM D -
1928, Condition C term a | nol ded sanpl e, cool ed at
about 15 C per i nut gylg??owp‘g’gsg%%di&%i’?é{'%oé@?@w&%@for about 40
hours. Hsghahead J¥tidw ndoledensr (hleM Jl{gamb didtus, HShYpEERRE of @RNELA kPN E
Determned at 190 Cwth a 21,600 gram wei ght. Mol ecul ar Wi ght
Di stri buti ofMRky §Wring PERRE®ER ar wei ghts and nol ecul ar wei ght di stributions
wer e obtai ned using %%hﬁﬁa%hx%ﬁ%@fo&%-sﬁktﬁﬁ@’eﬁﬁopé‘&zgﬁﬁ%ﬁ%ﬂt ograph wi th
Wi a

trichlorobenzene (TCB) as the solvent, owrate of 1 ml./mnute at
a t enper at ulnstrament wagusedyy detorngney} the surfacp arep|and ppsetvolunphelitbe) at a
concentrati Oks. 11 Bd i ] ' {f3n. An injection
vol une of %%8 L'vvass%gslera W t‘tégag%om 2% glgl dﬁa‘é@ghggﬁf}?% rogtlo’n of 0.3 g/l
(at rooid t 8ygsestalNif.e). Dissolution of the sanple in stabilized TCB was

carried out by 30 heg} . 160- I. .hours. it asi al,gentlé
agitation. The col um?I Ohﬁl/gesrq%s\l/\%s %ﬁ%ﬁs&ﬁ%’?&%@%&uﬁ'ﬁ?%, @-(g@%'mrf I(a he

col utms wer eppliahtidns.alrethesw dxmales blosemioldingasvaluginny etereytondectat byndar d
(Phillips rl ex' BHB 500 fo i the WO.01/3 PCT/ USQQ/ 42023 - 13-.
nol ecul ar &/EWH{E h Sﬁaﬂgtoe% I%Vg]n%ﬁ)hb"l@c e é‘ilfpf éggés@éfﬁat&%l i gomeric
ol oul L wek o e e TEa To a0 e e e e b Xyl

nol ecu wei s fram to are listed in t t ahl.e bel qw. Xyl ene
sol ubl ezg ( %‘?"“‘g@i’fﬂr BEsH8oR, tﬁseﬂ°°#e'§§‘?ﬁrﬁé‘i%ﬂt18(§1m°f‘ﬂ«?k‘3" ﬂ%g’tﬁo"iﬁc‘?"ﬂw mol ecul ar
wei ght ol i gpiEIew Aedy bldis 4ST mbldGepératfel A rédiprédating Sdéwd speed of@pke duri ng
processi ng. .
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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 allowed 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 5, with 5 being the worts and 1 being the best. The operator
considered such factors as head pressure, temperature, cycle time, pinch-off, and

difficulties trimming.



A "Quant achronme Autosorb-6 Nitrogen Pore Size Distribution Instrunment” was
used to determ ned the surface area and pore volune of the supports. This

i nstrument Wag.aaei red fromthe Quantachrone Corporation, set,
N. Y. Pol yner reglﬁns obtained by this invention are useful Pfcgglggﬁé\?vﬁml di ng

applications. In these exanples bl ow noldi ng eval uati ons were conducted by
bl owing a one gallon (105.0 + 0.5 gm b8 tfle on a Uniloy 2016 single head

bllow nol di ng machine g,Pla@ of Meit Fedhud! qrﬁetoﬁfetelrﬁmnaﬁc&ﬁgaﬁ&cmésﬁ{ gi ng
die, 32% 15 accunul ator position, 8.5 second blow tine 10 second bl ow

del ay, 0.75 see@mluatqzﬁren ﬂie@wndélndyy amdhlae &g mﬂlmpm*enw@ttgsts byA
I’eCI pr ocati n% Scﬁ)cegzﬂs %df%ﬁ’ﬁ%?mc%gnu ﬁ&r ﬁg%%ﬁ%%&aﬁﬂyﬁxt rusi on

at shear raté8 sec roug ree
measur enent s Meapmgylmsscrqw cpmsﬁhkntlotftr;pltcfmctmgwbé murpmlaﬂiwh@ph 1R€ pavizop

determned in th ests; Desc S, the
speed at %/ni ého‘%% {éllp >55F %F ﬁ}?{tgea(% r‘?%‘fhd?snagSh eﬁ‘é (gr%ar & A& ?}'B%ds hed.
For this testippledguffader uder on the bl ow nolding machine was set at 45 rpm
and it was allowed to extru resin_fqr one full mnute at the same die

gap used to make the dBEFFEYVHEEOWEY. Measwes theamoypithe mplten sesito st was
st opped and %%ﬁ&dhldﬂﬁﬁn&ﬁhﬁ]?% tNEfesiRkNOE & Ptk Welplt Hd i5-aheddhe  out put

val ue. This value provideS an indication of the rate of extrusion of the
pol ynmer duri 9§ thenanesnasyy fopdymey Gas a8 the rhaips srek 3 relax ush refogm the subj ecti ve

rating gijgen oh?mtaféﬁ‘ol ENdnBse. OWRIgRE Skell E%ﬁ&&?b&é&@éern Hﬁ@u?c’i%wonl?%%vat I ons

during the tes resin was given a rating 30 froml wth 5
bei ng t he worthesdiggap mustebendgliusted tb@SQVIdCTheOD@mfrmﬂdﬁW@Ghﬁsﬂcﬁ@rréﬂn saschigh act or s

rimmng. o SIS TEET B B ey Es Fil bE gl BHAG the pRPE g b | 25
onset of el tlnfo daingy kgl stress rm}ié:slrcqu:mdsbo MIthmtasni thmuglh_&lesﬁcrﬁlawrai | oy
ch e 450 g R S, RO P 8 SRS (e
screw rprs Ofimel badfle wall thitknasst ure was the rpm at whi ch t he parison
Diameter Swell (Die Swell). The ratio of the parison diameter to the
die diameter. '
EXAMPLE 1
A total of 64 polymers were produced for this test in accordance with
20 the above procedures. Information about the catalyst system, the polymerization
reaction, and evaluation of the polymers are listed in Table 1 below.
Only the unique combination of catalyst system properties (pore
diameter, activation temperature, Ti and Cr level) and reactor properties (TEB level)
yields a polymer that is especially well suited to the desired blow molding
25 operations. This is evidenced by the high level of ESCR, good processing
characteristics (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
by the xylene solubles test, the amount of material found in the GPC molecular -
weight decade of 10%-10%, i.e., less than 1000 molecular weight, and by the

30 subjective odor rating given by the machine operator (5=worst, 1=best).



5 showed visible signs of nelt fracture, such as a shark skin appearance or
a distorted rippled surface. Percent Wight Swell. Measures the anount the
nol t en reswoormsq@ands i medi ately as the resin exits thecfiusoabins cent

wei ght swell is a neasure of the "nenory" of polynmer chains as the chains
seek to relax and reformthe 10 original polynmer shape. Weight swell is

| nportant because it neasures hom/tighyﬁy the die gap nust be adjusted to

provi de a constant bottle weight. If a resin has high weight swell, the
die gap required will be tighter to nake the proper part weight. In so
doi ng, hi gher pEess—w e e gi=ed—tg—auah—th ' die
than a | ower e | the [rati o of -
the die gap t ck Swelll (Die
Swell). The r 9 [ot] I3 LE1 A
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yields a poly Kt gf thedegi bblow| ol di ng
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01/ 34661 PCT/ USOQQ 42023 -27 By studying the data in Tables 1-3, it can be
seen that ESCR is inproved by high leyels of TEB and Ti, which
unfortunately also yields high volatiles or snoke. Swell is decreased by ;
| owering the HLM , whBy studiimpthealatasin 'Ilablmzéésitrcgn boseendhdt fBSER &5, as

i ndi cated b ower, val S, fr he frac nd. 5 0 ut. tests. Swell
is al so dec%@%ﬂﬁ#?ﬁj¥#i mfﬁ PW@ ﬂ% U&%ﬂlﬂht this al so
hurts ESCR gbleﬁlbs:er aheke. tsm1 i H&:r?idéd)bbt llotweﬁifg qumlmﬂ t.jls‘@mblkéé i f TEfB is
omtte and t he, ESCR gni ficant if . Ti _is omtte However, if TEB
rises too m%ﬁswar%&waégg@fe w@mateﬁ 3P Wﬂlﬂfﬁgpwg Hlﬁitlfﬁaémé‘f%'ﬁlthat swel |
becones §00guiinddsté. f SiwhE isPcededreasta L NindrBiam@ IRECSHiVAOD. terhPerdhlieS bhthe many
opposi ng vari abl es are uni quely bal anced by the precise conbi nation of

condi ti ons thaugsr bur BSGR Nﬁ?‘é“n@lﬁ%ﬁm %pw@uttqﬁtérqmﬂmﬁcawlmﬁsT%@n
descri bed 'emgcfe Hakld the BSERGIrBHY S Geatily it 1! ly&h{tﬁa' dwebdr, iSTHPHsds0 be

construed as mted thereby but is intended to cover al [l changes and
nmodi fi cat i ot mpchhvolatilescdbesamna ¢ probleh sEioplly, nptigeaisp. thanewell beerges too

PCT/ USCT 4291%§ if e %OQ'MCI increases much.
10 Thus the many opposing variables are uniquely balanced by the

precise combination of conditions taught in this invention.
‘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.



1. A polynerization process conprising contacting under slurry

pol yneri zation conditions in an isobutane diluent at a tenperature of from
about 93. 3@owy34Mblout 110C (about 200F to 230F) 5 a) et hypcymssowazecsrer ; b)
at least | nono-I-olefin conobnonmer having about three to eight carbon
atons per nolecule; c) a catal yst systes-conprising chrom um supported on a
silica- titania support, wherein said support conprises fromabout 0.5 to
about 3 weight 10 percent titaniunClbAseM $n the wei ght on the support,
wher ei n said, catal yst ,s . rage. . ' f 50 to about
150 angst rorr%, and saﬁj&gﬁgﬂ%@n g’éoggsgé:?n&q%és}’?%goé‘g&gc P@‘% glr t a

t enper at ur e pelyrherizaton congjition$ iradroisdbutae GHutmd ah b derperdh @0 @F filoabahont 538C t o
about 6490 ; oabout 0.1/ about 2.0 g, based on the reactor diluent,
of an 15 or%’g%(ggg’r%’ﬂ“tcg#p%gw&?tg%dg& 2@@ vering an ethyl enehnono-1-ol efm
copolyners 2. A procesy digtéaiedhéi@pnieg cl aim 1, wherein said organoboron
conpound is a trialkylbaoron conpound._3. A process according to claiml,
wher ei n said conpnone gi%‘flgz’é'f E&%H‘l“g?ﬁq?%"f’ rb“?"’b‘!ﬁp“@&ﬁg‘?’ glPr‘?{?hbf

propyl ene, lehbdnCiins perifble®Me. 1 hexene, 1-octene, and mxtures thereof.
4. ' A process according to claim3, wherein said conononmer is |- hexene.
5. A process accor di n§) tpcaayst system Gprapising upmivreappoicd @npeleture is 25
within a rangg.QluaRauimdRmdGid Umphis #Gm(BRYS.5 20 Qout 9 wit@D) . 6. A
process accor |1ngsu_}?% clal mml, \Aﬁgﬁgfn sal ds-t i tani a of ;heousi lica- titania
support 1¢ cpgreent i dasedionithe weight o1 the sugportpwhersinesnid eatadyst aystegot o cl ai m

1, wherein saj gnﬁ! \ gghﬁ I: I rst aging
is at a subs?ﬂasg“ %@%ﬁ%ﬁﬁ% p %RQQ@%@%}Q’%@%& sggéﬁ(fyaagf{lg is at an
al kal i ne pH. sy8temthgsibeereadivaled et @l tengpetagure wathin 2rangd of shiont $@A0IF to ataiuky| bor on

cocat al yst S%O%g%g‘gﬁsﬁx:i‘gg%{u%@o%; In an anount within a range of 0.3 to

1.3 ny/ kg of
d) about 0.1 to about 2.0 mg/kg, based on the reactor diluent, of an

15  organoboron compound; and

€) recovering an ethylene/mono-1-olefin copolymer.
2. A process according to claim 1, wherein said organoboron compound
is a trialkylboron compound.
3. A process according to claim 1, wherein said comonomer is selected
20  from the group consisting of propylene, 1-butene, 1-pentene, 1-hexene, 1-octene,
and mixtures thereof.

4 - A process according to claim 3, wherein said comonomer is 1-
hexene.
5. A process according to claim 1, wherein said reactor temperature is

25 within a range of about 98.9°C to about 104.4°C (about 210°F to 220°F).
6. A process according to claim 1, wherein said titania of the silica-
titania support is coprecipitated with the silica.
7. A process according to claim 1, wherein said catalyst system is aged
twice and wherein the first aging is at a substantially neutral pH and wherein the
30 second aging is at an alkaline pH.
8. A process according to claim 2, wherein said trialkylboron cocatalyst

is present in the reactor in an amount within a range of 0.3 to 1.3 mg/kg of diluent.

gy



WO 01/ 34661 PCT/ US00/ 42023 -29 9. A conposition conprising ethylene and a
1- hexene, wherein said copolyner has a high load nelt index (HLM) w thin
a range of wWpouMed to about 25 g/ 10 minutes, a density Wcirhisty@ehange of
about 0.95 to 0.96 g/cc, a shear response (HLM/M) is within a range of
about 140 to about 230, a-weight swell_29f. 5 | ess than about 350% and a die
swell within a range of about 30%to about 40% an ESCR (Condition A) of .
greater thand-about 40@ ¢nmpositiom cithprisingethflersetndacihhexons)twhefein gaidl about 26,

t he onset of | cture,of. qgreater apout 2200.sec-1,. and 1- mnute
out put test Cvog‘ﬁl&'{éne% %garféﬁ éoradtr%eétnm%%m? e ?rarﬁgﬁﬂfg,o%;}?ltgﬁgmgol ubl es of
| ess t han 0.Bbg(0 aninhtése s sledisitg withi)drangt ef aldut 005 n®DO6 UL/, adbeght | ess than”
1000. 10 10. A co Ltiaon according tp claim9, .wherein the density is
wi thin the TGS LMY S8 et Luout 140 & abiph o ¢ MAEPLEETI o ng 1 o
cl ai m 10,5 Wiegsethah shduri3 3004 hnt @atle SRIIE withifl A&¥ngeSof\abblliz0vaty Mageaodk, 10 to 16
grans/ 10 mnutes. 12.. @ . corsposi tion accordi ng}to claim 10, wherein said

1
shear resporf@eESGR (CanditiomA) efercatertthan apoptAfi9chonrs, 2 &6,/ Mg ob befweamabopt

conposi ti on 1y gaaibest J6; &N chs U WER! frint BNgRKECEES AERIBEdSIRY, afPflt act i ng
under slurry polynerization conditions in an isobutane diluenf at a

t enper at ur e WRUEIHA FSE@MefRyEtercharIR0R erasnsopey Myinute,) xsdangysplsbles Abnoner ;
20 D) 1-Dexqg ) 0 8%k NSV 2R TAGIR of HoliulG b agh{ \lsSURPRidocd On 2

silica- titania support, erein said support conpri 'rom about 0.5 to
about 3 Wei gt  per ceAt comipositipn ageotstingstd adaimt % evhexsirgthe demsity e withingbe t |,

wher ei n sai t %58 has a average pore dianeter from70 to about
120 angstro%sa?&aﬁléy%gitg cat ri’lst 25 system has been activated at a

tenperature Mithin a AarogwosifiorabarotdidgDidGiiaimd Oalvberkin shidigh-jecai anedt 538C t o
of a trial K5TBd SABnsBEna: ToRue P I mNHy "an et hyl onel mono-| <ol ef i n
; yl ene/ nono-1 -ol efin
copol yner, arzd, 30 whar®@impositibnlacvordagstotdlan 10a®hereini sgid shesrdespohde | ndex
(HM) V\45t hI(EII].,I\/[[/IVII) is within a range of 160 to 200.
13. A composition prepared from a polymerization process comprising
contacting under slurry polymerization conditions in an isobutane diluent at a
temperature of from 98.8°C to 104.4°C (210°F to 220°F).
a) ethylene monomer;
20 b) l-hexene;
c) a catalyst system comprising chromium supported on a silica-
titania support, wherein said support comprises from about 0.5 to about 3 weight
percent titanium, based on the weight on the support, wherein said catalyst system
has a average pore diameter from 70 to about 120 angstroms, and said catalyst
25  system has been activated at a temperature within a range of about 1000°F to about
1200°F (about 538°C to about 649°C);
d) about 0.3 to about 1.5 mg/kg, based on the reactor diluent, of a
trialkylboron compound; and
€) recovering an ethylene/mono-1-olefin copolymer, and,
30 wherein said composition has a high load melt index (HLMI) within
a range of about 5 to about 25 g/10 minutes, a density within a range of about 0.95
to 0.96 g/cc, a shear response (HLMI/MI) is within a range of about 140 to about

NIILl!\HHlH i lllll Il



a range of about 5 to about 25 g/10 mnutes, a density within a range of
about 0.95 to 0.96 g/cc, a shear response (HLMUM) is within a range of
about 140 twWQWGeier = * ~ Ct MS * WO 01/34661 PCT/ USO0/ 4830229 230, a
wei ght swell of |ess than about 350% and a die.swell within a range of
about 30%to about 40% an ESCR (Condi tkgn A) of greater than about 400
hours, a M,/M of between about 15 and about 26, the onset of nelt
fracture of @B@at weight $veall aftiesstth@2DOutsEHO%], and adlicl swallnwitléin QUtietoft est val ue

of greater than 00. grans per.JH e,..xyl ene sol ub] es of |ess than
0.65% and | 3B AR 402 e BCH gl AN o, e ghn 70w 3 ames, 000,
111111111111 2N }Y/M, IoE bktiddeh hBouit 15 and about 26, the onset of melt fracture of greater

than about 2200 sec-1, and 1-minute output test value of greater than 1300 grams

5 per minute, xylene solubles of less than 0.65%, and less than 2.0% material of
molecular weight less than 1000.
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