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BACKGROUND A PROCESS FOR POLYMERI ZI NG OLEFINS This invention relates to the
copol yneri zation of a nono-I-olefin nmononmer, such as ethylene, with a

hi gher al pha-ol efin conononer. It is well known that nono-I-ol efins, such
as ethylene, can be polynerized with catal yst systens enpl oyi ng vanadi um
chromiumor other nmetals on supports such as alumna, silica,

al um nophosphate, titania, zirconia, magnesia and other refractory netals.
Initially, such catalyst systens were wuged prinmarily to form honopol yners
of ethylene. It soon devel oped, howﬁﬁgéRg&@nnnoners such as propyl ene,

1- but ene, 1-hexene or other higher, =0l efins were copol ynerized with

ethylene to provide resins tailored to specific end uses. Oten, high
density and/or high nol eculhrpmfoﬁd’ﬁ?gwy%m%sed for blow
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surface roughness as a result of a constant desire to increase processing rates.

This surface roughness has been described loosely in the past as
having "melt fracture instabilities" or "worms". Worms, or melt fracture
instabilities, can be defined broadly as irregularities and instabilities, such as
anomalous, ridge-like structures, that are formed during melt processing and are
clearly observed on the inside of an otherwise smooth, blow molded article. Worms
can occur randomly and intermittently on either the interior or exterior surface of
the molded article and can detach from the surface, causing unacceptable
contamination of the contents or even structural degradation of the molded article.
Generally, melt fracture instabilities are observed only on the interior of the molded
article because the heat of the die, or mold, can cause smoothing of the exterior
surface of the molded article.

Variance of the shear rates (extruder screw RPMs) for each type of
copolymer can affect the melt fracture instabilities. At low shear rates, the
extrudate usually is smooth and exhibits no melt fracture instabilities. As shear

rates are increased, the extrudate can have a matte, or sharkskin-type, finish which



-2- is characterized by fine scale irregularities on the extrudate surface.
At even higher shear rates, slip-stick, spurt, or cyclic nelt fracture can
be observed. At the slip- stick point, the pressure in the extruder
periodically oscillates between high and | ow pressure. Wrns are formed and
can always be seen at the slip-stick point of an extrusion process, herein
defined as the critical shear rate. Finally, as screw speed in increased
even further, the copolynmer can enter aT%Eriod of continuous slip. Another
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The present invention provides an inproved ol efin polynerization process.
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hi gh while it is possible to increase the critical shear rate by increasing polymer melt
index and/or decreasing polymer molecular weight distribution, other polymer
properties will be negatively affected. Therefore, it is very desirable to produce a
polymer that does not encounter melt fracture instability, i.e., a polymer that has
high critical shear rates. Furthermore, increasing polymer production rates into
articles of manufacture while minimizing melt fracture instabilities is an efficient
use of polymer product and processing equipment.

SUMMARY OF THE INVENTION

The present invention provides an improved olefin polymerization
process.

The invention also provides a process to produce copolymers of
ethylene and mono-1-olefins that can be processed at increased production rates and
have increased critical shear rates, and/or a broadened melt processing window.

The invention further provides a process to produce copolymers of
ethylene and mono-1-olefins that have increased critical shear rates without the loss
of other polymer physical properties, and/or that can be processed at high

production rates into articles of manufacture.

In accordance with this invention, herein is provided a polymerization



production rates into articles of manufacture. In accordance with this

I nvention, herein is provided a polynerization -3- process conpri sing
contacting: a) ethylene nononer; b) at |east one nono-I|-olefin conononer
having from about 2 to about 8 carbon atons per nolecule; c) a catalyst
system conpri sing chrom um supported on a silica- titania support, wherein
sai d support conprises |ess than about 5 weight percent titanium based on
the wei ght of the support, and wherein-3ai d catal yst system has been
activated at a tenperature within a range of about 900[err]F. to about
1050[ er r | FPIOCERCRMPASIEgG CAMRSHN8hor on conpound, wherein said contacting

occurs in a reaction 35091? ie e%ﬂﬁoﬂ;&;ence of hydrogen, at a tenperature
wi thin a range of about goFerr F. t'o about 215[err]F., and recovering an
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nol ecul e; dea catal yst system conprising chrom um supported on a silica-

titania support, wherg n $@i51 SHRRYompoR®! | Ses | ess than about 5 wei ght
per cent

wherein said contacting occurs in a reaction zone in the absence of
hydrogen, at a temperature within a range of about 180°F. to about 215°F,

and recovering an ethylene/mono-1-olefin copolymer.

In accordance with another embodiment of this invention, a
copolymer comprising ethylene and a mono-1-olefin having from about 3 to about 8
carbon atoms per molecule is provided, wherein said copolymer has a density within
a range of about 0.935g/cc to about 0.96g/cc; a high load melt index (HLMI) within
a range of about 0.5 g/10 minutes to about 30 g/10 minutes; and a critical shear rate
for the onset of slip-stick melt fracture of greater or equal to about 1000 sec™.

In accordance with this invention, there is provided a
polymerization process consisting essentially of contacting:

a) ethylene monomer;

b) at least one mono-1-olefin comonomer having from about 2 to
about 8 carbon atoms per molecule;

c) a catalyst system comprising chromium supported on a silica-
titania support, wherein said support comprises less than about 5 weight percent
titanium, based on the weight of the support, and wherein said catalyst system has
been activated at a temperature within a range of about 900°F. to about 1050°F;
and

d) a trialkyl boron compound,

wherein said contacting occurs in a reaction zone in the absence of

hydrogen, at a temperature within a range of about 180°F. to about 215°F.,



ti-tanium based on the weight of the support, and wherein said catalyst
system has been activated at a tenperature within a range of about
900[err]F. to about 1050[err]F.; and d) a trial kyl boron compound, wherein
said contacting occurs in a reaction zone in the absence of hydrogen, at a
tenperature within a range of about 180[err]F. to about 215[err]F., -4-
and recovering an ethylene copolynmer. |In accordance with another enbodi ment
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"support"” ers to a carrier catal ytic conponen However,
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material generally conposed of 80 to 100 wel ght percent silica, the
this disclosure. Both terms include a polymer product resulting from polymerizing
ethylene monomer and a mono-1-olefin, or higher alpha-olefin, comonomer,
selected from the group consisting of propylene, 1-butene, 1-pentene, 1-hexene, 1-
octene, and/or 4-methyl-1-pentene.

Catalyst Svstems

As used in this disclosure, the term "support" refers to a carrier for
another catalytic component. However, by no means, is a support necessarily an
inert material; it is possible that a support can contribute to catalytic activity and
selectivity.

The catalyst system support used in this invention must be a silica-
titania support. As used in this disclosure, references to "silica” mean a silica-
containing material generally composed of 80 to 100 weight percent silica, the
remainder, if any, being selected from one or more inorganic oxides, as disclosed in
the art, useful as catalyst system supports. For instance, a silica-containing material
can consist essentially of silica and no more than 0.2 weight percent of alumina or
other metal oxides. Other ingredients which do not adversely affect the catalyst
system or which are present to produce some unrelated result can also be present.
The support must contain less than about 5 weight percent titanium (Ti), based on
the weight of the support. Preferably, the support comprises from 2 to about 3,
most preferably 2 to 4, weight percent titanium, in order to produce a polymer with
the most desirable physical properties.

Silica-titania supports are well known in the art and can be produced
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The chromium component is used in an amount sufficient to give
about 0.05 to about 5, preferably 0.5 to 2 weight percent chromium, based on the
total weight of the chromium and support after activation.

The resulting chromium component on a silica-titania support then is
subjected to activation in an oxygen-containing ambient in any manner
conventionally used in the art. Because of economy, the preferred oxygen-
containing ambient is air, preferably dry air. Activation can be carried out at an
elevated temperature for about one-half to about 50 hours, preferably for about 2 to
about 10 hours, at a temperature within a range of about 900°F. to about 1050°F.
(about 455°C. to about 565°C.), preferably from about 965°F. to about 1020°F.
(about 520° to about 550°C.). Under these calcination conditions at least a
substantial portion of any chromium in a lower valence state is converted to the
hexavalent form.

After calcination or activation, the oxidized, supported catalyst system
is cooled to about room temperature, e.g. about 25°C., under an inert atmosphere,
such as argon or nitrogen. The catalyst system must be kept away from contact
with reducing compounds, water, or other detrimental, or deactivating, compounds
until use. The catalyst system used in the inventive process must not be subjected

to a reduction treatment. A reduction treatment can cause narrowing of the
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preferably is subjected to activation in an oxygen-containing anbient in
any manner conventionally used in the art. Because of econony, the
preferred oxygen- containing anbient is air, pré&h s Bep Reglaced Act j vat i on
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of about 1 to about 20 parts per million (ppm), or milligrams per kilogram (mg/kg),

based on the mass of ethylene monomer in the reactor. Preferably, the cocatalyst is
used in an amount within a range of about 2 to about 10 ppm, and most preferably,
within a range of about 3 to about 6 ppm, for cost effectiveness and best polymer
properties.

Optionally, the trialkyl boron cocatalyst can be used in
conjunction with a small amount of trialkyl aluminum cocatalysts. While not
wishing to be bound by theory, it is believed that a small amount of a trialkyl
aluminum cocatalyst can be used as a preservative for the trialkyl boron cocatalyst,
to protect the trialkyl boron cocatalyst from inadvertent contact with air, or oxygen.

Exemplary trialkyl aluminum cocatalysts include, but are not limited
to, triethylaluminum, ethylaluminum sesquichloride, diethylaluminum chloride, and
mixtures thereof. Preferably the trialkyl aluminum cocatalyst is triethyl aluminum
for best catalyst system and trialkyl boron cocatalyst compatibility.

The trialkyl aluminum cocatalyst, if used, can be used in an amount
within a range of about 0.1 to about 5 parts per million (ppm), or milligrams per
kilogram (mg/kg), based on the mass of diluent in the reactor. Preferably, the

trialkyl aluminum cocatalyst is used in an amount within a range of about 0.5 to
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properties. The trial kyl boron cocatal yst can be used in an anmount within a
range of about 1 to about 20 parts per million (ppm, or mlligrans per

kil ogram (ng/ kg), based on the nass of ethylene nonomer in the reactor.
Preferably, the cocatalyst is used in an anobunt within a range of about 2
to about 10 ppm and nost preferably, within a range of about 3 to about 6
ppm for cost effectiveness and best polynmer properties. Optionally, the
trial kyl boron cocatal yst can be used i'n tonjunction with a snmall anmount of
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Et hyl ene nopentene teiashidye manimey polpgenjorghngstononomer sel ected fromthe
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in an amount within a range of about 0.5 to about 15 weight percent, preferably
within a range of about 1 to about 10 weight percent, based on the weight of
monomer. Most preferably, the comonomer is present in the reaction zone within a
range of about 2 to ai)out 6 weight percent in order to produce a polymer with the
most desired properties, such as, for example, reduced melt fracture instabilities.
Another method to express the amount of comonomer is to specify the amount
measured in the reactor flash gas. Geﬁerally, the amount of comonomer present in
the reactor flash gas is in an amount within a range of about 0.05 to about 6 mole
percent, based on the reactor diluent, such as isobutane. Preferably, the cocatalyst is
present in the flash gas in an amount within a range of about 0.1 to about 2 mole
percent, and most preferably, within a range of about 0.3 to about 1 mole percent,

for cost effectiveness and best polymer properties.

Polyvmerization

Polymerization of ethylene and the comonomer must be carried out
under slurry, or particle form, polymerization reaction conditions wherein the
reactor temperature is kept below the temperature at which polymer goes into
solution. Such polymerization techniques are well known in the art and are
disclosed, for instance, in Norwood, U.S. Patent No. 3,248,179, the disclosure of
which is hereby incorporated by reference.

The temperature of the polymerization reactor, or reaction zone,



Et hylene is the nost preferred nononer, due to the advantageous properties
of the resultant copolyner. Preferably, the conmononer is 1-hexene and/or

4- et hyl -1- pentene to achi eve maxi num pol yner toughness. Conononer is
added to the polynerization reactor, or reaction zone, in an amount within
a range of about 0.5 to about 15 wei ght percent, preferably within a range
of about 1 to about 10 wei ght percent, based on the wei ght of nonomer. Mbst

preferably, the cononomer is present i n8the reaction zone vvithi n a range of
about 2 to about '

nost desi ré‘éF"ﬁ&B%é?vt\ﬁiéght gﬁr‘rclgggmf%ra%«rgggﬁsﬁl @ngﬁﬁgdaﬁ%'l y?r% %c uw the

i nst abi | i t i ggoF, AHALH@ 2 IFBF h@BoltB2PRPEESout h@Z@E%&fembl)ﬁmﬂDMgbsﬂ 0
speci fy the anmount neasured in the reactor flas as. Cenerally, the anpunt

of conpnomeboyrl88h toj gbouh E91°Eatabent $2 éﬁ;hb%@ @)l et PaGBR3REY> Wit hi n a

range of about. 0.05 to abqu di | uent,
such as i SB%E glﬁémepgeé?pel;%k%’ie lg v{'ﬁun 8(%%{ al'ys Olaﬁlﬁgqrg g?ergggo in ?ﬁ%%?ash gas
in an a”DUmlth‘&h%ﬂil higher redete taﬁpabmﬁs din]aetxﬁeda,bmpﬁatﬁgrmitﬂdqoef therspecifind nost
preferably, in a range of about 0.3 to about 1 nole rcent for cost

ef fect i vené@gpﬁﬁwf%é%’lgeb%ﬂf@ duger ppeRalyraer. Whish\aa bemere 6"I Crsllag i on of
ethyl ene ang, hgg’t Iﬁgﬁ&%ggé oFHfgthexbglleﬁ%z{chﬁg inikder slurry, or particle

form pol yneri ion conditions wherein the reactor tenperature is
kept bel ow t he t enperBieuslerrpipravesscgenprillyriecagedoui in an swrudilusat  Such

pol yneri zatio chni.ques._are |1 kng in.the rt apd are disclosed, for

i nst ance, |Weak5'1"§k)8‘6°h 2" Wf& n2915§:1‘19?§a Phg? s%rf)glgﬁ?e of which is
hereby i ncegapjcaiRd. bExén?ﬂl@r‘S'Qﬁﬁl@ntsTﬁ@uﬂee HRE bt bt Ginditedt tBQHrogHng MBbuzaak) On
reactor, or reaction zone, 8- according to this invention, is critical

and nust bésdbepnennipentane, 2-methylfanstiitoperians)cand mixtutes thaserft Isabspase | F.

1300 er ] F. 1 Bt Ion et fi B aboi 85 FSEBA sorerric ) Most
preferably, the reactpreesuzana thesRaygolyieriAtivh phicesscanavage fioin ABAjterr ] F to
185[err] F. (l%ztg)earbro!ltc 70(§ 85125( % 4] 8C a) or higher. The catalyst system is kept in

suspension and can be contacted with the monomer and comonomer(s) at sufficient

pressure to maintain the medium and at least a portion of the monomer and

comonomer(s) in the liquid phase. The medium and temperature are thus selected

such that copolymer is produced as solid particles and copolymer is recovered in

that form. Catalyst system concentrations in the reactor can be such that the

catalyst system content ranges from 0.001 to about 1 weight percent based on the

weight of the total reactor contents.

Two preferred polymerization methods for the slurry process are

those 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. For instance,

in a series of reactors a chromium catalyst system can be utilized either before or

after a reactor utilizing a different catalyst system. In another instance, a chromium

catalyst system can be utilized in parallel with another reactor employing a

polymerization different catalyst system and the resulting polymerization products

can be combined prior to recovering a copolymer.

In accordance with this invention, hydrogen cannot be present in the

polymerization reactor during polymerization. The presence of hydrogen results in



Al t hough hi gher reactor terrperaturés can be used, operating outside of the
specified tenperature ranges can produce a copol yner which can be nore
subject to swelling during polynerization or higher nelt frabisshest Has Beep Replaced

instabilities. The slurry process generally is carried out in
di luent (mediun), such as, for exanple, a paraffin, cyclopara IM&WHH’,’
aromati ¢ hydrocarbon. Exenplary diluents include, but are not li1m

propane, n-butane, isobutane, n-pent ane? -2- net hyl but ane (i sopentane), and

m Xtures thereof. |spobutane i.s the, ferred diuent duye to.l Qw cost and
ease of usd degreasesidloweRng K thy ‘Eﬁ‘?%‘i R AP if?a{}\eﬁﬁs%ro éréeétsfr%ét{ﬁrev%?y from

about 110 R RBAMNt PERmRSIpRod Rt 7 GiftieBndvVRAMhiAE thbEBEEnd BYeheont, at st system

i s kept in suspension’and can be contacted wth the nononer and
conpnorer ( bylieved shdtfthe iabsence pE Bxdrogent epnnigayr ainish melepan weighhirilan theast a

portion of the nmononer and.c naner. I.n |k qi g ph I um and
t enper at ur BROYPSTAHYER §%ﬁu§%ﬂ%§%§%a§ﬁr fn%g‘%cu%(r)b‘}(ﬂ ﬁgﬁs%ﬁggbgﬁg}é %gag@gi d
particles angosdepehol@ilar Weipkcdivteibeton arl hale legrmelt Gatmtey Sk., ayispm

concentrations in the reactor can be such that the catal yst system content
ranges frosribc@dohetroraipout 1 wei ght percent based on the wei ght of the

total reactor contentg,, &Wys%?;t&ﬁ,r@&aﬁi’}lsw%@t?ﬁéeﬂ oM Behdidserfah vkhe slurry

process are those enploying a {oop reactor type di sclosed in Norwood
and those utddd & thg reaquiodrzehe fry amyf osdet,racectdingatot amy sneshed knowm irs thei ast
paral | el or_ conbi nati.ons thereqof wherein the react iqon conditionz}Fare

di fferent iERQT EKEMRIC thsr ALYt SETEBr GOCafELYSY HARAMFT NG FPIICNOST €0 OF [ eact or s

a chrom umaﬁs&ﬁ%ﬁ’xﬁflmﬁ&ﬁfsﬁm&tﬁ@ rORtiYh ZbhZ e Riskr B thdediaye s9itedf 4y a react or
utilizing a different cat'al yst system |n another instance, a chrom um

catal yst systaalystacanbee precoritaatetl indep an dndre hmient paerooHORtACHBE ther  enpl oyi ng
a polynerization different 8at al yst system and the resulting polynerization
products céﬁo‘l?én?foar?ﬂ{%ec&nf?ﬁ B to recoveri ng a copol yner. |In accordance

with this invention, OpesRU§NpeasHIftingfRhe s&blyst systeimeardodogamlyise ptioon
reactor during polymnerization. The presence of hydrogen results in
Subst i t ut e telteeratalyssystep ¢ongerting ethylene can reduce the amount of cocatalyst

necessary in the reaction zone. This precontacting can reduce the amount of trialkyl
boron cocatalyst necessary in the reactor zone by up to a factor of ten (10).
Product

Polymers produced in accordance with this invention are a copolymer
of ethylene and at least one higher mono-1-olefin comonomer. Copolymers
produced according to this invention have a broad molecular weight distribution and
therefore have higher critical shear rates and reduced melt fracture instabilities.
Additionally, the production rate of these copolymers into articles of manufacture
can be significantly increased; consequently, copolymers produced according to this
invention exhibit higher production rates during blow molding processes.

The density of these novel copolymers usually is within a range of
about 0.935g/cc to about 0.96, preferably from about 0.94 to about 0.958g/cc. Most
preferably, the copolymer density is within a range of about 0.945 to about
0.955g/cc.

Another defining physical characteristic of these copolymers is the
high load melt index (HLMI). Usually, the HLMI is within a range of about 0.5 to
about 30 g/10 minutes, preferably within a range of about 3 to about 10 g/10
minutes. Most preferably, the HLMI is within a range of about 4 to about 8 g/10

THIS SHEET HAS BEEN
REPLACED




-9- a decrease and lowering of the critical shear rate for the onset of
nmelt fracture for the resultant polyner product. Wile not wshing to be
bound by theory, it is believed that the absence of hydrogen can Ieave a
hi gh nol ecul ar weight tail on the polymer which reﬁmhggnhg apﬁ ade

nmol ecul ar wei ght distribution. Polyners having a br WEI ght
di stribution can have less nelt fracture, i.e., I M" shear
rate. The catalyst system cocatal yst -nﬂhomar, and be added

to the reaction zone in any order, according to any nethod knovvn in the

art. For emnpteé t he catal yst system cocatal yst, nononer, and conononer
can be added sinulta | tifg 1S M€ v'eftt&?&l'sé%dveb wak al yst
system and cocat al yst.t?@%rilyré %F%@g%‘%g%?ed %n der é{‘n |rltert anbi en%wprlél%r to
contacting chlmealnme@nmtesarﬂémalkyo menaritieal st@at rwe 0 the opses oS melt freefyreof t he

cat al yst system and cocat al r to the ata stiem cting

et hyl ene c#h thesgaoxet pely %f c,%@a?ra? 8%%%3?9@¥ L Pﬁeggrlgé ction
zone. This frg ﬂ%&ﬁ%fr'eaaaﬁa&bs&dwa@ sebe G efaabtyr1haldﬁmlca1bstreanrawsat al yst
necessary i reactor zone by up to a factor of ten (10). Product

Pol yners prpodymed produwed én degocdangs t“hthttmsslnw-’nﬁ@ntlﬁ mt@éfﬁl&?dﬁbqb@#ér of

et hyl ene a east. on her nono-1-ol efin conononer. Copol yners

pr oduced atzﬁ(gﬁ(fle t‘t Bb?%%gaé)rgt?/centlon have a broad nol ecul ar wei ght

distribution and therafﬂftﬁem@td@rstnrﬂh@rometpmam iahenionraatds alvdntgehuced
nmelt fracture instabilities. Additionally, the production rate of these
copol yner s drapoovdded by aefersncorionine JOUQHBE CXATRIES 5 | gnificantly increased;
consequent |y, copolymers produced ac%mr%jpo this invention exhibit

hi gher production rates during bl ow rocesses. The denS|ty of these
novel copolyners is \AEt}iytemeaxekamg@porynaimwerd)px@ﬁﬁgd dre a teontitmurs p@ﬁ
preferably from about 94 to %gout g/ cc. Most prefer.abl yli g%%ll:

copol ymer  dfOR®; Rrpcsss bt)(n qoRfagting the ftalyt “& @F TROTRARSTYs (?“%%P
Anot her defy, EQQ?&&YE?GQ%, Cmﬁxﬁ&bﬁas $hilsnsA871RESE iSPRIY ARk iudnbeardd gh

| oad nel t |n S V\nthlnarange of about 0.5 to about 30
g9/ 10 ni nut esccagivedliy smhg/hwlmgem as shawnyin tie Basonpless The reeigr wap ogerated
m nutes. to have a residence time of 1.25 hrs. The reactor temperature was varied over the
range of 180°C. to 215°C., unless stated differently, and the pressure was 4 MPa
(580 psi). At steady state conditions, the isobutane feed rate was 46 1/hr, the
ethylene feed rate was about 30 lbs/hr, and the 1-hexene feed rate was varied to
control the density of the product polymer. Polymer was removed from the reactor
at the rate of 25 lbs/hr. The catalyst systems used were commercially available
catalyst systems purchased from W.R. Grace and Company, the Davison business
unit, demgnated as 963 Magnapore®.

Polymer product was collected from each run and tested according to
the following procedures:

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

High Load Melt Index (HLMI)(g/10 min): ASTM D 1238, Condition
E. Determined at 190°C. with a 21,600 gram weight.

Heterogeneity Index (HI): M, /M,

Critical Shear Rate (Onset of Worms) (sec”'): The determination of

Critical Shear Rate was developed by Dr. Ashish Sukhadia for Phillips Petroleum

THIS SHEET HAS BEEN i
REPLACED |




Most preferably, the HLM is within a range of about 4 to about 8 g/10

m nut es. - 10 - Copol yners produced according to this invention also
have very high critical shear rates. The critical shear rate for the onset
of nelt fracture of these novel polyners is greater than or equal to about
1000 sec[err], preferably greater than or equal to about 1500 sec[err].

Most preferably, the critical shear rate of polyners produced in accordance
with this invention is within a range ofl about 1800 sec[err] to about 6000
sec[err]. A further understanding of the present inventign and its

advant ages Compapy @siadesulbpf pareed &naesurately [deterdineghf ARSes LAPYARLS. LES

Et hyl ene- hexene copol yner s i ti i orm
process hy t?ﬁﬁ?&@?&ﬁé}étlﬁg‘n (%\(t/% é’ﬁff‘g{:gﬁnﬁér&%eﬁ@ pan‘t})vﬁgﬁeclro EH&g%Pg{/r{en(gb gn h| qui d
full | oop nEaRN® (Khavongingle/erewrexeide? 3haas ewdsto(BIvite heressyrizesbbut ane as

the diluent, and occasionally sone hydrogen, as shown in the anpl es. The
react or waPobesranely @ @ die tough @ SpRfistiag ta‘iiari’éorofﬁafg%e RPRSISS ﬂg”?(%act or

t enper at ur %eg%%tgvr%dggg rlg‘éﬁrenrtll}]'%ié wﬁﬁd(%%gpéﬁ @5153 [ﬁardigéa d}érﬁm st at ed

differently, ssure’was "4 MPa .~ At steady state
condi t i ons,thé bfmé dbimbtanss the edtry aiecbuasitit 8 ldndaconstting denhgtére negiéwedAr at e was

about 30 I bs/hr, and the .1-hexeene feed rat s.varied t.o coptrol the
density of qoﬁgﬂ‘ﬁFgﬂE?W%P?ﬁEﬁu_tS%F c\)ﬂg%?r\gﬁs\;“é%dﬂ%ﬁlfhe?ﬂeeactpr at the
rate of 25 | Bs/dife cIlRftCat SlRlingSthe itBridl (BElyMRE)SFISOWIRItEE Bhtry diwalohabl e
catal yst systens purchased fromWR G ace and npany, the Davison

busi ness uriThe, fldeghtgn atessira sirgb thagrtpdareprerars dmp iprthel adapoEneB§ect ed

fromeach r.un, and test.ed, aceordi.ng. to. t f i N C nes.e Densi t
(ginm): ASPREPIIEGS. %dé?ﬁha‘)fg‘ﬁﬁﬂée‘%g"zrgf‘“%%ﬁ ?H’g%ﬁ c?h%%e@%l ot a
conpr essi ondedRbd emhdsieng@hds fitelae theadndadfatié edbiCdiepaxd tie uperimemal condi ti oned

at room tenperature for about 40 hours. H gh Load Melt Inde>%t£HLl\{lrM g/lo
mn): ASTM 1mogezivgs iscrspeated.ofn addition to the data, the visual appearance of the extrudate

(strand) is recorded for both the entry die and entry die plus land die experiments.
The data are used to calculate the apparent shear rate and shear stress. Standard
calculation methods are used; see C.D. Han, Rheology on Polymer Processing. pp

89-126, Academic Press, NY (1976). In addition, a graphic plot of the flow curve

(true shear stress vs. apparent shear stress) is plotted. The following calculations

are used:
(32)(Q) |
Y = Equation (1)
app ]
(m)(D)
T, = AP
i Equation (2)
4(L/D)
Tre = AP-AP,, Equation (3)
4(L/D)
where L = Land lengih of capillary, inch
D = Diameter of capillary die, inch = Diameter of land die,
inch
Q = volumetric Flow Rate, inch*/sec

Y = Apparent Shear Rate, 1/sec

app



E, Determned at 190[err]C. with a 21,600 gram wei ght. Heterogeneity |ndex
(H): Merr]/Merr] Critical Shear Rate (Onset of Wrns) (sec[err]): The
determ nation of Critical Shear Rate was devel oped by Dr. Ashi sh Sukhadi a
for Phillips Petroleum Conmpany as a result of a need to accurately
determ ne the onset of wornms. The testing apparatus is an Extruder
Capillary Set-Up which consists of a one (1) inch Killion[err] (KL- 100)
single screw extruder that is used to ptpvide a pressurized polymer nelt to
a die through a connecting adaptor. Each die consists of two separate
pieces: 1) an enlyy dfe (zero |Apmhrnt Shedr)Staess, M)Paa | and die (a die having
the sane dianeter as the entry stant dianeter,
region). A conpfete deterni natlﬂﬁ r(ggﬁf‘itgé)%f‘eér IB%R/’ @ﬁ%Ve for the tested
material. The pppcedure consi stgniphhc€Ptdsidt ThopRIPABE Bfds@lre (RB ¥RMIuEh i I St
with the entry di & al one. The flow rate, pressure drop in the extruder,
pressure drop in the adaptor (rsififeediejust prior to the dies) -and nelt

t enperature are,necorded. Then, Lr e is fitted
at the end of tﬁ‘ entry die anch?ﬁeﬁégspugérlﬁ%t § r%gseg?éqgr(%p H’?Ié%%lat ed. In
addition to the data, the visualrifappetindrdie of the extrudate (strand) is
recorded for both the entry die and entry die plus | and di e experinents.
The data are used to ERf fliogrg @lﬁé%ﬁ%ﬁ% nssWergrusedit e and shear stress.

St andard cal cul ation S I ogy on Pol yner
Processing. pp 89-126, 8 edrhé]r(;:1 r'ess, W( 19%?}1@%?%% ?tl on, a graphic
pl ot of the flow curvlear(d uhueO QS@mchs.hmstsr \2s25 mnbaarelnllengme(amsam@s-s]ﬁ)l S

plotted. The foll ow cal cul a re used err
Land | ength of capil Ing‘?rwer?‘?fﬁentzl_l)ggg fff‘t_temperatur pr°ﬁ]k¥3¥\°gr%fr8illero’?ndcapl | lary

die, inch yp@peter of land die, inch Q = vol unetric Fl ow
Rate, inch[err]/sec [err]app = Apparent Shear Rate, 1/sec
Example 1

Polymer samples were prepared as described above. Different
catalyst system activation and different levels of triethylboron (TEB) were used.
Triethylaluminum (TEA) was not added to the reactor; hydrogen was added to the
polymerization reactor only in Run 102 and was present -in an amount of 0.2 mole
of hydrogen per mole of ethylene. Runs 105 and 106 are commercially available

polymers, used for comparison.



- .12 - [err]app Apparent Shear Stress, MPa [err]true =
True (Corrected) Shear Stress, MPa [err]Plerr] = Entrance
Pressure Drop, MPa = Pressure Drop through orifice die [err]P =
Total Pressure Drop, MPa = Pressure Drop through orifice + |and die The
foll owi ng dies and conditions were used: Entry die dianmeter: 0.080 inch,
90[err] cone entry angle Land die: 0.080 inch dianeter, 2.25 inch | and
length (L/Dratio 15) Tenperature: 215l&rr]C. flat tenperature profile for
extruder and capillary Exanple 1 Pol ymer sanples were prepared as descri bed
El

above. D fferent aryst 3 and different |evels of
triethyl boron (TEB. weré¢ uged.| Tiri et i num (TEA) was not added to the
react or; hydrogejp ﬁagcﬁddﬁc &q Sreop zation reactor only in Run 102
and was present n—q@ anodnt3qf&Q. & e hydrogen per nole of ethyl ene.
Runs 105 and 106) &’e q@nnercidlfy A\ai I|abl e pol ymers, used for conparison.
- 13 - [err] 14 - The {datla iin Tablle 1j show that TEB can be used in
conjunction withlfa chrom um cat alfyst} syistgmto reduce nelt fracture.
Conpari son of Rup 101g?tr1
SR 5| SR8
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102 and Run 103 with 104 shows that higher levels of TEB desirably del ay
the onset of nelt fracture, or worns, by allow ng higher (faster) extruder
screw speeds. The data in Table 1 further denonstrate that a | ower catal yst
activation tenperature also can raise the onset of worns. Exanple 2 Polyner
sanpl es were prepared as descri bed above. D fferent catal yst system
activation tenperatures and different |evels of triethylboron (TEB) were
used. Triethylalum num (TEA) was not additd to the reactor. TABLE 2 Run

Activation Hydr ogen . Critical Shear, Tenperature
He/ C2= TEB The data in Table Irghoy thap I EPryan be used r‘r‘bIC%“JPB‘Et;% Wﬁ%ﬁpm in
-CA=) | Olﬁ% 1 ¥!&5 t) system to reduce melt fracture. Co fisscdr RAA 101 withl 100

0 . 800 202 1100 0.2

6.2 102 and Rdr9803 26tk 104 sho®B(Bat higher levels of TEB desirably delgy3he

>2200 204 000 0 . . 5.4 >220 05
1000 onset(pf:]ir&grlt fracture, or VEOTF1S, by allowing hlggerl(gqg&r)rﬁ‘gr%gf serew s?g% Sa 2,

agai n, denopgt 444 ¢ trABlk 1 AWMREr Gathahdiate BUEA BoWaatahat hevatioNPanpértfues can
post pone the onset of worns, until higher extruder speeds. The data in

Tabl e 2 al sabscstamwraideathe ohset gbseomwe. of hydrogen in the pol ynerization
reactor allows higher extruder throu ut or screw speeds, before the
onset of worns. - 15 - CLAI M5 1. @x@m fe 2 A process for polynerizing
nmono- 1- ol ef i ns, whi chpelgtier s&Rsles ORicASiepRGd ia desctibed hbove. zone, at a

tenperature within a range of 180F. to 215[err]F., in the ence o
hy(rjnr) ogen: Diffe%ent catalyst system activa[tion t]emperatures and L%Pfgrent ?evefs

of triethylboron (TEB) were used. Triethylaluminum (TEA) was not added to the

reactor.
TABLE 2
Run Activation Hydrogen Critical Shear
Temperature H2/C2= TEB Rate
(°F) (mole ratio) | (ppm in i-C4=) | (Onset of Worms)

(1/sec)
201 1100 0 59 1800
202 1100 0.2 6.2 1080
203 1000 0 5.3 >2200
204 1000 0 5.4 >2200
205 1000 0.144 5.8 1650

The data in Table 2, again, demonstrate that lower catalyst system
activation temperatures can postpone the onset of worms, until higher extruder
speeds. The data in Table 2 also show that the absence of hydrogen in the
polymerization reactor allows higher extruder throughputs, or screw speeds, before

the onset of worms.



a) ethylene nononer; b) at |east one nono-1-ol efin conmononer having from 2
to 8 carbon atons per nolecule which is present in an anount in the range

of 0.5 to 15 wei t on the weight of the etsm'elﬁ Q.000pHRE; C)
a catal yst systﬂ B’HMEE‘M’ ﬁm m um supported on a siy ' '
support, wherei ¢ rises less than 5 wei Mma %Emm\s
titanium based on the weight of the support, and wherei t t

system has been activated at a tenperatlfre within a range of 900[err]F to

1050F. without reduction thereafter; and d) a trialkyl boron conpound; and
recovering an ethyl ene/ nono- 1-ol efi r. 2 A process

according to claim1, ' i t 4 e b Wthin a
range of 1gO[err] F. t%\ggkg:% efrarr?@.yq}%e.&ﬁﬂl% th#b mﬂ%‘%’r %ﬂ?ﬁrﬁg?%i ng to claim
1 or 2, wheomhetingainda nenter zareghi a tangpepatoreewithis rangy o€ about 136K .ctae,

1- pentene, 1-h , .1-octene, 4-nethyl-1- pentene, or a m xture of any two
or nore of 2 %t?iggﬁ@h‘bmﬁ%?“%e of hydrogtn: A process according to claim 3,
wherein said cononomgyy khylkne RR4BREE, O A process according to
any one of the preceding clainms, wherein said catalyst systemis activated
at a tenperature w tHi)natleasimge nefnoglssledinrgpmonpmen bFOP ffopFabegit 2 to A
process accordi ny. O » preceding clains, wherein said trialkyl
bor on conpg'g?f% %‘garﬁyg?%,y%quﬁe&ﬁ@gérlgﬁe, tripropyl borane, tiethyl borane, or a
m xture of any two orc)nmicatallist $Rteth torhpriding clrommimmcappateddms a Zilica- A
process according to claimé6, wherein said trialkyl borgon c ound is

triet hyl botifania sepport, Wiheaeip said suppgst corpprises from about 2 tﬁr?’g’@l‘-’}% ding to

any one of pE&%nPﬁﬁﬁﬁgﬁ,%&i 8 TR WUBE( & e $Bpifbrt, and wherein said catalyst

system has been activated at a temperature within a range of about 900°F. to about
1050°F.; and
d) a trialkyl boron compound;

and recovering an ethylene/mono-1-olefin copolymer.

2. A process according to claim I, wherein said reaction zone
temperature is within a range of about 180°F. to about 195°F.

3. A process according to claim 1 or 2, wherein said mono-1-olefin
comonomer is propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, 4-methyl-1-

pentene, or a mixture of any two or more of said comonomers.

4. A process according to claim 3, wherein said comonomer is 1-
hexene.
5. A process according to any one of the preceding claims, wherein said

catalyst system is activated at a temperature within a range of about 965°F. to
about 1020°F.

6. A process according to any one of the preceding claims, wherein said
trialkyl boron compound is tri-n-butyl borane, tripropylborane, triethylborane, or a
mixture of any two or more of said trialkyl boron compounds.

7. A process according to claim 6, wherein said trialkyl boron
compound is triethylborane.

8. A process according to any one of the preceding claims, wherein said
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resul ting ethylene copolynmer conprises: a) a density within a range of
0.935 g/cc to 0.96 g/cc; b) a high Ioad nmelt index wwthin a range of 0.5
g/ 10 m nutes /10 minutes; and c) a critical sHicseetatBeef Replacde onset
of nelt fract M ﬂmﬂm’m’tlman or equal to 1200 ser1 “‘I&p z[
conposition co | ene/ hi gher nono- 1-ol ef aV|ng,
a) a density vmthlnaran@e’bf 0.935 g/cc to 0.96 g/cc; hi gh | oad nelt
index within a range of 0.5 g/10 ninutek to 30 g/lO m nut es; and c) a
critical sheay, rate for t onset of melt fracture of greater than 1200
sec[err]. gulting ethyl en%“%‘?ﬂ%ﬁﬁ%”ﬂ“&ﬂﬁ“ﬁ%cordl ng to claim9, wherein the

copol yner has a densigh v, Weddly Nyithifi 2"4R @Bf%]o%@%@ écotooab%ﬁggl%f%ccll
A conposition accordlngtocalm9 or% erelnt e copol as a high
| oad nmelt index withib) ahiginiged ofeltaindert withigy a@angﬁmﬁtaésutt(bb g@lﬂgm@nm nut es.
12. Ab (gg@o |1§| on accorddl ng to any one of clains 9-11, wherein the
copol yner 8o 5/ SEE¥A% ate for the onset of melt fracture of
greater than 1900 secgjes ctitical 3hear rate for thd dHsOCESEelt Gractued Yl Efeatel fighn
nono-1-ol efins substantially as herein described with reference to any one
of the Exafpreual tagbout 1208 s¢enpositi on conprising an et hyl ene/ hi gher

nono- 1- ol efi n copol y I reference to
any one of Bt he ExarrplrE oﬁggﬁﬁ&mérﬂyﬁ{n%ﬁngﬁx Fymar %?(%A(fggce{d&%@rpa process
accordi ng tepdlpmeohaving: cl ai ns 1-13.

a) a density within a range of about 0.935 g/cc to about .096 g/cc;

b) a high load melt index within a range of about 0.5 g/10 minutes
to about 30 g/10 minutes; and

c) a critical shear rate for the onset of melt fracture of greater than
about 1200 sec™.
10. A composition according to claim 9, wherein the copolymer has a
density within a range of about 0.940g/cc to about 0.955g/cc.
11. A composition according to claim 9 or 10, wherein the copolymer
has a high load melt index within a range of about 1 g/10 minutes to about 20 g/10
minutes.
12. A composition according to any one of claims 9-11, wherein the
copolymer has a critical shear rate for the onset of melt fracture of greater than
about 1900 sec™.
13. A process for polymerizing mono-1-olefins substantially as herein
described with reference to any one of the Examples.
14. A composition comprising an ethylene/higher mono-l-olefin copolymer
substantially as herein described with reference to any one of the Examples.

15. A copolymer produced by a process according to any one of claims
1-13.
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