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and MD tear resistance.
That molecular weight distribution, as measured by M,/M,
in the LLDPE appears to be attributable to the use of dimethyl
20 aluminum chloride as a cocatalyst, combined with a catalyst
precursor, in the production of the LLDPE.
In accordance with the invention, LLDPE films are

produced which are characterized by superior impact strength
and MD tear resistance. Herein, impact strength is determined
25 by dart impact (ASTM-1709). The dart impact resistance,
measured in grams, of films of the invention ranges from 50 to
>800, preferably 200 to >800, and most preferably 350 to >800,
for example 70 to 1000 or 800 to 1000. MD tear resistance of
films of the invention are determined by ASTM~D-1922, measured
30 in grams/mil, ranges from 50 to 500, preferably 200 to 500,
and most preferably 250 to 500.
The copolymer products used in the invention contain 70
to 350 ppm of dimethylaluminum chloride (DMAC) activator.
They are low density products characterized by a density
35 ranging from 0.915 to 0.940 g/cm’. They exhibit a melt flow
ratio range of 25 to 45.
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wei ght species conpared (o a normal LLDPE. " The (GPC anal y

perfornmed ofP% gﬂggﬁ’ég‘ﬁ%d“’m‘mt§n§¥?uﬂﬁmnﬁﬁit AsafellowB: 4 col urms ( 1ES,
1E6, 1E4, IM3Weightamysirame Muleoiilsr 'Weightt =t (EManal yses were perfornmed
with a 30 .1% solution in 1-2-4 trichl orobenzene.___The nost consi stent
way of characterizing this difference is by the r&wio M/ Mv whi ch
neasures the skewness of the distribution on the HW side. W find

t hat the DVAC cocatal yzed LLDPEs have Nz/ Mv hat is consistently
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where w, = weight fraction of the polymer with molecular weight
between M; and M, + M.

20 For the invention polymers with a significant hump on the
HMW side, the higher moment M, is significantly higher for the
same M, as a normal LLDPE. Thus resulting in a higher M, /M,.

The invention LLDPE is typically broader in molecular
weight distribution as measured by GPC or flow properties

25 (MFR). The GPC curve is characterized by a significantly
higher amount of high molecular weight species compared to a
normal LLDPE. The GPC analysis was performed on a Waters 150C
instrument with a set of 4 columns (1E6, 1E6, 1E4, 1E3
angstrom) at 140°C. All the analyses were performed with a

30 .1% solution in 1-2-4 trichlorobenzene. The most consistent
way of characterizing this difference is by the ratio Hz/Mw
which measures the skewness of the distribution on the HMW
side. We find that the DMAC cocatalyzed LLDPEs have Mz/Mw
that is consistently higher than 4 while normal LLDPEs tend to

35 be around 3. The presence of the HMW species may also provide
an explanation of the observed improvement in the optical
properties of the invention LLDPE. It may be argued that the
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3 presence of the HMWN species gives rise to significantly higher
stresses prior to the onset of crystallization, retarding crystal
grow h. This may be of even greater signifidcance at the surface of the
polymer film The DVAC LLDPE filnms tend to 5 have snoother surfaces
conpared to normal LLDPEs and consequently have better opticals, i.e.
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20 least in part to the novel copolymer described in the patents;
the novel copolymers were believed to be the result of
catalytic effects of a dimethylaluminum chloride (DMAC) as a
cocatalyst for a 2iegler type catalyst or precursor.

We now can produce films which exhibit dart impact (AsSTM

25 D-1709) which is superior to those described in those prior
patents, U.S. Patent Nos. 5,210,167 and 5,258,449. These new
films are produced by the process described below under the
heading "Eilm Production,” and from the same copolymers of
ethylene described in U.S. Patent Nos. 5,210,167 and 5,258,449

30 in catalysis employing DMAC as a cocatalyst. The improvement
in dart impact properties of films of the invention is at
least 25% greater than those, preferably 25 to 500% and most
preferably 25 to 300%. It is noted that the improvement in
dart impact properties of films of the invention is not

35 accompanied by improved optical properties. The optical
properties of the films of the invention include values of
haze of greater than 15 (as determined by ASTM D-1003) and
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4 gl oss of less than 50 (as determ ned by ASTM D 2457).

Pol yneri zati on O efins are polynerized with the catal ysts

pr epar ed according to the present invéhtion by any suitable process.
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pol yner hexene terpolymers and ethylene/propylene/l-butene
20 terpolymers. When propylene is employed as a comonomer, the
resulting linear low density polyethylene polymer preferably
has at least one other alpha-olefin comonomer having at least
four carbon atoms in an amount of at least 1% by weight of the
polymer. Accordingly, ethylene/propylene copolymers are
25 possible, but not preferred. The most preferred comonomer is
l1-hexene. _

The linear low density polyethylene polymers produced in
accordance with the present invention preferably contain at
least 80% by weight of ethylene units.

30 The molecular weight of the polymer may be controlled in
a known manner, e.g., by using hydrogen. With the catalysts
used in the present invention, molecular weight may be
suitably controlled with hydrogen when the polymerization is
carried out at relatively low temperatures, e.g., from 30° to

35 105°C. This control of molecular weight may be evidenced by
measurable positive change in melt index (I,) of the polymer
produced.
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hydrogen is enpl oyed as a diluent gas, the dil uent serves not only to
dilute the reaction m xture and prevent pol ymer aggl onmer ati on, but
al so acts as a chain transfer agent o regul ate the nelt index of the
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20 In fluidized bed reactors, the superficial gas velocity
of the gaseous reaction mixture through the bed must exceed
the minimum flow required for fluidization, and preferably is
at least 0.2 feet per second above the minimum flow. Ordin-
arily the superficial gas velocity does not exceed 5.0 feet

25 per second, and most usually no more than 2.5 feet per second
is sufficient. )

A particularly desirable method for producing linear low
density polyethylene polymers according to the present
invention is in a fluid bed reactor. Such a reactor and means

30 for operating it are described by Levine et al, U.S. Patent
No. 4,011,382, Karol et al, U.S. Patent No. 4,302,566 and by
Nowlin et al, U.S. Patent No. 4,481,301, the entire contents
of which are incorporated herein by reference. The polymer
produced in such a reactor contains the catalyst particles

35 because the catalyst is not separated from the polymer.

The Catalyst

The catalysts used in the present invention, containing
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6 DVAC as a cocatal yst, provide ethylene polynmers and copol y-

mers, of densities ranging fromO0.915 to 0.950 and I[err] ranging

fromO0.2 to 1.5 and which exhibit nmelt stredégths which allow film
production in accordance with the paraneters set forth 5 bel ow
Commercially available LLDPE without the Merr]/Merr] > 3.5 cannot be
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nagne5|un10ﬁgpound and a cqggg nd of S trapsition neta preferggPy
titanium THE Atdeast e Eﬂ?ﬁ%ﬁ }ametersen The mojpruharnyeightit her
a_nﬁn-polar diéttibutiqnnpﬁlthérpm&ﬂhews:pfépariheiﬁrafd?iﬁﬁnbé ﬁ%ﬁﬁtﬁge
with a gpcat 0 vator)_ m num chl ori de
ei t her %ﬁt si@éé@o%né h%n@gﬁél T e'ac%re’\‘/%’gé\g%&%rbing*‘ggﬁ%egegggﬁb' Yarhesnhirom
cat al yst 20 &n 40y Preferably 25 Tte 38;i faroLLDBEeppbdyetsi hawingmaunt
which is at f [ [ t PR VHET § ' ivity,
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the solid onent of the catal ySt 'S I nvention
activator | $UdM4n such anounts that the concentration t hereof in

the pol yner produrHe icatidiyst Lbnpositions eémploped to proddte PesifRLRhYA
ool o0 L 08 Sl Lo eyt £ Bk e a bk dou:
to pretreat imedoitlerd catalyst premurseric¢ompssition comprisinghe
Copar e et o] e Sehitidtor o LPEhAIELED Ry E 1V
combi ne t he RERTATARLY, fdtanium,:; The RreHEFer (FaN | be r formed obnt deselvent
into the which may be either a non-polar solvent or an electron donor.
20 The precursor is reacted with a cocatalyst (or activator)
which is dimethylaluminum chloride either outside of the
reactor vessel or inside the vessel with the catalyst
activator.
The activator is employed in an amount which is at least
25 effective to promote the polymerization activity of the solid
component of the catalyst of this invention. Preferably, the
activator is used in such amounts that the concentration
thereof in the polymer product is 15 to 400 parts per million
(ppm), preferably it is 60 to 200 ppm, and most preferably 80
30 to 200 ppm. 1In slurry polymerization processes, a portion of
the activator can be employed to pretreat the polymerization
medium if desired.
The catalyst may be activated in situ by adding the
activator and catalyst separately to the polymerization .
35 medium. It is also possible to combine the catalyst and
activator before the introduction thereof into the
polymerization medium, e.g., for up to 2 hours prior to the
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7 i ntroduction thereof into the polynerization nmediumat a
tenperature of from60 to 120[err]C. A suitable activating
amount of the activator may be used td pronote the pol ynerization
activity of the catalyst. The 5 af orenenti oned proportions of the
activator can al so be expressed in terms of the nunber of noles of

activator pdntroductiomthesnacf intofhenpolimerization metivmwst ion,
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carbon ato eCted fromthe gr oup consi sting

|, and %x?ﬁ@?%ﬁer@ﬁlisned by thg Fé-sberlsSFthlslpscﬂ?mP@n&.
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and nononer concentration nPIo ed int process of prese
i nventi on. Sempounds of titan and vanadium are preferred, and the

compounds of titanium are most preferred.

20 The structure of titanium compound(s) employed in
preparing the precursor composition has a formula
Ti(OR).X,

wherein R is an aliphatic or aromatic hydrocarbon radicai

containing from 1 to 14 carbon atoms, or COR' where R' is an
25 aliphatic or aromatic hydrocarbon radical containing from 1 to
14 carbon atoms,

X is selected from the group consisting of Ci, Br, I, and
mixtures thereof,

a is 0, 1 or 2, b is 1 to 4 inclusive, and a + b = 3 or

30 4. _

Suitable titanium compounds include Tici,, Tici,,
Ti(OCH;)C1;, Ti(OCeH:)Cl;, Ti(OCOCH,)Cl, and Ti(OCOCeH:;)Cl,. In
some instances, TiCl, may be preferred because catalysts
containing this material show higher activity at the low

35 temperatures and monomer concentrations employed in the
process of the present invention.

The formula of magnesium compound(s) employed in
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t he precursor conposition is My X2
wherein X is selected fromthe group consisting of Ci, Br, I, and
m xtures thereof. 5 Sui t abl e magne& um conpounds i ncl ude
MyCl[err], NgBr[err] and Myl [err]. Anhydrous Mg [err] is

particularly_preferred,. h The sol vent or, el ectron donor

conpound( s) Bﬁﬁ?ﬁﬁ'&gi fhe prechrspx, FRPPERAEIOR dSor composition is an

or gani ¢ conpound which is liquid at M$X; and in which the titani um and
10 magnesium co age :S0 T I r n cQnpqQunds are
known as such or ng@&gg\%ns.&bége%gmasted 2ol %&h %B:Iog%e%rgeﬁlﬁlﬂ'gn&f C1,
conpounds i nBFudE.t aARdgmaytures therepf.of aliphatic and aromatic

carboxylgc acids, saitabiki fagnesithNebmpotnak & nehlgles M?E?. al %g?ﬂf‘t i

ket ones. Ams)ﬁ&these 15. el eCtron gonor Q unds the ef étabfe o are
al kyl ester 2 Jyhydrous MecCh: if,PR g‘gﬁwyi (P‘&de(}'éfe&)nt aining from1
to 4 c?r bon 'Bhengoméhyl oesétestpbnadonoir eoﬁpbbﬁuxhbceﬁﬁi3§ed i"‘f
contai nin r : .c_ethers containi n rom
S o 8 car porEoRdrifa “the: BRUcHbElE cBhbBARLER YRR oraandtl componpa
ethers cont alniely isokiquid stcafiprand inawbich thefbitéhjumoand or

di -etheyes Concpridl \n ‘cS@pSRAds are do1BH1&Nd %épEiEbErgﬁt 4Bk rﬁg%ﬁhg&,&%

from3 to 6 carhon at ons, greferab%from3t04car on ato
nost pri® fag fENeh PR 3% e Pas88/pounds i ncl ude net hyl 25
formate, ethyl acabtabléuéyéctran adenortdyhpothas, iheludéYthe alkghof uran,

di , . b . .
5555 S L o i suspnp 0, G, v
conpound, s exs a eyekit Lethers andmaliphabiicaketenes. onamongnthiess

' t f
Cron ook, [ ectadi difor bomsuititds thd RS rELIBPY Endl SrbUPRLT UeFaly
Any one or © aé“l’?j"rﬂﬁ%aﬂlr’cﬁpﬁl%rgﬁ‘éwww?i@%oﬁﬂnF#m%nqi fromelato 4
conpounds Caarbon stbnsy D idtdle eRtatomit It osak Pic aciakhis

venth ) iR A R s O LEMREHES, afhso ool
or concurr efontiadning frophe to 8 carbons atoms, preferably from 4 to 5
20 carbon atoms; cyclic ethers containing from 4 to 5 carbon
atoms, preferably mono- or di-ethers containing 4 carbon
atoms; and aliphatic ketones containing from 3 to 6 carbon
atoms, preferably from 3 to 4 carbon atoms. The most
preferred of these electron donor compounds include methyl
25 formate, ethyl acetate, butyl acetate, ethyl ether, tetrahy-
drofuran, dioxane, acetone and methyl ethyl ketone.

The precursor composition is formed by dissolving at
least one transition metal compound, such as a titanium
compound and at least one magnesium compound in at least one

30 electron donor compound at a temperature of from 20°C up to
the boiling point of the electron donor compound. Any one or
a combination of any of the well known transition metal
compounds can be used in preparing the catalyst precursor of
this invention. The titanium compound(s) can be added to the

35 electron donor compound(s) before or after the addition of the
magnesium compound(s), or concurrent. therewith. The
dissolution of the titanium compound(s) and the magnesium




di ssol uti on %o&%n&si tani um corrpou'nd(s) and the nmagnesi um WO

97/ 39035 PCT/ US97/ 05657 PCT/US97/05657

9 conpound(s) can be facilitated by stirring, and in sone

I nstances by refluxing, these two conpounds in the el ectron donor
conmpound(s) . After the titani umgonpound(s) and the magnesi um
5 conpound(s) are dissolved, the precursor conposition nay be

i solated by crystallization or by precipitation with an al i phatic or

aromat i ¢ hydrerpound(soncan begfdecidiitated by stirrimdppnand oifs.ssmeh as

hexane, iso e ; t | rsprecipifated

pr ecur sor cgﬁ{ogosi tiéogn y Ee X9 thesg géc}y?n%&ﬁg?% %‘? ﬁ%e?iectron

“free-flowﬁn§E$QQiQHW£9QQﬂ4$kran average particle size of from 10

mcrons to 100 nizftes té afitanium Gotptarid (4 £ aed m%éﬁb%ﬂm?o[ err] C.
nol'es

rgnesi o o SRS, rd i fisived Phe HiRsusar comRRRkianmak Be | 1
preparing tHeoladed by arysiellization or by previgritaitiss s g he
et 07, 18,8 e IR pyarodibbl’ BUHER AT S s 1

pre-reducing réagent prior to con )
t he precur sGRAXEOR BEomsnt fuch] as hexgne, dsdpentane)ophenzehe namgent

such as di echystalTized 23 predipitated ﬁﬁéc&éwﬂom}lm(}ﬂ% @Ry e and
adm xt b5 iso1 %h rgof. Th:ﬂsm%(reere gﬁtlon reaction provides an mﬁ’ t ant
controfof Cf&*8 Fsy o the Q& tdRero fresrdiovwdng Partdcles havingh an
peak activi ayexaget paptrizier sive off feom 19 microns o 100 mikcedms aFtete'Y
| ow bul k deggi equr s0r cepposi tion may be diluted wth an
i nert gg#?% rgﬁangpgfzggrg%)ﬁéegﬁagﬁcgply m xing or (2) inpreg-
nati ng such conpABPUECR-BnMELt k& B&r mpds,mandr pxeferably 1 molleciftaniioa

m xing of thelbBGrbeCehkl AhghkEilhcebmPOlnd(s) aPEPaRel p&f’e@ﬁﬂf %?S %?,etT)Ke

bl endi g thgig ngterlals tog?tger 30 usi,ng conventi ona niqu

bl endel® ni xFHFRNLHR; Gempound (s) i, PrepPpr dRE3Hh8, PReCYREor, cComposyi tionght
of the precursorIn accopdpneet whith the inventﬁﬁnueﬁn&tbﬁ&a&&sthﬁrhﬁﬁiﬁog
carrier matggd ' DL ecu r Ltion _may be,acconplished by
di ssol vi ng ?ﬁ%aégwﬁﬁgg%ﬁﬁggﬁ g%ﬁ%oéi%?%nrlﬁggggge 889?8% BEigF EgnFonkact
and then Withdthe| egcatalyepporThatt kst hthdi pretursgopr eanr ber coataetiedi on

to inpregnayfeh et SLERSE  ond NBréctd@iting hgeAt’ SUBKCHUsPYiethylaluminum

20 chloride or tri-n-hexyl aluminum (TNHAL) and admixtures
thereof. This prereduction reaction provides an important -
control of the early stage of reaction to prevent excessively
high peak activity and temperature which results in polymer
product of very low bulk density.

25 The precursor composition may be diluted with an inert
carrier material by (1) mechanically mixing or (2) impreg-
nating such composition into the carrier material.

Mechanical mixing of the inert carrier and precursor
composition is effected by blending these materials together

30 using conventional techniques. The blended mixture suitably
contains from 3% by weight to 50% by weight of the precursor
composition.

Impregnation of the inert carrier material with the
precursor composition may be accomplished by dissolving the

35 precursor composition in the electron donor compound, and then
admixing the support with the dissolved precursor composition
to impregnate the support. The solvent is then removed by
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10 erﬂa'”a!l"’% enperatures up to 85[err]C TWETW may
al so be inpregnated with the precursor. conposition by adding the
support to a solution of the chem cal raw materials used to formthe
precursor conposition 5 in the el ectronigonor conpound, w thout

I sol ating the precur- sor conposition fromsaid solution. The excess
el ectron donor conmpound is then renoved by drying at tenperatures up
to 85[err] Cdry:.ng at teperatuikessuplitel 88t¢. above, the bl ended or

| npr egnat ed O a I

My[err]Ti (OR) [err Cﬁ{iﬁéﬁrﬁED erSéj:;nbg hﬁb@gﬁﬁéealjn@jﬁmst%ﬁ Hrfl C or
aromatic hyFRRRe Y:aﬂd 1"9 tSFPPAEL F FO? 1521pY: %a?%oﬁhatoms or
CORt wher el ﬁ:lﬁmiéal rlatg ahmm ﬁapéuu&@dt eoOfoﬁnouwpr&mdr@sﬁréteﬁdafaﬂtEa{:h
cont ai ni ro 0 carbon_ ato s.selecte romthe
group c nS| %f ctron qon%x?mcompou%lktxgﬁ,%lgoxethe*%%#atln the precur-
ED is an el esnr comositiampixon said solution. The exces®. &léctbbébn donor

preferably bplinﬁérhel?deraﬁﬂ egltreqoved l%y ané) at Egmgerglgares l}ptgo gs c.

pis2tol
preferably 3 to ﬂ;xen made as djFqikaged Q‘P%V¢m#%rﬂ@!ﬂ%r¢¥elmmegnaaed

cont ai ns fr gPecursor’odimpes itiitor q,{g)%ﬁy feimdta preferabl y from 10% by

wei ght to 30% by wei ght of th osition. The
carrierOmaterial s enpl oyed to dil ut @‘ﬁﬁg?ﬁ#iﬁ{#gﬁp corrp05| tion are
solid, particul awhegedr® isntagy mal:hphﬁttim ar aromaticarydracarisont bedical

component s Qj A i tm COTRPSE _ﬁi}.’b&'f'datoms tcﬂ:‘ %ptmﬁ's +nc| St

conponent s SO tTe redction system ler naterla
i nor gani ¢ mad&a AN m%l%ﬂld@f%tl%fhmqm%@ﬂﬂ Al eonbaining

carrier mat ¢iriopl 3 &c° 1145@3,553,“ atonidle formof dry powders having an
average_particle _size 2 om mcrons to cr preferably
¥ om 9850 cr ons % 15 selpgted Axm. the SR, a<iRE R ' X pFbust arihe

have a mixthres dhexrewf,at | east 3 square neters per gram and 35
preferably at |east 50 SAY% § JTRIEN :i’a{ J'C%rﬁ]?fﬁfn activity or
productivity can apparent I y be [ re(?'v Hbno yi nQL 'a silica support
havi ng average pore sizesMfig0.5 to 56, preferably 1.5 to 5,

nis o0, 1 o0or 2,
20 p is 2 to 116, preferably 6 to 14, and
q is 2 to 85, preferably 3 to 10.
Suitably, the impregnated carrier material contains from
3% by weight to 50% by weight, preferably from 10% by weight
to 30% by weight, of the precursor composition.

25 The carrier materials employed to dilute the precursor
composition are solid, particulate, porous materials which are
inert to the other components of the catalyst composition, and
to the other active components of the reaction system. These
carrier materials include inorganic materials such as oxides

30 of silicon and/or aluminum. The carrier materials are used in
the form of dry powders having an average particle size of
from 10 microns to 250 microns, preferably from 20 microns to
150 microns. These materials are also porous and have a
surface area of at least 3 square meters per gram, and

35 preferably at least 50 square meters per gram. Catalyst
activity or productivity can apparently be improved by
employing a silica support having average pore sizes of at
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11 | e @ IHPMhgst rom units, preferably at |east 100 AnEBSTAUSHHOSEST
units. The carrier material should be dry, that is, free of absor bed
water. Drying of the carrier material can be ef fected by heati ng,
e.g., at a tenperature of at least 600[errpf@ 5 when silica is enployed as
the support. Alternatively, when silicais enployed, it may be dried
at a tenperature of at | east 200[err]C and treated with 1 w.%to 8

wt % of one olem €80 angstromeunits; rpnefierablyoatcdepstnlieo dangstben

bel ow. kL | CoplercRizibF saePidl ehbutd BeU untﬁgepfgndffget DS
10 manner provi des e catal yst conposition wth inc

and al so i mARKREPeD | WRERY narPYRing fof pERe (g9rEiermaterial cgantbeg
ethyl ene copstfedtsd by heating,l m.érarsttaoaeﬁpéﬁatﬁﬁapeﬂndtlEei@@cwéi"c

with th tlvator n_accordance with venti on, na 15

convent ibnal¥ %ﬂhrﬁ’r cﬂﬁ?#]%yfcfaﬁlﬁ% s‘h%?‘éfé négﬁﬁ&a*b‘} &R

art were reesihba\niﬁ emplmdwait)mamslul dmgdlat artemperatané ﬁaﬂpl e,

the transiti «@wr&%da%l%s-plwc% &gé e oI vent
resul ting &3 uhonr

e.g., isopen ne or Q& She
activator, @f @W%m&%’-"w eeppeuRds  described shelowi e soI vent

e.g., | SOpeﬁo’ﬂl@ficatloﬂ tof Stl{& e ,wwralﬁﬂlmﬁﬁr@éﬂﬁﬁuﬂ a&a
precursor and ‘ar}f roduce the, acti vat ?e reac

51 mul ¢ b ouAprEh (P YAt (SRPRGRHFIRR With increased
after the i rxatrzdximy (and)fa:lts:e mmyemrpolsyner rpaﬁmlle Ahorplolody &Sﬂrﬁié

formed in NQ& RS/ (%ﬁ“(?}[e e copol é accordance with this aspect of the
i nventi on, sup ani um i s i ncorporated onto a suitable support

by i rrpregnaflmg tnansikigometak icompeund dsexpactednwitth the DMAC

utilizi ng t falcsusﬁm t &igh rawdﬁdeexdmgfmi U&Hé qﬂm;dnt hird any elt r avaljent
In a |qw

titani tltanl m|nthe uig. aLhe ftatnag
medi um "’Unr @8& tﬂ‘ﬁqr%e%o‘l’hm g, ‘?ﬂ%l"r iRELAN i GARPaYNds: of
reacted tit paiiomn :ntt weYEo IMeacbted winﬂadme/eacmxymnsmmﬁ |mqu;e art.

this liquid 'e%]mp e trafdi¥iich %H‘l{d dﬁcﬁ{ﬂd’il 1 sﬁ‘[sc%olbvaﬁ%rﬁrha

treated inc pOfOUS carriler S SucC
and conB| ﬁ&tllté#éet mlé'@mt.smn-oariﬁqaemr@ i hexanere antbrigheus

or crystall irggulltihgf BollR9vh GHadtid with Ret ivdtty ,f WHIH may also be
20 used as a solution in a suitable solvent, e.g., isopentane.
It is preferable, however, to introduce the catalyst precursor
into a reactor and introduce the activator into the reactor
simultaneously with the introduction of the catalyst precursor
or after the introduction of the precursor is terminated.
25 : i =
In accordance with this aspect of the invention,
supported titanium is incorporated onto a suitable support by
impregnating this support with reactive magnesium and
utilizing this supported reactive magnesium to react with
30 tetravalent titanium (i.e., titanium in the plus 4 valence
state) in a liquid medium. Unreacted titanium is soluble in
this liquid medium, while reacted titanium and supported
reactive magnesium are insoluble in this liquid medium.
Suitable carrier materials which may be treated include
35 solid, porous carrier materials such as silica, alumina and
combinations thereof. Such carrier materials may be amorphous
or crystalline in form. These carriers may be in the form of
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12 par‘¥?7<’:‘1’gs having a particle size of from0.1 mcro

m crons, preferably from10 to 200 m crons, and nost preferably from
10 to 80 mcrons. Preferably, the carrier i s in the formof spherical
particles, e.g., spray dried silica. 5 12 The carrier material is

al so porous. The internal porosity of these carriers may be | arger
than 0.2 cnferr] /gm g., larger than 0.6 cnlerr]/g. The specific

surface are®agiticles hawing cﬁarﬂqré?@]i% sh2¢ QE (£1Pm{ ¢ 1 |nicron cter280y at

| east 50 ni qiildrichs, prefémal@rze:dm ferad|20d Witrshd,; - andthd d&1500
nerr]/g. 10 rf:S desdrableto r enove pﬁlcal1 bound water from
t he arﬁf&ram.tye m 39 &H° &P MR ng B i o¥heyiearyierris

reacti ve nagdmethemfoon @fdphetticawgiaart ictes/ale Jjgy, epray drisd 91 isded
by heatigng the c A teri rom err]Cto an
ugper Ilmgt of tgﬁﬁpe%@ﬁ%egn d'%ggﬁ'ﬁ lﬂ’cﬁ]ouq errp@?%t’tﬂltee’%! JV\A]’ll ch
change of sPeresdtysiof &hese sanriers mY Res Jiarger: thawye o denpemat ur es
may, Lhus, Wigl|OTatglicrtlar ®.6 cn’fQ0l ehCapBoseicf saRehRAl SEbb bg 650C

Si | anol groups repres ted resence
carrier, maygEepFATE #%&E&ﬁg e n égcoﬁFQSFEGbSU at,lepst 50 n’/g,
wat er - r eact and mgeepmmumgumm,n eagLqr dBTc &aNiysom M /g. aSIOeCt of the

pr esen;l |nvent|oE Igeags§a,a?iegﬁ:%u%mm ?’%Xg&&a&&tfl nt { {ETDI es or

nore of "OH groupS pér gra carrier
e.g., from camermatenmio pxriost toHognsacting tglmnmdtemrall antm)wdiﬂr-

present, bubedcfive RAghBS1GH Coifbunas! OThly! vabdl SeliBial® sy ‘i}rgagf oups

per gram of carrier, &g oups present In't carri

be renoved B?cﬂ’éai-?-ﬁﬂegh?ycmtépgf ea°§ﬁ'FP-Ie€ aatexiad fo a temperature
sufficient feemerab0ofe to aacappéershiniit destemngetratuyrel represeM&&ﬁ by

e renthed the SoppeRERuER.r Bhibh' Bhindttr. PERL, of sinsaming’e O‘QOS Rt
wher eas a ral seitable| vapgenofbtemperatugesupaysafhius, be ﬁmmm%y:o

sufficient g§g¢e¢Ndedyd, ) effngngere& €00C, nost especially, from
550[err] to GSO[Gh,%po he duration o %eatl ng may be overni ght, e.g.,

16 hours or a sh® egFBHPSerQPreﬁFnFGQSPYBB PTresgyges of Si-9Hrgroups
preferred eifhochaecarriée,chayi be pfesent whehCthehcakrier 4 conithetese

{her cofo | n 1, \wkEbrSAbELKThe nagnSXTbR°SbipShRls 1A°aREELARNLIL LR u
aspect of the present invention. These Si-OH groups may be
present at 0.3 mmoles or more of OH groups per gram of
carrier. Accordingly, an amount of, e.g., from 0.5 to S
mmoles of OH groups per gram of carrier may be present, but a

25 preferred range is from 0.4 to 0.9 mmoles of OH groups per
gram of carrier. Excess OH groups present in the carrier may
be removed by heating the carrier for a sufficient time at a
sufficient temperature to accomplish the desired removal.
More particularly, for example, a'relatively small number of

30 OH groups may be removed by sufficient heating at from 150° to
250°C, whereas a relatively large number of OH groups may be
removed by sufficient heating at least 500° or 800°C, most
especially, from 550° to 650°C. The duration of heating may be
overnight, e.g., 16 hours or a shorter period, e.g., at least

35 4 hours. In a most preferred embodiment, the carrier is
silica which, prior to the use thereof in the first catalyst
synthesis step, has been dehydrated by fluidizing it with
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13 HY‘?P‘B@?&?P or air and heating at |east 600C for 16 RETUSIHS657
achi eve a surface hydroxyl group concentration of 0.7 m | linoles per
gram (mol s/ gm . The surface hydroxyl concentration of silica may be
determ ned according to J.B. 5 Peri ang A.L. Hensley, Jr., J. Phys.
Chem, 72 (8), 2926 (1968). The silica of the nost preferred

enbodi ment is a high surface area, anorphous silica (surface area =

300 n2/ gm mikeogen or \aixinndfhdating rdtrlddstr)60aia fdor i 56 homt€ g

mar ket ed urg@.{a S 9 5 by the
Davi son 10 g em cal %%é?%fﬁ@%c%}gﬁ%@m% 38 silica

whi ch has FtidHLimaARE Rex IKAR | (ARPLS /gy t rﬂ'hﬁtsumpe)rhmroxyl and
heating at &ﬁﬂiéi’[ﬁﬂa@:ifdi{ dﬁ ém& ) Eé”&él?&xﬂﬂkd)%cordm h%at lon
is 0.7 %aﬂgii e a h surface ea T phous
silica¥su X']/ 'po?-e-m'ofla crﬁ%?ﬁ] per
gram mar ke(tma)ndel'mtd”lesit]rza:ke dmr'lfhe mostDpefarrhl’ dﬁbddﬁn&%"fé)'h high

Di vi si on ofg e heat preferre

means of rer‘rlg\l/flan%ge %r 03%%&"“5 %ﬂ' rﬂlg/ ;#rtgas?een{% caa&ql’%/%cﬁc’&?
silica, ot/N& Wnﬁf-all 65 cnméqn%:aﬂadali-!-'rolgogsmatersa&hmarkeltem anbdeftgne.

For exarml ¢radénanesdoF ro@durwwgz Ut Vavdddif 98BS x-.riée cfm ! W'th a
npoun

chem nt .sugch_as dro reacti ve al um num

triet I al g:ﬁqem}mai Vi ﬁﬁxﬁ “Qr é’&?PG‘PYcar When S:idriqa so be

measur ed whldmhascbbémdelwdﬁa ﬁd.t@EfrﬂtQ‘i?Hxﬂ £h
tani?r(?l!

ps 4350, VEPinpeRtIfioaE) 60b-t-lrdd" ﬁm@‘ﬁ?% RER plrEpes BRI od i n a

non- pol ar §9n¢emtrationan§ Ohd2r senallisi/igy sfl'tler piiliceomsad auhynileh aathilghast
one OB§2746BIRLERY TaERTRABUE 31115 (3 eoarbaeé%rd %/4Y pore

mat er he sol vent IS pre ar ed I ntroduci he carrier

t he sggvenf"’ PRre: efatr §5nAM P ¥|9¥?‘H m%ﬂﬂeﬂ%%t ?hEhe tradexname to
25[err] tpawfiepnr 952, bpr eher ahlwlsbn BAjdsibn bf ﬁO[ R.I BPacel g iay,ry

whi | o the heat i Mte' BehPind 3sCH"Bre¥ested’ RRRRTTHR" St ng, off droups
The organoﬁagﬁyshthchnpssntldn pacarwrdernpuchcas Sildvha other removal
means are also possible such as chemical means. For example,
20 a desired proportion of OH groups may be reacted with a
chemical agent such as a hydroxyl reactive aluminum compound,
e.g., triethylaluminum.

Specific surface areas of carriers can also be measured

in accordance with the above-mentioned BET-technique, with use
25 of the standardized method as described in British Standards
BS 4359, Volume 1, (1969).

The carrier material is slurried in a non-polar solvent
and the resulting slurry is contacted with at least one
organomagnesium composition. The slurry of the carrier

30 material in the solvent is prepared by introducing the carrier
into the solvent, preferably while stirring, and heating the
mixture to 25° to 100°C, preferably to 40° to 60°C. The slurry
is then contacted with the aforementioned organomagnesium
composition, while the heating is continued at the

35 aforementioned temperature.

The organomagnesium composition has the empirical formula

R, Mg R',
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R and R are the sanme or different Jerr]-Cerr] alkyl groups,
preferably Cerr]-Clerr] al kyl groups, nore preferably Cerr]-Cerr]

al kyl groups, and nost preferably both R add R are butyl groups, and
mand n are each 0, 1 or 2, providing that m+ n 5 Is equal to the

val ence of M. Sui t abl e non- pol ar solvents are materials in

which all of Whﬁe’e RARGRS %Mr%ﬁmﬁ er (different oGmmomkkyLim
conposi ti on,grdifpd fé¥db 1P -ceP Ead ,_eg £ néEst [ IIy
sol ubl e and vigg h a?%gél I qui d 193 @‘r ggogtl n l%y @ er at ure%rEf%zr-ﬁiel? <

non- pol ar sé JTRUPSy I&fﬁ’eé" stdire n%é R ofRd lﬁexiﬁ%,bﬂtﬁbpt ane,
oct ane, nonayoups\d ahd:ameand n ard tdanlyl0 A Vaor 2y plovidingBh&t gl $ n

i ncl udi CYs ohexane, aromatics, such as
benzene@gnd Q y é‘ﬁlzeene nay zsﬁs?)ﬁ%e enpl oyed. The nost preferred

non- 15 polar s@uﬁé:vﬁbl% nosyRekamhsolvents axe Lm%tetmtnoinammh all of
sol vent shoyhd Hadtdrtss hsed Hordsinty £ col@ﬁé Brdals umS' | i ca gel

and/ or nol ecul ar sj.eves, to renove traces o water xygen pol ar

conpounds, SoRPSsitiony dhetrangitjon metal coppound, axefakilerstat al yst
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or ganomagneS¥¥#ePenpBe PFl GRmPR“Pﬁé'BGn tenigls,canakle iaf i s
bel i eved t hagvébselyl affecreling catalgbt! Aetdvdayanagnesi um conposition

deposi&&d onto tEﬁ %ﬂgpﬁﬁgt preferred embodiment of the synthesis of this

catalyst it is important to add only such an amount of the
organomagnesium composition that will be deposited -
physically or chemically - onto the support since any excess
of the organomagnesium composition in the solution may react

25 with other synthesis chemicals and precipitate outside of the
support. The carrier drying temperature affects the number of
sites on the carrier available for the organomagnesium
composition - the higher the drying temperature the lower the
number of sites. Thus, the exact molar ratio of the

30 organomagnesium composition to the hydroxyl groups will vary
and must be determined on a case-by-case basis to assure that
only so much of the organomagnesium composition is added to
the solution as will be deposited onto the support without
leaving any excess of the organomagnesium composition in the

35 solution. Furthermore, it is believed that the molar amount
of the organomagnesium composition deposited onto the support
is greater than the molar content of the hydroxyl groups on



IS greater t%,&lgﬁagfol ar content of the hydroxyl groups on WO
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15 t he support. Thus, the nolar ratios given below are intended
only as an approxi mate gui deline and the exact anount of the

or ganomagnesi um conposition in this enbodi pgnt nust be controll ed by
the functional limtation discussed above, i.e., 5 It nmust not be
greater than that which can be deposited onto the support. If greater

than that arthentsuppexitied Thus hethe molan| yabiost diven dseTowbare Cirtenidd
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such that determingg:da éﬂYs&ﬁBVGBﬁﬂ-ler aaamner; §Glgl d Mgadﬂm the
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| Npr egnat edmaghesitm pompesmtzbhen.sadétebted asbyi cblutibaashi eReof the

organomagneéb#ggﬁgrrpom tion with the carrier, by (2) a precipitation
of magnesiumTtromfhe organo- magnesi um conposition onto the carrier
or by (3) a conbFexteyample, Sorsthe siddicmhocaxmiepr beapetaatos00°C, the

Evapor at i onafibufif€ofOfhe organomagnesium composition added to the slurry
20 is such that the molar ratio of Mg to the hydroxyl groups (OH)
on the solid carrier is 1:1 to 4:1, preferably 1.1:1 to 2.8:1,
more preferably 1.2:1 to 1.8:1 and most preferably 1.4:1. The
organomagnesium composition dissolves in the non-polar solvent
to form a solution from which the organomagnesium composition
25 is deposited onto the carrier.

Preferably, the carrier should be impregnated such that
the pores of same contain reactive solid magnesium containing
composition. A preferred means of accomplishing this result
is by incorporating a porous carrier in a liquid medium

30 containing dissolved organomagnesium composition and allowing
magnesium to become impregnated into the pores of the carrier
by (1) a reaction of the organomagnesium composition with the
carrier, by (2) a precipitation of magnesium from the organo-
magnesium composition onto the carrier or by (3) a combination

35 of such reaction and precipitation. Evaporation of the non-
polar solvent which is a non-Lewis base liguid from this step
would obtain a carrier, containing magnesium, in the form of a



pol ar sol vent “W*’?@ﬁf a non-Lewis base liquid fromthis step WO
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16 dry, free-flow ng powder. The amount of magnesi um
conposi tion which is inpregnated onto 16e carrier should be sufficient
to react with the sil ane conpound and then the tetravalent titanium

conmpound in order 5 to incorporate a catalytically effective anount of
titani umon 4ry, ifireecfilowing paw@eXivanner set forth herei nbel ow. Wen a

i CIUI d cont ai ni ng 74 @W%dﬂ@s&%@% ﬂé&hﬁfox?%?éﬁ % i %ﬁ&é’d
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prefera |ne en.ar c Q car bon at ons.
Pr eferrgh spg rSEP Fﬁgt ﬁ‘&l mpregny (?q I?&t@ FEAF I PY -

Si (OR)4 wherein RInsacpemd]anCpem]:hhszdmmrlIyylasaMned [MSbiR' Odoket €4077)
err] wherei I f ghalkeh ?Ig_.loq;, err
Lydrl)car byl g’r’ ?g%é'%i %gl?’og%?l% F"B rroupsS inc d?:‘é.g 5‘:'f t@{iqaq{al&ﬁq !
aryl al kyl aFREH?P-'LEHGna I $Pﬁeﬁ§‘l"enEéRPallﬁl ﬁgsg.lane QOPPARNE, Mtlcﬁms
Specific si Iﬂﬁaecezpnya%xvhgﬁbupan bghe silaned compotd@ BRARCLhY dnpiieical

i nventi fp\g I udel t et ramet hoxysi | ane, di met hoxydi net hyl sil ane
t et r aet NOXys Py, a phenoxytri met hytri net hyl si I ane, 30
triethoxyethylsilane, diethoxydiethylsilR 8iRr%, chl orotri et hoxysil ane,

phenyl triethoxysiyglfein si $ENSYYiEbA! B¥bil! ?cnﬁ.s 561 BAI SOPLWPIXUHE P'%s
di i sopropoxydi i sopropylsi [ ane, tetraghpgox ysi [[an

di pr opoxydi pPop¥t s?r aRE, 3y cPravidedy n&+Y34s 4dj Blit 4% Ri1n Wwhevedr 0 is
di et hoxydi phegygehn! an@ R, is hydrocarbyl of 1 to 10 carbon atoms; and R® is

20 halogen, preferably chlorine, hydrogen or hydrocarbyl of 1 to
10 carbon atoms. Preferred species of that empirical formula
are those defined by Si(OR), wherein R is C;~C,, hydrocarbyl and
Si(R"0),(R'") ,.,, Wherein R'" is halogen, preferably chlorine,
or C;-C,, hydrocarbyl or hydrogen. Hydrocarbyl groups include

25 alkyl, aryl, arylalkyl, alkenyl and arylalkenyl, containing 1
to 10 carbon atoms. Specific silane compounds which can be
used in accordance with the invention include
tetramethoxysilane, dimethoxydimethylsilane
tetraethoxysilane, phenoxytrimethytrimethylsilane,

30 triethoxyethylsilane, diethoxydiethylsilane,
chlorotriethoxysilane, phenyltriethoxysilane,
ethoxytriethylsilane, tetraisopropoxysilane,
diisopropoxydiisopropylsilane, tetrapropoxysilane,
dipropoxydipropylsilane, tetrabutoxysilane, '

35 dibutoxydibutylsilane, diethoxydiphenylsilane,
tetraphenoxysilane, triethoxyphenylsilane,
hexamethyldisiloxane, hexaethydisiloxane,
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octaethyl trisil oxane, polydi nethyl sil oxane, pol ydi phenyl si | oxane,

pol ynet hyl hydr osi | oxane, pol yphenyl hy®i7 osi | oxane,
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transition netal ;] defrve ansition net
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A syRthesis Ceohaneten a5 50 6520, rBFePatabLy ab N
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Chart fg tr@hﬁ%&fﬁgﬁé @ﬁep38£ﬁﬁgegfb¥hgh€rgh§2§50n metal compound added
is not greater than that which can be deposited onto the
carrier. The exact molar ratio of Mg to the transition métal
and of the transition metal to the hydroxyl groups of the
carrier will therefore vary (depending, e.g., on the carrier

25 drying temperature) and must be determined on a case-by-case
basis. For example, for the silica carrier heated at 200° to
850°C, the amount of the transition metal compound is such
that the molar ratio of the transition metal, derived from the
transition metal compound, to the hydroxyl groups of the

30 carrier is 1 to 2.0, preferably 1.3 to 2.0. The amount of the
transition metal compound is also such that the molar ratio of
Mg to the transition metal is 1 to 3, preferably 1 to 2.

Suitable transition metal compounds used herein are
compounds of metals of Groups IVA, VA, VIA or VIII of the

35 Periodic Chart of the Elements, as published by the Fisher
Scientific company, Catalog No. 5-702-10, 1978 providing that
such compounds are soluble in the non-polar solvents. Non-
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18 limting exanples of such conmpounds are titanium halides

(e.g., where the halide portion thereof isl@ or Br), e.g., titani um
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possibilities, sui | e selectl par ame ers
the skill oRsedods peringctdon wighn athey mnansitt:m Zetal iompaunds or

Carrrer inipiallohe reaction S B8 tHariititr Hotal Comb 6rlnﬁo " toé“foa
per gram of'H‘e u‘é‘u’éﬁaésmq g?‘%a?ﬁgmc&?m gﬂn% ﬁ'é' d

titanium convehienthyntakes, placechynslarriing ¢he b@l&thda&Fm.eE‘le amount
35 ofyhet ré&ﬂ%ﬁﬁhiﬁbt ehk u%&Etigkuhh%eE&)ﬁmb %’om%bgiti'ogn P S‘socflfut:.i.on of

the tetravalent titanium compound and heating the liquid

reaction medium to a suitable reaction temperature, e.g., to
the reflux temperature of the solvent at standard atmospheric
pressure. Thus, the reaction may take place under reflux

25 conditions. Preferred solvents for the tetravalent titanium
compound are hexane or isopentane.

The various reaction parameters are subject to a wide
variety of possibilities, suitable selection of such
parameters being well within the skill of those having

30 ordinary skill in the art. However, for example, the volume
of tetravalent titanium solution to treated carrier initially
slurried in the solution may be from 0.1 to 10 mls per gram of
such carrier. The concentration of the tetravalent titanium
solution may be, for example, from 0.1 to 9 Molar. The amount

35 -of tetravalent titanium in solution may be, e.g., in excess of
the molar amount of organomagnesium earlier used to treat the
carrier. More particularly, for example, the molar ratio of



the nol ar anmpunt of organomagnesiumearlier used to treat the carrier.

More parti cuWR97@9036or exanple, the nolar ratio of PCAUSY7SBD 35
PCT/ US97/ 05657 19 tetraval ent
titaniumto organonmagnesi um may be fromO0.5 to 5, nore particularly
fromO0.7 to 1.4. Unreacted titanium my bgo renoved by suitable
separation techni ques such as decantation, filtration and washing. 5
A suitable activating anount of the activator may be used. The nunber

of nol es of ﬁa‘ﬂﬁs@mgntatmmungnmnmgnesmm ey e i frdnh @ At 165t
may be, e.g .t S nefsera t.han 5
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conrerci al  £1] trakilonC AndORashings of O. 5 n1|s are required. I n
accordance with the i,nvention, .a nelt of i near | ow density

pol yet hyl ene is Pe&“ﬂﬁ?@ﬂ&haﬁ tHYAIRI A QF E?QngqﬂﬁatgﬁnmﬁM |n t he
formof a tubed\olm The huiiberd of moléerblfCEMAy: aetdvator fetu '

om 'of
fed to the f h blows It
to a greatl 3;9}_ gf"ngpeg'?dcégg%gg J‘"§Xd drgé%dn%%ﬁ&lg‘ F@mﬂg daWQI aad
t hi ckness preferdbiysgreatesr &hanlék orientation of the film Cooling air
20 is suppl?gﬂm_nghﬁg?abﬁrior surface of a bubble, while the ext ruded
tube of nol eria bei ng. drawn. Further handl i ng usual
i nvol v&8 col | apstRgarReraapce WikBefhg prpress of,film prodyckiom,; ¢
doubl e-wal | ofeb.8t to 3t8gmils tha be prodaotedy dn wbimehcolmewdliaisur f aces

ol | and or SPPLibREsPRe; 24pBoBEcq: o nllf bl LERREAPHLE 12 00 DOLP O,

to the exterior ¥Inragcerdange w1thbtbelonn9nbm9norannedtcoilthg limgar each
f which d |
of which di $ghaaghsie eﬁgi?@tﬂ?ﬁ&ﬁﬁelgugg{iaﬁhﬁbﬁ "8 hoCaf! bAJaRnk1 bR

heat exchan e 3 enga e exte | or face
pri mar 3 iej fgri AxErusinpednathentPERoBfnBoliube Whichi dsompvede | s

~enpl oyed wi vérticaltypapardl speessarizedngigpiscdedl €80thBe interibat Beof
ol 1 di 11 ed, EhacruBBTh “erRba Py Erd FuBR:  veithoBraws a® trorrertine mre
power f ul segnqnggged|dgauete:taaqncgrrespondingly reduced wall thickness
and results in biaxial orientation of the film. Cooling air
20 is supplied to the exterior surface of a bubble, while the
extruded tube of molten material is being drawn. Further
handling usually involves collapsing the tube between a pair
of rolls to a flattened double-wall web at a stage in the
cooling at which the wall surfaces will not adhere to one
25 another. The flattened tube is wound onto a roll and/or
' further processed.

Cooling air can be supplied to the exterior surface of a
bubble by one or more cooling rings, each of which discharges
one or more annular streams of cooling air for heat exchange

30 engagement with the bubble exterior surface. Often a primary
ring in the immediate neighborhood of the die orifice is
employed with a more powerful secondary ring spaced along the
path of the bubble at a location at which the melt, while
still not solidified, has cooled sufficiently to withstand the

35 force of the more powerful secondary ring air stream or
streanms. _

These air rings can be configured, prearranged, not only



streans. wo97/39H§ese air rings can be configured, prearran ed)U not onI y
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20 to cool, but also to shape, the tube of nolten resin

Controlling the configuration of the tube and bubble, by such air
rings is described in U S Patent No. 4,1120453 mhich IS I ncor por at ed
by reference herein. The internal pressure of the tube is maintained by
enpl oyi ng pressurized gas (air duri ng ssage of the tube through the
air rings. Ter cool, dpptraisc tA shaee. stee Eﬁhﬁs°§rﬁ°&§eﬂ §P§19@ﬁEtlﬁES
refelrrgld f coﬁ@r@ﬂiﬁéauseeééﬁf gﬁﬁatlﬁﬁ%f enéradBéSaaaebﬁamrtc tﬁ
avai |l abl e ron1 |ne C e inventl On the
process slﬁx??ﬁﬂFﬁBe %nUEﬁEElgﬁg g N?e EIﬁRPeﬂP which is

t hrough an 1ncorpnndtadchyerefénencanhexexmdedThebéntérnaltpﬁesaﬁeélat

| h di
Che tubd 1o 1Y S 14/ lfits fndd MY Enp 6y 10 pPestleifha aps (BEEFTC "
interior of dumingipassage of theotmbe ﬁhn@@ghnghgasiranDGSactTheth the
outer surfachifratus HivhicesheR Théams WWre | ﬁﬁe&’f af‘é ”Hbﬁétiﬂ@gsféhgﬂ-ed

said extruded tube spaced al ong the axis thereof and bein
i ncreasi ng diaAR Sistalk ré’“&ﬁ‘i‘%%&'? oh Stk rextriders fre S?W@rcéﬂllﬂm on;
t he plurali tagaiflablell farom REpivan be provi ded by C|rcular palrs of

| b | 118, 453,
?zggrgé'r agggsbs r H‘Efgjlrfg e‘#eélg&l%‘%é Wity B%%tuavé% %ﬁaﬁﬁa PFBﬁE?ssepar ate
pairs of cosldmpyiges extrmonIesmmmwmmM&ea 3g&i thronghdahi | m
on each si d%n%gua&f cﬁegh?cﬁef%ﬁé .scg*%%&éa e W6k CHoPELATHaLBEYR]] LN

di scharge b arles arge conflned treans
addi ti onal %&tthﬁtﬁube s°tﬁ@°be@er

sur face of %adpiﬁaﬂnaj tﬂlié? mibeeaw aﬁte&mmtéhﬂps walls rehéresti pg surfaces
{1 ror | deE R 2 e B G PR e e O e PR B8R e cont act
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ngsre?ﬁgfgne gescrléb%gé\z?i m :drma% %benes £§(s;tr9|§'l<'-§1t%ujb%l e havi ng
at | east tweXgrudede a lgng the axis thereof and being of
increasing dlameter in the direction away from the point of
20 extrusion; the plurality of annular zones can be provided by
circular pairs of annular zones about said extruded tube. 1In
U.S. Patent No. 4,118,453, incorporated by reference herein,
as noted above, additional separate pairs of cooling gas
confined streams are directed against said film on each side
25 of a shape restricting surface which extends beyond the
discharge boundaries of the discharged confined streams; the
said additional cooling gas streams are passed in contact with
the outer surface of said film tube at each of said shape
restricting surfaces to produce a positive gas pressure zone
30 between said surface and said film material and then said
cooling gas is withdrawn from such contact between each pair
of adjacent cooling gas inlets.
In accordance with the invention the molten linear low
density polyethylene, described above, is formed into a tube
35 or a bubble having at least two different diameters, the
smaller of the two diameters being substantially that of the
die and the second diameter of the bubble exceeding that



smal | er. of L®§ﬁ@$@Pglaneters bei ng substantially that of the di e and
the second d of the bubbl e exceeding that \RETE B HOR6ST,

PCT/ US97/ 05657 21 di amet er of
the die, with a frost height |ine downstream of . the portion of the
bubbl e having said smaller dianeter and 21 downstream of the portion of
t he bubbl e havi ng said second dianeter. The frost line is the line

where the extruded tube 5 or bubble changes fromnmlten to solid
character. diameter of\ithe dte,avitbtar fspsthheight linenhdewnstraamdpé, the

stresses, dehbrefoBE ’E‘EedbﬁBSiéOHa(rk/P? Qéi&néﬁéll?ér dfametert Pﬁdmi" t
rel ax; thIS stage of the process has bgegh i 5 criitica

i ncrease i n”ARYNEEEgan LF SHhe Rortion g gobubp ejRayipg said sasopdpe

di aneter | ruiméeér t iEh@r £868t €line isnthealtnevwhére the bxbbhdedt Babei S
t he pressur ent.i al t he i be and t he
extePna $#c% §§ #&;hges Fﬁ%ﬁ Mﬁ%?%ésgg %éigﬁ Q%aLQS LE i ncreases. The
i ncrease |n Whilerthe diameten:oftthe: tubedispthat 7of tbeQdietlhhe t he

die 15  digpRiéies, 48 %&P%':ﬁ&chﬂn@uhﬂ-écéi@ﬂemﬁ% OéfﬁéﬁtQEEBﬁe ﬁ
melt turns Into a solid. As gest ove frost line gight is

where the fennelpIretaxig ﬁo?%ttﬂftﬂrﬂﬁﬁss aﬁnP%eExﬁaﬁgﬂo oj he
the transvessgeibdPctio om@mhs@ m mcteaﬁeresxstaﬁcbubhdieiﬂpaﬁﬁt er. The

I f I h h f bl
' angi i fr ghEataFe. o Ae Ve P a1ABPEREDIpERIASeE, | fng Brefitre ®)
The folIOMArqpmaasqseunﬁhunrthe|hmhbleaxthahelestmmtpagssure differentbal
the inventijitveen the inditfe %@p%é'ﬁbgfaﬁ@etﬁ’@mfnﬂ OQHfocé“theh?

Exanpl es 2 wer e determ ned |l om ng test net
ASTM D- 1505-ubg, Graases am %rfalameter increases. T’e%nem?reﬂea isr one

hour at 10Qixmdtlert Q:a%plllié)aaim to 5:1 and up to 7:Eqto!9P1itikes the die
oYt 44 | "l SN LBfamsion in yihte SR ddoyie) BETolE Rl
Melt | ndex melt ASIMsD-iIAIR a shikl{ i oks Bsuggegted abqwae;]the frostakimed at
190[ err] C gt 16 wiiesH ¥fe P11 0is below its melting PoIWESFith no
more expansion in the transverse direction and so no increase
in bubble diameter. The resulting films have thicknesses
20 ranging from 0.2 to 2.0, preferably ranging from 0.3 to 1.5,
and most preferably ranging from 0.3 to 1.0.
The following examples further illustrate the essential
features of the invention.
The properties of the polymers produced in the Examples
25 were determined by the following test methods:

Density ASTM D-1505 - a plaque is made and
conditioned for one hour at 100°C to approach
equilibrium crystallinity. Measurement for
density is then made in a density gradient

30 ' column; reported as gms/cc.
Melt Index ASTM D-1238 - Condition E
(MI), I, Measured at 190°C - - reported as grams per 10
minutes.
High Load ASTM D-1238 -~ Condition F
35 Melt Index, Measured at 10.5 (HIMI) times the weight I,

used in the melt index test above.

Melt Flow I,
Ratio (MFR) —
I,



H gh Load 1238 - Condition F 35 Melt Index, Measur ed at

10.5 (HLM) VOB vei ght I1[err] used PRT{USETORE5%

i ndex test above. Melt Fl ow Ratio (MFR) [err]
WD 97/ 39035 PCT/ US97/ 05657

22 EX2RPLES (Cat al yst
Precursor Synthesis) A catal yst precursor was synthesi zed
according to the 5 t eachi ngs of Yamaguchi et al, U S. Patent No.
3,989, 881, and Karol et al, European Patent Appl i cation No.

84103441. 6. (a) Preparation of PrEXRMRLES In a 12 liter

flask equi pmmm:.a rrechanl cal stirrer were placed 41.8 g (0.439
nol ) of anh - 5 . yiters of tetrahydrofuran (THF).

To this mx ' ‘ TiC[err] 0.33 AICl[err] powder
were added over & p@hqlmlprecursmm spnthesdaed amndmg Renttdte at

60[err] & foteaRflings of Yaﬂ%@ﬁ'bh'lne‘ir dﬂr EO Orﬁgtpetrﬁé SI 3 ?as\éewﬂél and

mat eri al s. eparately, five gram; o
dehydr at ed ¥9r°3yeﬁeé€'-vn§“&'f’l’$af‘eﬁﬁ$ﬁ§@u Pdicaddony NMoc £430344.i6d in 3
liters S pretreated W|th 186 m of a 20%

by wei ght soluti n of L.in ded to.the stirred

silica slurry ovgp 8 i‘}AEféﬂ'SﬁF %g gdeq?ﬂ‘gpfgmit%g‘ng" mecha'ﬂ:ﬂal}r Stigremen
dried underwerei plaged Bdr§cga068p8r mpl)owdr anhy@rouscMgnd,oénd POBrS to
provi dgoa_di¥retsesef EQ%QﬂXgQMEEan (THEQM A i3 Aol el Ol 0o

al um num al ky i ca was en a

retreate
sol ution ofm°1) OofnTiChs 0433 ‘B‘f Poydesy @ﬁdﬂ?ee@%dam arte hmml ting

slurry was péri.éﬂd f ohelhdxbave aad then haatsal aenkoéaEHEbrWtaﬁo%ﬁer g“ ed
0 provide

under a nit ur at ,60C ov
free-fl owi nlb '85 Fh’é%ﬁ?ﬂP;EFebg 96F§8gve a19"; P‘Bfeﬁ"éﬂ'ﬁrat i on of
Modi fied Precur sSeparately , five hundred grams of silica were dehydrated

15 by heating at a temperature of 600°C and slurried in 3 liters
of isopentane. The slurry was pretreated with 186 ml of a 20%
by weight solution of TEAL in hexane which was added to the
stirred silica slurry over a 1/4 hour period. The resulting
mixture was then dried under a nitrogen purge at 60°C over a

20 period of 4 hours to provide a dry, free-flowing powder
containing 5.5% by weight of the aluminum alkyl.

The pretreated silica was then added to the solution of
the catalyst precursor prepared as above. The resulting
slurry was stirred for 1/4 hour and then the solvent (THF) was

25 dried under a nitrogen purge at 60°C over a period of 4 hours
to provide free-flowing powder of the catalyst precursor.

(b) Preparation of Modified Precursor

The precursor composition of example 1l(a) was modified as
taught by Karol et al, European Patent Application No.

30 84103441.6. The silica-impregnated precursor composition
prepared in accordance with Example 1(a) was slurried in 3
liters of anhydrous isopentane and stirred while a 20% by
weight solution of diethylaluminum chloride (DEAC) in
anhydrous hexane was added thereto over a 1/4 hour period.

35 The DEAC solution was employed in an amount sufficient to
provide 0.4 mols of this compound per mol of the remaining



The, precursqy ition of exanple 1(a) was nodified as t aught by
Karol et al, 89’%@2%n Pat ent Application No. 30 84103441. 6 PCTH§&7/05657

silica-i npregnat ed precursor conposition prepared in accordance with
Example 1(a) was slurried in 3 liters of anhydrous isopentane and
stirred while a 20% by wei ght soluti@s of diethylalum num chloride
(DEAC) in anhydrous hexane was added thereto over a 1/4 hour peri od.
35 The DEAC sol ution was enployed in an anmount sufficient to provi de
0.4 mol s oBalivent offHindinpdthemregunser + erdftemp@ddition of DRNT YF4£9035
PCT/ US97/ Oeompleted, stirring was contlnueESiEEor 1/4 to % houx|~ "{lb:‘ofm yent

(THF) in ;[Ng %precursor After” addition of
stirring weO% H¥ WaighY solutian, c{fertrqlﬂb'[}?emqwnum (Tm)bylmm ght

sol ution Oﬁnwd’ﬁbdsamﬁnﬁ”m“ddﬂwlﬁn la"h amown@'gfmhl%i%rﬁewf‘ﬂé‘% ded
in an amoupt ICI ttopr s of, t.hi s _conpourid per

of renél ni Qg Tlﬂn‘—) shis co%ﬁrcg&?r &5~ mﬁ‘?e #D Gemadning THE, i jthe under a
ni t rogen pprge:ursor- at’l'l‘m tigtare was dhedb drtiEde unidar ee nit rijdrd g

hours to Y df ¥¥ 19 jpewd h nmount _of
and TnHAL |n the testeaﬂrecursors was 18ﬁre§aral ggngg P%dlﬁcgpgg 5 P'I"°[ he
fol | owi ng PERVdde free-flowing powder. EXAMPLES

The DVAC cocat almhe! afetinti Rf"OEACTROGE THPATHS9 the Helted prEcdiilS QoW

ot edtin t FREEBHR ofP g ot s B HAYIAIRG tabdeRe and TorAL

Cat al yst Precur sor Cocat al yst

Productivity Sanpl e DEAC/TnHAL PM Plerr] Cerr]/err]

Herr]/Cerr] TCZO 10 DMAC 250 125 .08 .45

90 2500 © Fhe DMAC EGPEGalYSt cppfeinipg cemposdgionstised in dhe

2500 Examples B@13%W was forllBd £idfR aliatalys 3

¢l o{n szme J.nsQNA ges noteéo il:ll: i e %59‘3“1'5050 wnen %%
e following table

15 preactivated with DEAC and TnHAL.

Catalyst _
Precursor Cocatalyst Productivity
Sample DEAC/TnHAL Type PPM P; C¢/C, H,/C, T.°C
20
Al 10/10 : DMAC 250 125 .08 .45 90 2500
A2 l10/10 DMAC 250 125 .08 .45 90 2500
B 40/20 TMA 120 115 .07 .25 90 3000
Cl . 0/0 DMAC 400 100 .11 .44 87 2600
25 c2 0/10 DMAC 250 125 .12 .36 87 2400
D 40/20 TMA 100 95 .14 .2 87 5000

The comonomer used in all the examples is l~-hexene.
Example 2
In this example the performance of a DMAC cocatalyzed
30 LLDPE and a normal LLDPE were compared in a stalk and non-
stalk extrusion condition. The film gauge is 1.5 mils in both
cases. The high stalk extrusion was conducted on the 50 mm
Alpine extruder under the following conditions: BUR = 3:1,
15" stalk height, 65 lbs/hr. The non-stalk extrusion was done
35 on a 2.5" Sterling extruder under the following conditions:
2:1 BUR, 20" FLH, 130 lbs/hr, 100 mil die gap. Results are as
follows:
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25 C2,

/ DMAC 250 125 .12 .36 87 2400 D
40/ 20 Sy Sy 87 5000 THRETRIBNSER
used in all the exanples is 1-hexene. Exanpl e 2 In this
exanpl e the performance of a DMAC cocat al yzed 30 LLDPE and a normal LLDPE
were conpared in a stalk and non- stal24 extrusion condition. The film
gauge is 1.5 mls in both cases. The high stal k extrusion was
conducted on the 50 mm Al pi ne extruder under the foll ow ng conditions:
BUR = 3:1, _15" stal k hei ghtAleBlpbBehB. The non- 3RaBkeriingsBon was
done 35 o . ext MG undB¥At he fol | owRMACcondi TMANS:
2:1 BUR, 20" FLH 130 Ibs/hr, 100 ml| die gap. Results are as
fol | ows: Density \\p 97/39035 '329 -g 9 -229 -329
PCT/ US97/ 05 : : 2 e
A Al pi iz BMFR A2 SterlindB3 dﬁﬁ(bwuﬂé&z D\vReS -0
DVAC TMA Eilm.ﬁfﬁﬁ%ﬁﬁies . 929 . 929 . 929 . 929
M : . 8 . 8 .8 5 MR
27.5 25. 8. 2 ' Pr opert rt
| npact, gns rﬂartzoIompac@, é‘t‘ﬁsl d 20¢ 160 ﬁf‘thia] S 168 158
not run MDVEeERe) quEEall | 2990 1385 0 10
The TMA cocat al yst produced resin could not be run under high 136 stal k
extrusion conditions because of bubble instability, over a w de range
of testlcondTheoT™A cocatafystpproduced resin loould ot a5 rarpnaRRdy ifigh

wer e conpar
foll ows: on

atadk extousionsondiliaten hecausd hef donbble oinstab £l 8y, over
& Wwids range pfl test qgudititonst al k height, 70 I bs/hr; on the

Sterling: 2:1 BUR 130 I bs/hr, 17" FLH, 100 nil die gap.
Example 2

15

20

25

30

35

In this example properties were compared at a lower resin
density. The conditions were as follows: on the Alpine: 4:1
BUR, 15" stalk height, 70 lbs/hr; on the Sterling: 2:1 BUR,
130 lbs/hr, 17" FILH, 100 mil die gap.

Cl1 Alpine D C2 Sterling D
(0.4 mil) (1.0 mil)
Resin Cocatalyst ' DMAC = TMA
Density .920 .920 .920 .920
MI 0.84 0.7 0.9
MFR 28.6
Film Properties
Dart Impact, gms 465 Could’ 255 180
not run

MD Tear, gms/mil 485 280 320

‘The TMA cocatalyst produced resin could not be run under high
stalk extrusion conditions because of bubble instability, over
a wide range of test conditions.

The conventional extrusion on the Sterling line was done
at two different blow up ratios (2:1 and 3:1) to establish the
effect of the BUR on properties. Also, we ran at the highest
possible frost line heights to allow for maximum relaxation
under conventional extrusion conditions. Apart from these
differences, it was impossible to simulate the characteristic

high stalk bubble shape on the Sterling, which allows for



C Alpine D terling D l"('_(3.4rri|)'
1) 20 DVAC

(1.0 m W‘?a@l’?’ﬂ’%ocat al yst DVAC VA TUSYNAS6ST
Density . 920 . 920 . 920 . 920 M

0. 84 0.7 0.9 MFR 28. 6
FilmProperties 25 Dart | npact, gns 465 Coul d 255

180 not run MD Tear, gnms/m | 485
280 320 *The TMA cocat al yst produced resin coul d not be run
under hi gh highex stelasation 9f ddwlipalameraelts and i:mplbdmed rmt'qhai-tigs
over 30  agf Ghe AR Lnd Cwléééa{lsm the attacc}'x?-rc? na'
extrusion on the Sterling I|ne was done eren p

ratios (2:1Shkength propextifg are I‘\"é’amatl"é‘lf]éttlmﬂr‘?‘f&d BUR the Alpine i es.
Al so, we rarcoxpadded tiggistErling extxaisilon./ r astoJs I}dilh%%hﬁ?e 1@ 13} | for
i

fromthgse Bettel tibact M (edp rantiTs el ¥hshl &' fillmdd Aipine "flin
char act eri shag bettexi mpact mummaac Properdieshdhirerd i nil Gtedtl g

for £11m'0 PO tdeatalyzed L
PCT/U897/05657m atalyze LDPE resins are uqégue in th#ﬁgher

rel axati on BFoCceSsisgy wodereither copfiguration.is @ossible due ito Alhdire

line. As seahusually ai hedttaltlre | @ fordeds Wifehl-ﬁ?i)
y g ngth o grelc?&te Ste %S{eftrusmn A

dramat L cal | ved on_the A

0.5 m RON pPREPRFEH reBPaz1ons: oy Shage. £vin diries, ity otbes, nevos MR

m | Al pine LLDPE 1s nb&.spbssnbﬂ.el space &heyt cannptoper tiues undet dighd Ni |

Sterling staik'Ebn ahalyzed LLDPE resins are unique in that

processi ng under eit con |gurat|on IS possible due to their

unusual Iy high nelt strength af forded by the HWVspecies. A 10 property

conpari son on thecempaPisbACof 'CORVOALESNAR ARY WYEh Stalk Extrusion
DMAC cocatalyzed with EXAMPLE 1 CATALYST PRECURSOR

18 Resin Characteristics:

MI, g/10 min 0.4
MFR 28
Density, g/cc 0.933
Processing: Sterling Alpine

20 30" FLH 28" stalk
Melt Temp, °F 430 450
Throughput, lbs/hr 130 120
BUR 2:1 3:1 4:1
Film Properties:

25 Gauge 1.0 1.0 1.0 0.5
DDI, F50, g 52 100 230 310

MDT, g/mil 28 50 110 70



' LLDPE 1,s not OErEgPJ e since they cannot be run under high
oM ' ' and Hipgﬁiagggé#i’ﬁ“"

configuratio Conpari son of Conventi onal

Ext rusi on DVAC cocat al yzed with EXAMPLE 1 CATALYST PRECURSCR 15
Resin Characteristics: M, g/10 mn

28 Density, g/cc 0.283

Ster!ing Al pi ne 20 o, | ||] mﬂy

28" Stal k Melt Tenp, [err]F 430

Thr oughput , SRBIMS:: 130 120

2:1 3:1 F|In1Propert|es fg

1.0 1.0 1. @noextrudgtg in thBD|oqg39f'§ film of” a copolymer of
100 @8flylene 348 an alphd olefin of 3 - 10 carboiSatoms exMibiting
ééglusg7/gg%5§pec1fic den51%7/3%0%5910 to 0.94 g/cc a?g Mz/Mw of 4 to 10,

An ext rSdat wheretihe ther copblymer wasff@rm@poumnﬂheopresenceebmyHamﬂnand,an

| pha ol ef t f
0 B16 To o Byfinitun Hpaianag! ITRotkEalyRE)d wherein’ LhEC B ARG O
formed in t®erfr dmpact sesdskange DDI of 58 mBR9m(as apﬂaers@ é?y ASTM D-
cocat al yst,1909)¢i & haeefbtnggéatbrtthan 15 (aEaabteﬁaaﬁhdr Asadc D of

50 - 800 ( sur ed greater than 15 (as
detern1nedag9g§g E_g?%ss E@) aﬁﬂﬁajJ %)ﬁ %9T of less than 50.
10 . The extrudate of claim1l1, wherein the alpha olef in IS
1-butgge, 1 hexege orplaOgkePfidatl 62CR134mS3),dvhbklin the alpha olefin

is l-butene, l-hexene or l-octene, in each of said film
extrudate and of said second film.

3. The extrudate of claim 2, wherein the alpha olefin
is 1l-hexene.

15 4. A process for increasing the dart impact, as
measured by ASTM D-1709 of a film formed from a copolymer of
ethylene and an alpha olefin of 3 to 10 carbon atoms,
exhibiting a density of .910 to 0.940 g/cc, wherein said
copolymer was formed in the presence of dimethylaluminum

20 chloride as a cocatalyst, wherein the process comprises:

providing a copolymer comprising units of ethylene
and units of at least one alpha olefin off 4 to 10 carbon
atoms characterized by a density of 0.910 to 0.94 g/cc and an
Mz/Mw of 4 to 10, said copolymer being formed in the presence
25 of dimethylaluminum chloride cocatalyst; '
extruding the copolymer, in stalk extrusion, by
extruding the copolymer in molten form, through a die to form
a tube of molten copolymer wherein the tube is characterized
by a first diameter, and drawing and expanding the tube to

30 form an expanded tube with a second diameter wherein the ratio
of second diameter to the first diameter is at least 3:1:
cooling the expanded tube, while continuously drawing it:; and

recovering film which is biaxially oriented and
exhibits at least a 25% increase in dart impact.
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extrudatge and of said second film
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copolymer in nolten form through a die to
copol ey pMbiy B t he tube is characterize
drawi g andossépeadi ng tisépril (H9&(15.04.980 o
di anetler wherein the ratio of second
at | €33 Apphcant: MoBALOGH.| SkebRNON AT
it arz pp(1:iallows Road, Fairfax, VRQEOFE(USNG T11 M v%l
exhi bijts at | east a 25% increase in dart i
(72) Inventors: FIRDAUS, Vaseem; 280 Bennetts Lane, Somerset,
NJ 08873 (US). SHIRODKAR, Pradeep, Pandurang; 8
Mcintire Drive, Belle Mead, NJ 08502 (US).

(74) Agents: SCHNELLER, Marina, V. et al.; Mobil Oil Corpora-
tion, 3225 Gallows Road, Fairfax, VA 22037 (US).
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(54) Title: HIGH IMPACT LLDPE FILMS
(57) Abstract

cooled, to maintain the tube diameter identical to that of the annular

resistance.

Blown films of linear low density polyethylene are produced by a high stalk process comprising extruding the linear low density
polyethylene through an annular die to form an extruded tube of molten material, cooling the extruded tube while drawing the tube so

by introducing a gas to the interior of the tube or bubble. The resuiting films are characterized by superior impact strength and MD tear

die and expanding the tube or bubble to attenuate the walls thereof




