WO 97/ 11115 PCT/ US9/ 14945
Skt Nk This application is based on
60/ 003, 861 (provisional), filed Septenber 18, 1995. Field 10 Shri nk
films prepared frommetallocene catal yzed propyl ene honopol yners and

copol yners | ded. The filns exhibit a unique bal ance of properties
as conpared%%gwﬁﬁg&% shrink filns including higher stiffne8§TUp éﬁ%ﬁ%
strength and noi sture barrier, |ower extractables, inproved shrinkage and

i ncreased shrink tension. In addition, the shrink behavior of the filmcan
be tailored by nodifying the amunt of 15 conononer present in the

propyl ene pol yner. Background Shrink packaging filnms and their production
are well known in the art. Shéyk Rihs From e POlyla@skage a wide variety of
products including many types of foods and consuirer articles. Many
difterent types of polynmers are used to nmake shrink filns but they are
general ly ethyl ene-based or propyl ene-based. Prior art propyl ene based
shrink filmconstructions are nade of conventional Ziegler-Natta catal yzed

Romopol yrdl o, The D sl o ety cofR5f el ikd st abpr y res

cause | ower |98l s of shrinkage which is undesirable 30 Thi s
i nvention relates to propylene films, particularly filnms conprising one or
nore | ayers qf. ’ hrink filmprepared fromnetall ocene catal yzed,

substanti al | otactic pol ypropyl ene pol ynmer havi ng hexane extractabl es of
| ess than about 3 wei ght percent as determ ned by 21 CFR 177.1520 (d)(3Xi)

and (ii).joln anotw el rising
one or nore |la s of shrl f'fg’ﬁ .5@‘% g‘%ﬁﬁé} M@L@e%%gl yzed,
substanti al | f°¥ %{“5'& 'B?”afi{? ?"B%?’@%FWF gJance eEPrOPELiEs 3ct abl es of
| ess than abmmm@mwmmsmmenmmm texdsil€trength/ani> 20

moisture barrier, lower extractables, improved shrinkage and increased shrink tension.

In addition, the shrink behavior of the film can be tailored by modifying the amount of
15 comonomer present in the propylene polymer.

Background

Shrink packaging films and their production are well known in the art. They
20  are used to package a wide variety of products including many types of foods and
consumer articles. Many different types of polymers are used to make shrink films but
they are generally ethylene-based or propylene-based. Prior art propylene based shrink
film constructions are made of conventional Ziegler-Natta catalyzed propylene
polymers, which are usually random copolymers rather than homopolymers. The

25  higher melting, higher crystallinity homopolymers cause lower levels of shrinkage
which is undesirable.

Summary

30 This invention relates to propylene films, particularly films comprising one or
more layers of shrink film prepared from metallocene catalyzed, substantially isotactic
polypropylene polymer having hexane extractables of less than about 3 weight percent

. as determined by 21 CFR 177.1520 (d)(3)(i) and (ii). In another embodiment this
invention relates to films comprising one or more layers of shrink film prepared from

35 metallocene catalyzed, substantially isotactic propylene polymer having hexane
extractables of less than about 3 weight percent as determined by 21 CFR 177.1520
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-2-- (d)(3Xi) and (ii) wherein the polynmer conprises fromabout 0.1 to -
. about 20 wei ght percent conononer. Detail ed Description This invention
relates to shrink films conprising propylene polynmers produced by

met al | oceng, Lgixst systens. W have found that shrink fji red from
such polyners ave a uni que bal ance of properties including outstanding
stiffiess and noisture barrier, high tensile strength, good clarity/gloss
and exceptional shrinkage. 10 Shrirk&ge | evel s can be controlled by

nodi fyi ng the anmount of conononer in the polymer. In addition, high shrink
tension forces are obtained with these filnms and this property can be
control | ed kd)3)G) add/(ithwherein theymlymer comprisen frommboutn0.1 keaboot I0weight\e have
found both |emendiperopol yners and copol yners to be useful for 15

maki ng the Shrink filns of the |nvent|on Both are netal | ocene catal yzed
‘and are substantially isotactic. "Substantially isotactic" is defined

herein to mietailedBesariptioer cent age of isotactic pentads (mmmm) in

honopol ygr opyl ene (rrade usi ng the same catal yst system and under the same

conditions as th Ql yner guest,ion taking . into account those differences
required for n&b’g "z'ﬁg 5'5“‘5 &P@G"FESE‘GPﬁ on) is

gr eater thaby abmﬂbc&ﬁ%tal?ste&mnbl\yehhe fowrdchat shdrk filins p&pﬁred:ﬁ'bm spelnt ads
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dlfferences

copol ynmapi zShnﬂakelmlgnaehembntrwu!bg ﬁlerambunt dfwhamineCmthe defl ned
herein to rrgglpmgp ‘%5“? Q,Q,?ﬁ,te ﬂ;&@%ﬁ,

honopol ypr opy eneal%‘rragg us‘l e sarre catalys ystem and under he sane
condi tions oypf 9f cpmongmes i the POIYMEr. i f f er ences

required for honDponnerlzatlon as conpared to copolynerlzatlon)
We have found both propylene homopolymers and copolymers to be useful for

15 making the shrink films of the invention. Both are metallocene catalyzed and are
substantially isotactic. "Substantially isotactic" is defined herein to mean that the
percentage of isotactic pentads (mmmm) in homopolypropylene (made using the same
catalyst system and under the same conditions as the polymer in question taking into
account those differences required for homopolymerization as compared to

20  copolymerization) is greater than about 70%. Preferably the percentage of isotactic
pentads (mmmm) in homopolypropylene (made using the same catalyst system and
under the same conditions as the polymer in question taking into account those
differences required for homopolymerization as compared to copolymerization) is
greater than about 80%. "Isotactic" is defined herein to mean that the percentage of

25  isotactic pentads (mmmm) in homopolypropylene (made using the same catalyst
system and under the same conditions as the polymer in question taking into account
those differences required for homopolymerization as compared to copolymerization)
is greater than about 90%. As used herein, “copolymer” includes polymers comprising
2 or more monomers. The percentage of isotactic pentads is measured using “*CNMR.

30

The propylene homopolymer useful for making the films of this invention

preferably has 2 molecular weight distribution (M,/My, - as determined by gel
permeation chromatography) that is less than about 7.0, more preferably less than
about 6.0, even more preferably from about 5.0 to about 1.0, and most preferably from

35 about 4.0 to about 1.5.



I's greater than about 90% As used herein, "copolynmer" includes polyners
conpri Si | ' sis .
imeasured using [err] CNMR 30 The propyl ene honopol ymer useful for nmaking the
films of this invention preferably has a nol ecul ar weight distribution
(Merr]/Merr as determ ned by get perneation chronatographg that is

| ess than a ?"ﬂ more preferably | ess than about 6.0, U5
preferably from about 5.0 to about 1.0, and nost preferably from 35 about
4.0 to about 1.5. W97/ 11115

PCT/ US96/ 1495 -3- The propyl ene honDpoFy%er is preferably isotactic and
preferably has a melght average nDIecuIar wei ght that is greater than about
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produce substtheprocdduye 6fAICRR 177.15200)BY@Y.opy! enes having | ow nel ting
t enper at s is advantageous for shri nk films, 15 offering the capability

to attain higher |evels of shrinkage. Convent i onal .
The propylene homopolymer preferably has a DSC peak melting temperature

below about 155°C, preferably below about 150°C, more preferably below about 147°
C. The unique ability of metallocene catalyst systems to produce substantially isotactic
homopolypropylenes having low melting temperatures is advantageous for shrink films,

15  offering the capability to attain higher levels of shrinkage. Conventional
homopolypropylenes from Zeigler-Natta catalysts have melt temperatures greater than
about 160°C and provide low, undesirable levels of shrinkage.

Metaliocene catalyzed propylene copolymers are also useful for making the
20 films of the present invention. Preferably these copolymers comprise at least about
0.1weight percent comonomer, more preferably from about 0.2 to about 20 weight
percent comonomer, even more preferably from about 0.5 to about 15 weight percent
comonomer, and most preferably from about 0.5 to about 6 weight percent
comonomer based on the total weight of the copolymer The propylene copolymers are
25  at least substantially isotactic and preferably isotactic in nature.

The comonomer preferably comprises one or more olefin(s) which have 2 or
more carbon atoms but excluding 3 carbon atoms, more preferably the comonomer has
2, 4, 5, 6 or 8 carbon atoms, even more preferably the comonomer has 2, 6, or 8
30 carbon atoms, and most preferably the comonomer is ethylene and or hexene-1. While
alpha-olefins are the preferred comonomer type, diolefins, cyclic olefins and other
unsaturated monomers can also be empolyed to make the polymers of the present
invention.

35 The propylene copolymers usefiil for making the films of this invention
preferably have a molecular weight distribution (M,/My, - as determined by gel



honopol ypropyl enes from Zei gl er-Natta catal ysts have nelt tenperatures
greater than about 160C and provide | ow, undesirable |evels of shrinkage. ——
Met al | ocene catal yzed propyl ene copol yners are al so useful for making the
20 films of the present invention. Preferably these copolyners conprise at
| east abou{ydflrndyy@i ght percent conononer, nore preferablyfrol.ah0dt 0.2 to
about 20 wei ght percent conononer, even nore preferably fromabout 0.5 to
about 15 wei ght percent conononer, and nost preferably fromabout 0.5 to
about 6 wei ght percent conononer based bn the total weight ofthe copol yner
The propyl ene copolyners are 25 at |east substantially isotactic and
preferably isotactic in nature. The conononer preferably conprises one or
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(3) (ﬂ)). The copolymers and homopolymets dwcnbed above may be hlended w:th
one or more other polymers either in the reactor or after polymerization using known
15  blending techniques.

Addititves such as antioxidant, chlorine-capturing agent, heat stabilizer, anti-
static agent, anti-fogging agent, anti-blocking agent, ultraviolet absorber, lubricant,
pigment, resin, talc, nucleating agent, etc. may aiso be included in the overall polymer

20  composition prior to film formation. The propylene polymers useful for making the
films of this invention are prepared using one or more metallocene catalyst systems.
Any metallocene or combination thereof may be used. Metallocenes are generally
represented by the formula

CpmMRpXq

25  wherein Cp is a cyclopentadienyl ring or derivative thereof, M is 2 Group 4, 5, or 6
transition metal, R is a hydrocarbyl group or hydrocarboxy group having from 1 to 20
carbon atoms, X is a halogen, and m=1-3, n=0-3, q=0-3, and the sum of m+n+q is
equal to the oxidation state of the transition metal. The metallocene may be bridged
or unbridged, and include heteroatoms in the structure. Examples of metaflocenes are

30  discussed in for example, U.S. Patent Nos. 4,530,914; 4,871,705; 4,937,299;



The nelt flowrate of the copolyner is preferably fromabout 0.5 dg/mn. to
about 30_dg/mn . nore preferablayin the range of fromabout-l dg/mn. to
about 10 dg/mn. as 10 measured by ASTMD- 1238 condition L. The wei ght
percent of n-hexane extractables is preferably |ess than about 3, nore
preferably, |ess than about 2, even nore preferably |less than about 1 (as
det er ni ned PEP9MEI%Hr ocedure of 21 CFR 177. 1520 (d) (3) (ii FFI/UPPLaMs

copol ymers and honopol yners descri bed above may be bl ended with one or nore
other polyners either in the reactor o8 after polynerization using known 15
bl endi ng techni ques. Addititves such as antioxidant, chlorine-capturing
agent, heat stabilizer, anti- static agent, antifoggi ng agent,
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i s a hal ogen, .apd,m=3, n=0-3, ,09=0-3 +( | o the
oxi dation st afevse cpm mqq@ﬁmmw&"ﬁﬂ? may be sbsty dged or
unbri dged, andhorepdsitives including Aydyosarbon ringaystamisiand assemblies subwhamayaiso be

met al | ocengs gliReidtd at slyfostiagd i n for exanple, US. Patent Nos. 4,530,914
4,871, 705; 4, 8%7,1299;a W07/ 11115

PCT/ US96/ 14945 -5- 5,124,418; 5,017,714; 5, 120,867; 5,278,119; 5, 304, 614;
5, 324, 800, 5, 347, OPsticularly preferred metallocene components comprise a Group 4, 5, or 6

transition metal, biscyclopentadienyl derivative, preferably bis-indeny! metallocene
components having the following general structure:

15
10
(r'%),
9
RERY)
s 5 \
R 4
R CROR?)_
10
(R10),
wherein M is a metal of Group 4, 5, or 6 of the Periodic Table, for example titanium,
zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum and
tungsten, preferably, zirconium, hafnium and titanium, most preferably zirconium;
20

R! and R2 are identical or different, are one of a hydrogen atom, a C}-Cjq
alkyl group, preferably a C1-Cj3 alkyl group, 2 C}-Cp alkoxy group, preferably a Ci-
C3 alkoxy group, a Cg-C) o aryl group, preferably a Cg-Cg aryl group, a C6-C1p
aryloxy group, preferably a Cg-Cg aryloxy group, a C2-Cjg alkenyl group, preferably
25  aC»p-C4 alkenyl group, a C7-C4 arylalkyl group, preferably a C7-Cjg arylalkyl



5, 350, 723; 5,391, 790; and 5,391,789, EP-A- 0 591 756; EP-A-0 520 732;

EP-A-0 420 436; WD 91/04257; WD 93/08221; WD 93/08199; and WD 94/ 01471 each —
_incorporated fully herein by reference. 5 Metall ocenes are well known in

the art and are defined herein to nean a transition netal conpound

cont ai ni ng one cycl opent adi enyl or cycl opentadie |

conpound mﬂ@ég%ﬁﬁ? e cycl opent adi enyl group nay be substi?ﬁ#ggsgyxgﬂe or

nore positions including hydrocarbon ring systens and assenblies which may

al so be 10 substituted at any positidm “Particularly preferred netafl ocene
conponents conprise a Goup 4, 5, or 6 transition netal,

bi scycl opent adi enyl derivative, preferably bis-indenyl netall ocene

conponent s hgscupga CheCoalliylnyt geoupppreferdblyal CHCYialkylaryEgrbap, mC4-C46] wherei n M

is a netal o re?ei-ab‘i"y ! IEP"*. éﬁgli .@ar%rrpl e titanium
zi rconi um hgﬁyﬁigl Eﬁ# é%urfggl um n?gﬁltdt}ﬁw ant %%@gﬂfgarg’%?n | ybdenum and -
tungsten, pr 8F 1’9',"% conium hafniumand titanium nost preferably
zirconium 20 Rerr] and Rlerr] are identical or different, are one of a

hydrogen gtom a 4 group, preferably a CJerr]-(err]
al kyl gro%p, a C[gFr @&geﬁfyﬁ%g%gtyn&roup, preferably a CJerr]- (err]
al koxy group, a (err]-CJerr] aryl group, preferably a Cerr]-Cferr] aryl
gralp, i’i g[G‘C[errRsahakémiﬁﬂﬁuﬂnrﬂiiﬁfﬁf,ﬂﬂm&ﬁcﬂlar@[oﬁébfa?ﬂd%ﬁ?xy Igroup,
a (err]-Ce w r RI% ’Z'F l(q F‘5 ul keny
group, a C[erh; “Clerr l'gtr% a kﬁé'gfrfg’ﬁg, re %’P’aﬂgikq:ﬁ%gr -HC[ err]aryl al kyl
WO 97/ 11115 preferably a C1-C4 alkyl group, which may be halogenated, a C5-C10 aryl gvenp, Uso6/ 14945
10 which may be halogenated, preferably a Cg-Cg aryl group, a C2-Cjg alkenyl group,
preferably a C2-C4 alkenyl group, a C7-C4q -arylalkyl group, preferably a C7-Cgp
arylalkyl group, a C7-C4g alkylaryl group, preferably a C7-Cj2 alkylaryl group, a Cg-
C40 arylalkenyl group, preferably a Cg-Cy2 arylalkenyl group, a -NR»15, -SR15, -
OR!3, -OSiR3!5 or -PRy 15 radical, wherein R15 is one of a halogen atom, preferably
15  a chlorine atom, a C}-C}¢ alkyl group, preferably a C3-C3 alkyl group, or a C¢-Cjp
aryl group, preferably a Cg-Co aryl group;

R7is
R11 R11 rR11 RrR11
| | l
|‘w2 ' M2 M2 y — M2 (CRp13y—
R12 Flaz ;!uz R12
RrR11 Rr11 r11
| | |
0 rin2 0 , C , 0— M2
R12 ,l;12 L12
=BR11L=AIR1], .Ge-, -Sn-, -O-, -§-, = §0, =805, =NR11, =CO, PR1], or
20 =P(O)R1];
wherein:

R11 RI12 and RI3 gre identical or different and are a hydrogen atom, a halogen atom,

a C1-Cyg alkyl group, preferably a C1-Cyg alkyl group, a C}-Coq fluoroalkyl group,

preferably a C1-Cig fluoroalkyl group, a Cg-C3¢ aryl group, preferably a Cg-Cag aryl
25  group, a C5-C3g fluoroaryl group, preferably a Cg-Cap fluoroaryl group, a C1-Czg



group, a C[err] C[err] al kyIaryI group, preferaby a C[err] C[err] al kyl ayl

g 2 s s S
'aryI aI kenyl group, or a hal ogen atom preferably chI orine; 5 Rl err]
and R[err] are hydrogen atons; R err] and R err] are identical or different
preferably identical, are one of a halogen atom preferably a fluorine,
chl orine orWAP¥MMR atom a Cerr]-Cerr] al kyl group, pr 943
Cerr]-Cerr] alkyl group, which nmay be_hal ogenated, a Cerr]-Clerr] aryl
group, 10 which may be hal ogenat ed, 'pr’e'f erably a (Jerr]-Cerr] aryl
group, a CJerr]-Cerr] alkenyl group, preferably a CJerr]-Cerr] alkenyl
group, a (Jerr]-Clerr] -arylalklyl group, preferably a C(ferr]-Clerr]

arylal kyl or qu %%&dﬂﬁg%rdllc Y 43 010, o v Bt oppelebi] - CLer 1]
al kylaryl gr OLt%r r l}/ 8 era

rrl- u&faﬁ@ MM}% 7-4
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f bly 1 1l 125 4t f bl
O or 1] Ol or 1 gl proup ety 3. Ea iy ﬁ;gl “']‘;y j’i??}u%f e oy a
Clerr]-C[2rr g"‘b& ﬂ*p"WQP‘Fng‘B systems;y e r | Rlerr]

Rierr] | | [err] - -[err] -Merr]
R['V[erer]r]O Nfgs[’rj:ré,i\plsﬂﬂM@FéP?TWIysﬂimn%%Mum,nﬂlsfarr] Rierr]

| rlerr] '3'3']'“” Rlerr] Rlerr] =BRlerr] .=AIRerr],
-G-, -Sn-, -0-, -S, =SSO =Yerr], NRerr], =CO PRerr], or 20

=P(O) Rl efjp] ; wher gBgg d@%&dﬂ%%}mﬁﬁ{&hm%&w g&?{e”] 1i.cal or

different and are a hydr ogen a ogen atom a efr] al kyl
group, preferably a (err]-Cerr] alkyl group, a err]-Cerr] fluoroalkyl
group, m and n are identical or different and are zero, 1 or 2, preferably zero or 1, m

plus n being zero, 1 or 2, preferably zero or 1; and

15 the radicals R10 are identical or different and have the meanings stated for
R11 R12 3nd R13. Two adjacent R10 radicals can be joined together to form a ring
system, preferably a ring system containing from about 4-6 carbon atoms.

Alkyl refers to straight or branched chain substituents. Halogen (halogenated)
20  is fluorine, chlorine, bromine or iodine atoms, preferably fluorine or chiorine.

Particularly preferred metallocenes are componnds of the structures:

"

RBRIC ; @ (R10)4 } (R1°)4
] R1 R11 i
1:41/ i1
N2, S YN ®

RIIR12c  R6 E R6
(R1°)4 R10)4
wherein:
25 MU is Zr or Hf, R1 and R2 are methyl or chlorine, and RS, R6 R8, RO R10,

R11 and R12 have the above-mentioned meanings.



preferably a CJerr]-Cerr] fluoroal kyl group, a Co6-Clerr] aryl group,
preferably a CJerr]-(Jerr] aryl 25 group, a (Jerr]-Cerr]fluoroaryl
group, preferably a (Jerr]-Cerr] fluoroaryl group, a (Jerr]-Cferr] WO
97/ 11115 PCT/ US96/ 14945 7
- al koxy grywgByaRieferably a Clerr]-Clerr] al koxy group, g cenRbdilsodsl €rr]

al kenyl group, preferably a (Jerr]-Cerr] alkenyl group, a (Jerr]-Cerr]
aryl al kYl group, preferably a (Jerr]-Clerr] arylal kyl group, a
Cerr]-Cerr] arylal kenyl group, prefereﬁal‘y a CJerr]-derr] arylal kenyl
group, a C7-C40 al kyl aryl group, preferably a Clerr]-Clerr] al kylaryl group
or Rlerr] and Rerr], or Rerr] and 5 Rl err], together wwth the atons
bi nding them can formring systens; M2 is silicon, gerrrani um or tin,

preferably silico ’ Rlerr]
PhééhirdFin ifdFrnss ddéﬁ%sﬁ% 8 %r&nﬁte%hh@ feparafion of highly

and Rlerr] ate I dent.| haye t he an| ngs stated for -
Rlerr]; m andfome HMM?'I?&PP@Y"‘HF# P%\@ g%r %é‘m preferably
zero or 1, quwcaﬂymeMbmemedpmﬂﬂbcsabh;emmﬁomd 15

the radicgl s pRisGoulY R mfesh S5 of3RE mtalidtedd thelddftePBNiHROS Stated
for R[err?

err nd err acent err ra als Qan be10|ned
together to M"‘g ﬁﬂ%gﬁgﬂ%?&% Mg from

about 4-6 carchwbe stemplished byknowafteshaiqties. For speghltproﬂuctsnﬂnaheﬂossibhtn
substituents, L@@Wﬁ)genat ed) 20 is fluorine, chlorine, brom ne or
I odi ne atoms preterably uorine or chlorine. Particularly preferred

net al | ocenes are conpounds of the structures: R err]

Rlerr] 10 R err Geherslly] these preferred mefaliooedes may be prepared by a multi-step

[err] [err] volvi tedd n .Shso% :::éﬂ%fm is Zr or
o) R e e e LT b S b W e B, '

following reaction scheme illustrates this generic approach:

HoRC +Butylli ) HRL
15 X-(CR3R%),,-R7-(CRER9),-X
>
HoRO+Butylli ? HRIL
HRC-(CRBR®),,-R7-(CRER %), -RIH 2 Butyl Li
----------- )
20  LRC-(CRER9)-R7-(CRBR),-RILi MiCiy
----------- )
(RBRSC)y — RS (RBRgT)m —R¢
' Ci 1 i R1
R~ RLU, R
P NCl l NN
(R8REC), — Rd (RBRSC), — Rd
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——e R7 h=d1 /
AN
i R?
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HoRE,
X = CI, Br, tor O-tosyi; = 3
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R [err] R err have the above-nenti oned rreanl ngs W97/ 11115
PC] e-for the

‘preparati on of h|ghly |sotact|c polypropylene copolyners It is al so
possible to use the pure Ror S form An optically active polynmer can be
prepared with these pure stereoisoneric fornms. 5 Preferabl the neso form
of the nmet aMAYEAHS s renpved to ensure the center (i. We14M5 2t om
provi des stereoregul ar polynerization. Separation ofthe st ereoi somers can
be acconplished by known techni ques For epeC|aI products it is also
possible to use rac/meso mxtures. 10~ CGeneral ly, these preferred
net al | ocenes may be prepared by a multi-step process invol ving repeated
déprotonationstnetal | ati ons of the aromatic |igands and introduction of the

bri dge and the ce t hei r ,hal ogen deriv hefollowlng
reaction schene |I4{f€‘f‘?"§'§g‘}‘?%lf%'w3@ E'h[é?f; + ButyLi -
) HR[ err]Li ., volume 288, (1985), pages 63-67, andm EP-A-

X- I
X RE gﬁ ]er E %E[Sq%wﬁégm Hr%h@ Rfén J)sﬁ?fedr’ r‘%&ﬁgdfm afe hitbit!thily

Butyl Li PR err])mr[err]-(CRerr]Rerr])n-Rerr]
[err] (RBROCO)m -[err] (Rlerr]Rerr]COm-[err] [err]

[err [err] [err] [IftsidatiteéBuit hon-limiting examples of metaliocenes include:
Dimethylsilandiylbis (2-methyl-4-phenyl-1-indenyD)ZrCl,
Dimethylsilandiylbis(2-methyl-4,5-benzoindenyl)ZrCl;

10  Dimethylsilandiylbis(2-methyl-4,6-diisopropylindenyl)ZrClo;
Dimethylsilandiylbis(2-ethyl-4-phenyl-1-indenyl)ZrCly;
Dimethyisilandiylbis (2-ethyl-4-naphthyl-1-indenyl)ZrCl>,
Phenyl(Methyl)silandiylbis(2-methyl-4-pheny}-1-indenyl)ZrCl2,
Dimethylsilandiylbis(2-methyl-4-(1-naphthyl)-1-indenyl)ZrCl2,

15  Dimethylsilandiylbis(2-methyl-4-(2-naphthyl)-1-indenyl)ZrC12,
Dimethylsilandiylbis(2-methyl-indenyl)ZrCl2,
Dimethylsilandiylbis(2-methyl-4,5-diisopropyl-1-indenyl)ZrCl2,
Dimethylsilandiylbis(2,4,6-trimethyl-1-indenyl)ZrCl2,
Phenyl(Methyl)silandiylbis(2-methyl-4,6-diisopropyl- 1-indenyl)ZrCl2,

20  1,2-Ethandiylbis(2-methyl-4,6-diisopropyl-1-indenyl)ZrCl2,
1,2-Butandiylbis(2-methyl-4,6-diisopropyl-1-indenyl)ZrCl2,
Dimethylsilandiylbis(2-methyl-4-ethyl-1-indenyDZrCl2,
Dimethylsilandiylbis(2-methyl-4-isopropyl-1-indenyl)ZrCl2,
Dimethylsilandiyibis(2-methyl-4-t-butyl-1-indeny)ZrCl2,

25  Phenyl(MethyD)silandiylbis(2-methyl-4-isopropyl-1-indenyl)ZrCl2,
Dimethylsilandiylbis(2-ethyl-4-methyl- 1-indenyDZrCl2,
Dimethylsilandiylbis(2,4-dimethyl-1-indenyl)ZrCl2,
Dimethylsilandiylbis(2-methyl-4-ethyl-1-indenyl)ZrCl2,
Dimethylsilandiylbis(2-methyl-o-acenaphth-1-indenyl)ZrCl2,

30  Phenyl(Methyl)silandiylbis(2-methyl-4,5-benzo-1-indeny})ZrCl2,
Phenyl(Methyl)silandiylbis(2-methyl-4,5-(methylbenzo)- 1-indenyl)ZrCl2,
Phenyl(Methyl)silandiylbis(2-methyl-4,5-(tetramethylbenzo)-1-indenyl)ZrCl2,
Phenyl(Methyl)silandiylbis (2-methyl-a-acenaphth-1-indeny)ZrCl2,
1,2-Ethandiylbis(2-methyl-4,5-benzo-1-indenyl)ZrCl2,

35  1,2-Butandiylbis(2-methyi-4,5-benzo-1-indenyl)ZrCl2,
Dimethylsilandiyibis(2-methyl-4,5-benzo-1-indenyl)ZrCl2,




[err] W97/11115

PCT/ US96/ 14945 -9- Additional nethods for preparing netall ocenes are fidly™
described in the Journal of Orianonetallic Chem, volune 288, (1985), pages

63-67, and in EP-A- 320762, for preparation ofthe netall ocenes descri bed,

both of whiygeakfasherein fully 5  incorporated by referepnsgusokhdoustrative

but non-limting exanples of netall ocenes include: D nethylsilandiylbis
(2-met hyl 4. phenyl - 1-i ndenyl )zZr(Jerr] =~ 10 -

D net hyl si | andi yl bi s(2- net hyl - 4, 5- benzoi ndenyl )ZrC[err]; -

Di met hyl si | andi yl bi s(2-met hyl -4, 6-di i sopropylindenyl)Zr(err];

Di net hyl si | andi yl bi s(2-et hyl - 4- phenyl l-indenyl)zZrCerr];

Di net hyl si | MEM%’Q@:%?M#M&}SMM‘DZICMH ndenyl yzrderr],

Phenyl ( Met hythimgin muzm g_nyl -i ndenyl )ZrC[ err],
D net hyl si | -antHZv}l 'é ; thyl)-1-indenyl)Zr(err], 15
B me% Ey: si : . '2( q Tz' lmn%;])}éi(l)!lkl -indenyl)zrderr],
nmet hyl si -m#ﬂub‘
| et hyl gi | a5 yl -1-indenyl)zZr(err],

D ﬁ eRyDZIED,
D net hyl si | 6tr‘g§th ndenl ZrCJerr
Phenyl {I\/e!t h?ﬁj@ #@f”?‘zﬁ" B- di Ysszr((){)yl ] l-indenyl)zZrCerr],

1, 2- Et handi wnmmmmmhwn-mmm 1-indenyl)zZrderr],

2-
| s i gt [
Di met h§|SI I %& % E%I”Bém'“? zrderr],
Di net hyIlmn@mu@dww—SMWH-MmﬁE@B) Zrerr],
Dimethylsilandiylbis(2,5,6-trimethyl- 1-indeny)ZrCl2, and the like.

These preferred metallocene catalyst components are described in detail in U.S.
Patent Nos. 5,149,819, 5,243,001, 5,239,022, 5,296,434 and 5,276,208 and in EP
15 576,970 all of which are herein fully incorporated by reference.

Metallocenes are typically activated with an activator such as an ionic activator
and/or an alkylalumoxane. Alkylalumoxanes may exist in the form of linear or cyclic
polymers. Generally, the alkylalumoxanes preferred for use in olefin polymerization

20  contain about 5 to 40 of the repeating units:
R

!
——A—0—),—
where R is a Cy-Cg alkyl including mixed alkyls. Particularly preferred are the
25 compounds are methylalumoxanes (where R is methyl). There are a variety of
methods for preparing alumoxane, non-limiting examples of which are described in
U.S. Patent No. 4,665,208, 4,952,540, 5,091,352, 5,206,199, 5,204,419, 4,874,734,
4,924,018, 4,908,463, 4,968,827, 5,308,815, 5,329,032, 5,248,801, 5,235,081,
5,157,137, 5,103,031 and EP-A-0 561 476, EP-B1-0 279 586, EP-A-0 594-218 and
30 WO 94/10180, each fully incorporated herein by reference. Alumoxanes are also
commercially available.

Some methylalumoxane (MAO) solutions tend to become cloudy and
gelatinous over time. It may be advantageous to clarify such solutions prior to use. A
35  number of methods are used to create gel-free MAO solutions or to remove gels from
the solutions. Gelled solutions are often simply shaken or decanted. U.S. Patent No.
5,157,137 discloses a process for forming clear, gel-free solutions of alkylalumoxane

20



25 Phenyl (Metyl ) sil andi yl bi s(2-netlyl -4-isopropyl -1-indenyr)Zr(err],
Dinet hyl.silandiylbis{2- et hyl 4- iyl —i-ndery--Z—Cer+1

'Di met hyl si | andi yl bi s(24-di methyl-1-indelyl)zr(err],

Di et hyl si | andi ybi s(2- net hyl - 4-et hyl -indenyl)Zr[err],

Di met hyl si | andi yl bi s(2- met hyl - a- acenapht h-1-i ndenyl )ZrC[ err

Phenyl ( Met hyY9 $#138di y| bi s( 2- net hyl - 4 5 benzo-1 -indenyl )Z’r’ /996114945
Phenyl (Met hyl ) si | andi yl bi s(2-net hyl -4, E ?n:et hyl benzo) - 1-i ndenyl ) ZrC[ err],
Phenyl (Met hyl ) si | andi yl bi s(2-net hyl -4, 5-(t etranet hyl benzo) -
1-inrenyl)ZrClerr], Phenyl(Mthyl)silandiylbis (2-nmethyl-a-acenaphth- 1
-indenyl)zZr(err], 1,2-Ethandiyl bis(2-nethyl4,5-benzo-1-indenyl)Zr(err],

35 12-Buta '&fahhgé &nﬁiﬁmﬂ TaRimOR R Wil dn'MiRAYdus Ll h W drlhydride of an
D net hyl si | an Qi: E , b-benzo- }-I ndenyl ) Zr err]hy W97/ 11115
RPCT/ US96/ 1494 d| ylbis(2,4,7-trincethyl-1-indeny[err],

D et hyi | andyl bi s(2 rret hyI 1-i ndenyl )ZrC[err] 1 ,2-Etandiyl bi s(2-nethyl -

1-id 1)z t Z
o o) TR ol o i) 171
(2- et hyl -

1, 2- But an
10 ndenyl ) Zr Cirgrsnﬁponmatenal, preferablyapurous support material, such as for example, talc,

Di net hyl si | a }ﬁgﬁmg

Phenyl ( Met hyn%" BH%B‘P g% :T@zw* ::E:ﬁ&% ,9 Fgoapxg;q:;gw £tg2 atohideﬁn

D net hyl sila

D net hyl si | anstiexdgh pstide SizEgreaternhuadn¥0 pi: | ndenyZr Cerr], and the |ike.
10

The preferred support materials are inorganic oxide materials, which include
those from the Periodic Table of Elements of Groups 2, 3, 4, 5, 13 or 14 metal oxides,
Preferably silica, alumina, silica-alumina, and mixtures thereof. Other inorganic oxides
that may be used either alone or in combination with the silica, alumina or silica-

15  alumina are magnesia, titania, zirconia, and the like.

Supported metallocene catalyst systems may be made in a variety of ways. A
general support technique is described in U.S, Patent No. 5,240,894 (fully
incorporated herein by reference). This method involves contacting, in & suitable

20  solvent or other liquid, a metallocene catalyst component as described above with
alumoxane or methylalumoxane (MAOQ) as described above to form a reaction product
in solution. The mole ratio of the aluminum of the alumoxane component to the
transition metal of the metallocene component is preferably in the range of ratios
between about 12:1 to about 800:1, preferably 20:1 to less than 500:1, and most

25  preferably 50:1 to less than 400:1.

Tonizing activators, neutral or ionic, may also be used including compounds
such as tri {n-butyl) ammonium tetrakis{pentafiurophenyl) boron, which ionize the
neutral metaliocene compound. Such ionizing compounds may contain an active

30 proton, or some other cation associated with but not coordinated or only loosely
coordinated to the remaining ion of the ionizing compound. Combinations of activators
are also contemplated by the invention, for example, alumoxane and ionizing activators
in combinations, see for example, WO 94/07928.

35 Descriptions of ionic catalysts for coordination polymerization comprised of
metallocene cations activated by non-coordinating anions appear in the early work in



These preferred netal | ocene catal yst conponents are described in detail in
U. S. Patent Nos. 5,149,819, 5,243,001, 5,239,022, 5,296,434 and 5, 276, 208
.and in EP 15 576,970 all of which are herein fully incorporated by
reference. Metallocenes are typically activated with an activator such as
an ioni c acpvhfysand/ or an al kyl al unoxane. Al kyl al unoxnegerigsofixdeosd 1 n the
formof linear or cyclic polyners. Generally, the al kyl ahunoxanes preferred
for use in olefin polymerization 20 tain about 5 to 40 of the
repeating units: Rwhere Ris a (Jerr]- g?err] al kyl including m xed al kyl s.
Particularly preferred are the 25 conpounds are net hyl al unoxanes (where R

is methyl). There are a varl ety of nmethods for preparing al unbxane,
non-1imti ngEEXI&r‘Pd7 agd USrpatent|S,il @lslﬂd[% 993334 665, 208,
4,952, 540, réfefbncé), Piede teddh a preférrdd

5 157,137, 5 WA@%M@% n%%f’ﬂépf%?%&%ﬁ%@%ﬂ iy, .

and 30 W 94ﬂmgmdkylévdnd¢mymabmmﬁammmmwomwm Al unoxanes

are al so ¢oNMgRmignicdnd)e by e ABn-B8drinktiigliionane (MAO) sol utions tend
to becone cl oudy and gelatinous over time. It may be advantageous to

clarify such solutions pr| or to use. A 35 nunber of nethods are used to

create gel -free Mile teonnonsaordinatinganicolimeansge aaiof whichteitker dogsunot ons. Gel | ed
solutions ar @o&ﬁﬁﬂﬁtﬁ'sﬁ&b&no%%'@@&h%o ﬁ%orddm&d 15348 BitiohPhersbyl 57, 137

diSC1 0505 2 L OEeRS kY WDt 6 blaced) & Mo ESAAE ol 21 UrOXaE

US96/ 14945
- 11 - by0t r aendontlinating aujonsare thosewhich art notodegradedoineutnalitawhentheus sal t

and/or hydri g4y festned|clomplex Becomiplidts | FiPth2 fHefanioR Will not transfer an anionic
substituent or fragment to the cation so as to cause it to form a neutral four coordinate
metaliocene compound and a neutral by-product from the anion. Noncoordinating
anions useful in accordance with this invention are those which are compatible,
15  stabilize the metallocene cation in the sense of balancing its ionic charge in a +1 state,
yet retain sufficient lability to permit displacement by an ethylenically or acetylenically
unsaturated monomer during polymerization.

The use of ionizing ionic compounds not containing an active proton but
20  capable of producing both the active metallocene cation and an noncoordinating anion
is also known. See, EP-A-0 426 637 and EP-A- 0 573 403 (incorporated herein by
reference). An additional method of making the ionic catalyst systems uses jonizing
gnion pre-cursors which are initially neutral Lewis acids but form the cation and anion
upon ionizing reaction with the metallocene compounds, for example the use of
25  tris(pentafluorophenyl) boron. See EP-A-0 520 732 (incorporated herein by reference).
Tonic catalysts for addition polymerization can also be prepared by oxidation of the
metal centers of transition metal compounds by anion pre-cursors containing metallic
oxidizing groups along with the anion groups, see EP-A-0 495 375 (incorporated
herein by reference).
30
Where the metal ligands include halogen moieties (for example, bis-
cyclopentadienyl zirconium dichloride) which are not capable of ionizing abstraction
under standard conditions, they can be converted via known alkylation reactions with
organometallic compounds such &s lithium or aluminum hydrides or alkyls,
35  alkylalumoxanes, Grignard reagents, etc. See EP-A-0 500 944 and EP-A1-0 570 982
(incorporated herein by reference) for in situ processes describing the reaction of alkyl



The netal | ocene and/or activator may be supported. For purposes ofthis 5
‘and may be any support nmaterial, preferably a porous support material, such
as for exanple, talc, inorganic oxides, inorganic chlorides and resinous
support materials such as polyolefin or polyneric conpounds or any other
organi c natWO%Mfat i s porous and has an average parti c/RETESPE 142 at er
than 10 [err]. 10 The prefered support materials are inorganic oxide

mat erial's, which include those fromthe ¥eriodic Table of Elements of
Goups 2, 3, 4, 5, 13 or 14 netal oxides, Preferably silica, alumna,
silica-alumna, and m xtures thereof Qther inorganic oxides that may be
used either gQjaR | ' | hs rﬂﬁa]ﬁ:ﬂc' e ' for Sighl Ca- 15
alum na are mgn@f%ﬁ%ﬁﬁ%&%‘#’y&an the |1 g@%ﬂ%ﬁ%’rt?eoé%t al ocene
catal yst systhnaddition of activatiag anjonic comppRds. of ways. A general support
technique is described in U S. Patent No. 5,240,894 (fully incorporated
her ei n by referen?@mcd ' ; | - 3GhdtiRcer hiabl e 20
sol-vent or. ot her .quJ E%iﬁﬁgﬁ)’%&%@ﬁﬁgﬁﬁ St nee{baté;gx% i bed
above witf am@ ORI ATE é‘hg’cq 8%5%@??@&1 £33 @é‘i 18 forma
reacti on procndin ¢oapending . S.rSer. Nuoc 08288380 filed Aogust 31994 (mvomorated heérein

al uitmoxane c¢ t tlﬁ@lﬂ?ﬁ?ﬂﬁl":ﬁll : o onent
is preferabl 3%%&%@}?}?9& 0 atlogggrg?v\%%irﬁhég%gﬁ@l :e‘uﬁ"pagoutl 8Q0: 1,
preferabl y 2@olymegc opierganis supporss that have bepndargely dehydrated 8?}'9' opylstedy | ess
than 400: 1. loposing n@nml aniai préchrsorsathistiapé sufficiently steong lewisakids tdsctivated

i ncl udi ngpCco Hﬁ{ﬁ'?‘ﬁ’g Jer (1= '

tetrakis gen@ﬁigﬁrj@ﬁe %%&W}%%@Sﬁ %lf':hrtrlégft,gﬁ ocene
conpound. Su mscﬂ‘ﬂ‘&feﬁﬁmiscﬁ%ﬁm ?"W"éé“ﬁ hydrogsmotihs ivderxy@rounds ot on, or
sone ot her caviilableas potomtetbe methiodsnd comgtoundsor di nat ed or only | oosely
coordinated to the renmaining ion of the ionizing conmpound. Conbinations of

activators are also contenplated by the invention, for exanple, alunbxane
and ioni zi ng acti (B8P o ethod reaybe usedtop Wleﬁ%ém?gzs.
15  useful for making the films of the invention as long as a metallocene catalyst system is

used. For example, a gas, slurry or solution phase process may be used. Preferably,
the polymers are prepared using a gas phase or slurry phase process, most preferably a
bulk liquid propylene polymerization process is used.

20 The films of this invention are shrink films including monolayer or multilayer
films involving other polymer film layers, cast extruded or tubular blown extruded
films, coextruded and/or laminated films. These films can be used to package an
infinite variety of products, including food and non-food packaging products. Non-
limiting examples are packaging for meats, pizza, produce, furniture, paper products,

25  compact discs, records, and tapes, hardware, toiletries, medicines, toys, appliances,
and office products to name a few. Packaging modes can include overwrapping,
multipackaging, bundling, spray wrapping, and window packaging. Typically,
propylene polymer shrink film is fabricated by initially extruding a film sheet and then
orienting or stretching the film, preferably biaxially such as is performed in the

30 production of conventional biaxially oriented propylene polymer film. The film is then
heated to induce form fitting shrinkage.

The films of this invention leave a number of improved properties including
higher shrink tension. Preferably, the shrink tension (as measured per the description
35  accompanying Table 3) is at least 10%, preferably at least 15%, more preferably at
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35 Descriptions of ionic catalysts for coordination polynerization
conprised of netall ocene cations activated by non-coordi nating ani ons
appear in the early work in WO 97/ 11115

PCT/ US96/ 14945 - 12 - EP-A-0 277 003, EP-A-0 277 004 and US patent

5,198, 401 apg oWfifs 92/ 00333 (i ncorporated herein by refer gegaisecdddgse teach
a preferred nethod of preparation wherein netallocenes (bisCp and nonoCp)
are protonated by an anion precursor sugh ihat an al kylthydride group is
abstracted froma transition netal to make it both 5 cationic and

char ge- bal anced by the non-coordi nati on anion. The term "noncoordi nating
ani on" means an ani on which either does not coordinate to said cation or
whi ch i s onl yeasis20% higherchah theutheidk temsion ofia filat prepared simildsly botwith diegler-

suf ficiently NanaiprSduced plyridr Sk Rtkbritise Bomipatitiél Lewi s base. "Conpatible 10
noncoor di nati ng ani ons are those which are not degraded to neutrality when -

the initially forned conpl ex deconposes. Further, the anion will not
transfer an ani oniAddkMyheéllﬂu@dMﬁm@hepolymadompomﬁsoﬁﬂisinwﬁbm cause it

to form ag newtt.@mmm ﬁm{,

by- product from

an ncoo a anlons sefl |n accordance
with is invefP regtph %‘ﬂf ﬁ‘bl“@‘“’#ﬂﬁ”?a e t he

met al | ocene @anbloq:k m@m&uﬁsmﬂ&ﬁbatmdm@emimxclmmgehamothara +
state, yet rehak

et hyl eni cal | y 0 e ni ca sat,ur at,iiaac?E no % zat I on.
The use of & ‘iﬁ‘%‘ﬁﬁ% ?ﬁ*ﬁ%&ngﬁmg&rﬂ"ﬂe ton but 20
capabl e dp pmddinon,mydmednddfmdlacpetmmehsdkdmmeneesmahupbemdaaaddmves
noncoordi nating anion is also known. See, EP-A-0 426 637 and EP-A- 0 573
403 (i ncorpogt ed herein by reference). An additional method of making the

lonic cataly %‘ems uses ionizing anion pre-cursors which are initially
neutral Lewis acids but formthe cation and anion

Shrink films consistent with this invention were prepared from four propylene
15 copolymers and two propylene homopolymers. These were compared against shrink
films prepared as in the prior art from Ziegler-Natta produced random copolymer PD
9302 E1 (Sample 1) and Ziegler-Natta produced PP 4792 (Sample 6; essentially
homapolymer, 0.5 wt% ethylene comonomer). Both of the Ziegler-Natta polymer
products above (Samples 1 and 6) are commercially available from Exxon Chemical
20 Company, Houston, Texas, U.S.A. The properties of the polymers, Samples 1-8 are
detailed in Table 1.

The copolymer, Sample 2, was prepared using the metallocene catalyst system

rac-dimethylsilanediylbis(2-methyl-4,5-benzo-indenyl)zirconium dichloride, activated

25  with methylalumoxane and supported on silica. This catalyst system was prepared in
the following manner. A precursor solution was prepared by combining 837.4 g of 30
wt% methylalumoxane in toluene (Albemarle Corp., Baton Rouge, LA) representing
4.31 moles Al with 8.45 g of dimethylsilanediylbis(2-methyl-4,5-benzo-
indenyl)zirconium dichloride (0.015 moles Zr) by stirring. Then 249 g of toluene was

30 added and stirring was continued for 15 minutes. The precursor solution was added to
783 g of Davison MS948 silica (1.6 cc/g pore volume - available from W.R. Grace,
Davison Chemical Division, Baltimore, Maryland) previously heated to 600°C under
Na. The ratio of liquid volume to total silica pore volume was 0.95. The solid
appeared dry and free flowing. The volatiles were removed by drying at reduced

35  pressure (737 + mm Hg vacuum) and temperatures as high as 65°C for a total of 24.5



upon ionizing reaction with the netall ocene conmpounds, for exanple the use
of 25 tris(pentafluorophenyl) bharon See EP-A-0Q 520 732 (incorporated
herein by ref erence). lonic catalysts for addition polynerization can also
be prepared by oxidation of the nmetal centers of transition netal conpounds
by ani on pre-cursors containing netallic oxidizing groups along wth the
ani on groupwo9%3auisP- A-0 495 375 (incorporated herein by P ﬂl’f’g‘}“’. 30
Where the netal |igands include hal ogen noieties (for exanple, bis- :

cycl opent adi enyl zi rconi um di chl ori de) -t ch are not capabl e of ionizing
abstraction under standard conditions, they can be converted via known

al kyl ation reactions with organonetal | ic conpounds such as |ithium or

al um num hyd des !sﬁiﬁ%ﬁ@ﬁf’w Ghel JEleRRMENt s, etc.
SeeEP- A- 0 50 ol %fﬁ@%"’&g‘g%&b@‘?. ncorp rateérgher el n by reference)
for in situ praysissbowedi@d2mths ZeandHa. Ifawet Abn of al kyl W07/ 11115
PCT7 US96/ 14945 - 13 - al um num conpounds Wi th di hal o-substituted

net al | ocene conpo nds or Mém‘f £1g anionic
conpounds. Met hod ﬂ@aﬁgﬁ%ﬁﬂ%@%%&?@gﬁﬂﬁmﬁﬂ 1,SI n al | ocene
cations afd seqmrn@ﬁummlmmgnam Wﬁ%\é‘ﬁ 09882, WO
94/ 03506, WORRfiahihe145-996l( dvmaslefmm n&ersreemmm&ﬁaswm ed

August 3, 19 ne her addgtitar al ly
conpri se ei t%‘@’r"(’w&@ & d;}g "'Ff gﬂlioé ﬁH}gggr |%§r gani c
supports t hato theweactaren Iargely dehydrat ed and dehydroxyl ated, or using
neutral anion precursors that are suffici ently strong Lews acids to

upport s Ruch ¢ habe ReevHi F pelvReRine fodle 58 -é‘*%‘i@sﬂbugabﬁﬁé%ﬂéﬁ nydr ogen
of the hydro»f pgopyiqgeAeﬂnylene copolymer was conducted in a pilot scale continuous, sti
tank, bulk liquid phase polymerization process employing two reactors in series. The
reactors were equipped with jackets for removing the heat of polymerization. The
reactor temperature was set at 55°C in the first reactor and 51°C in the second reactor.
15  Catalyst was fed at the rate of 9.2 g/hr. Triethylaluminum (TEAL) was employed as
scavenger and fed at a rate of 2.25 ml/min. of a 2 wt% solution of TEAL in hexane
solvent. Propylene was fed at a rate of 99.8 kg/hr. Ethylene was used as comonomer
and its flow rate adjusted to provide an incorporation level of about 1.0 wt %.
Residence times were 3 hours in the first reactor and 2.2 hours in the second reactor.
20  The production rate of polymer was 13.6 kg/hr. The polymer was discharged from the
reactor as a granular product having an MFR of 3.9 dg/min. and a comonomer content
of 1.1 wt% ethylene.

Another copolymer, Sample 3, was prepared using the same catalyst system as
25  was used to make Sample 2.

The procedure for polymerizing Sample 3 was as follows. The polymerization
was conducted in a pilot scale loop reactor unit, employing one loop. The operation
was as a liquid full reactor and triethylaluminum (TEAL) was employed as the

30 scavenger. TEAL was empolyed as & 2% solution in n-heptane solvent and fed at a
rate of 220 mi/hr. Propylene was fed to the reactor at a low flow rate of 42.4 kg/hr in
order to maximize residence time. The reactor temperature was 55°C. The flow rate
of hexene-1 comonomer was adjusted to yield an incorporation level of 1 to 1.5 wt.%.
Catalyst was fed to the reactor at a rate of 10.7 g/hr. Productivity during the run was

35  about 420 g/gcat, with 2 production rate of about 4.5 kg/hr. The experiment was
continued until the supply of catalyst was consumed at which time the run was



e —

avai lable to protonate the netall ocene conpounds. Any pol ynerizati on net hod
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added and stirring was continued for 15 minutes. The precursor solution (625.9 g}
was added to 392 g of Davison MS948 silica (1.6 cc/g pore volume - available from
i5 WX Grace, Davison Chemical Division, Baltimore, Maryland) previously heated to
600°C under N2. The ratio of fiquid volume to total silica pore volume was 1.10. The
solid had the consistency of damp sand and was dried at reduced pressure (483 + mm
Hg vacuum) and temperatures as high as 50°C over 16 hours. 485.5 g finely divided,
free-flowing solid catalyst were obtained. Elemental analysis showed 0.09 wt% Zr and
20 737wt% Al

Several batches of catalyst system were combined to provide the charge for the
polymerization run. The catalyst system was oil slurried (15 wt%) for ease of addition
to the reactor.

25

The procedure for polymerizing Sample 4 was as follows. The polymerization
was conducted in a pilot scale, two reactor, continuous, stirred tank, bulk liquid-phase
process. The reactors were equipped with jackets for removing the heat of
polymerization. The reactor temperature was set at 70°C in the first reactor and 66°C

30  in the second reactor, Catalyst was fed at a rate of 6.6 g/hr. TEAL (2 wt% in hexane)
was used as scavenger at a rate of 1.6 g/hr. The catalyst system prepared above was
fed as a 15% slurry in mineral oil and was flushed into the reactor with propylene.
Propylene monomer was fed to the first reactor at a rate of 73 Kg./hr and to the
second reactor at 27 kg/hr. Reactor residence time was about 2.3 hours in the first

35 reactor and about 1.7 hours in the second reactor. Pofymer production rates were
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were obtained. Analysis showed 2 loading of 8.95 wt% Al and 0.17 wt% Zr, with an

AVZr molar ratio of 180.

20 Several batches of the catalyst system were combined to provide the charge for
the polymerization run. The catalyst system was oil slurried (15 wt%) for ease of
addition to the reactor.

The procedure for polymerizing Sample 5 was as follows. The polymerization

25  was conducted in a pilot scale continious, stirred tank, bulk liquid phase
polymerization process employing two reactors in series. The reactors were equipped
with jackets for removing the heat of polymerization. The reactor temperature was set
at 70°C in the first reactor and 64°C in the second reactor. Catalyst was fied at an
estimated rate of 13.5 g/hr. Triethylaluminum (TEAL) was employed as scavenger

30  and fed at a rate of 2 mli/min of a 2 wt% solution of TEAL in hexane solvent.
Propylene was fed at a rate of 65.8 kg/hr to the first reactor and 27.2 kg/hr to the
second reactor. Hydrogen was added for molecular weight control, at 600 mppm in
the first reactor and 900 mppm in the second reactor. Residence times were about 3
hours in the first reactor and 2 hours in the second reactor. The production rate of

35  polymer was 25 kg/hr. The polymer was discharged from the reactors as a granular
product having an MFR of 2.0 dg/min.
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a total of 24.5 WO 97/ 11115 T
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pol ymeri zation, 2 wt % Kernanm ne AS-990 (available from Wtco Corporation,
Greenwi ch, CT), was added to the catal ys#8dry solids. The catalyst was then
oil slurried (15 w[err]) for ease of addition to the reactor. 10

The procedure for polynerizing Sanple 2 was as follows. The pol yneri zation
of propyl ene/ et hyl ene copol ynmer was conducted in a pilot scale continuous,
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25 was us edm;xgugra wlésevisstgl'}p . ﬁ'eating was continued for 3 hours at 68°C under vacuum.

The solids were cooled and collected to yield a light red, free-flowing solid (767 g,

0.11% Zr, 12.34% Al, AVZr = 379, 30.63% Si).

15
Several batches of the catalyst system were combined to provide the charge for
the polymerization run. The catalyst system was oil shurried (15 wt%) for ease of
addition to the reactor.
20 The procedure for polymerizing Sample 7 was as follows. The polymerization

was conducted in a pilot scale continuous, stirred tank, buik liquid phase
polymerization process employing two reactors in series. The reactors were equipped
with jackets for removing the heat of polymerization. The reactor temperature was set
at 60°C in the first reactor and 56°C in the second reactor. Catalyst was fed at an

25  estimated rate of 4.0 g/hr. Triethylaluminum (TEAL) was employed as scavenger and
fed at a rate of 1.6 g/lhr. The TEAL was fed as a 2 wt% solution in hexane solvent.
Propylene was fed at a rate of 63.5 kg/hr to the first reactor and 27.2 kg/hr to the
second reactor. The pressure was 28.9 kg/cm’ in the first reactor and 25.9 kg/cm® in
the second. Ethylene vapor concentration was 10.5 mol% in the first reactor and 11.4

30  mol % in the second reactor. Hydrogen was added for molecular weight control, at
990 mppm in the first reactor and 950 mppm in the second reactor. Residence times
were 2.6 hours in the first reactor and 1.8 hours in the second reactor. The production
rate of polymer was 18.1 kg/hr from reactor one and 9.5 kg/hr from reactor two. The
polymer was discharged from the reactors as a granular product having an MFR of 4.0

35 and an ethylene content of 3.4 wt%.
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Shrink films were prepared from samples 1-8 using the following operations.

10

Cast monolayer sheet (of typically 508 um gauge or thickness) was fabricated on a

Killion cast film line. The line has three 24:1 L/D extruders (‘A" extruder at 2.54 cm
diameter, ‘B’ extruder at 1.91 cm diameter and ‘C’ extruder at 1.91 cm diameter)
which feed polymer into a feedblock. The same polymer was fed into all 3 extruders
for monolayer sheet production. The line employed a 20.3 cm wide Cloeren die.

15

Molten polymer exits the die and is cast onto a chill roll with a 20.3 cm diameter roll

and 25.4 cm roll face. The casting unit is of adjustable speed to obtain film of the
desired thickness. Operating conditions used are shown in Table 2.
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Following the production of cast sheet, 5.08 cm x 5.08 cm squares of the
sheets were stretched (to 6 X 6 along MD x TD) using a T. M. Long stretching
machine. For the stretching of the copolymer samples (Samples 1, 2,3, 7 and 8 in
Table 1), a stretching temperature of 138°C was used for Samples 1, 2, and 3 and
124°C for Samples 7 and 8. For the stretching of metallocene homopolymer, Samples
4 and 5 were compared versus Ziegler-Natta polymer Sample 6. To produce clear,
crisp, stretched films from these homopolymers, a stretching temperature of 154°C

was used. A preheat time of about 25 sec, prior to stretching, was adopted in ail cases.

10

Film product data are shown in Tables 3 and 4. Table 3 compares the films
made from conventional Zeigler-Natta random copolymer (Sample 1 at approximately
4 wt% comonomer) with films made from four metallocene-derived random
copolymers (Samples 2 and 3 at approximately 1 wt% comonomer and Samples 7 and
8 at approximately 3 wt% comonomer). Table 4 compares films made from

metallocene homopolymer Samples 4 and 5 with Ziegler-Natta catalyzed polymer
Sample 6.

15

20
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second reactor. The production rate of polyner was 18.1 kg/hr fromreactor

one and 9.5 kg/ hr fr t he
reactors as a granul ar rf@%&tct haV| n %@S‘?pﬁ 8 d!g‘a an%e 31?1 ene
cantent of 3.4 wamples|l, iy Table ‘he metallocene - based shrink

PCT/ US96/ 14945 -coﬂnﬁavﬁbleeehanleagedmp@ig;iﬁﬂnﬂy Sighd ¢ 25%)vasbrink tqnsomdomm ag t he
sane catalyst a ﬁgﬁp Qﬂ}nﬁ

pol yneri zi ng Sasnéolw was SI m r m{%at re edﬁ@?e""{oﬁ?ﬁe)\(/;i?qM for
Sanpl e 3, exceptBeweRn é"“l‘?e‘?@ cenerbagasd films.o Mesa%ljaﬂipedh%?@%rteﬁ%l el d
an incorporati orfoicwafe sifnilat. OThéréodoéshidtcippédras Behsnylsighifidahe shirink | tensidn of

Sarple 3. 52 K0 ol Gl A48 B G el V1, S0 5. ol

PCT/ US96/ 14945 - 20 -
Shrink tension relates to the force that the final shrink packaging applies on

10  the package contents at a packaging temperature. Generally, a high shrink tension
force (but below the force level where damage or deformation is inflicted on the
package contents) is highly desirable to provide a taut, crisp packaging that secures
the package contents as well as provides an appealing presentation.

15 With metallocene catalyzed propylene polymer, the shrink properties of the
films can be tailored to meet the desired target by adjusting the comonomer
content. This can be seen by comparing Sampies 1, 7 and 8 in Table 3. The level
of comonomer is roughly the same across these 3 samples (3-4 wt%). The
shrinkage levels (at 135°C for 3 min), however, for the metallocene polymers

20 (Samples 7 and 8) are noticeably higher (> 30%) than that of Sample 1, the Z-N
control. The shrink tension values are also substantially higher for the metallocene
polymers (more than twice as high as Z-N control Sample 1). The metallocene
catalyzed propylene polymers thus provide a much greater capability for tailoring
shrink properties through adjustment of comonomer content, compared to

25  conventional Ziegler-Natta propylene polymers.

In addition to the surprising shrink behavior of the metallocene-based
oriented shrink films, the data in Table 3 show that the metallocene-based oriented
shrink films (Samples 2 and 3) have more than 50% higher stiffness, higher tensile

30  strength and better moisture barrier than Ziegler-Natta based shrink films (Sample
1) of similar resin MFR and meiting temperature. Also, FDA extractables are
lower for the metallocene-based films (see Table 1), allowing use in a wider array
of FDA packaging conditions and applications. Film haze and gloss values are
comparable to the Ziegler-Natta based films. The balance of properties of the

35  metallocene-based films is thus very favorable, with considerable leeway for
optimization, depending on which film attributes are desired and valued. For



Tabl e 1 Description of Sanples* Mlting Hexane MR Conmononer

Tenperatue Extracabl es Sanpl e Cat al yst (dg/ m) [err] (€—
(vvt% _Z-[err] 3.8 Cerr] (4.0) 139

Met al | ocene 3.9 C2 (1.1) 139 0.4 3
NEt al I ocen C6 (1.2) 139 0.
Met al | ocen:wo”/hﬁs none 150 OWW“MS
Met al | ocene 2.0 none _ 24151 0.7 6 Z-N
2.8 C2(0.5) 158 1.3 7 Met al | ocene 4.0
C2 (3.4) 127 1.4 8 Met al | ocene 5.5 C6 )3.0)
127 1.2 * Percent extractables was determned via 21 CFR
177.1520 (D) ( 3)mmmmmmmmmmwa%qﬁsm«mmmm 5
D1238 Condi ti Ofprbyide fitt With basidP sdafiisid Mreifiger VAR, B etmikeak

tenperature from DSC r,uns at..10 and ing ra nmoner
content was det'€ASiAnARd comparable gﬁﬁ%’ﬂpm% éﬂ&?g?%iz'egoﬁﬁVR *

Zi egl er - Nat t a G¥attal basesicshofiims| Tﬁsnwdnﬁfmddrfmmcmmmmmfehhﬁmmmfpl es 1-8
lerp]g tggﬁg]:aglolr { 'g)lfness was al])&lnggt ed yﬁ; |oﬁ i¥etya|@ir‘1313y ‘SI'gg
line has three 322*&“ é&f’a’&‘ ?e"%l?"?" iﬁlﬂ#’ '

extruder at 1. %jwﬁnﬂm%ﬁaﬁngndndxﬁonextruder at 1.91 cm di aneter) Whl ch
feed polymer into a feedbl ock. The sanme polynmer was fed into all 3

Qloeren die. 15 NCTBEA BEWY Hevale ot s nadn fom FRaloone UAER 0 5 chil|
roll wth a020. l&mpbljvpmpﬁms (Sahplesahahd S) cmpared tolfilm imade frothi RleglareNattag  uni t
'angr : ?glngshgg' ar i o’% mﬁ% 6§ Jgﬂ@dlfta $nB% thife Gbdpfiéltte¥o€ oAGsE SnetflRS " AL 1 NY
temperature o cene polymers (Tm 150°C versus 158°C), the
metallocene polymer film (particularly Sample 5) compares very favorably with the
Ziegler-Natta control (Sample 6). Selecting a metailocene homopolymer with an
15 even lower melting temperature (about 145°C versus the 151°C of Sample 5) will

permit shrink film having higher levels of shrinkage and shrink tension. This is

further demonstration of the favorable balance of properties and leeway for

optimization afforded by metallocene propylene polymers.
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:mﬂmwmm dl erﬂNat t a pandomgopdl yeasTmMIssEpl e j1 at
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| and Solessi$s 7 arjd 92 94 95 ASTM D 2457
WVTR @ 37.8°C, 100% 5.7 59 6.2 ASTMF 372
RH
‘ gg/m’ldayperzs.w@)
Shrinkage 8 12 12 Company Test
(% @ 135°C, 3min) Procedure*
Shrink Tension (g force) 23 55 52 Company Test
@ 110°C Procedure*

*Shrinkage was measured as the percentage decrease in length of a sample of film along
the MD, after 3 minutes in a circulating air oven at 135°C. Shrink tension force was determined
by mounting a film strip, 2.54 cm wide and cut along the MD, in the jaws of an Instron machine
(Mode! 1122). The separation of the jaws was 5.08 cm. An environmental chamber surrounded
the jaws. The chamber space could be heated and controlled to desired temperatures to induce
shrinkage and the associated shrink tension force in the film samples. Experiments were
conducted at a temperature of 110°C. The film strips were mounted taut at ambient temperature
following which the environmental chamber was closed and the temperature raised to 110°C.
Once the test temperature was reached, the test was continued for 20 minutes at this temperature.
The tension force developed in the film from the time of initial lJoading was recorded on a strip
chart recorder. The final leveled-out force reading when the film had equilibrated at 110°C was
taken as the shrink tension force at that semperature (g force). Two runs per sample were
conducted at 110°C to check reproducibility and average the data.

The foregoing description is intended to exemplify preferred embodiments
of the invention. The invention includes other embodiments not necessarily within
the scope of any expressed examples or embodiments recited above. The
invention, therefore, is limited only as set forth in the appended claims.
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ool y WATEHBETHRRE™" o5 4%?,”.‘1%55 a2 e]9' er-Natta catal yzed

PCT/ US967 14948 -22 * [err]
PCT/ US96/ 14084 9111163 - For resi I ting tepppi P;‘H
simlar MFR (i.e., Sanples 1, 2, and 3 in Table 3), the netal ene - based
shrink filns provide conparable shrinkaﬁf but significantly higher (> 25%
shrink tension forces at 11 O[err]C tha 6does t he Zi egl er-Natta based
shrink film which is unexpected. 5 Between the two netal | ocenebased
films, Sanples 2 and 3, the skrink tension forces are simlar. There does
not appear to be any significant shrink tension benefits between ethyl ene
and hexene-1 ag pononer. Shrink tension relates to the force that the
final shrink packaging applies on 10 the package contents at a packagi ng
tenperature. Cenerally, a high shrink tension force (but bel ow the force

| evel where damage or deformation is inflicted on the package contents) is

package contents as ] cairaing S or hire Rjerd SR Bl SIS AR o
\F/)Vth ?real ocene cat a% (9§ %B’bﬁ M&. egﬁgqt%ie ﬁ?gfﬁ &H%s of the

weight percent.

10 2. The film of claim 1 wherein the polymer is substantially isotactic and has
hexane extractables of less than 3 weight percent and wherein the shrink
film is oriented at least once.

15 3. The film of claim 1 wherein the propylene polymer is isotactic.

4. The film of claim 2 wherein the hexane extractables is Jess than 2
weight percent.

20 s The film of claim 1 wherein the polymer is substantially isotactic

6. A film comprising one or more layers of shrink film comprising metallocene
catalyzed, isotactic propylene polymer having hexane extractables of less
than 3 weight percent. and wherein the polymer comprises from 0.1 to 20
25 weight percent comonomer.

7. The film of claim 6 wherein the shrink film is oriented at least once.
8. The film of ciaim 6 wherein the propylene polymer is substantially isotactic.
30

9. The film of claim 6 wherein the hexane extractables is less than 2 weight
petcent,

10.  The film of claim 6 wherein the polymer comprises from 0.5 to 15 weight
35 percent comonomer.
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filnms can be tailored to neet the desired target by adjusting the conpnoner
caonten i en_by caonparing Samples 1.7 and 8 in Table 3. The

| evel lnmlmmmwm@"mmﬂoughl y the sane across these 3 sanples (34 w%).

The shrrnkaget | evelss ¢at 135[err gh%p Iy A ver, for the netall ocene
polyners 20 (Sanples 7 and 8) aye oi%%%é&@%aﬁﬁﬂ er (> 3g%§_than t hat of
Sanple 1, tH@’ZﬂRBéontrol . The shrink i val Jes are IO inti al 1y
hi gher for the netall ocene polyners (nore than twce as high as Z-N control
Sanple 1). The netal | ocene catal yzed prodlyFene pol ymers thus provide a much
greater capability for tailoring shrink properties through adjustnent of
conononer content, conpared to 25 conventional Ziegler-Natta propyl ene
polymers. In adgjti t LSi i ﬁ”mﬁ i ¢ :

met al | ocene- basiejid o(r)?%etn e s%ﬁ%ﬁ%ﬁé‘%& at Hﬁﬁ%‘lﬁt%&?ﬁgw t hat the
net al | ocene- based orPEEPAREEPMANOMEL fi| ns (Sanples 2 and 3) have nore than
50[err] higher stiffness, higher tensile 30 strength and better noisture
bari er than Zieger- ' i gﬁﬂnle daffgnal resin
MFR and mel ti ngp%'emgﬁéaélﬁ‘r@wggﬂ%ihée%ﬁgé‘a esz’éol’ES)és’IO%vver fOIgr t he

net al | ocene-based fi¥ABS(see Table 1), allowing use in a wider array of FDA
packagi ng conditions and applications. Film haze and gl oss val ues are
conparable to t Zi - ' | cafbop hfeaR! ti es of
the 35 netalIggené?ggQ@HN?Fﬁﬁggms ttﬁ%&€§¥§ ajg?éﬁpg? mﬁtﬁ consi der abl e
| eeway for optimzation, depending on which filmattributes are desired and

val ued. For Y4)9 7/ Backdging material prepared from the film of claim 1.
PCT/ US96/ 14%5 - 24 - exanple, increasing the conmononmer |evel (up fromthe

1% of Sanmples 2_and 3) will provide filmwth easjer sealing and stronger
seal s, higher shti nk%ﬂj&mﬂmmybﬁkﬁ%& d’h’ﬂ'ﬁpabl e stiffness and
W/Tr as conpared to conventional Ziegler-
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properties of 5 net al | ocene based Sanples 7 and 8 versus Ziegler-Natta
‘control "Sarpbevhiii® Table 3. To a certain_degree, film ' §842nd shrink
tension can also be tailor e% muzu ng fhe fabricati ?i'gwggﬁ'g. ditons.
Tabl e 4 shows the val ue of frofrrret al | ocene cat al yzed 10
honopol ypr opyl enes (Sanpl es 4 and 5) ?grrpar ed to-fttmrede—fom
Ziegler-Natta catal yzed pol ymer (Sanpfé 6). The MS@WWA&EEEMespi te the
8[err]C lower nelting tenperature of the netal ljoceneRpolAGEY s (T 150C
versus 158[¢HikdsC), the netallocene polymer film (partrcurarry Saimple 5)
conpares very favorably with the Ziegler-Natta control (Sanple 6).
Sel ecting a netal |l ocene honopol ymer with an 15 even | ower melting

tenperature (about, 145[err] C versus e 1 err] C of Sa,rrple5 will permt
shr.ﬁ‘rk filﬁrhaw té’ BRAE|OF mgre Ptsr?za eleéte hisis
further denonst rcatalyred,dfotddse ptmemrmrm@mmmmm | eeway for
optim zation af fﬁ%@%ﬁ%ﬁl | ocene propyl ene pol yners. W97/ 11115
PCT/ US96/ 114945 Properties of Stretced Hanopol yaropyl en

F| | ms Property Sample 4 Sanple 5 Sanple 6 Test Met hod

Pr offd omet er' 1( gﬁ% ﬁ’lrg‘l"k/ﬁlé'h?‘ e%?the(p%%ls subs%é%smmc %8%8 18

ASI MD 882 Ul t i méwanpspryrstablessidgss than 3 weight percent anbwherein the styink ASTM

D 882 U timate Huanoadkdntss ,{th@g{dﬁcg 61 70 76 ASTM D
882 Haze (M 0.9 0.3 ASTM D 1003

15 3. The film of claim 1 wherein the propylene polymer is an isotactic
homopolymer.

4, The film of claim 2 wherein the hexane extrzctaﬁies is less than 2
20 weight percent.

S. The film of claim 1 wherein the polymer is substantially isotactic.
6. A film comprising one or more layers of shrink fiim comprising metallocene
25 catalyzed, isotactic propylene polymer having hexane extractables of less
than 3 weight percent, and wherein the polymer comprises from 0.1 to 20

weight percent comonomer having 2, 4, 5, 6, or 8 carbon atoms.

7. The film of claim 6 wherein the shrink film is otiented at least once.

30
8. The film of claim 6 wherein the propylene polymer is substantially isotactic.
8. The film of claim 6 wherein the hexane extmctables is less than 2 weight
percent.
35
10.  The film of claim 6 wherein the polymer comprises from 0.5 to 15 weight
percent COmMODOME.
REPLACEMENT SHEET|
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37.8C. 100[err] " BAGEMENT 5 9. 6.2 ﬁé&%@ﬁ
(g/merr]day per 25j4fferr]) - Shrl nkage EET
12 12 T Comp3MAIT ¢Sty ( e r]...ferr] 135[err] C, 3m n)
Procedure* Shrink Tengsion (g force ”Zé

g(r)ggggﬁr-erefg [?er!agﬁlvvagrir{a;sured aé he perce wmmmum;l“m length of a
sanpl e of fi *ong 5 the MD, after 3 mnutes ih a'citcdlating air oven

at 135C. Shrink tension force was determ ned by nounting a filmstrip, 2.54
cmw de_and cut along the MD, in the jaws of an Instron machine (I\/bdel
1122). The sbkparati Arfilafcomprisingensersmaredayersof film cemprising mttﬂlal:ene loataly:

surrounded the jawsy e, could be h fro Ied to
desired tenperatures %o |ﬁ§€yﬁ? Pfﬁ?lﬁ% léaé'%lgexf‘?\e ’§§a§8g}e§t° &eﬁ %
force in the film spemEnes. Experinents were 10 conducted at a terrperature
of 11dJerr]C The filmstrips were nounted taut at anbient tenperature
foll owi ng which the environnental chanmber was cl osed and the terrperat ue
rai sed to 11%) er r] Crhe@eeoficiSm!IaRHerdis Moot s
conti ntfgd for 20 mnutes at this temgéatoure ‘?ST&}(]Yggt%ens?i g?%gr%g%g aﬁ%ed
in thelfilmfrom t Hetmastablenpf less than|3 weight paycentiand wmedeﬂhecfﬂmssmrenpdcahart
recorder. The fi ”alle%s%ﬁc% £d-out force reading when the film had
equilibrated at 110[err]C was 15 taken as the shrink tension force at that
tenperature (g force). Two runs per sanple were conducted at 11Qerr]C to
check reprodyci bili nd er e _data. ,The forego descr ion is
i nt ended todéejxerrpl |%%%9%M3%%%HWWI§’IWPPWF %\Féﬁﬁ%taé'ﬁc ‘C‘Q’H I¥0&nt i on
i ncl udes ot her enbodi nents not necessarily within 20 the scope of any

The invention, therefore,

expres d exanpl es Qr enbodi nents recited above.
is |ini ged o% y as ﬁ?tglff%roﬂ?%“ﬁ 2 irehersin dhpy bexane sxpectables is less than 2 weight

percent.
5. The film of claim 1 wherein the polymer is substantially isotactic.
20 6. A film comprising one or more layers of film comprising metallocene catalyzed,

isotactic propylene polymer having hexane extractables of less than 3 weight
percent, and wherein the polymer comprises from 0.1 to 20 weight percent
comonomer having 2, 4, §, 6, or 8 carbon atoms.

25 7. The film of claim 6 wherein the film is oriental at least once.
8. The film of claim 6 wherein the propylene polymer is substantially isotactic.
9. The film of claim 6 wherein the hexane extractables is less than 2 weight
30 percent.
10. The film of claim 6 wherein the polymer comprises from 0.5 to 15 weight

percent comonomer.
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(54) Title: SHRINK FILMS FROM PROPYLENE POLYMERS
(57) Abstract

Shrink films prepared from metallocens catalyzed propylene homopolymers and copolymers are provided. The films exhibit a unique
balance of properties as compared to known shrink films including higher stiffness, tensile strength and moisture barrier, lower extractables,
improved shrinkage and increased shrink tension. In addition, the shrink behavior of the film can be substantially tailored by modifying the
amount of comonomer present in the propylene polymer.




