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article(s) into a bag (or sleeve) fabricated from a heat shrink film,
then closing or heat sealing the bag, and thereafter exposing the bag to
sufficient heat to cause shrinking of the bag and intimate contact
25 between the bag and article. The heat can be provided by conventional
heat sources, such as heated air, infrared radiation, hot water,
combustion flames, or the like. Heat shrink wrapping of food articles
helps preserve freshness, is attractive, hygienic, and allows closer
inspection of the quality of the packaged food. Heat shrink wrapping of.
30 industrial and retail gecods, which is alternatively referred to in the
art and herein as industrial and retail bundling, preserves product
cleanliness and also is a convenient means of bundling and collating for
accounting purposes.
The biaxial heat-shrink response of an oriented polyolefin
35 film is obtained by initially stretching fabricated film to an extent
several times its original dimensions in both the machine and transverse
directions to orient the f£ilm. The stretching is usually accomplished
while the fabricated film is sufficiently soft or molten, although cold
drawn shrink films are also known in the art. After the fabricated film
40 is stretched and while still in a stretched condition, the stretch
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impact resistance. However, the effect of density, crystallinity and
25 compositional homogeneity on optimum orientation temperature is not
known. 1In the prior art, there are only general rules of thumb or
generalized teachings relating to suitable stretching conditions. For
example, in commercial operations, it is often said that the temperature
at which the film is suitably soft or molten is just above its
30 respective glass transition temperature, in the case of amorphous
polymers, or below its respective melting point, in the case of semi-
crystalline polymers.
An example of teaching that’s beyond ordinary rules of thumb
{but is nevertheless fairly generalized) is provided by Golike in US
35 Patent 4,597,920; Golike teaches orientation should be carried out at
temperatures between the lower and higher melting points of a copolymer

of ethylene with at least one Cg-Cig a-olefin. Golike specifically

teaches that the temperature differential is at least 10°C, however,
Golike also specifically discloses that the full range of the

40 temperature differential may not be practical because, depending on the
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Hideo et al. in EP 0359907 A2 teach the film surface
temperature at the starting point of stretching should be within the
range of from 20°C to about 30°C below the melting temperature of the
polymer as determined in regards to the main DSC endothermic peak.

25 While such teaching is considered applicable to homogeneously branched
ethylene/a-olefin interpolymers having a single DSC melting peak, the
prescribed range is fairly general and broad. Moreover, Hideo et al. do
not provide any specific teaching as to the optimum orientation
temperature for a particular interpolymer respecting heat shrink

30 response, nor any other desired film property.

An example of generalized teachings pertaining to
homogeneously branched ethylene/a-olefin interpolymers is provided in WO
95/08441. In the Examples of this disclosure, several different
homogeneously branched substantially linear ethylene/a-olefin

35 interpolymers were studied and compared to one heterogeneously branched
ethylene/a—-olefin interpolymers. Although the homogeneously branched
substantially linear eﬁhylene/a-olefin interpolymers had densities that
varied from about 0.896 to about 0.906 g/cc, all of the interpolymers
{including the heterogeneously branched linear ethylene/a-olefin

40 interpolymer, Attane™ 4203, supplied by The Dow Chemical Company, which
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Accordingly, although there are general rules and general
disclosure as to suitable orientation temperatures for biaxially
orienting polyolefins, there is no specific information as to optimum
orientation conditions as a function of polymer type and, more

25 importantly, there is no specific information for homogeneously branched
interpolymers which do not possess the “lower and higher melting peaks”
‘required by the Golike method. Also, while there is some fragmented
information regarding stretching at different orientation temperatures,
there is no specific information as to the maximum shrink response at

30 the lowest possible orientation temperature at a given stretching rate
and ratio for homogeneously branched interpolymers in general, and
especially no useful information for homogeneously branched
interpolymers having densities less than 0.91 g/cc. Still further,
although homogeneously branched ethylene interpolymers offer a variety

35 of other useful property advantages, at equiva =nt densities above about
0.907 g/cc, the shrink response of multilayer film structures which
contain a homogeneously branched ethylene interpolymer as the shrink
control layer, is generally viewed as essentially equivalent to
multilayer film structures which contain a heterogeneously branched

40 interpolymer as the shrink control layer. See FIG. 3.
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25 shrink response was previously thought to strictly follow polymer
density and to be independent of the polymer homogeneity, with this new
method of orientation, at equivalent densities, homogeneously branched
interpolymers have been found to provide utterly unexpected,
dramatically superior shrink responses relative to heterogeneously
30 branched interpolymers, especially at polymer densities less than 0.91
g/cc.
In particular, we have discovered a method of making a heat

shrinkable polyolefin film comprising the steps of

a. fabricating a polyolefin film structure in substantially
35 unoriented form, and
b. stretching the polyolefin film at a selected stretching
rate, stretch :atio and stretching temperature, wherein
the selected strétching temperature is no more than or
equal to 5°C above the lowest stretch temperature for the
40 polyolefin film structure and for the selected stretching
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structure and for th@czg%gggeq,ag{g’etaggi ng
wherein the film structure comprises, as the shrink control layer, at
least one homogeneously branched ethylene interpolymer having a polymer
density of less than about 0.91 g/cc.

30 While the present invention allows stretching operations
in general to maximize the unrestrained shrink potential of a
particular polymer, the benefits of this invention are particularly
useful for those common commercial instances where the orientation
temperature capabilities of the stretching operation are essentially

35 fixed. For a particular orientation temperature capability (and
stretch ratio and stretching rate)}, this invention allows the
systematic identification of the optimum interpolymer rather than
haphazard selections and miscalculations which waste time and can
lead to over-engineered, more costly interpolymers. Another benefit

40 - of present invention is the novel method allows direct shrink
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PCT/ US97/ 02585 rate and stretching '

wherein t ¥ ﬁWFeflnfllm structure coﬁg’f”{‘%@%"
| east one et hyl ene pol ynmer havi ng a polynmer density
| ess than 0.915 g/ cc. Anot her aspect of the present

I nvention is a heat shrinkable 5 film structure which conprises, as the
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structure Qng mstructu and tretched

secqn
under essernt %ulag ’ﬁys(%aglmng nBP %8R s° an dﬁ?ﬁerogene“ﬁaﬁo ran I‘S? FP&hched
and heter ogé?%‘d’tﬁﬁya‘br‘&ﬂc%éﬂlf‘ht’esr BotSAReratyrg Below the e‘é‘%‘éﬁt’? M4Yipge same

pol ymer dempsaksy ofinthd Ppolphdr ihllestratdd. Still another aspect
of the present | nventgrgn 2$.saahfﬁi plot natagﬁmlaeleﬁgl Slfah'?ﬂJ b fBoHiskUSE Ur e
E);)epa;g iy ca eroaeneouﬁ\e.'gl ﬁ ?ncgf? ert% ¥me1:s SLEP %omogeneously branched

subst ant i aFFS}YWGrP%H ?%Prrf“%ﬁfd"?@f P°1Y"‘er density. The dpfa useHet@aft er
stret chi ngoeherattabthec piletl grel yepafted in Table 2 hereinbeldw.| nThéructure at a

sel ect ed sheeddgengodsalyChoriich8d Cdtnyydéne polymer samples rangedRfl sdiymbehi ng
tenperat ur gep q'égl f!roﬁnhgboﬁ?tl ?C&ﬁﬂ t?t %t%uq:hbr%Z g/cc while the tenmperature

is bel tin olnt o mand 1S

terrper%v urg ﬂ??er?ﬁ?‘ég't’ﬁﬁﬁa’b‘?hegqﬁﬁlylFBe ROLYBTR SPRLE SGRET fygm about 0.91
stretch tefpertemr @ f8r af¢e sel ected stretching rate and

stretching ratio, andic. 3 ishek&inert e, pibtniStaEeidtifg NP EhsAK as the

shrink contgglodsayes ,heaamgeneomq,serebomg,qgﬁgtb%hmsa%ned ethyl ene

havi
I nt er pol yml?'xomogaéneogsly grax}/cm%d ethylene polymer as a function of polymer

20 density. The data used to generate this plot are reported in Table 2
hereinbelow. The heterogeneously branched ethylene polymer samples
range in polymer densities from about 0.907 to about 0.932 g/cc while
the homogeneously branched ethylene polymer samples range from about
0.887 to about 0.918 g/cec. '

25 The double bubble and trapped bubble biaxial orientation
methods can be simulated on a laboratory scale using a T. M. Long
stretcher which is analogous to a tenter frame device. This device can
orient polyolefin films in both the monoaxial and biaxial mode at
stretching ratios up to at least 5:1. The device uses films having an

30 original dimension of 2 inches x 2 inches. Biaxial stretching is
usually performed by stretching in the machine direction and transverse
direction of the film simultaneously, although the device can be
operated to stretch sequentially. _

The residual crystallinity of polyolefin interpolymers

35 measured using a DSC partial area method can be used to characterize the
nature of polyclefin film at the stretch temperature. A stretching
temperature 5°C above, preferably 3°C above, more preferably 2.5°C above
the lowest stretch temperature (defined herein below) is considered
herein to be the optimum or near-optimum stretching or orientation

40 temperature for the particular film. Stretching temperatures higher
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pol
the 15  hOTDHERLLINEI bt EPEAT SERRACSALS FBEPHT CEATSRELT ARBRSTAEDRTS o
0.91 fremabé o @7 mEFcgrtc. : FIG 3 is another x/y plot
illustrating the shriPskretchear espon&aemfedveasar ageacioushy ditaachedreihyl ene

pol yners affterchandt@BPECRIONSGh BE Altherh BV R081 AP kK EIondSqdenkdnGE 20N Of
ponrngb film being stretched by, for example, internal air pressure pushing on
the tube or by a tenter frame pulling on the edges of the film. :

The term “lowest stretch temperature” as used herein means
the temperature below which the film either tears and/or stretches
unevenly for a given stretching rate and stretching (draw) ratio during

25 the stretching operation or step of an orientation technique. The
lowest stretch temperature is below the melting point of the film, it is
‘a temperature at or belew which the film can not be stretched uniformly
(i.e., without the occurrence of banding or thick and thin spots), and
it is a temperature at or below which the film tears for a particular
30 stretching rate and stretch ratio.

Practitiocners will appreciate that to maximize the
orientation imparted and therefore the shrink response, the objective is
to operate as close to the lowest stretch temperature as their equipment
and capabilities will allow whether or not the significant stretching or

35 orientation is accomplished in a single step or by a combination of
sequential steps.

Additionally, practitioners will appreciate that the optimum
or near-optimum stretching temperature for maximized shrink response at
a given shrink temperature will interrelate with stretching rate and

40 ratio. That is, while a particular stretching temperature will be
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20 suitable in the present invention.

shrknk ten

The term “residual crystallinity” is used herein to refer
the crystallinity of a polymer film at a particular stretching
temperature. Residual crystallinity is determined using a Perkin-Elmer
DSC 7 set for a first heat at 10°C/min. of a‘water-quenched, compression

25 molded film sample of the polymer. The residual crystallinity for an
interpolymer at a particular temperature is determined by measuring heat
of fusion between that temperature and the temperature of complete
melting using a partial area technique and by dividing the heat of
fusion by 292 Joules/gram. The heat of fusion is determined by computer

30 integration of the partial area using Perkin-Elmer PC Series Software
Version 3.1. BAn example of the residual crystallinity determination and
calculation is shown in FIG. 1.

The term “shrink control layer” is used herein to refer to
the film layer that provides or controls the shrink response. Such a

35 layer is inherent to all heat shrink films. In a monolayer heat shrink
film, the shrink control layer will be the film itself. In a multilayer
heat shrink film, the shrink control layer is typically the core or an
inside film layer and is typically the thickest film layer. See, for
example, WO 95/08441.
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- 8- lnterﬂﬂjﬂy?Fﬂkﬁﬁlf SCBDI greater than or equal to 50 percent, preferab;y
PCT/ US97/ G#s8ber than or equal to 70 percent, more preferably greater than or

) equal to 90 percent and essentially lack a measurable high densiﬁy
{crystalline) polymer fraction.

25. SCBDI or CDBI is defined as the weight percent of the
polymer molecules having a comonomer content within 50 percent of the
median total molar comonomer content and represents a comparison of the
monomer distribution in the interpolymer to the monomer distribution
expected for a Bernoullian distribution. The SCBDI of an interpolymer

30 can be readily calculated from data obtained from techniques known in
the art, such as, for example, temperature rising elution fractionation
(abbreviated herein as “TREF") as described, for example, by Wild et
al., Journal of Polymer Science, Poly. Phys. Ed., Vol. 20, p. 441
(1982), or in US Patent 4,798,081, or by L. D. Cady, "The Role of

35 Comonomer Type and Distribution in LLDPE Product Performance,” SPE

Regional Technical Conference, Quaker Square Hilton, Akron, Ohio,
October 1-2, pp. 107-119 (1985). However, the preferred TREF technique
does not include purge quantities in SCBDI calculations. More
preferably, the monomer distribution of the interpolymer and SCBDI are

40 determined using 13C NMR analysis in accordance with techniques described

-10-
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U.S. Pat. No. 4,937,299 describe a method of preparation using

metallocene catalysts. _ )
The term "homogeneously branched linear ethylene
interpolymer™ does not refer to high pressure branched pelyethylene
30 which is known to those skilled in the art to have numerous long chain
branches.
Typically, the homogeneously branched linear ethylene
interpolymer is an ethylene/a-olefin interpolymer, wherein the a-olefin

is at least one C3-Cyg a-olefin (e.g., l-propylene, l-butene, l-pentene,

35 4-methyl-l-pentene, l-hexene, l-octene and the like), preferably wherein
at least one of the a-olefins is l-octene. Most preferably, the

ethylene/a—olefin interpolymer is a copolymer of ethylene and a C3-Cyp a-

olefin, especially an ethylene/Cy4~-Cg a-clefin copolymer. Commercial

examples of homogeneously branched linear ethylene/a-olefin
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fraction. ht. _per cent

of ‘the courﬁ:elrﬁ?’r’érfs mof e cgcﬁhwe\ﬂ EI%Q%&S%%’%EP‘JEBW‘@ Y Rﬁf}#‘gd oFPpEr cent
of the -Pellptg are Walt%Va?n%&ﬁﬁﬁoﬁT@Fe%Wt EpRdensy ¥ Slumr fogether
conpar i sorh@i thher highenuieoskry dioshredpatrton in the interpolyner to the

nmonomer di stributiOfhe termBXPErir@d16wIdeds ey pOLYdtnglest"s {ULEEE) |, OPverihe
SCBDI,f 2y, '&LS&%P \%Y‘féth§,‘iene"’a(%9€={ %@:Q'Jﬁn%‘?xl Q}é' 9tf~‘o‘1, EFQﬁtgat-a obt ai ned

from technl gues enperature
r|5||1g eIB?*%ﬁ%hV}%RﬁI éﬁ%&qg§h have been used lnterchangeably 1n

polyethylene art to designate the polymer subset of linear low density
polyethylenes having a density less than or equal to 0.915 g/cc. The
term "linear low density polyethylene™ (LLDPE) is then applied to those

25 linear polyethylenes having a density above 0.915 g/cc. As used herein
and in the conventional sense, these terms indicate that the polymer has
a heterogeneous short chain branching distribution and linear polymer
backbone. Commercial examples of heterogeneously branched VLDPE
peolyolefins suitable for use in the present invention include ATTANE™

30 ULDPE polymers supplied by the Dow Chemical Company and FLEXOMER™ VLDPE
polymers supplied by Union Carbide Corporation. _

Although the novel method of the present invention is useful
for preparing shrink film structures comprised of heterogeneously
branched ethylene polymers, and homogenecusly branched ethylene polymers

35 and these polymers are also suitable for claimed shrink film prepared by
the novel method, not all of the above polymers are suitable for use in
the novel film of the present invention. That is, while the method and
the shrink film by the method are generally applicable to all of the
above ethylene polymers, only homogeneously branched substantially

40 linear ethylene polymers and homogeneously branched linear ethylene
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(abbreviated herein as "TREF") as described, for exanple, by WIld et
al., Jour | ymer Science, Poly. Phys. Ed., Vol. 20, p. é]ﬂﬁ}s
(1982), orwlong@gﬁgatent 4,798,081, or by L. D. Cady, "The RoIPe 0 %g
Comononer Type and Distribution in LLDPE Product Performance,"” SPE
Regi onal Techni cal Conference, Quaker Square Hilton, Akron, Ohio,

Cct ober 1-2, pp. 107-119 (1985). However, the preferred TREF techni que

does not i RehUrle sPHEDSuIbANNd tbeSa11Na ls 6&lehdl BEdR% 1 MUnRion including

preferably,,the nonpner distribution of the interpolyner and SCBDI are "40

determ ned using [err NMR anal ysis in accordance wth techni ques
descri bed he term "substantially linear ethyleq;ie:olefin WO

97/ 30111 interpolymer"” is used herein to refer to homogeneouslP®klaEhed 02585
in US Pat eRtnPreddeSéie aRdidtergol fmerBaiial bohthiReYondVRBE O Y ranthiMas well

Phys., C29, pp. 201-317 . he terns "heterogeneous,"
" heterogenggug??r%b%%lcnhgﬁancgﬁa at-trfbpﬁ?%lgdlgﬁ’ooﬂog?: @ arstrisution” are
used herei APFArRAFEtEhv efiRe P8P chad@nkeanches cfxer efickhe §ane |Stavafuret ag| thee

i nt er pol ynmeackisaniengf cthe polygerpanditaireclongeo\itisnorbe Ciheirn dadnChianghes.

dlh st { | buti @Rei M@ﬁ_er Uh%‘kbér%d of 'sL_tbbstt{a_ﬁtiiltlare ?Qléé'}'e&—é'mliﬂ ﬁb@.lgﬁteky g.dsly _broad

shor ain _pranching. i stributi r,ogeneous r i near

et hyl e(rflg i ﬁf’gf'%“)t?ﬁ%%l"snh 2N WEE% °§C§BP - szg ]t°lgllgnc ] npéfﬁpggﬁod SRBrens-

typi cal |y PEsfexnednsuirpteptiaddyckifear polymers for use inTjpe tigyvgption are

" honpgeneossbyt iuaae heidh| frowa 0. @l Hypngnehain branthéi@ud yaebdnsreans lbhgt t he

| nt er pol yN@ha R Sran&0/1006 NERBINE O anddhé W \pre ferabd i Oflomb b 20K H6AY chain

di stri but I %nart?:l:'ﬁ/lgB Sc r}ggnsh%\cl:e lPon (c:: ail. nbtzggu?‘c %rs]!/il&)lqs ca bon-l;l’]ai[ is, the

et hyl ene i ntePpYl'yner Ras™an "absence o1 1 ong. chai n 15 branchi ng and a

| i near pol yner backbdf@9i FPaiRePEMAPERE | thaPILdsBertin A& a chaipgepgth of

"l'inear." 8ucheastt érqrgibpnes 2boue wWhé chadthe dengith gehygtebezdistdnguished using

processes (8 ' St ' 3, I royi de

uni form (nar Fg'\’/\‘/ﬁdgaf)??%%%%%%fggmg%t %%dt}? f(&){ﬁ%(y i gﬁ?e ﬁgﬁ%ﬁggkﬁ%ﬁx can

br anched) . °Pn2hilePBAlS RBPYY IO OFENS JERIE: 38 BipAengs oS oMb PeLETadi um 20

cat al yst sypsrkimnet bo mtidehsifcispattarbed. Rongveheipt branches direasbiously of
20 greater length than of short chain branches resulting from comonomer

incorporation.

The presence of long chain branching can be determined in

ethylene homopolymers by using 13¢ nuclear magnetic resonance (NMR)
spectroscopy and is quantified using the method described by Randall
25 (Rev. Macromol. Chem. Phys., €29, V. 2&3, p. 285-297)..

As a practical matter, current 13¢ nuclear magnetic
' resonance spectroscopy cannot determine the length of a long chain
branch in excess of six carbon atoms. However, there are other known
technigues useful for determining the presence of long éhain branches in
30 ethylene polymers, including ethylene/l-octene interpolymers. Two such
methods are gel permeation chromatography coupled with a low angle laser
light scattering detector (GPC-LALLS) and gel permeation chromatography
coupled with a differential viscometer detector (GPC-DV). The use of
these téchniques for long crain branch detection and the underlying
35 theories have been well documented in the literature. See, for example,
Z2imm, G.H. and Stockmayer, W.H., J. Chem. Phys., 17, 1301 (1949) and
Rudin, A., Modern Methods of Polymer Characterization, John Wiley &
Sons, New York (1991) pp. 103-112.
A. Willem deGroot and P. Steve Chum, both of The Dow
40 Chemical Ccmpany, at the October 4, 1994 conference of the Federation of
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e o c [ER

Pet rochem cal Corporation and Exxon Chem cal Conpany have used so-called
single site catalyst systens to nake polyners having a simlar .

honogenewa,gh{,ﬁqt ure.. Honogeneously branched |inear ethyl eerusoro2sss
i nt er pol yners-can be prepared in solution, slurry or gas phase processes 25

usi ng hafnium zirconium and vanadi um cat al yst systens. Ewen et al. in
U S Pat. No. 4,937,299 describe a nethod of preparation using
net al | ocene catal ysts. The term "honogeneously branched

linear et hinag{€ical .Chdniils€EPAninBectdoSsopyOsodiet 21 (HrasE) g pte3suis branched '
pol yet hyl %@sé%i,%&é:&ﬂt§d I%Q%dé&n%b%nakéﬂaltegPd-%Vt b? _aa(z%efuq pﬁé’fﬁxique

numer ous | ong chain , br anches. Typically, the
honogeneomfsqryq‘bar'grjrgm PR RFESERES 19&niond Chaji"nf’é?'ff&ﬁn'ﬁ} si"gs%/ﬁ‘?nauy

et hyl ene/ [ldnear gitdviend dngeyrollymers. whemperhiqier q-dsceedt) and Chumj Soupd | east
one C35C2@natotmd ilevéEr .of lodg ehafyy lbeaschek- DutstbetankipEYy @difear 8bhylene

4-met hyl - L R8PS ARk r Ja'x%lq)élsnﬁeas;xi-g&nﬁﬁﬁg aRd ihe-btdihayd @GELARLY Wherein

at |l east one of the a-olefins is 1-octene. Mst preferably, the
et hyl ene/ [eorFBlasiess vetl with gdiey heveli of Jaagpeiaipchragches Mepawredansing ¢3¢ 20
[err]- NMR.Ol efin, especially an ethyl ene/ C4-C6 a-ol efin copol yner.

Commer ci al ex afppl@s r Of 422800 QR Oty OirRNERA the NBRALence of ocfene

\e/\;)hg;ﬁgglj_gfiefgrs] r-xé)t! ecLIarrllge the hydrodynamic volume of the polyethyleni)éﬂn&géﬁ /1-62585

i nt er pol yredstiewn 288 YRRt SOP EfeAfedntuiffe e MOLGESRFnUti D inaERER"
and by BXaxntrOhetabtel tairdeend isbotie hghatbhrenciesXAC knowing the mole percent
Het er ogeneQushy #f aRé aehpYk DPByalékdabDREE idh exnée bbndiBUlion to rdTeBghar
pract| 1 ongli 3P’ s d18add NRRELRRLEEL 6 ENGARL SHBEY AHafnAEARBAES aSsrootS! N
convent i onal ) egq eroNatta solutron, sl urry or gas phase
15 and Chum showed that GPC~-DV may be used to guantify the level of long
chain branches in substaniially linear ethylene/octene copolymers.
deGroot and Chum also showed that a plot of Log(I2, Melt
Index) as a function of Log(GPC Weight Average Molecular Weight) as
determined by GPC-DV illustrates that the long chain branching aspects
20 {but not the extent of long branching) of substantially linear ethylene
polymers are comparable to that of high pressure, highly branched low
density polyethylene (LDPE) and are clearly distinct from ethylene
polymers produced using Ziegler-type catalysts such as titanium
cohplexes and ordinary homogeneous catalysts such as hafnium and
25 vanadium complexes.

The substantially linear ethylene/a-olefin interpolymers
used in the present invention are a unique class of compounds that are
further defined in US Patent 5,272,236, serial number 07/776,130 filed
October 15, 1991 and in US patent 5,278,272, serial number 07/939,281

30 filed September 2, 1992.

Substantially linear ethylene/u-olefin interpolymers differ
significantly from the class of polymers conventionally known as
homogeneously branched linear ethylene/a-olefin interpolymers described,
for example, by Elston in US Patent 3,645,992, in that substantialiy

35 linear ethylene interpolymers do not have a linear polymer backbone in
_the conventional sense of the term “linear.” Substantially linear
éthylene/d-olefin interpolymers also differ significantly from the class
of polymers known conventionally as heterogeneously branched traditional
Ziegler polymerized linear ethylene interpolymers (for example, ultra
40 low density polyethylene, linear low density polyethylene or high
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pol ymeri zati on processes and coordination netal catalysts as descri bed,

for exanple, by Anderson et al. in U S Pat. No. 4,076, 698. TPEﬂ% 102585
convent i onaWOATB8Md _t ype |inear pol yethyl enes are not hom)geneous y
branched, do not have any | ong-chain branching and have a |inear polynmer 10
backbone in the conventional sense of the term™"linear." Al so, these

pol ymers do not show any substantial anorphismat |ower densities since

t hey nnheregt hxl@ogéggetﬁgf&ﬁshéﬁé' %36 @%ﬂ @n%s&xg(& yééé}a,.llwé)dlgeimr by
e

fraction. nor e

difficult t&nﬁ?féﬁar gt (Hanih o faktiult B%caﬁ‘&d E& Fa By %8? PSand 15
ar.e al so nodesciifbedcin tUSt Bat}:PelItI 6i3%%e 92%arint Mty spbfiRetigkhys F—%@ear ethylene
counter part &ntéﬁpoiyﬁ&ré QWerhdieaehdduesy Hranekad)dneeorilyméranchasstehRE 1y

pellets are 1”9 ggﬁ%i'en%?g -G n 8 e AS Bmel 8 NARRC s ££2-Ch fi@gﬁ:tlpefrom

than their h|g SIt counterfart ‘ultra

| ow densi ty th8l iﬁéﬁﬁyrw ag Ujimsersadicgl ipishateq hiohly, brage I?lle‘{hhﬁf%ﬁfé‘re
{ VLDPE) and ki sremity evthylene diomepalymer andpetipdens| evierr¢ywePERChaa® Seen

used inter ch,agggﬁt)l ¥th ehBSacrylic yivelEna)eB6pallyinet © afl@sétgiyaese-tvigypol yer
subset of 11 “Sgﬁe ngzg)e%g.hwymers, Aokxet %L@mlaﬂéy rlgné‘azd%@ﬁiriéﬁel ess than

or equal to term Jflne

(LLDPE) Ps t"l‘?éﬁrpq‘ﬂ%f“?ﬁ"d dPo“?%éfgeﬁq“”‘? P e?f(ﬁeﬁe?ﬁ%eﬂ rpaﬁﬁvt?rr?ﬁ ”&?eﬁg?ty
above 0. 915 agkcmade psing edngis sihe catalygid systamserebipFehkabiased@adse2l t hese
terms indi cale@okith chhﬂ.yﬁﬁkyﬂ&lteﬁiﬁs a het erogeneous short chain

branchi ng distributionggyy %aﬁo e¥{dtion catQ&%@Ort%or (QEREIL ghe
exanpl es of heterggenegus

ranc efins suita

use In the FeBEEYAL .w&wéw 5ep lmm%egi? el potpns S5 sarafysd
suppl i ed5by delseridmd GheGpanéah i@oHPaRRrFeRR P OR RF b Fa%@PE“ S Papeftyrer s
suppl i ed by 3/)os9u3Bar bi denSorginedt geadmetry catalysts (for ex@tglieeuzs deberiredel
gﬂgg?ugl‘e tf(}g‘, B{r’:é‘&%gteé ra\ienm% b&té;ﬁleémea ,802) fean &Uﬁﬂaﬂlflﬂp%’ﬁdrlak film

S | se ero ous a e S
and honogenéed! F‘S‘Ptd‘?ag%r%é °%t heq’gg e 8¥§)ﬁ%§r5' 4:? %Q{f?& %E\%e&g J&stg‘;éare
al so sui t abl4seRofonSigE pREd WaFR | %l? ‘f‘?tlhr?ldﬁr dWpgribedyn US Paf’ﬁ’ét ﬁogﬁnﬁé
not all 20f tusePabente5p218;ABLs Hueh pelymétizatben geshods are al{shedﬁrﬂwebeci itinm
?f | t hg p{ ﬁS%Ttlﬂg\éﬁ'?me (£0pda b@toﬂ!i" he, tike2net Fl@de@ld the subfanthalnk

il mby the 0 e
Red0%: ﬁy%}%ﬁéé@ear%gﬁgg gé&lnr?fégatﬁ)) nfde b)Cusing aRAKFe

et hyl ene pol'yners onog subst ant.i al r%eomgt ry I'1 near

eahyl ene poI‘iﬁﬂ'ﬁFEa‘é'ﬁ& SRARSGENSBTRHY® raﬁfﬁ%da’r%@&?s%’iaﬁw%

catalysts as disclosed in US Application Serial Nos.: 545,403, filed
25 July 3, 1990; 758,654, filed September 12, 1991; 758,660, filed
September 12, 1991; and 720,041, filed June 24, 1991.

Suitable cocatalysts for use herein include but are not
limited to, for example, polymeric or oligomeric aluminoxanes,
especially methyl aluminoxane or modified methyl aluminoxane (made, for

30 example, as described in US Patent 5,041,584, US Patent 4,544,762, US
Patent 5,015,749, and/or US Patent 5,041,585) as well as inert,
compatible, non-coordinating, ion forming compounds. Preferred
cocatalysts are inert, non-coordinating, boron compounds.

The polymerization conditions for manufacturing the

35 substantially linear ethylene interpolymers used in the present '
invention are preferably those useful in the continuous solution
polymerization process, although the application of the present
invention is not limited thereto. Continuous slurry and gas phase
polymerization processes can also be used, provided the proper catalysts

40 and polymerization conditions are employed. To polymerize the
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WO 97/ 30111 PCT/ US97/ 02585
polynmers are suitable for all aspects of the present invention including

the novel film The term "substantially |

et hyl eneMQ@PHIY ef j n interpolymer" is used herein to F@Zﬁs’t"{?’”’
honogeneously branched 5 ethylene/[err]olefin interpolyners that contain
| ong chai n branches as wel |l as short chain branches attributable to
honbgeneous conmononer i ncor poration. The Iong chain branches are of the

same stru 2%1} f .t elo r.than the
short cha%n (rzgﬁ(f:#lg linear gp rsb‘g% one o?’ ng’ 9 %n?r% aIQﬁg Tmﬁga
[erT]- ol ePitf ﬁBf*y‘F@%r?k“ef'oge@t‘f% i FAFRLYE A F'?Ptd'r?“%e‘?a&' depcap, %‘i 45893 | ong
chai n br abet/£b@08ukstahbimlly lineRrcéthylenke Pobwnenst the Igﬂlwenealatpm yners for
use in thgrédiegnéhdilaabe operaﬁddleﬁd:H thee oMet Bubgrant fa1Qy LORGCBAAYLene

br anchy 10 / .
erc ot e itk et dopl il
branches/ ¥’0‘Eﬁfe8§ 1pdtpke flie substantially Lingay gihy “Br%g:]fé’ﬁﬁ@ FEeY cRed

her ei n asthe claaencitalysts @re usedat Farasramplearyoieoe <dibgdémenti of ahe | ength
cannot bepdiﬁ:tel:lgaﬂﬁheﬁrwsag;seful i3mekirg Bulss ki SFGNRihdar @SRYIRMEE

SPeCLT 0SCopry |e§‘at % Qﬁtgmpc{ RNEHRRY 1o usbE, 33 bieaScAROHLcLhe same

Iengtg as yner backbone to which I's attached.
Long thai R*¥&ffches are obvi ously of 20 greater length than of short chain
branches resul ting fihgnsukstariirdly lineppnshhybenf iprerpolymer for use in  The
presence 6he lpregenthdntehtianchs npacadtebtzetbtasr maviag i n et hyl ene

hormopol ynmers byaysi nOmd BC fibk! Ao MBGRREL & BeeHnance (NWR) spect r oscopy
and is quantified using the nethod described b Randall 25 (Rev.

Macr onol . Chem{bPhgsmolecpdar yeights digtripybioy7ity/My, as determined by gel 5

practigal poRkdaRion Wﬁﬁﬁo&ggﬁﬁﬁheﬁflmw the equatfsiQnance spectroscopy
cannot determ ne the ng, cEg branch in excess of six
nown

car bon atons. Howeve(r l? Here a‘PeIBFher t echni ques useful for
det er m ni ng the(cpresaegee oftrigiry chedloghrsurbhtbat thg(crigiead sheapaiagrer s,
i ncl udi ngaet&weenef IuREhEd Rel D1 RBPObIETESS . the THibstiaabially Diidaedetianengel

permeation, %P@ 1%999's%dp&£ééatagié;weenela% Lﬁé%rnucall LM r rate
scatterl\r,l\g det ec %ecl Wg %; ge;eorreati on _chr rT?to raphy ‘
coupl &4 whththe BP?‘ftePgnf?%ﬁacﬁl SnEtEFUERt ¥ B 5587)" e use of

t hese techntepredyher, Wbeteiohbhe svbatrtiadbledinenr aﬁavlteme inPePPy YRy 384
theori es havelineen awlylefldanberdoagmen colpridet enatsane. combeenerd or exanpl e,

Zimm G Heoalthndt 0C KIRY f.{neaw L’Lhyl‘lne q}ﬁg}pcﬁr})ﬁér 'hak/ an ]I%O 1Ml£/1'9 4g)xd an d

Rudin, A., Mdern Methods of Pol'yner Characterization, John W
Sons, NerYB?lth( g._rggl]_i)n |§En mgeritlgf the substant:.ally linear ethylene

25 interpolymer and wherein the respective critical shear rates of the
substantially linear ethylene interpolymer and the linear ethylene
interpolymer are measured at the same melt temperature using a gas
extrusion rheometer, and

(d) a single differential scanning calorimetry, DSC, melting
30 peak between -30 and 150°C.
The substantially linear ethylene interpolymers used in this
invention are homogeneously branched interpolymers and essentially lack
a measurable "high density™ fraction as measured by the TREF technique
{i.e., have a narrow short chain distribution and a high SCBD index}.
35 The substantially linear ethylene intexpolymer generally do not contain
‘ a polymer fraction with a degree of branching less than or equal to 2
methyls/1000 carbons. The "high density polymer fraction” can also be
described as a polymer fraction with a degree of branching less than 2
methyls/1000 carbons.
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A. WIllemdeGoot and P. Steve Chum both of The Dow 40 Chenical Conpany,

at the October 4, 1994 conference of the Federation of

07/30111 WO97/30111 pcT/ RSHPES Mg

Anal yti cal Chem stry and Spectroscopy Society (FACSS) in St. Louis,

M ssouri, presented data denonstrating that GPC-DV is a useful technique

for quantifying the presence of |ong chain branches in substantially

i near ethylene interpgl rs... Lo particul ar o] un

that the |evel of Iongﬁ’ c%g‘l‘;%s 5 gﬁacﬁ S f'ﬁeasruﬁgfyg% |aq1tt§gﬁ1r¥<é;§¥£ne{°%y?%ngn

hormopol yner teanfaved pedhogs aed (FEenftimBads FreRstBekiRNrdr "ediegt PoFhe” present

correl at ed Wwekéntiiohhatéenkexmilyobrs mfgetihdiene yidhcitesdepstaoneeei-G2omy 13C

NWR. . i LBgL Qot @ﬁh bewBlyi oAl ahlcarPhesais of

octene 10 g(l)'ggmngf‘dé%glr%eef%ediﬁsﬁlodyng c vol une of yt he Sol yet hyl ene

sanpl es $n of C3gbucsrhrnaptomsagre repeciaidycereiseEesint ThoterRe nol ecul ar

wei ght i NCr 83§€erpolymédt lisbbabherdin €6t AR CHNDL! cogtaivied) BBCH R By JaROW NY

the mol e pergept, 15xe, QRS 4" 1E§'§'th%ﬂgp$t%er5é’onﬂﬁ&9é]iv%Lk{)dlgﬂeﬁ?ed. with
recular wel ght tri abl

contribution to em%' I NCr ease at ut to 1-octene

short chai n *SP¥HMTesC BRXE BB iP5 RHE™Bhum showed that GPC-DV may be used
to quantify the | evel $fithbhe unsatursdtgd cdnonerdrssusefudufrn RAlimarigiog woth
et hyl eng6 oCle@RQ14HRPAhY RIS . for example, ethyleniécfi®yoaisadathtEaundridmess showed

t hat | ot : 2 Lconi | f LG
at a plo c%;a & i%f‘lt angonjuga{:%gt@i)en@s% O{)Mggol o' éx‘aﬂgﬁosc °¥\é%'%§t t he

Aver age Mol ecuf a erm ne h%él CfC— DV il lustrat ei _

| ong chai n SPRARMISRS R LyG20 FHRILEIBT AFHRFBYLEMY SFCTEHGSHT ahTHINTS” of
subst ant i al liyhbkéiR3r 4 ehidtily@AB-peritend}Oliyhagtena a-ootgay, abirenkse  Natlecdnehi gh
pressure, h'a_ggl yhéjrlaﬂg.heq’rgggycred con%@ﬁéfé’ iHQidﬁ%t Bi@;ﬁ'i@né_,'—@eﬁtéa@? e

cl earl y, di sty nel FLom SLAVLEng oo POLYIRIS, Produced using gledler;|vpe
cat al yst? sOHR% P8 pen e88rﬁtﬂpe e A8 SFGi nary “homogereous Y

cat al ysts surreferredaf nPtharapeitable \oneaPIRESc HRHUER cityrene, halo- or alkyl-The
subst ant i al Isppkt vrkedestydenas/ [tetrd flaloebethylaber whhylbensocyclobutsed, i Iy 4-he

present i nvﬁ]@& Qﬁrx%tel??%itg&'fen(él,aﬁ_?d chmmset 3t c@éWpentend, Ul t her
defined in US tent 5 36! seri al "nunber -07/ 776, 130 fil ed Cct ober

572, 2
15, 1991 and¥YA° eﬁ&t%‘h“l7°§f Pt59% serial nunber 07/939,281 30 _filed
Sept emb@P 2, 1992. Determination of ghEgsErifiral |Shepr Fahf IChFFERSPL- BI%EFin

i nt er pol ynerssres$ fier regards to melt fracture as well as other rheology properties
~ such as "rheological processing index" (PI), is performed using a gas

extrusion rheometer (GER). The gas extrusion rheometer is described by
M. Shida, R.N. Shroff and L.V. Cancio in Polymer Engineering Science,

25 Vol. 17, No. 11, p. 770 (1977), and in "Rheometers for Molten Plastics”

by John Dealy, published by Van Nostrand Reinhold Co. (1982) on PP. 97-

99. GER experiments are performed at a temperature of about 190°C, at

nitrogen pressures between about 250 to about 5500 psig using about a

0.0754 mm diameter, 20:1 L/D die with an entrance angle of about 180°.
30 For the substantially linear ethylene polymers described herein, the PI

is the apparent viscosity (in kpoise) of a material measured by GER at

an apparent shear stress of about 2.15 x 106 dyne/cm?. The substantially
linear ethylene polymer for use in the invention are ethylene
interpolymérs having a PI in the range of 0.0l kpoise to 50 kpoise,

35 preferably 15 kpoise or less. The substantially linear ethylene
polymers used herein have a PI less than or equal to 70 percent of the
PI of a linear ethylene interpolymer (either a conventional Ziegler
polymerized interpolymer or a linear homogeneously branched interpolymer
as described by Elston in US Patent 3,645,992) having an I2, Mw/Mp and
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significantly fromthe class of polyners conventionally known as
honogeneousl y branched |linear ethylene/[err]-olefin inter poI ymers .
descri be for exanple, by Elston in US Patent 3,645, t
substantla??’mgé | i near ethyl ene interpolynmers do not have a Fﬁ’gggk}%

pol ymer backbone I n t he conventional sense of the term"linear."
Substantially |inear ethylene/[err]-olefin interpolynmers also differ
significantly fromthe class of polymers known conventionally as

het er ogengsnssky, Ma%ncmdnhreék peBélt of thels684@ntROl WRELZET bhPRAL

F|t Eg;(rane m&%ﬁ ﬁg;e(r)s <(af orI gﬁgmélre ul t ra. 40 | ow density polyethyl ene,
-14- gps%%gffz shear strgss versus apparent shear rate plot is

PCT/ US97/ @8850 identlfy ddashelt Soagtarkeyprenomapalandf guandidppthe, custiieglt he
t echnisqueskaiCk oL @nbYcriticdNdhespsteesdlof ebhiien@apsiiimeds 07 AcbIRiAgto

utilized 2 H:ljﬁe ifSthe IoHR0" 'o?%eo'io%{g,l SBLEN! sdr25th 9%6he | bl

substantia | near. Bﬁ'_g are fogendousTy Br anched
i nt er pol yﬁﬁ?‘“%t‘ﬁﬁ PYyrate. | F}FFEQPS%‘W‘F)?‘I %’i‘n’e‘?ﬂdéf‘?]“d]eéﬂaﬁ“ﬁ?%r“ﬁ&l%er s
al so di f f roasilynifaisghfitddy ifterhwo mairheypésissshkrfame nelt feastnaei el gross

i ni tiat edndlitglkycduranched hi gh pressure | ow density ethyl ene

h d th e. e~ O e aren [e)
ety oo geryl i g *gﬁg ' f’ﬁr e o s Spraren P WMy 0 e (e
copol y o ndbfiSnand Aanogh, SR RRLTT fBaP Loefy PLAPSTBAA fid HPFReI D ot
have equi®eHecfeveregfary off $1m1-’¢'~slshfa-|"n Bexgiohi ay detdrminedgusingatike @bove-

si ngl e si descrabed \GER, SHist enset’ alfthelir fabammdlteerdathrealosMr) fer oxi de -
??2?' yst Sc%@:@&ﬁzed at the bevi:mnlng 03' Iﬂgéﬁigsb;(@rt%?kz?!?r? 'rsé‘fé\i %I:L&?tt%LySt

oy Ao | 7RYTBRE CRAPYRTS Sfotin, SEEFIHALA BYF CRM F PREGEBaPL oS 026, 798 or

by Cani chmagpifiscgdrent The crifigsl sheagy srtecahsthenicnest g’éoﬁﬁfrayec%ﬂlél ysts
(for exanfaztuas fdesthée mblstantiabyy Stievanetéylaie inbtedpSlipa¢entisSat0G4as0?2)

can be usegl aeQCMtera@é&er thar® Wpet afﬁalahiysdelaaeﬁéteehbydr@nenm YEBL$rEas® | ONG

Paten;. 5 b0 Siedled o »)Migt BERTIChh:obllel Wi RAL R SR LI R "
met hddfs a?%“ealxéoa‘d’e%ﬂ‘rb’ed in PCT/ US 92/ 08812 (f| | ed Oct ober 15,
1992) . However, thecsodsment i Blakyure occhisadr umdteubig nextras oonp@hywers are
pr ef er abl é’ot‘f@;@@on@’ aHéi%gggiiralalegail from regular (alternating rough and
smooth, helical, etc.) to random distortions. For commercial
acceptability and maximum abuse properties of films, coatings and
25 profiles, surface defects should be minimal, if not absent. The
critical shear stress at the onset of gross melt fracture for the
Substantialiy linear ethylene interpolymers used in the invention, that
is those having a density less than 0.91 g/cc, is greater than 4 x 106
dynes/cm?. The critical shear rate at the onset of surface melt
30 fracture (OSMF) and the onset of gross melt fracture (OGMF) will be used
herein based on the changes of surface roughness and configurations of
the extrudates extruded by a GER. Preferably, in the present invention,
the substantially linear ethylene interpolymer will be characterized by
its critical shear rate, rather than its critical shear stress.
35 Substantially linear ethylene/a-olefin interpolymers, like
other homogeneously branched ethylene/a-olefin interpolymers that
consist of a single polymer component material, are characterized by a
single DSC melting peak. The single melting peak is determined using a
differential scanning calorimeter standardized with indium and deionized
40 water. The method involves about 5-7 mg sample sizes, a "first heat” to



constrai ned geonetry catal ysts, especially constrained geonetry

catalysts as disclosed in US Application Serial Nos.: 545,403, filed

July 3, 193¥O%8MIEs, fi|ed Septenber 12, 1991: 758,660, fi| EGI/USITNZIES
Sept enber 12, 1991; and 720,041, filed June 24, 1991.

Sui tabl e cocatal ysts for use herein include but are not limted to,
for exanple, polyneric or oligoneric alum noxanes,’ especi al |y net hyl
al um noxane_or 151 ed. net.h I noxane,(made, for 30, exanple, as
descri bed i %biﬁmg? ednt"qé‘,ﬂbdlf?/ gggé l_%g ?}g‘f td 'ﬁf‘%’%ﬁ,s'?baz,“_% down by abent
5,015, 749, Ahdmip- U phrvht—39’ Babhishsis heldefer ghopth minutes, endnbaet bire,
non- coor di nat.iakgut| ngcvmm ng soURIYC ferefrer "edcond hestytat @hy Hinghs €

| nFrt, Dongﬁéiﬂﬂﬁbn§$3ﬂ1@s é%ﬂé%nf£6H1¥QHni§§cond ?fatESheat fto? QEPetTwper?ture
pol yneriza con i,0 ar, nuf act ur.i n e u ant i.a | near
- et hyl eneszi n g&ﬁdl rﬁgaras} Eéaetd Qlfnge1 e np?%?ehr?t Bty 5 %ﬁ/ecnilc‘(:’);fla"ia‘ta efﬁ?"éfytgfaﬁe;?
t hose usef upn9ef £he BNt nuous sol ution pol yneri zati on process,

al though the applicat iFon sibsthetimldyehinear etliylesatinverpslyrets|navihgda
thereto. CoaénditQust 9.81$ YgRdrgar RNgsk, the NBLYIMMLEBAY PRaRRGESRES, CaN
al SO be useereQa'&Q)% q:%d &Q&%&Qp%é’nsg%ggié/ys,tg As%ougggr'pglryanﬁmmzngx Ioonntl'xe low
conditigns are enplo ed. 0 polynerizethe .

-15- 10 meltlngif /§biaﬁfonst1tutes less than 12 percent, typically, less than

PCT/ US97/ 0288ercent, anduheteatypiddlyyl lemsmathamtéeppotenreprf theectatal hedtieof

[ nv?a_nt I on, Eh€ionl 8l the poﬂ,.te?.argi,&,omar@iil@@@l; g_goa@;erryasp% Fo¥SétheeNt i onﬁd
earlier can ' r | | r ene. pol.yners the
pol yrmeri zat F%ﬁog@ﬁggﬁ&geg%%%gal%%%fgs& a(_: e%jélsé ﬁgﬁsfﬁaeg R{:']‘Iéflea nsg ubgtéal)réf“ ?f'{ﬁ%/
|inear et hyPRri&esP2sisPE R FAeRS oFr £ Gingle mething peak [arviry |

pol ymerli®z at renrtenhehilyofisrough themedbind yeghdre of hthes @isti£avtti. al $uchl Amear

et hyl ene poaymisast @coBs Wihin 34°d, heysidaeig alidhys 127 °8) eardis adre b1 cxARW! €,

in one embogiy¥RRt 204c 3¢ the mREMPPbIAL 2Nt AGRFFe WotEillg iPRaBKIAT hear.
substanti al | i_near a continuous process i s

. t hyl en: t er pol :
used. as Op?)%sgélal?% a&%ﬁg&}/%t%gia toplael:ggfgéggtycrg%r lsaé separately determined by

specific integration of its associated area under the heat flow vs.
20 temperature curve. _

The molecular weight determination ié deduced by using narrow
molecular weight distribution polystyrene standards (from Polymer
Laboratories) in conjunction with their elution volumes. The equivalent
polyethylene molecular weiéhts are determined by using appropriate Mark-

25 Houwink coefficients for polyethylene and polystyrene (as described by
Williams and Ward in Journal of Polymer Science, Polymer Letters, Vol. 6,
(621) 1968) to derive the following equation:

Mpolyéthylene = a2 * (Mpolystyrene)b-
In this equation, a = 0.4316 and b = 1.0. Weight average molecular

30 weight, My, and number average molecular weight, M,, is calculated in the
usual manner according to the following formula:

!ﬁ = (Z w;(M}))?; where w; is the weight fraction of the molecules with
molecular weight M; eluting from the GPC column in fraction i and j = 1
when calculating M, and j = -1 when calculating M,. '

35 For the homogeneously branched ethylene interpolymers used
in the present invention, the My/Mp is preferably less than 3, more
préferably less than 2.5, and especially from 1.5 to about 2.5 and most
especially from 1.8 to 2.3.

Substantially linear ethylene interpolymers are known to
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The substantially linear ethylene interpolymer for use in t he present
I nvention is characterized as havi ng (a) anelt flowratio,

110/12 [ ed o730l Pr (b) a nol ecul ar wei ght di stri pgirjuRdr0258s
Merr]/Merr], as determ ned by gel 15 per neati on chromat ogr aphy and

defi ned by the equati on: (Mv M) [err] (l[err]/12) - 4.63,
(c) a gas extrusion rheol ogy such that the critical shear rate at
onset of surface nelt fracture for the substantially linear ethylene

i nt er pol ynR&vé sxaelimsbz&ﬁsaemﬂamy HeRpled habiny taheerarturéfyahaﬂmr rate 20
at the Onsxﬁ&l&{;ﬁ§yrv; Sﬁhn&stt il&ﬂﬁ‘b“r € gugf:rﬁllnbﬂ? F}Jtykgm genemfslﬁeand

|nterpolyner erern S SU ene

the |i nearh%ﬁﬁ?lggﬁ?'isﬁﬁ’ e‘?ﬁﬁﬂ%‘ﬁ%r iBSﬁ’bﬁ by ‘?"r?ep%’ai‘i’f‘érﬁo Lol 5 °"’ ratio
conononer s f{I107d2) i e substintiakly ilineapethvkenehintregnol inery eanr bé Marded

densi tys W Lpser}.tasm,p%aepém@mw%fselﬂ;@unaméelﬁlalrywélgneaalsﬂmut@aﬁ %:'é,m,,
i nterpolyner and wherein the reﬂfectlve critical shear rates of

subst ant i afF§PIGABLY éf’ﬁyﬂ’r@r“rérf EFPoiSpRet 4R gLR Hé‘tF’F‘?ﬂ%X?‘e%tfﬁﬁl‘é??em the
I nt er pol ynpresemé ieseentiien it at substaneialdlytlineaperthylere ustexpodynyas

extrusion rheoneter, ydRdgeneously branéib sdbstaReiA1¢ i{rﬁ'é?rgt'hg!lerﬁcanm ng
calorinetry, DSC rrel ting 30 peak between -30 and_ 150[err]

The subst aRPFeHPPYYPeLTeare ét“l?ﬁr%%‘ﬂé ERPeTH8| Rave FRemisay Gompapy @s AfmeFMent i on
are homg?easmlehbrpaaebaﬁtﬁsnt &P Ak YERJage 19656 1 hi @l dsyomeéxtk

measur abl e c S,

(i RH &&hegwﬁf ¥ Jhreﬁ é&ﬂ%{«}aﬁ‘&a’ﬁ? ﬁn%gr %hyfﬁn %%gr%élg)g(g 35

.e., have a narrow ?S.'tl’l bution a

The subst aﬁf?%ﬁ‘ﬁ? PY F Src‘%"ttﬁf)‘}“é‘??e SPhEEPBoI SAEFY 4 &FePaT | 2% PROYTSFIAL EioR
a pol yner Pfxthvéaneiand englegrreresoPrbionat t1edefins sompramens iggbh¢ presénce
met hyl s/ 1009 £ aohetainéBegediiethy dRNsist, POlaRE o ACid1R8ed GANE@ sRak e

descrifped %t&tpgkyi@atggggtllsogl_.yMAth a degree of branching less than 2
met hyl s/ 10 car bons -16-

VWO 97/ 30111 The density of the polyolefin polymer (as measuEEﬁVﬁ&397/02585
accordance with ASTM D-79%2) for use in the presently claimed method is

generally greater than 0.85 g/cc, especxally from 0.86 g/cc to 0.93
g/cc, more preferably, from about 0.88 g/cc to 0.92 g/cc and most

20 preferably, from 0.88 to 0.91. When used as the shrink control polymer
layer of the shrink film, the preferred polymer density of the
polyolefin polymer is less than 0.915 g/cc. The density of the
homogeneously branched ethylene polymer for use in all aspects of the
present invention is less than 0.91 g/cc, generally in the range of 0.85

25 to 0.91 g/cc, preferably less than 0.907 g/cc, more preferably less than

‘ or equal to 0.905 g/cc, most preferably less than or equal to 0,902
g/cc, and especially in the range of 0.880 to 0.30 g/cc.
The molecular weight of polyoclefin polymers is conveniently
indicated using a melt index measurement according to ASTM D-1238,

30 Condition 190°C/2.16 kg (formerly known as "Condition E"™ and also known
as I2). Melt index is inversely proportional to the molecular weight of
the polymer. Thus, the higher the molecular weight, the lower the melt
index, although the rélationship is not linear. The melt index for the
polyolefin polymers useful herein is generally from 0.01 g/10 min. to 20

35 g/10 nmin., preferably from 0.01 g/10 min. to 10 g/10 min., and
especially from 0.1 g/10 min..to 2 g/10 min.

Other measurements useful in characterizing the molecular
weight of substantially linear ethylene interpolymers and homopolymers
involve melt index determinations with higher weights, such as, for

-20-



The substantially linear ethylene interpolyners for use in t he novel
nmet hod and | made fromthe novel nethod of the present ' ntion
are int erptﬁaﬁg&hg} ethylene with at |east one C3-C20 [err] -PCT’US#]

and/or C(ferr]-Cferr] diolefin. Copolynmers of ethyle fin 5
of (err]-Clerr] carbon atoms are especially preferre'H'”S SHEETt RASBEEN
"interpolymer"” is used herein to indicate a copoly or R&PLAGEDo! yner,

or the likegq r Ieﬁggru D&, 4@t h 4. T Er 1760 W Th
et hyl ene to°€d§%§‘ ?ﬁae“e’ltlﬁt' erp B2 ¥, NEdndi QIR 496%c/15 ’g‘{l BT Wn B2 Afed

comononers ULBIEIPHN" pﬁﬂlr?grsgz'f’}?g'“v\?"t H10b- TBemAtdReof ric hiigeer Weishix mept e,
et hyl eni cal iydexngatenmdheticmbnon®eNower weigh®jetigiid@AtObn NANKkASWH 49a% Gkt

di enes, pol yesesat£,C anEX P meSsd¥eaSt] and thecemqqeir'?défnggi‘&% (B &9

[err] o} ef| ns as propyl ene, i sobutylene, 1-b

- met hyl> | - bt &AkLe fsh‘é?ﬂ"éﬁée""ilyo(??%’rﬂé‘at&d An&H 121 Rasefibe substantriglipe
| i ke. Pref eumrcemmeﬁergsalymsi-yd:eearﬂmskemﬁ-,e induytiens, oflthél%resQ@&(ene
4-methy! - 1- BeRkeRgn ARtle Tadie! ensw A% Lidelals b SRBEC 3 i Yong engfpef err ed.

Q her swt ?lormnorrers |hnc uga_1 ﬁ | O- stitu:ed
styrenes, te’fra Fodr Sebhy I 8fe™ eﬁy?%ee Bl mebutEdRy, ralu&l the mogedg#idene,
1, 7- oct adi emamahdawghmalmehewolemgw el npéns aakio of thsyﬁib@heﬁﬁﬁmlgnd
cycl oocfeene r ' critjcal shear.rate and
critical shharr%;r ethyéf !rieesl?s‘)lme%tégr s&t%%hr%% QEffrééll'%tt u?e é‘(sé werioT 3&1 er

r heol ogy propert?és such as "rheol ogi cal processing index" (Pl), is
performed using a gas®Additivegisuehi as antéorislasts (GER) . h'ﬁlneegas pexﬂdsus:ison

rheometer | %\QQSEE,I Qn&p 1019 M 1§Q:Q§® A, %Ho%ﬁl?é} k- Q@ N
Pol E 76 outez®
rolvmer ol g Sl 26 Mgl HECR b e AR

Nost r and Re?‘?ﬁ‘f‘dFﬂl'CGhe(Emfymgﬁﬂdlw of whichgis BERievedetd mmas are

perforned abiphehplphespbonicedf milgpeibts,9@6lorints, £ilDetd, 0888 HLISKE @Rn
bet ween aboalsc2B0 ire13leulinoB00 pBS/ & &USh Kb IFRELY, 2o the ethJg%hsf{nt%ﬁée“

20:1 L/D di entrance an eof 4280u err
substantlaIrFy ﬁ%‘g%zgfgret%ltl%erg]ré me% qécff'%%&fjeﬁef iRk Ferpoppe is the
appar ent vi $SEGSFEse P ’Pﬂﬁii‘gé‘}tsof '&*‘?Tﬁ?bﬁ%lteﬁe%}émrw loy sGERN&RLN an

appar er0 shedlitivesess efhanbeutts?adbitdotRinglyne/welesslent Toe rmubsiantial ly
| i near et hydrar@ctsdigoeés fJ.QEl&’c&'ng' Mo @ok nﬂ&ﬁﬂ&é@@oa—r@n@eQYé@Q%d treate

I nt erpol | I 1 ), 0 n0| §t0 50 kpol se, 35
pr ef ePabYﬁ%lB&gl%gxgdf tw ’ @%ﬁég ubs%O ta1 13 |f1eydr aﬁt‘ﬁ’gﬁlieﬁé primary

pol yners us¥¥ f ‘F‘&dﬁrhaﬁét& ?‘f"dl gaidesp ol Hicore Fertivgsz0 eper cOfhenf t he
Pl of a |irrdgitéves/tenenhanceryhsl fabr' s entirdeggingonkarddtenpdt idsefdelalso be

pol yneriszechddetier 20y s@ribel, ardr BRaplROMMpeRepUSThY Pranrchesd ('Nnéxﬁin‘?u | ymer
as descri be.‘ﬂ::.@! Sk Olad 1 Y PaLeRt. 3 ’q§4§ér%g2} a%grlx:ﬂgn %nglaclunds alon ecr:ur:]l/an

and
combination with EAA or other functional polymers, may alsc be added to

enhance the film's antistatic characteristics and allow packaging of
electronically sensitive goods.

30 Film structures of the present invention can be made using
conventional simple bubble or cast extrusion techniques, however,
preferred film structures are prepared using more elaborate techniques
such as "tenter framing” or the "double bubble, ™ “tape bubble” or
"trapped bubble" process. The double bubble technique is described by

35 Pahkle in US Patent 3,456,044. _

The presently claimed method for preparing shrink film
structures and the novel film structures of the present invention are
more fully described in the following examples, but are not limited to
the examples shown. The homogeneously branched substantially linear

This Sheet Has Been Reilaced -21-
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PCT/ US97/ 02585 density, each within ten percent of the.
subst ant i o yr3a1near et hyl ene i nt er pol yner. pcr,usgmzsgs
apparent shear stress versus apparent shear rate plot is used to

identify the nelt fracture phenonena and quantify the critical 5 shear
rate and critical shear stress of ethylene polyners. According to
Ramanurthy in the Journal of Rheol ogy, 30(2), 337-357, 1986, above a
certai n cr PERlsnef polwmens aisedhin ¢hsefolddwing exatatlesi weregpkegareiescdoiri e

broadly cl assprdceduieit enavacﬂaiqhetsy@@s%nsw flaca,emgksmgl e3CLENR sanﬁ'a& gss

nelt fractyr£z %9¢ and 5,27 face nelt fracture occurs under
apparent | y. st eady f1 ow 278. 2125 FL l%mogeréf"rug% e8P RFeraPTeT PERYIEs of

specul ar fl??ﬁré’f%&ert §sehen the %?‘é?"é‘@v’é*"é‘??%? (ast ma%srk%ha FxxotHer ei n, as
det er mihedCeastisglt frrrabyye- described GER, the onset of surface nelt
fracture (OSMF) is characterized at the begi nning of |osing extrudate

gl oss at V\m%%,lgge 15 surface roughness of the extrudate can only be
detected by gm icatjon. The critical shear rate at the onset of

X
surface melt f ra(r:{fal ue FBFE1IRR St SPERTIEAR (e FRERATaEL YR SBREnk

i nt er pol ynE?EPOnSe 2 [eEhylene intRypplymesss 3yhmemeeanephsly bhendhedt i cal shear
rate at0 t heulatsetialflysUideaeethylene! intbipailyuee Ok 8 Hdraedgerbiylgne

i nt er pol ynBfadtR¥l NOirRE S E&tiy@bhd/ ﬁ:b@rp%@.ymexs ¥dFe llea@G&’tMerlqu %I‘i’]

G | t t d { t d
rag;ZSran étf.eflg% Hrfg%ggyénﬁ:llgil Fgaa.’r %{:gxlei}x:ézt %cteﬂ%j c°p°ly"§%88f+ﬂ-nlqc~|)gf| 22|

etc.) to r%‘?ﬂfdﬁ?’d‘i’%to??ﬂfﬁé" ‘T—'d‘lell':o’rﬁ?é?‘d ) of 0.8;gAdhmimnYesy ya aisdemudammum
abuse propeeighesdiétriibhtdon ¢@ainigst @nd, 2nd aeki ERss ratid aggy Aef)ecks

houl b h h
shou dlsbe ﬁn.d;“ nELTmﬂl}g QolﬁtLQLg?eJ] thfﬁ:oqymer Ofug§1m§ﬁFaJal %gl?:‘r}?zl;{)g%tshslt e;ee

onset of gross ne
i nt er pol ynkfxadiated iat phd MradenComparatiye Run 3 utilizeshacheteroaenepuddnsity

| ess t han Brxaithgd CULDPE setgrydebefl-bhtened capdl@fier havisky neaéssiter 6§ .0.Bos

critical sheas aahatatn&é)e (@5p e 0fe,SHr hdieRuiBd twe%&ht d&é@ﬁtﬂ%?or( Qe and
t he onset og JLOSs. M cture herei n based on

el
the change¥ of >sth9 &cB¢ Jf‘i)Lfgﬂﬁersaé:lénHl@éﬁ?vy §6r§‘t i Sﬂ’gp?fl"t”e Ruppg uhidizefht es
ext ruddd byhen pCERnerPpEf CompkytivienRéthe phigehéd ibeesnidradjiated at 5.0 Mrad. -

Irradiation was performed on pellets of the respective 1nterpolymers by
exposure to electron beam radiation at E Beam Services, Inc.
(Canterbury, NJ). The DSC melting point for the non-irradiated
interpolymers was determined, all four samples were prepared into
25 sheeting (18.5 * 1.5 mil thick) (0.47 mm t 0.04 mm) and subsequently
.biaxially stretched using a T.M. Long laboratory stretching frame. The
stretching temperature utilized was a temperature below the DSC melting
point of the copolymer but 5°C above the temperature at which tearing of
the sheet occurs during stretching. These stretched sheets were tested
30 for unrestrained {free) shrink at 95°C in accordance with procedures in
ASTM D-2732 by cutting four inch by four inch (10.2 cm x 10.2 cm)
samples from each of the stretéhed sheets and carefully placing them
flat into the bottom of silicone-coated metal pans. The metal pans had
sides 1 inch (2.5 cm) high and were well-coated with 200 centipoiée
- 35 silicone oil. The pans containing the film samples were then placed
into a forced-air convection oven at 95°C for ten minutes. After ten
minutes, the pans were removed from the oven and allowed to cool to an
ambient temperature. After cooling, the film samples were removed and
the dimensions in both the machine and transverse directions were
40 measured. The Vicat softening point was measured in accordance with ASTM
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the substantially linear ethylene interpolyner will be characterized by
its-critic rate, rather than its critical shear stresg

Subst ant i a%?%ggr ethylene/[err]-olefin interpolyners, Ii kE C"'%’%“”"Hﬁ%r
honogeneously branched ethylene/[err]-olefin interpolyners that

consi st of a single polynmer conponent material, are characterized by a
single DSC nelting peak. The single nelting peak is determ ned using a

di fferenti alm%(‘z@nmmleai YudliBL £ S&ﬁé“lﬁLﬂhZ | um and deioni zed 40
water. The method involves about T 7 ys Qgsﬁﬁéntsg AJ}% a*¥ 115 F{S! ShEEPY cfeos '
VWO 97/ 301 | 1 retch ratio in ormat:.on ° each sample: PCT/ US97/ 02585
about 180[err]C which is held for about 4 m nutes, a cool down at about
10[err]/mn. to about -30[err]C which istdmledifor about 3 m nutes, and heat

up at. about—4efEre oMot -
The single mel ting peak is ﬁeﬁggﬁtﬁg__ﬁm t heRaE:' tq; Egéci:ond g{éﬁ heatsﬁrleg

tenperature 5 curve. Total heat oftchusi on of the pol yggryps cal pgy ed
fromthe area under the curve. FOT_supstantrarty
linear ethylene ingergtidygers havi ngf a denmsBty of >03875 g/co B8 0.91
g/ cc, the single ke ﬁeak may show, dependi ng on equi pnent
sensitivity, a "shqyldgr;,e0r a "hunp' on the 4ow 10 meggl ng side _t hat
constitutes | ess tahm percent, typically, &4 than percéﬁt and
nore typically less than 6 percent of the total heat of fu5|on of the
pol ymer. Such ancamptrdwicie Ren observabl e for of ke <hggrogeneoushby
branched pol yners such® as Exact[err] resins and is di scerned on the
basis of the slope of the single nelting peak varylng 15 nonotonically
through the el tYM§FUSENRYE the attifact. “Such < 253rtifack 2Bccurs
within 34[err]C, typically within 27[err]C, and rmre typically w thin

20[ er r] Csof twﬂmmwﬁwk—ﬁm*— of
fusion attributable to an artifact can be separately determ ned by

specific integration of its associated area under the heat flow vs. 20
t enperat ure curve. The data iphZabks dcshaw thati ghe sheebsfabaicared fraedbeed
by usi ng narmengeneoushp|rantied \bﬁb@&ﬁntdaﬂlyf Lindarostpalels t iHteRsoSmapdar ds

(from POl ymiihsnited: U0 hul S otk Olatted N ELe L e 39550112?}33

The equiyy

appr opr iat ee%taeaﬁer) 39 I%’mf/’\nx coe efeet@l %%’é“:?'iﬁ% HOPN &PR ?‘E‘r’fﬁ“%frﬂi‘a

pol yst yr ene NEEETRRDEPTHay PEgnched Liggar ehylarri 1MPJEPq1Nm9{)ur B¢ sybePixirymer
Sci ence, Polsprink [respense i¥oéxhiBited evef GBeh tR68pouny derdiseiihettetdmangng

equationf is significantly lower for the Inventive Examples relative to the

comparative examples (i.e., 3 x 3 versus 4 x 4). The Inventive Examples

15 even show superior free shrink performance regardless of whether the
comparative examples were irradiated or nonirradiated prior to
orientation (stretching). The stretching temperature for the
homogeneously branched substantially linear ethylene interpolyﬁer was
7°C below its single DSC meltihg point. Conversely, the stretching

20 temperature for the heterogeneously branched linear ethylene
interpolymer was 25°C below its highest DSC melting peak, 21°C below its
intermediate melting peak and 2°C above its lowest melting peak. The
stretching temperature for the homogeneously branched substantially
linear ethylene polymer is considered the optimum or near-optimum

25 stretching temperature for the polymer and for the particular stretch
ratio and stretching rate. That is, the shrink response is the maximum
obtainable for the sample at a 95°C shrink temperature wherein a higher
stretching temperature would yield a reduced shrink response.
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Mool yet hyl ene = a [err] (Mol ystyrene) b. In this equation, a = 0.4316
and b = 1.0. Wi ght average nol ecul ar 30 wei ght, Mwvy, and nunber average

nol ecul arweaeengor1s Merr], is calculated in the usual rEAESe7RBEER! di NQ
to the follow ng fornmnula: Merr] = ([err] wWerr](Merr]))[err]; where
werr] is the weight fraction of the nolecules with nol ecul ar wei ght
Merr] eluting fromthe GPC colum in fractioni and j =1 when
calculating Merr] and j = -1 when calculating Merr]. 35 For
t he honogeneously brimehethegt hyabatiomt aaphéy vbas w<Sedzing themddh@dpr esent

: g\slgnt ngdikgﬁdfgbg]szsé@;é %ﬂ&fiég‘%@?&%e {p§§§%%fa§9m2§%siggg§s are ami%frg{-l yl y
especi al | zgzrjbanl] ? 310 % ga!t % tenpdrature b AnghB Sk (ﬁft_ltﬁ? Ir%gf’Fﬁfee‘ﬂej'Ef’l'ﬂll ene
i nt er pol y] ¥F$ﬁ’§°ﬂ?ﬂﬂﬂﬁ fif per polymer blends) or compositional fraction (as

-19- 5 ~per a hateoogyengoudly branched ethylene interpolymer), the percent

PCT/ US97/ @@58&al crystalbpnityexseal lfeRtt phoseSeabilidute dﬁﬁe&@rﬂ%\éhn&rﬁa
rel at Vel YeBdd O wcnyTBhEGhghe P! OBhe de3ied BHEL g RULALLSLAGLY,, unll ke
honbgeneo SI%/ ar&dl, heiero en,eousli;% ranche | near € yﬂfﬂ% Pymers, the
melt flow FaTFEe 1inear) ioy | 9opsihy pabygthyienay yLIPERsdr serndjed ey The Dow

i nt er pol yfaenicadnCerpapyr understhe desdenarkl 'HOWNLENehdrtentdaneohisIndrantgul ar
wei ghto di aterduli oecy VoRrddnshby polyeiiaened N@LyrEd Re PLEHERH FE&Lp&EQé('b%Pe

a-ol efi N At GSROEN R ak Oéozdf,éﬁy!\{hdwetr]e erPAGRERT ATINRE 1.0 b5 ﬁ%‘r’%ﬁﬁ eneous! y

branchod CEBUSSNETaTT SoT ) HEdFm ey FRROHER * hoRpRrissrgHe s aartedal | abl o
from The PRRFtERERrEY lEogrrasyhukenaf intsrpglwmezs d@pplied yayt Ghe Doy @sémirans,
and as Engemeinar nhdgrokye| tefademetias t RFEINSTY” and HENEAEHED Wiohygdiedns hgd
SUbSFfH“i Bféﬂbﬂehﬂfﬁﬂéa@tgﬁﬂyaeﬁeF%Ht¥9§3f§mggg'J% plied BQeﬁﬁua%dcﬁﬁhﬂéQ?
contl nuouéo?&c!r% g.gr? ’un§|e1!:'I I’tr ’ t:c:)ardeglggk Rj1‘&)5-\8?;3 Oan nb‘da{tls%&t (Itr?erx]nical Company
under the trademark “TAFMER;” and ethylene vinyl acetate (EVA)
copolymers supplied by Dupont Chemical Company under the trademark
“ELVAX” and Nova Polymers under the trademark “NOVAPOL.”

20 The polymer samples were made into 30 mil sheets on a
standard cast film extrusion line by cast extrusion and quick quenching
with a chill roll. The melt temperature of the cast extrusion at the
die was set at 480°F (249°C) and the chill roll temperature was set at
75°F (24°C). DSC first heat at 10°C/min. was determined on tap water-

25 quenched, compression molded thin films of each polymer sample '
(unextruded) to simulate the quenching encountered by the extrusion cast
Sheets. The temperature that corresponded to 22.5 weight percent
absolute residual crystallinity was determined for each polymer sample,

The evaluation proceeded by initially setting the stretching

30 temperature in the T.M. Long stretcher such that 22.5 weight percent
residual crystallinity was maintained for each polymer sample. The so-~
defined stretching temperature was substantially less than the
temperature of the lowest melting peak of.the sample. If a given sample
sheet could not oriented (i.e., tore during stretching and/or stretched

35 unevenly), the stretching temperature was raised for subsequent sample
sheets of the same polymer sample in 3°C intervals until or such that a
corresponding sample sheet could be consistently and uniformly oriented
at a stretching ratio of 4.5 x 4.5 and a stretching rate 5 inches/second
(12.7 cm/second). The first interval of a higher temperature where the

40 polymer sample could be consistently and uniformly oriented was taken as
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of ethylene and one or nore optional a-olefin conononers in the presence
of a const kphgeFgggonetry catalyst, such as is disclosed i n Epepigsfiossss

Pat ent Appllcatlon 416, 815- A The density of the

pol yol efin polymer (as neasured in accordance with ASTM D-792) for use
in the presently clainmed nethod is generally greater than 0.85 g/cc,
especially from0.86 g/cc to 0.93 g/ cc, nore preferably, from about

0. 88 g/ cc t¢ned oBRimyinC 6t aexthingt tediperptiecEabithe ;faarmﬁla&prDy&r%ampJ_\AV)en
Ufgge?feg hesc)\ii]%ﬁ:hﬂk%afeiﬁgt fm ReL¥dREg rate Eﬁ(’lerasoéuékhep.s;mﬂd@g éﬂel m B e
glcc The g%%sy Pt STYP h yhmwh}kg‘ﬁﬁg‘é}rﬂ% a3 §/°‘§‘ n%%é'a‘ et%?‘?iﬁesq’ﬁtﬁfﬁﬂé‘pmf%?
use in al |l exissEed: of the - present invention is less than 0.91 g/cc,
general Isy in the rangeather® 85035 could ndt e aht Eormlycseraabhyd |appardrtany
0.907 g/ cc, yg@hesPraheiadly hl.t@ﬁSnet’ RaDndex.Or sigYaL1Y, 0‘1‘9&%@"*%&@80 s thot

preferably Iess tha 0 ual and espec In the
range of O. FIES Cfpuﬁ £° iq: very lcw Qensj'ty qlh’?‘hé T r"Ilg' J;Kf;/a\.se"f’éht of

pol yol ef i n {RSPgHREEESSS f%m}énP%rﬁhleyPﬂmeru FRIPLSE eea'aag?w asnesll phdde DSC
nmeasur enentmelddon dpoigptsp AETeELdha38erBBal Coridt atorehé O¢tamnth GtZetchilog

(formerdoy kf@r\@ﬁrﬁ@ureafaglidppﬂager a,udna{eaofmp\yamples aRé dn%) vidde! bottdblexgi S

i nversely p por t onal he nol ecul wei ght .0 ol hus
Lhe i gher TBSBr g 50° BRI i PRLmSE fteidt are reroitalne Hibee, Bior

the rel ati ofidil She exeeptiqme rExampdeny @li ey sFEﬁtcthhég tempefﬂjquye? efi n
pol ymers usedpertperiai fable gemeral3°¢ abom €h@ kegpé@ivenlowest 26t x@8ch g/ 10

mn., pref eiartgie)eawmerwac@/ BOL ye. sdnp1d0 g#nkosmetcmﬁgldemperatewem ally
fr Om 0'135 o@t@d no Tgbﬂé ]20 fg}: ri-:x le 9 is more than 9'85‘4 a:I.StLQ FcF
ar of subst anti a | i near

useful 1n c racter|2|ng t he nol ecu
et hyl ene i nt&P6FyHEPETAMF Shormopol yner s i nvoI ve nelt index
det erm nati ons w t h hFghethengkrgiiching gti¢pasiniftypl sample dimensions of 27 x

- 20- 27 (sl.erégd x 5.1 E)NWSHe @saapl & seﬁ%&glaasaw)o&adm ig¥N4.5 x 4.5
190[err]C 1.-9nJ<Q E{PJ:’E?EM J&QQV\@f as ;.nﬁhes/ adiat i 25N d,8L8 QEROWRLAS

I[err])0 The ratio eternination to a

ndex
o) )2 apongaF s o AT g e LR ppfghcee Teag dbdlala

stretching temperature in the T. M. Long stretcher for 3 minutes. The
hot air was deflected so as not to impinge on the sample directly to
avoid hot spots on the sheets. Sheets were stretched at the highest
possible level of residual crystallinity (i.e., at their respective

25 optimum or near-optimum stretching temperatures) to maximize the shrink
response potential cf the sheets for the above stretching ratio and
stretching rate.

The hot-water shrinkage at 90°C for the biaxially oriented

sheets are also shown in Table 2. Shrinkage values were obtained by

30 measuring the unrestrained shrink in a water bath kept at 90°C. The
sampleé were cut into 12 cm x 1.27 cm pieces. The samples were marked
10 cm. from one end for identification. Each sample was completely
immersed in the water bath for five seconds and then removed. Film
shrinkage was obtained from the calculation using ASTM method D 2732-83.

35 The average of four samples was calculated and the data are also '
reported in Table 2. Since the samples were egui-biaxially oriented
{(i.e., 4.5 x 4.5),'the shrirkage in the machine and transverse
directions were equivalent as expected. Also, the shrink response at
90°C for the various heterogeneously branched and homogeneously branched
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ratio, and for nmeasured I[err] and the I[err] nelt index values the nelt
flow 5 ratio is conveniently designated as I[err]/I[err]. For the

subst ant i WQ 97301 bkear ethyl ene pol yners used to prepare PoTsotozssef t he
present invention, the melt flowratio indicates the degree of |ong
chai n branchi ng, i.e., t he hi gher the I[err]/I[err] nelt flow ratio,
the nore |l ong chain branching in the polymer. The I[err]/I[err] ratio:
of the subs}l tlaII | i near ethylene polymers is 10 preferably at |east 7,
and especi®X P’ge%ﬁ ip %‘5&“@“"5 as a function of /ppliympy aiensitoh azs stowhodd dant s
(e.qg., hi¥d€red apdeRtFi 3 (such as Irganox[err] 1010 or Irganox[err]
1076), phosphites (e.g., lrgafos[err] 168), cIing additives (e.qg.

PIB), PEPQerr] (at rinar |ngred| ent
of whigh i s beli evgdﬁt?eg%g%&ab ﬁaﬁq?éﬁ%ﬁ onlef"gfra g X ipsTald§ @r ant s,
fillerd, ARBTTHEY FRe ](?éi'ne’é‘? &6 g’ée |°|¥6F'Eﬁféél°? (YiPHew FOF yerahf Fmple Riley Mer S,
to the exthégh %ﬂﬁ’apftmwréenﬂmon rmiedberis wetdllyhpusteblngh ahe HiljRer

enhanced skltidg pesposts &heiNOMEY. edTbus,Agglég;aggscon'gh@dgdag? £ ahgk fl | m may

l t e O e e _inter e
friction cher %&H’%‘?ﬁi‘g.ﬁ BREACR Shnfiths et PantrS s e st

treated siFioon ACBXIREow: Hap %‘%ﬂg(?f‘ﬁ?i‘ﬁ:lé(r'b’('ﬁi’ﬁf‘éd ethuleneajnterpopmidrsas
pri maty ard- -8 ec AEEARIE YL aEngacachr Zxedesesindli.cone coatings, etc. O her

additives to enhancesdiigefid OESPavehnt - §,509] oup ¢basHGt Sfie%tth&?omuo‘g‘lldsgtl Ol

added, ascdesfdd bad, bé(t%e@)@l@pl&ezj Qnyﬁlﬁﬂéz.emeléin 8%0 Sn‘r‘i:g é%lleeg?n:’ln 25

ot her addh ves ensuc g q*ﬁ’g‘FSr nar I um co

conbi natlon W 5% VBTt PR YREF sbleﬁﬁy Fhe PSemakidad t o
enhance tl’réf?lf"faﬁ\lgna?ﬂfl Sowkexd bVHEa204Ti Sttars™abPPE| 204, pattengi NgLDoE

el ecttoni 203 yargiepSfinivg™gubdSantially linear 1nter;l'_dl|yﬂé§t#i.u§§w age Qfishhe

present | BY&ﬂideQnTQ@ré be rﬁ@,@euﬁ|1fﬁglcatesC0£Bé-ﬁ_QL}[-PQ@| e TBL &, hubbl e or cast
extrusi on g

wwhoyever structures are pr epar ed
using nore_e ora etthgc nigoae e égy bsranc red. E’%‘P‘r][neé‘r 1A RYe"oPoYmexS doubl e
bubbl e,” “PRfE Bﬁbﬁrf@d S?I atwa’pwaesmiek respopyepebskreThingoubl e bubbl e
t echni quetP’sP#@s;er?#:)@Glb\y thzhk| eespactiSePadwEt melting, gdaks044s set forth
Ml ti2@yesbbid, mtaarmtogaﬁ&ueiytmnbﬂy@mtfkmt%npa‘;mpf G‘s%% 4[1:4214 §%m le

coextrusi ggc tnfqug,g&]%%lg% ?nd' ag; % rl% hLegbni que SO _conprrses a
u

pol ymer m xture i'ta ures 1 ncf‘éhdL g%\taﬁ 3%"t sé’ﬁ’élfmally
honogeneof&F{*BPA ﬁc"t?e&“@‘? tﬂ?lléé‘ﬁ"e‘ﬁ nt %?‘t?d’le!jfre‘rt ducirtad weE Bre yner mi xture of
at | east BPReIRIFPYTY:bYE3hsheldr AfTindty™ (Hod ymext isahple kamedsoaidpkbdtted for

i nter pol yaemaxindzed sheask re8pokal QE Oy aeetdivgbrapehadirat baldangepol ymer. 40

Furt hey, Mﬁééh@yérlofdek%étt HGtdUags of the invention can also conprises a
barrier filmlayer esently clainmed nethod for

;
preparing shrink fi MpEeoverst Fi&%%?eénd&ﬁag h&hSRAIEREYShY shranched d40BF t he
present | AYRHLPER RAlymans daving fadpysides i ithedringet fronf O} 9Wigrge eoanpl es,
but are nodt937 witekbanObe heridht e P | neaSifli0 W sidubl EcHATRUEHARY S sbsRnched

subst anti gb |l WeilghB6Sdrcent to 24 weight percent and that the maximum részild-ual
30 crystallinity for optimum or near-optimum orientation of these polymers
is predominately influenced by polymer crystallinity or érystalline
polymer fractions. Table 2 also indicates homogeneously branched
ethylene interpolymers in the density range from 0.899 g/cc to 0.918
g/cc can be oriented at a maximum residual crystallinity of from 14
35 weight percent to 17 weight percent. These maximum residual
crystallinity differences indicate that, at least as to shrink resﬁonse,
heterogeneously branched ethylene interpolymers differ completely from
homogeneously branched ethylene interpolymers.
Additionally, whereas FIG. 2 indicates that at polymer
40 densities greater than 0.91 g/cc, heterogeneously branched polymers show
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[err] WO 97/ 30111

PCT/USQ?/Q;&?@ et hyl ene polynmers used in the foll owpggnReaigiNess
wer e prepared atcordi ng to procedures and techni ques described in the
Exanpl es of U.S. Patent 5,272,236 and 5,278, 272. The honbgeneousl|y
branched |inear ethyl ene i nterpolynmer used in the foll ow ng Exanpl es
was made by the Exxon 5 Chem cal Conpany. - Exanpl es :

I'n an expeni HegHert helike kadmmst hehaOIRAIREYEs 15N bEdliched polyRepoNRE aff

et hyl ene 'et;swﬂeweaém@yhcwageﬁl%umte@r ahghed &st;%@ﬁﬁ%@k' ahdny ol bpear

ethylene interp ous near_ et hyl ene

a het erogen
i nt er pol yn@/cﬁefe‘yévé??zggg&erﬁﬁ 'i%g in agc‘tﬁ“ﬁ" Ee'ﬂ‘tg E’Eﬁ)?t’"ﬁﬁ?’i‘tdl ly |inear
et hyl ene/ 1ip¥erti®ne opriogaReoUsdYi pranghed ethyilens pplyers. sipwjpreater fhar or
i ndex (§[ efeighal GoB19/dedtchtilfreater, ¥BpEIalaY 15 perddit]Btedties! Ihdud i On

(Mw/ M) of g Zmaﬁ'ig f’o 'E%L:Eerfé Q\B’e£@éz' Qmﬁ ':Jo@Esz';JeL:QSIJ]Q 29fpé'r'§:e3§a§’z g a”D' e
EBHRS

2-utilized }x a ﬁg 0 %. g %% ? ethylen ﬁ I
M ad. Conpdrat s\? u't’ i 8re?eﬁ‘8?‘ésr JghEsUs YLeng Pondh
et hyl ene/ 1%&%%“&0%!5}%?5 Hav ERrF 536%?1@9%%?‘183'9@5 (m°1“dg}"9c a nelt

i ndex (12) ozfieftation) nayl essdraialiey ghe shne! codntittiions ( Mseek |isMparticulapiy 3. 5
and a fglt tfthin{e@'E'Qlé Ilheé lgjoﬁ%@f ldbhs Of 18- afdTRIE a;uaxeo@m i/aﬁ' Lnbzsd 20

th | f di ate
I r?ag?a%/rg% gtﬁ%ggg?f o?“m%d 2rPp eff%gaﬁf&t%ﬂg ?egple%{’ia %g?%‘ilé ¥IARmSr Eh‘Hy

exposure t®reeerals 5 HEh %ﬁﬁ apd giesht esPepéa YSeAYd c &9, oF dess than 0.90
(Canterburyw/cdl)). The DSC nelting point for the non-irradiated

i nterpolyners was det®esR€thk: aéépa‘neeroﬁeﬂelxeilo\geﬁ&@wp@;aeénwt&n;ﬁene

heet hj 7 t]
310, B e Tt LS 3 Wi O B S
stret chi ng ef‘éﬁ?R—?r"&fh?’b °|5t F‘I“T feaavﬁ?"a ’c’e Ap&r & Grse"ﬁél &% ’E'}?edbét dhECLPIRS
poi nt of tHe ¥oRwbiieatibnt 950841 Gugbeste tt\hesttrenpexe;spgnee &t hbmageneeasling
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10. 2 Cﬁ? densities less than
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sanples fromeach of the stretched sheets and carefully placing them
flat into the bottomof silicone-coated netal pans. The netal pans had
sides 1 inch (2.5 cm) high and were well-coated with 200 centi poi se 35
sili conevpblw y e pans containing the filmsanples were ”il‘i‘l‘l@és?i&i‘ﬁs
into a forcéd-air convection oven at 95[err]C for ten mnutes. After ten
m nutes, the pans were renoved fromthe oven and allowed to cool to an
anbi ent tenperature. After cooling, the filmsanples were renoved and

t he di nensions in both the machine and transverse directions were 40
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5 | '*Stretchi-ng;twmr 1C The dat a
in Table-1 t the sheets fabricated fromthe ho
‘%@t%gﬁ&ﬂ higﬁ %’%’esri or-

oo s onen wer o ro R AR e 22y ™6 o e oo

conparabl e sheets fabricated ftorfltHe ¢onventional heterageneaus|y
branched |inear ethylene interpolynmer. The superi ol THIS SHEEF iHAS BERbpnse is
exhi bi ted evgh sMagh. t he anount of biaxial stretchi REPLACBDONi fifantly
| ower for the Tnventive Exanples relative to the ' anpl es
(i.e., 3 x 3 versus 4 x 4). The Inventive Exanples 15 even show superi or

free shrink performancg sétasaddenskHg Wheddiesntitkable podonaat kG, exanpl es

were irradi aé&gr%irg)gbg r&@kg:oe hgri or to orientation (stretching).

The stretching tenp ure honobgeneousl y branched

substantidal l'y |inear eghyfabmécavingrpqloppelefdastilm stiijernté Grbehbstank$ally
single DSC nel ting poi nt.uncRD¥eesCkdrm,t BSa St retching 20 tenperature for
‘the heterogeneously branched |inear ethylene __interpolymer was 25[err]C
bel ow it.s hi ghest DSC ﬁel%tirﬁﬁcrﬁé‘atheZEf’iY‘?ﬁe@-‘beﬁléw % @ selectiedt synetdhine
mel ti ng peak and 2C aboverates $toeesh zamehioiang pemicchilie temperazlif€l GlRkPgin
tenperature for the honpgsReseidcredr it b ngUbSIRR e ¥s no mold MB3h s°c

et hyl enggqpol yner is consi ( %(,gck tehg_o%ottl oum.or near- Ottotl ngm %ﬁ stretchi ng
tenperature for the pol yrmBr and f &7 %en%é’rfl UM B 3TYEt t9F TP PlyPetithg
stretching rate. That is,titReScEnRe 2B piFskhe Selertadhitrakehing rate and
obt ai nabl e for the sanpl etaktchidgCratiol ahd Whapsinathe @olheXeriin Ailu gher
stretching tenperature WathGciir@! Bormpri8dsiGRIL&YL Bhe RBPMIREpolymer having

-23- : WO 97/ 30111, .
PCT/ US974.02585 bolymer density less than 8,948 #/6S: | 2iher than
utilizi 5 t he nmet hod di scl osed by Goli ke where ethyl ene pol yner

conposi tions are %f bit Feg imephod of Claim 1 wherein the ethylene polymer is a
substantially linear ethylene polymer which is characterized as
having:

' i. a short chain branching distribution index (SCBDI)
20 greater than about 50 percent,
ii. a single differential scanning calorimetry, DSC,
melting peak between -30° and 150°C,

iii. a melt flow ratio, Iy p/I2, 2 5.63,
iv. a molecular weight distribution, M,/Mp,, defined by the

25 equation: My/My < (I19/I2) - 4.63, and

v. a gas extrusion rheology critical shear rate
wherein the critical shear rate at the onset of
surface melt fracture for the substantially linear

30 ethylene polymer is at least 50 percent greater
- than the critical shear rate at the onset of
surface melt fracture for a linear ethylene
polymer, wherein the linear ethylene polymer is
characterized as having an 12' M,/M, and density
35 within ten percent of the substantially linear
ethylene polymer, and wherein the critical shear

rates of the substantially linear ethylene polymer

This Sheet Has Been Reﬂlaced -29-
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biaxially oriented at a tenpéerature within 10[err]C of the highest nelting
pol ymer conpound (as s) or conpositional fraction (as. 5, .
per a het w&gﬁj]‘q?psl yrullmmmnéumrﬂﬂe i nterpolymer), the pRMGES¥02s8s
residual crystallinity*asta tumctison+0of tenperature was determned for a
series of ethylene polyners. The series included heterogeneously

branched linear | ow density pol yethyl enes (LLDPES) supplied by The Dow
Chem cal Conpany under the trademark "DOWALEX;" heterogeneously branched 10

ultra or very low density Hol yg NiheneschihdRE og;me\éLDB_Eso)eawm 2@y
The Dow Chem cal Conpany under the trademark "ATTANE' and by Union

Car bi de under the tradenari@™eFPBEOVRRPSTABRS FEABD 751985 pPXRTERARP
substantially |inear ethylmeemétdrer pol yners supplied by The Dow Chem cal
Conmpany under the trademarks "AFFIN TY" and "ENGAGE;" honogeneously 15

branchegl | i near 3et hylrthgemétHoar §0|1aER S1 SMppéinc8ndYrimXSrdcherd Gal a

Corporatio t t "EXACT" and M tsui Chem cal Conpany
under the ?‘?ﬁ%&%?k&%%&@%ﬁ%hd et hyl ene vinyl acetate (EVA)

copol ynmers supplied by Dupont Chem cal Conpany under the trademark
"ELVAX" and Novd-Pol yhirer metthoderf itieinrhdbrpeic thOVARO strigQure is a

The pol ynemseinaes simestideuiet o 30 m| sheets on a st andard cast
filmeggrusion line by cast extrusion and quick quenching with a chill

roll. he nelt tenperature of the cas xtrusion at the .. die was set
at 480[err]F (229[ er rT]hE)“'%ﬁﬂ_dt ﬁ% Cgﬁf‘f'l r’_‘g‘FFe’t“eﬁgﬁr’%ﬁlﬁf‘gaW&sféléT shfucture
75[err] F ( 23[ryeppCyd byDSC=daxtspsinmteehnigBperr]/ min. was deternined on tap
wat er - 25 guenched, conpression nolded thin.films of each polyner sanple

(unextruded) togsi milgleniipaldeNalin SRePHH ShE Y 1 i Nk ¥ I S PRcGAS!
sheets,  The tenperatyre tﬁat onded to 22.5 wei ght percent

absol ut?® r &8iRATEPTRY V¥ 8| %“t%g{%ﬁgz:gﬁ%rfl&uﬁfned for each pol ymer sanpl e.

The eval uation proceeded by initially setting the stretching 30
tenperature in the T.MHe hetlpdstf atlalterd sineheirhat PéasE wee gayepearfc the
res! dugl C'in}iftt_%.!alybi“ £ mNSEryBRuRE AdohPeli 4 aeg‘%@r\aeiﬂmarg &l ene TRt SR

efined stret ng_{. erat ur S t ]
t enper at ur €7 61" eﬁeaf glv%[eég it ?f"ﬁ%geagﬁﬁélgfg% ehseénptﬁ‘?ie;'??ﬂ‘etlg hr negémpl e
sheet €®uld not oriented (i.e., tore during stretching and/or stretched 35
unevenl y), the $tret clihengetimgpef Llainw Wevheraims dlefralydebIdghere ingiypdes
sheets of tahe1&aAEoRO HYABEerfsdUPLE Hrandhe shbstant @811 Sitedxd ktoFlesdch that a
corr espond'iﬁgﬁ Er Sablgeglt g&uhg 88 HOASIRLRNSY y AN AALE QLR Vel HEDHRA .

.5 X

at a stretchi ratro o .5 and a stretching rate 5 inches/secon
(12.7 cm second). The first interval of a higher tenperature where the 40
pol yneRSsanpl e coul d The methrds pérlaimghrhenpintheymgitidayerd Thas StaRetrrss

- 24- comprises a barrier film layer.

10. The method of Claim 1, wherein the ethylene polymer is a
copolymer of ethylene and at least one C3-Czpa-olefin.
30
11. The method of Claim 1, wherein the ethylene polymer is a

copolymer of ethylene and l-octene.

12. The method of Claim 2, wherein the substantially linear
35 ethylene polymer has from 0.01 to 3 long chain branches/1000 carbons
along the polymer backbone.

13. The method of Claim 1, wherein the stretching temperature is
in the range of from 50°C to 125°C.
40 :
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yﬁegzgf?%%ﬁ hi nJl"mH"I "H“Im gll t he partl cul ar- poly PC%%:SQZQZTBS

stretch 0 an st retxchicngtrat e |an as such, provides the

residual crystallinity that the particul ar pol yrre d be
oriented. 5 Tafmmer[err] A4090 coul d JB?S”SEE% |H?i§ I#{LE;&
stretched apparently due its relatively high | t |$ﬁféﬁc Simlparly,

Tafmer[err] P048@.was not A hea®rlé2BhRibidUei i sitksctieYwhidl E6hpdikys, [de .
Optl m'lm Or{:ﬁgtsi FIQP contr&%gggggt Lér EF?;g OQ'L hO og&xt{buggﬁ%”%nc mkg¥ aﬁnﬁl nl ty

eval uated as we
at the opt FRIRFPELYRAR HFﬁ{j‘glG PeLyRsEr I f less thapef- *Yushetred }'I‘FH’M
sanpl es anthe Hfd | stauctufe disi aaractetigrscpsthavésg foshrink raspase polleast

sanpl e ar go rfREER € Gredtdith@n 2the shrili RedgttiseX6£Rl s0for £EX@MRLEcRhreal |
the stret cb{,m\ Ls.mqrs@gu%%temggn%egﬁﬂrs hL%bLé?fl rﬁt%Lgsfr%]&a&rﬁet he

respect ive | owest str er ature OI’ ea

st r et chi ngSPEMSe PR HA i%yerr éﬁ%r"ﬂgﬂﬁe?'h REpFE™ sfﬁ?céfan?ﬂ% the jsechpd Fithan
3[ err] C abstrudtuse |angefebricated randcptyenphed aindep. essentially the same For the
stret chi ngcsﬁﬁm;ohﬂldrﬁathémb@exﬁoﬁ?mI&Bﬁchﬁd and meterog&eoéélylbsmdheé 1

cm wey e used. A_stret h|n ger% ratio of 4.5 x and a stretching
rate of 5 f‘Wc?‘F@gf‘y'geer@o ﬁ"e( 3y %83%€Hlmeﬁ18e?ﬁltysaﬁl%sm?ﬁe
preheat ed imddse identified opt| mum or near-opti num stretching

tenperature in tlge T. M Llp'ﬂgaétJth.LﬁMll B&ly%&gk:mjtfgim s:lg}%cture g?%p I‘

def |l ect ed not irectl

0 as t
spots on t%’é 3 fpgEhed v gﬁeletcf“‘gﬁsee f‘g%t%tﬁng % the hi hest p055| bI e
| evel of residual crystallf®ityfgbrieating athPl?@é‘péeM PETREEUXGpEn nuM or

near- oyt i num stretching tenper asubseapt itz 1greutiorii &ex ddh €osiyr and response
potential of the sheets fO(ﬁo)t het@}@é{f’té:t E@ié?é@h'ﬂﬂ? el Par¥ldated p%i{r&te(fti'hng
rate. The t er, shri nka a

bi axi al |y oriented sheet s i BPETERY iansella?BFE f]tr§£%ﬁ?ﬁaﬁ%te\7al ues
were obtained by 30 neasuring fHretehrretip AnfeatEHCPART i GeMBETRANUER, bat h kept

at 90[err]C. The sanpl es whereim iuthel néxecid cyhretéhihiy tempeiratere ifhe
sanpl e were nar ked 10 cmpdioiMiGe®tithd phintdeRt ifd eaih Qha EAGHh
sanpl e was conpl etely i mey %%grépm{)hgow%ggrﬂpﬁtg of Yol V&S SSNds and
then renoved. Film shri nkac from the cal cul ati on usi ng
ASTM net hod D 2732-83. 35 The %Rfé?‘a’get??efwes%ﬁfp[tég %&§°E%ﬂ Stretddnand
the data are al so report edrite Jublsaretcl8nagceattibe Iahpl es were

equi - bi axi dhdpeiqr t1NIF8Um structzr€ comfrises, dad)khe tdHiBRIdIMEIGE JaPet NQL
machi ng ang, Irapsy eJt%?lene pod S L NS, WELE Yl YAl8Pl &5 185P8%EE%D . AL SO

t he shri nk respons
g/cc.
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90C for the various heterogeneously branched and honogeneously branched
- 25- WD 97/ 30111

PCT/ US97/ OeBdr/30111 et hyl ene interpolyners as a functi omcu‘iusswbmr
density are shown in FIG 2 and FIG 3. The
orientation (stretching) tenperatures shown in Table 2 5 represent the | ow
end of the orientation wi ndow for each sanple. The hi gh end of an
orientation window is usually just bel owl¥8e higher nmel ting peak of
the polyner. Thus, it can be concluded from Table 2 t hat

het er ogeneousl y branched et hyl ene interpol yners have a much broader
orrentatron wi ndow t han honmpgeneously branched ethyl ene interpolymers. 10

(i.e., Affinity, Engage and Exact resins). Goli ke in US
Patent 4,597,920 teaches orientation should be carried out between the
| ower and hi gher nmelting points of a het er ogeneously branched

copol yner or polyner blend. The DSC nel ting " infeymtion for

Dow ex[err] LLDPE 2045, Attane[err] ULDPE 4201, Attame[err] ULDPE 15 4203
and Affinity[err] substantially linear irgerpolynej L 1880 are al so

provi ded Table 2. Table 2 indicates, contfary to the teachi ngs of

ol i ke, that the heterogeneously branched} Dowl ex[efr] and Attane[err]

pol ymer s can be oriented for a naxi ed shrifgk response at stretching
tenperatures below their rg nelting eaks. As set forth 20
above, the honobgeneous!| y “g err] pollymer sanple has a single
DSC nel ting point and, as such, achings are not specifically
applicable to such polyners. Ho ;\. 5 noted §H& the _
honogeneousl y branched Affrnrty[er g sanpl @n al so be oriented
for a maxi m zed shrink responseNg Yt retchiddt enpermature belowits
25 respective |lower nelting peak. Mor er, Table 2

i ndi cat es het erogeneously branched LLDF

50
Temperature (°@

"FlIG. 1



and ULDPE pol ymers having a density in the range fromO0.907 g/cc to

0. 937 Y/ ccwapsrdpireri ented at a maxi num residual crystallinitycpiséigsss
20 wei ght percent to 24 wei ght percent and that the maxi numresidual 30
crystallinity for optinmum or near-optinmumorientation of these polyners
is predom nately influenced by polymer crystallinity or crystalline

pol ynmer fractions. Table 2 al so indicates honogeneously branched
ethylene interpolyners in the density raQPg from0.899 g/cc to 0.918
gl-cc can be oriented at a maxi numresidual crystallinity of from14 35
wei ght percent to 17 weight percent. These maxi mum resi dual
crystallinity differences indicate that, at |least as to shrink response,
het er ogeneously branched et hyl ene |nterpolyners differ conpletely from
honbgeneously branched et hyl ene interpol ynmers.

Additionally, whereas FIG 2 indicates that at polynmer 40 densities

greater than 0.91 g/cc, heterogeneously branched polynersishom/ &

~26- WO 9 ] s ¥

PCT/ US97/ 02585 aj hi gher shrinkjresgonse{t hanf homdgeneousl y bragched
pol yners at an gui vhl entt dengity, t FIG] 3 i &dicales tHﬁt at densitges

| ess than 0.91 or_fnterpol yners dtret¢hed fn a ®r dance wit hst he
present inventi ¢ D equu | y bf ancHed eghyl epe | ymers show ggeat er
than or 5 equal to}l0 --r ngé reater} esgeciakly 1b rd%nt greater,8nore
especially 20 percg ferg png nosi espfeci akly 2 rlesnt greater z
shrink response th; DQ br andhed ¢t hyl gn ol ynmers haV|@§

equi val ent densiti ¢ t ricated cl Qﬁng

ame pondijti ong. Su [ :partlcular y:10
sifti esjare}l essit han E 7 gl cc, nD&eas

&

i
ni0.90b a/dc. nbre ciJdfly |ess
“h@

wg

orientation) at es
true where the intg
especially equal t
or equal to 0.902 ¢/
g/ cc.

et hyl ene 15 pol yne
reasonabl e ext
data di scl osed

lleads than 0.D0F
eﬁeou§8 braﬁ% d
s &w’zﬁ ng séh
ans_gell asgt e

Polymer Dens

Percent Free Shrink (homogeneously branched polymer) = 693,10 - 7
Percent Free Shrink (heterogeneously bronched polymer) = 1.41 1694432@6

N
~
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e i i ey

i n WO Publication 95/08441 suggest the shrink response of honbgeneously
branched et hyl ene polyners are expected to be inferior to or, at best,
essenti al | ywsyoi/apalent to het erogeneously branched et hyl ene pgbymgﬁs 20" "

densities less than.0.91 g/cc. WO 97/ 30111
PCT/ US97/ 02585’ [err]
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[err]. - 28- - WO 97/ 30111

PCT/ US97/ 02585 We claim . 1, ﬁ\ met, hod of makl ng. a heat th
shri nfglgd7e3p@hyol efin f| | m having a shr jn covrlt rol Lsi-ng: the:
steps of ~ a. fabricating @ pol yol e;flrLfflT: }‘{ﬂﬁﬁ%ﬁgsln T
substantially 5 . unoriented form ‘andrcer reer

stret chi n@mhée eE}Q:Lﬁ(lcé' ei\ﬁ'ﬂﬁ BLifgﬁat C&xcﬁ@k&?&@&éw qct ¢ foﬁﬁrltyhénown as

R a0 e, e L e pgont. me1
mel ting [ﬁgpﬁf q?FefWﬁ?aEfﬁq ﬁR L ORPED|wel gl detpgmpinaatipn] @s known as a melt flow
t enper at Fetien apdafar pesfured]Toabud dhanth medls inban valuabene nel€ fiow
5 ratio is conveniently designated as I10/I2. For the substantially linear
ethylene polymers used to prepare the films of the present invention, the
melt flow ratio indicates the degree of long chain branching, i.e., the
higher the Ijp/I2 melt flow ratio, the more long chain branching in the
polymer. - The Ij0/I2 ratio of the substantially linear ethylene polymers is

10 preferably at least 7, and especially at least 9.

Additives such as antioxidants (e.g., hindered phenolics (such
as Irganox® 1010 or Irganox® 1076), phosphites (e.g., Irgafos® 168), cling
additives (e.g., PIB), PEPQ™ (a trademark of Sandoz Chemical, the primary
ingredient of which is believed to be a biphenylphosphonite), pigments,

15 colorants, fillers, and the like can also be included in the polyolefin
polymers, to the extent that they do not interfere with the method and the
enhanced shrink response discovered by Applicants. The fabricated film may
also contain additives to enhance its antiblocking and coefficient of
friction characteristics including, but not limited to, untreated and

20 treated silicon dioxide, talc, calcium carbonate, and clay, as well as
primary and éecondary fatty acid amides, silicone coatings, etc. Other
additives to enhance the film's anti-fogging characteristics may also be
added, as described, for example, in US Patent 4,486,552 (Niemann). Still
other additives, such as quaternary ammonium compounds alone or in

25 combination with EAA or other functional polymers, may also be added to
enhance the film's antistatic characteristics and allow packaging of
electronically sensitive goods. .

Film structures of the present invention can be made using
conventional simple bubble or cast extrusion techniques, however, preferred

30 fﬁlm structures are prepared using more elaborate techniques such as
"tenter framing" or the "double bubble," “tape bubble” or "trapped bubble"
process. The double bubble technique is described by Pahkle in US Patent
3,456,044, ’

Multilayer film structures of the invention can be prepared by

35 a coextrusion technique or a lamination technique, and can also comprises a
polymer mixture. Suitable polymer mixtures include at least one
homogenedﬁsly branched ethylene interpolymer such as the polymer mixture of
at least one homogeneously branched substantially linear ethylene .
interpolymer and at least one heterogeneously branched ethylene polymer.

40 Further, multilayer film structures of the invention can also comprises a
barrier film layer.

The presently claimed method for preparing shrink film
structures and the novel film structures of the present invention are more
fully described in the following examples, but are not limited to the

45 examples shown. The homogeneously branched substantially linear

-21-
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Towest “stretch "férrpemm control layer and -

for the selected st rﬁmmmummﬂnmst retching ratio, se  os ri o ec

wher i Lowest s e is*ite temperatyre®, so = & 7 e
bel oﬁ%ﬂc@ltz'%e shrink controf | yet teafs ahd/ or:stget 5%&4%%7!'02585" P
unevenly at the, sglected stretching rate”and stré&ftthrny ee cacs €s T
rati o, adcidd:ein the polyolefin filmstructure conprises

at | east one ﬁom)g br e y I ayvi ng, .

a pol yrer gersi 1y ?2’%&“?%%5 fAGE°S RV LENG B BEL I Sm paving, 2o
d ai m 1 SAFEPEiFPERRL HB¥ED SHBBE PO ERERF °f et hyl ene polyner is a

substantially |'inear sabhyds@iifig R0 b¥IRS1eWith Gl 1inSstruct Rl RGhB8EtARYa By havi ng:

. ga short chain bruggﬂué,ggddfcs‘;nr’lg}g ion index (SCBDI) 25 _

greater than or equal to percent, . ii. a single .

differential scannPngtretaningetheypoli@Cefirelfiilmpt a selected stretching peak

?[et Wef?l i30 i'ind[ 150][ Q‘EE%,C,stggtch ratio and strietéhing3tdi@etatddY ﬁliétriazf?h the ht
err err], [err . | . cul ar_wei

di stribution, Merr] %‘%re]d, SHSCCRY fymperature s at least 3.5% Eﬁgwe&ﬁ%t i gn:

Merr]/Merr] < (I[emeltifeppint oftig3 shpink control layer and at\a a gas

extrigsi on rheol ogy Crichpédlcusderr 168t 2\bFer Shdve Sd less than 5°C above thd he

critical shear rate at the onse f surface _nel ,
fracture for the subgt"g?lr% as?fetﬁthl %%m °T8ENS &RE ttﬁc?l yHHg#nk control layer and

is at |east 50 perce@rg?’?aﬁere%?ﬂnsﬁ%écbﬂgt Fekf a8ffretching ratio,
rate at t he onset of hmaréi:n:ehmallotveét atrateh fcetiperrature is the temperature
i Inear et hyl ﬁne pfl Y!B%&aaw\/éﬂgﬁﬁlﬂhet Q&ﬂn?cg@a{@ei? ﬁ/ﬁeceégs and/or stretches
pol yper is characterized as having err n .
Genslty wi thin ten pePECHRYORC (hs siiscred sbeEfaning kit and stretcning

et hyl ene pol yner, andafiker éPf "lbr‘Féel’:‘l"itthFc%‘Plyﬂ'n%éﬁ‘ fhlmp §tructure comprises
of the substantial |y ati hesat etd \hoepgenzobyliebranched ethylene polymer having

- 29- [err] a polymer density less than 0.915 g/cc. :

20 2. The method of Claim 1 wherein the homogeneously branched
ethylene polymer is a substantially linear ethylene polymer which is
characterized as having: ’

i. a short chain branching distribution index (SCBDI)
greater than or equal to 50 percent,

ii. a single differential scanning calorimetry, DSC, melting
peak between -30° and 150°C,

_ iii. a melt flow ratio, I; /I, 2 5.63,
30 . )
iv. a molecular weight distribution, My /Mp, defined by
the equation: M,/M, £ (I,0,/I;) - 4.63, and :
v. a gas extrusion rheology critical shear rate wherein
35 the critical shear rate at the onset of surface melt
~ fracture for the substantially linear ethylene polymer
- is at least 50 percent greater than the critical shear
rate at the onset of surface melt fracture for a .
linear ethylene polymer, wherein the linear ethylene
40 polymer is characterized as having an I, M,/M, and
density within ten percent of the substantially linear
ethylene polymer, and wherein the critical shear rates

of the substantially linear ethylene polymer

- 45 - -29- “s\e&ﬁ‘
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V\D 97/ 30111

i4. * A he E!‘ m '(!“u!“mm‘“)mlyol efin film struct urgc-rzi\l/Jisggl 22585 hri nk
cedL Dy

cont roI

ma mnethod which-conprises the s
(a) WO ng a polyolefin filmstrueture in Subst an‘f‘?‘ﬁﬁ?"@z”s
unor i ent ed form and (b) thereafter stretching the fabricated
pol yolefin film&tructure at a selected stretching rate,

stretch ratio and stretching erature, wherein the

sel ected str&fching teftpRadht the-nkablg polyolesin Hiin staughuze §axing 2 C bel ow -

t he el shaigkpeintirobflayhe prlepardd bpnt meithédybich Gomprises the stepsl oft a
tenperature aj) | easbridab{my b] £o1300¥ A AIh @EEustiae bf @ubdtantially

abov_.;a t he | owest Eﬁéﬁteﬁ@e& egpreradrngre for the sel ect ed
stretching rate and stretch |n% rati o, wherein the

stretch tenpflat uFRe5eTEeR SEERRALAS e FRATI AR é’ﬁll’cﬂéfé‘hrqﬁﬂ‘ structure
control |ayer teart amsgdlertedt sttetbinqimatenisgreficht hativehrd tstgetiGhing

stretching rate aBGlnpﬁeIrbeﬁfebi {ededhi the 88lected ¥YIREEChIhd b&nﬁeh‘&"tﬂi‘e cienaf ol
| ayer conprises at | gagt ;ang. honp e%%?gsxbel’ oint gfaﬂxChggrlntth :‘gl-%lp? Ter
havi ng a pol yner en5|ty of “16Ss B 7 .
35 10 and at a temperature at least 2. 5°C above and less than 5°C
above the lowest stretch temperature for the selected
stretching rate and stretching ratio, wherein the lowest
stretch temperature is the temperature below which the shrink
control layer tears and/or stretches unevenly at the selected
15 stretching rate and stretching ratio, and
wherein the shrink control layer comprises at least one homogeneously
branched ethylene polymer having a polymér density of less than 0,915 g/cc.
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