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| MPROVED COMPOSI TI ON FOR UNI AXI ALLY HEAT SHRI NKABLE

Bl AXI ALINO G¥52ZAED POLYPROPYLENE FI LM The pr esGT/VISEHETon
relates to the field of polynmer 5 filnms and, nore particularly, to a
uni axi al 'y heat shrinkable biaxially}oriented pol ypropyl ene film
As noted in U S. Patent No. 4,194,039, polyolefins can be used to
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the product while providing the usual functions required of

20 packaging materials such as protection of the product from
loss of components, pilferage, or damage due to handling and
shipment. Typical items wrapped in polyolefin shrink films
are toys, games, sporting goods, stationery, greeting cards,
hardware and household products, office supplies and forms,

25 foods, phonograph records, and industrial parts.

In certain situaﬁions it is desirable to effect shrinkage
along a.single axis without substantial shrinkage in the
cross-direction. For example, in the process of labeling
bottles or cans by shrinking a tube or lap-sealed sleeve of

30 heat shrinkable material, if the film shrinks parallel to the
container axis, the label may not be placed in the right
position but rather placed above or below the desi;ed position . -
upon shrinkage. , ' '

In order to obtain uniaxially shrinkable materials, it is

35 possible to employ uniaxially oriented materials, i.e.,
materials which are oriented in only one direction. However, -
uniaxially oriented film can lack the requisite strength and
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2 t oughness necessary for use in such applications. I-nasmuch as
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shri nkage of 20% Oor nore in one o tud transverse
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layer of the films contain propylene polymer and optionally,

20 hydrogenated hydrocarbon resin.

EPA 0204843 discloses a low temperature shrinkable film
comprising linear low-density polyethylene resin having film
shrink properties of 30% or more MD and 5% or less TD at 90°C,
which is prepared by drawing the film at a high draw ratio (3

25 to 6) in the machine direction. ' '

EPA 0321964 describes a process for extruding a shrink
film from a linear low density copélymer of ethylene and at
least one alpha-olefin having 3 to 6 carbon atoms to provide a
material which exhibits shrlnkage at 135°C of at least 30% MD

30 and at, K least 10% TD. o '

EPA 0477742 dlscloses a transparent polypropylene shrink
film which exhibits’ shrlnkage at 106°C of at least 10% MD and
less than 2% TD. The polypropylene comprises a 15% or less,
preferably 2 to 6% n-heptane soluble component.

35 ' EPA 0299750 discloses a monb- or biaxially stretched film _
having a heat shrinkage of 20% or more in one of the
longitudinal and transverse directions and 60% or more in the
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3 other direction. The film conprises principally a |inear

pol yet o esa27¢nd optionally, a branched | owdensity POiTYEsokgdane.

EPA 0595270 di scl oses a heat seal able | am nate having 5 high unidirectional
shrinkage produced from biaxially orlegted polymeric filmsuch as
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20 the MD label repeat distance.

o - It is the object of the present invention to provide a
biaxially oriented multilayér film comprising a polypropyiene
core which is uniaxially heat shrinkable with minimal storage
temperature shrinkage.

25 The.present invention relates to a uniaxially heat-
shrinkable, biaxially oriented, multilayer film having a
polypropylene~containing core layer and optionally, at least
one polyolefin-containing skin layer adjacent said core layer..

The core layer contains isotactic polypropylene and a '

30 sufficient amount of syndiotactic polypropylene to inhibit
uniaxialrshrinkage at low temperatures.

It has been found that raising the concentration .of
syndlotactlc polypropylene in the core layer provides good
high-temperature immediate shrinkage, for example at label

35 application temperatures above 130°C, while reducing low

temperature long-term shrinkage, up to 50°C in hot climates.
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4 The present invention further relates to a uniaxially heat

shri nkablveo sgsd7ii | ayer, biaxially oriented film conpositi gEr/usesb@sei n
said filmhas, at tenperatures below 50[err]C, a shrinkage in the
machi ne direction of less than 3% preferably |less than 5 2% after one
week, and at tenperatures above 130[err] a shrinkage in the machi ne
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Fina 3371 fromFina_Q Chemni cal Co. Syndi ot actic
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The syndi otmasti c polypropylene used in-the present invention can

0ssess an isot CtICI t han, 159
P 15 a gys ows %ﬁe vert}céi Shlft factors A7 plotted as a

function of temperature for various film compositions.
Figure 4 shows TD shrinkage after 7 minutes at 275°F

(135°C) as a function of syndiotactic polypropylene'content in
the core layer.

It has been found that by adding syndiotactic
polypropylene to the core layer blend in amounts above 10
wt.%, and particularly 30 wt.%, can achieve high temperature
shrinkage while reducing low temperature long-term shrinkage.

25 CQmmerqially_availabie isotactic propylene suited for use in
the present invention includes Fina 3371 from Fina 0il and
Chemical Co. ' '
Syndiotactic polypropylene can be present in the core
layer in amounts ranging from above 10 to 60 wt.%, particu-
30 larly 15 to 45 wt.s. Commercially available syndiotactic
'~ polypropylene resins suited for use in the present invention
include EOD 9306 and EOD 9502 available from Fina.

The syndiotactic polypropylene used in the present

invention can possess an isotacticity of less than 15%, in
35 particular less than 6%.
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pol ypropyl ene is preferably between 60,000 and 250, 000, in particular
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layers is found in U.S. Patent No. 5,091,236. Incorporation
20 of skin layers over the supporting layers serves to '
encapsulate the abrasive TiO, and provides a highly opaque,

five layer structure. The multilayer film has improved _
functionality for printing, metallizing, adhesives, coatings,
and heat sealability. Alternatively, five layer structures
25 can be prepared by substituting clear supporting layers of
polypropylene on both sides of the core, which layers do not
contain opacifying materials.
The opacity and low light transmission of the film may be
enhanced by the addition to the core layer itself of from 1%
30 by weight and up to 10% by weight of opacifying compounds,
which ate added to the melt mixture of the core layer before
extrusion. Opacifying compounds which may be used include
iron oxides, carbon black, graphite, aluminum, TiO2, and talc.
The aforementioned blends of isotactic polypropylene and
. 35 syndiotactic polypropylene and other constituents noted above
may be admixed by any suitable means to form a homogeneous
blend, such as dry mixing, solution mixing, or mixing the two
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as dry mxing, solution mxing, or mxing the two WD 98/ 52742
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pol yet hyl enes teReRr TR AR ghe o525, iﬁpﬂjsm?F??‘ﬁl fi8 Flnge -
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ext rusi ont® a%° 1 23¥ 1 FoR o%e?lt’l%nf%’ﬁrp ‘é?e]i’g{"%ﬁn%é'co ﬁ%ﬁ%d‘gerpﬁﬁw}eﬁ
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clays, teﬂﬁiyf@ﬁ@?’ fﬂgséhgbﬁéffh&péC@ypically have a melt flow rate in

the range of 5 to 10 with a density of 0.9 and a melting point
20 in the range of 115" to 130°C.

In one aspect of the invention the skin layer is derived
from a linear low density polyethylene (LLDPE). ~Thesé
polymers typically have a melt index of 1 to 10. The linear
low density polyethylenes may have a density as high as 0.94,

25 usualiy in the range 0.90 to 0.91, e.g., 0.92 or 0.91, with a
. melt index from 1 to 10. The linear low density polyethylenes
may be derived from ethylene together with other higher

comonomers such as butene-1l, hexene-1 or octene-l.

Each skin layer adjacent to the core layer cah range in

30 thickness from 0.5 to 3 microns (.02 to .12 .mil), preferably
0.5 to 1.0 micron (.02 to .04 mil.) -
Prior to incorporation in the film, e.g., before

extrusion, at least one of the skin layers can be compounded
with an anti-blocking effective amount of an anti-blocking

35 agent, e.g., silica, clays, talec, glass, and the like which
are_preferably provided in the form of approximately -
spheroidal particlgs; The major proportion of these
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particles. The major proportion of these - WD 98/ 52742

PCT/ USO8/ ® 9652542 7 rarUsysese7st or
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present "on
1000 to 3000 ppm, based on loadlng of the resin from which the'

20 skin layer is prepared.

. Reduced coefficient of friction (COF) and reduced
antistatic characteristics at the surface of the skin layer or
layers can be achieved in accordance with the disclosure set
out in U.S. Patent No. 5,264,277, which discloses the use of

25 migratory slip agents and antistatic agents in multilayer
films. Reduced COF may also be obtained by treating one or

" both skins with 2000 to 15000 ppm silicone oil.
If desired, the exposed surface of the skin layer or skin
layers can be treated in a known and conventional manner,

30 e.g., by corona discharge to improve its receptivity to
printidg inks, coatings, adhesive anchorage, and/or its
suitability for such subsequent manufacturing operations as
lamination. : _

It is preferred that all layers of the multilayer film

35 structures of the present invention be coextruded, after which
the film can be biaxially oriented (primary orientation) and -
thereafter secondarily oriented in the direction in which



the filmcan be biaxially oriented (primary orientation) and thereafter

secondarily oriented in the direction in which WO 98/ 52742
PCT/ US98/ Q 8

shri nkabi I\%&;’%{séﬂaey red. Coextrusion can be carried out intGt/US98/09675°
mul tilayer nelt formthrough a flat die. Primary Orientation

The nultilayer coextrudate filmcan be prigrarily oriented 5 biaxially.
Biaxially oriented filmcan be stretched 3 to 6 times, typically 4
to 5 tines shr;m]dahﬂtlty riectdemirdd.pi cdxtrusion adre lmacdrameeﬁ rectibm a
(MD)-; -and . \ ! imes in a second
di-reection- |-C ¥ subst agntﬁlaﬁfﬂr%ozlr#arf 3 griat Ciglér'the first direction,

pr ef er abl ywﬁm&%ct ion (TD). 10 Generally, biaxial
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stretched an additjonal, 10, to % t p|c Iy 25 to 30% In
directiln Gensnadkdy iRipwial oxien amm.wnmlfaevﬁ%ﬁ aifeer f?w I n

order to mdl‘lrErlefhtTi[onO(‘iiﬁCttbOMO\"@' ch.§aN 120°c) amdAViey T derfdterdn second
direction heat stability, e.g. heat stabl lity, it is desirable

t 0 mai nt ai {28 0H KPNMABONKE 5t arEes 150 C). bétmﬂ@emnwr@t%ta&mﬁgls gitage cred
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mils). taneous Oientatio The filnms of the

present | n@mmmepar ed by orienting on a line which
utilizes linear u'ﬂ?é PoihLrily %rleﬂ:é&'cfii'xggigpﬁlleﬁ Q5658031 £8 géot ey er
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20 first direction of orientation only, i.e., machine direction
7" (MD). In order to minimize TD contraction which can
adversely affect second direction heat stability, e.g., TD
heat stability, it is desirable to maintain a minimal distance
between the stretching rollers used in secondary orientation.
25 Such distances can be less than 30 cm, e.g., 5 to 10 cm.

The resulting uniaxially shrinkable film after secondary
orientation can range in thickness from 10 to 60 microns (0.4
to 2.4 mils), preferably 20 to 50 microns (0.8 to 2.0 nmils).

. Simultaneous Orientation
30 The fllms of the present invention can also be prepared
by orienting on a line which utilizes linear motors to
directly propel opposed pairs of tenter clips synchronously.
The film can be primarily oriented by synchronously _
accelerating along a diverging path, directly opposed pairs of
35 tenter clips holding the film, thus achieving simultaneous -
biaxial orientation. Secondary machine direction orientation
: on the same tenter can be effected along a parallel path



bi axi al orientation. Secondary nmachine direction orientation on the

same tenter can be effected along-a parallel path WO 98/ 52742

PCT/ US98/ W@582742 | 9 spbsmYsEers O the
di verging path by simultaneously accelerating the directly opposed pairs
of tenter clips along sone portion of the parallel path. The use

of I|near notors to dlrectly propel tentér C|IpS 5 to effect sinultaneous

bi axi al g‘?’tcm ne%tms%n L{__rth delé,?ﬁcj{noqs%dath by d %111_36}-5&%\% . 4,853,602 to
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Homres et nal resu uni axially
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tenperature abm m & [l@neasndrtor it dhiraali 1 r e byFentsr clips

shrinkage tig éﬁﬁ@@@:ﬂimﬁ{é&fg Hid:e5 tdeareIniny ef oreblvher des6165888
2% after ,seven da S IS al ned%)3 The present 15 mveptlon s films can

exhi bit +3% d-&i | attfntp 604 1P Hommeg &% #tity in the direction
nor nal tonﬂnﬁnsiforsaaccstkhmmx ori ent ation. St ability of -2%to +1% nmeans

that the dinen

ori entation, $‘[l treerS ea’t’nlﬁ “H ir@era ure ]g%veql]g %(‘arr}ﬁ:E é¥eﬁo
more t han t2@&n M’orﬂm@pﬁﬂﬂﬁ fntplgﬁrié%lt‘cli?ly reredaenfthar B3 g$1main3d$%ngron of
the fijhm akd; Jpofasgt egm%a&agee .in the dirdd€idh WersdSoRLAY uafléﬁeaelehven

in the prece paragrap Is typical for the afllcatlon of labels'to
cont ai ner £- gThé“qc&Bé‘fet B4R e % 7 ninues)| Of HRXRPRUDS E‘E’o?age of

filmroll s dfde¥athfrd aeh%v@rapj g-gat i ﬁ&weld%qceatt hemperathirdikaga hrehayricor

descri bed ensures good, conformance_ of I"abel s to0 cont ai ners but
mi ni ni zes aldtadinkag i B] Sane direckipy EgkeshH FRAp 3%r npreferably The

i nvention liesd 4 r2 ech e h#é\fé?ﬂ Idwé\gl@%btﬁﬁmédm t:mg pieagahes in
which all parts ar €. spec

b ght ;
PR Tnsmkime: FiiRe SChn RBPit, 158 BReBAl T pratatanlY Ththd%d 1
to 5, 5. .1+4135 ﬂf&bﬂiﬁylﬁnmdﬁ&ﬁédﬂbﬂﬁh bebemal to that of secondary

orientation. Stability of =-2% to +1% means that the dimension
of the film normal to the direction of secondary orientation,
after heating to a temperature above 130°C shrinks no more than

20 2% or expands no greater than 1% of the original dimension of
the fllm at room temperature.

The higher temperature range given in the precedlng
paragraph is typical for the application of labels to
containers. The lower temperature range is typical for the

25 storage of film rolls prior to label application. Hence, the
shrinkage behavior described ensures good conformance of
labels to containers but minimizes defects due to excessive
shrinkage in roll form.

' The invention is illustrated_by the following non-

30 limiting examples in which all parts are by weight unless

othefwi;e specified. |
EXAMPLES
Example 1 -

A series of 17 experimental runs, numbered 1 to- 5, 5.1,

35 and 6 to 16 are described below.

Isotactic polypropylene (MP = 163°C (325°F), melt index =
3), Fina 3371, available from Fina, is employed as the



| sotactic polypropyl ene (MP = 163[err]C (325[err]F), nelt index = 3),

Fina 3371, available fromFina, is enployed as the WO 98/ 52742
PCT/ US98/ Q26ekrxa7 .
propyl ene hormpoﬂ ymer conponent of the core |ayer. Syndl O%/%H/@ms

pol ypropyl ene, Fina EOD-9502 (MP = 120[err]C (248[err]F), melt index =
4) available fromFina, is added to the dore | ayer in the anmounts. shown
in Table 1 below. 5 The core conponents) are nelted in an extruder

with a isotegtic PreRrRkene dionepalyrepreiernene @brihe ferye layer.

uppl§ ed WA TR RTEOR { AT O0-000 Ui s B Ry

(3. 3% et hyiedrte, 1819014 | avrl M nfron  Fivm, is)addedriwi Heetperewo skin

| ayers, ongyil WH Yhe arfSlied %&Q@%ﬂ)pﬁ@épﬁ%élé& a crosslinked

or.ganosi | oxane sphere with a nomnal 4.5 mcron nmean di apeter, A nelt
coextrdsi on is ThE (TP TATRIREEE () AZH rﬂ‘%t?%ellba‘?’f‘ e?XBTu‘?ﬂ’é withoae
pol yner naicfdwilo®£Xt/Dideattd f LEOPErd Usfosidé i thentote 15yerre| tat he

pol ymer m xture (r] to 288[err relF).
The terpoliﬁﬁaﬂdt%m%e ex]fé)u%féztdr%g Ekl’ﬁ’l%?/%% ‘1’ 144‘%‘;%1 a| ngggéﬁ the -
second extexttimrdesnd i$1|sllsplel(ie@det@maana@bh&lenefpzeognheneﬂ)m‘eyhenee as the
conponent § éifﬁ_&ﬂj.l;hﬁé e Th of E-P-B
t er pol géﬂclifm andé?ﬁ & g%rﬁé géré%éb eégtévﬁb {f-'%??rgtél on_ of
skin |1§yercsoxm1ant é‘&% SUPY k@ BYoYiRe chhe Fugeskin layers, ponfr@é.- vhjeh

filmis coedtaries mdidﬂ ﬁpxﬁor@slsé'&ﬁknﬁé& a éﬁ@é@:ﬁ.@ﬂké@goﬁé%x@éllbﬁaﬁéera' b
extruded thickness ness of eac sklg?gayﬁé g esenti ng
sB

The bt he ShnerSarieRta nemfnay 4 % KGR hefh gl Stle ntly
st r et ched coextrisiomess i carhibedaount meh il e ewa ioha ining theebarnelhe‘f’ the

p; : : '
bl axi al |y Sy M iR AP TWRLERL YR 4 (Bl G aeal e bhikicient ko
The mexshi meeXit r‘elmeimﬂym@) m::i:‘emra; i brei s SHomoRBRICted 288°C21€50260perr] F)

and the ‘trans rse ctio orientation is_conducted at 149to
160C (300 £ 509 o o1 ving Lﬁ s ﬁ’%‘ﬁ ah @ R f7%y
ori ented inaileadied indthecieoondyestredehi agdothirdeekxesudbri 5€ abbher s

he?ted at the Qé-etéé&§é§é£3§2 £8"€E2[88ﬁ$5 egLéeﬁgéx f£t§5b£Q8aIEhg the

orienter. _
core layer. The two streams of E~-P-B terpolymer of the second

20 and third extruders enable the formation of skin layers on

each surface of the core layer. _ _ | .
A three-layer film is coextruded with a core thlckness

representing 92% of the overall extruded thickness, with the
thickness of each skin layer representing 4% of the film

25 thickness. The resultant film sheet is sﬁbsequently stretched
4.5 times in the machine direction and 8 times in the
transverse direction using a commercially available sequential
biaxially orienting apparatus to provide a multi-layer film
structure. The machine direction (MD) orientation is

30 conducted at 127°C (260°F) and the transverse direction (TD)
orientation is conducted at 149 to 160 C (300° to 320°F). The

resultant film is thereafter secondarlly orlented'ln the MD
direction by stretching on a series of five rollers heated at
110° to 121°C (220° to 250°F) directly after the TD orienter.

35 Samples are collected which are secondarily oriented by MD -
stretching. Secondary MD stretch is measured as the

percentage of increase in length of the film after secondary



35 Sanpl es are collected which are secondarily oriented by M

stretching. Secondary MD stretch is measured as the - percent age of

i ncreaseWoPsIsg@t h of -t he filmafter secondary V\ECDRISS£2006 25

"PCT/ US98/ 09675 11 orientation, which
.i's approxi mated by the percentage increillse of roll speed. After
the secondary MD stretch the filmis anneal ed by noderate heating. This

can be d EBIRS Uhidh i EYHEGLAM IR 1A e P UnEa @l Indfedigat ed
rollers. Bﬁﬁe%& fion, * anr}ealai%{lpg%carlfgbe a%@%rrp ei shed b’§/ c%g?r y? ngeof1 nost
of the °fsé'@é|4d§P5¢eﬁD stretch further upstreamin-the above-nenti oned

series of fiveser ehe #edondadynWD L AAHETEHSIES 1K~ Idanmedled Wpe.  The

e LR S o G oF e ©

di schar g€ IiR) e hieat ewh iane /idre & @it Wik hesddiad arolilexrsot hefn Adiitiowpnt ai ned

2000 pp rd. 14° ?\é } I S wth a
4.5 ntor BAnsadiRE Can ke AT Y, ot RO HRIG, MO Y T
final filsecomdigriyed® istrEdch furdher ymsteresn sin the above-ngnigbpmed 42
PCT/ US98/.R36 &3 of five rollers and raisin% the temperature 1% the last _
TABLE 1: EXPERI VENTAL RUNS . . RUN # % SYNDLQ-... 1R . _ANNEALING MDO2
1 one. [Zhe anngaling condifgeons used in this Example are set 4
on 10 fort®0in Tables 1 ana 2.

The terpolymer skin on one side of the film is.corona
discharge treated while the terpolymer skin on the other side
contained 2000 ppm of Tospearl 145, a cross-linked
organosiloxane sphere with a 4.5 micron mean diameter, which

15 1is added prior to coextrusion':_" The final film thickness is 20

microns (0.8 mils).



3 4 of f 150 B 4 4

on - 150 A -5 &5.1 60 of f 100
A w0 98/52742 60 on 100 FCT/US98/09675
60 of f 150 B 8 60 on '
150 A 9 - 30 of f 100 A .
10 30 ~on 100 12 B 11
igo of f A 150 TARLE 1: BE::?ERI*ENTJ&% BPNS - igo ~oon
N 2 4 on - 100 - B 15
g RUN- # 1§OSYNDIO ‘IR -g ANNEALING| g MDO2 4 on
150 oA e KeY 1% syndi ROELBRE| . EOD- 9502 in core |ayer;
- balance is Filna 3371 5 bR off I nfradoed heater batween corona and
anneal i ng rold ers; 4 omdj ust §@cof i | mtenperat ure of 180F
(82[err] QO en on. nneal | Rol | S gt er tenpgrature of anneal i ng
rolls, [err] MDO2 = Letters deS|gnat t wo confl urations; see Table 2
below. 10 * % FI GURATI ONS
ROLL 1 5 & RAL 2 60 ReEE3 100 RO|_|_4 A ROLL 5
sp tenp-. &p .- . tenp 60sp onenp 99 tenp $p tenp A
1.01 200[errdF 1.01 2sd[errblEs 1.01 1890[err]F 1.320 250[err]F 1.06
70[err]F 60 (93cglerr]C) 1 (121[erp] C (121[err]C)
(121C _ (%__1_[err]C f1 01 O[err]F 1 01 250[err]F .1.26
o50[err]F 1.91 "200[erqq: 1 ‘6ff180[ er (121 O
(121[err]C) 10 (1213%rr] Qon e Xe) @32[err]C Key: sp =
speed ratio 8& previous 3ive off -15%0enmp = wateB tenperature . 20
For each of tke 17 experszorentalomiuns, th&ovD shrinkage is measured in
two replicateg at the foll ow ng,ftferrperatltyoes and AeXposure tines as set
forth in Tabg 3 bel ow. 4 Fi gurg, 1 i's a gr aphi calB represent ation of the
dat a obtai ned _from Run 1. ]\RB 98/ 52742
PCT/ US98/ 0965 off B
16 4 on 150 : A

Key: % syndio = % Fina EOD-9502 in core layer; balance is Fina 3371.
5 IR = |nfra-red heater between corona and annealing rollers;
adjust to film temperature of 180°F (82°C) when on.
Annealing Rolls = Water temperature of annealing rolis, °F
MDO2 = Letters designate two configurations; see Table 2 below.

10
TABLE 2: MDO2 CONFIGURATIONS
ROLL 1 ROLL 2 ROLL 3 ROLL 4 ROLL 5
sp temp sp temp sp temp sp temp sp temp
A ©1.01  200°F 1.01 250°F 1.01 . 250°F 1.20 250°F 1.06 70°F
(93°C) (121°C (121°C) (121°C (21°C
15 . | )
B 1.01 250°F 1.01 250°F 1.26 250°F 1.01  200°F 1.01 180°F
(121°C) (121°C) (121°C) (43°C) (82°C
T Key: sp = speed ratio to previous drive
temp = water temperature
20 For each of the 17 experimental runs, the MD shrinkage is

measured in two replicates at the following temperatures and
exposure times as set forth in Table 3 below. Figure 1 is a
'graphical representation of the data obtained from Run 1. N



13 TABLE 3: MD SHRI NKAGE MEASUREMENTS 7m
~20m 1h - 3h 8h 24h 3d a9d 27d 275[err]F X X
X o WoKREEierr]F X X X X X PCT/US980767€)
A75[err] F X X X X X X X (79[ err] O
125[err]F X X X X3 X X X X

(57[err] C 75[err]F X X X X X

X (24 O TapLE &Y' MD SER MEASUREMENTS h = hours 5
d = days The presentation of results of Exanple 1 relies on

~af- - enpiricdsy veowf i edlispeci3h rel 8hi on2dlp beddeen 94 274

~Tunconst rai; gVD fil g shrigkage &) as a function of tinme (t) 10 in

"“nLnuLesMaﬁgsp gzerature (T). It has been found that: 1. sis
a |inear increasing functlon of the logarithm of t, log(t), at
constant B25HRd 2. % he sl®ope ofthis function, i.e. the rate
of change (@07°C) s wth respect to log(t) at constant T, is nearly

i ndependenzs e 15 & T fer a given fid¥ mtype andxset ofx’process
condi ti onsgg9°a) The effect of tenperature can be graphically
expressed as : a vertical, shift [err] T of the straight line at T
fromthe 125°F referenfe |in& at rdom terﬁ:)erattﬁe 75[’grr] F X240 .% This
i s (5%°FPustrated for Run 1 in Figure 1. The process
conditi ongspfecting the on-line anneal¥ ng orx x stxess relaxatxon of
t he ernr@wgcbittle effect on the slope _ or shift factors. In
‘contrast, changi ng the anmount of syndi otactic pol ypropylene in the
-core Iayegefpnmosrﬁiﬁﬁtéas a marked- effect. 25 Figure 2 shows

t he t enperat urig-+raepesdent sl ope of the s vs. log(t) line with

. +/ -2 standard @&rofapars for Runs 1 to 16. Each bar is reduced
froma separate plot simlar to Figure 1. Each group of 4
consecutive bafserppesenhatian of resultisf p€rBnamplecadsyeddrdi onoan and one

core |layegnSPPPesii{OPerified special relationship between
unconstrained MD film shrinkage (s) as a function of time (t)
10 in minutes and temperature (T). . It has been found that:
1. s is a linear increasing function of the logarithm of
t, log(t), at constant T, and
2. the slope of this function, i.e. the rate of change of
s with respect to log(t) at constant T, is nearly independent
15 of T for a given film type and set of process conditions.
The effect of temperature can be graphically expressed as

a vertical shift Ay of the straight line at T from the

reference line at room temperature 75°F (24°C). This is
illustrated for Run 1 in Figure 1. |

20 The process conditions effecting the on-line annealing or
stress relaxation of the film have little effect on the slope
or shift factors. In contrast, changing the amount of
syndioéactic polypropylene in the core layer composition has a
marked effect. .

25 Figure 2 shows the temperature-independent slope of the s
vs. log(t) line with +/-2 standard error bars for Runs 1 to
16. Each bar is reduced from a separate plot similar to
Figure 1. 'Bach group of 4 consecutive bars represents 4
different process conditions and one core layer composition.
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14 (The second group fromthe left in Figure 2 has 5 bars because

Run 5.0 sisledsibqrr e identical, except that they are perf orgEgdses/no6ds 2

di fferent days.) The sane process conditions are repeated i n the sane
order for each conposition. The effect 5 of the process conditions is
statistically insignificant. The varildtion anong the 4 bars in a group
is a reflection of random exp ,error addition, the
456 Syndi o{HRE| EoRONG PBRYPRESH EhebBLEt ABnFRgurEn2oRas BoRaseubrRa asy s,
| abel ed aauﬁas 6 and 301Daye2iddhticalovisespt thatheheyshreaper&brmba o

random oN2e! SYERR-ghel REyS ¥, ohgOlLheol oBSee okbRE KRLRSAGERI

randontvar rom t he ien sourceées ect_of core

| ayer corrpepeated in thgnS&meanrden foxut eechcgpmposatdopr acTheakfifecks. The
resultg s BWthQagrbaeésaéagaltﬁsn;51§yg@heaée&b91@9|xaégeﬁh%&eaﬁ@ntEWheof

the core from4 % approxi, mat el y | yves"the rate of increase of
s per uniYariakdgp:among fhet fePaggpiBxAnEESURalLF AgTBELBFEL8P0RTg0i ng to
60 W . Qhﬁaaﬁlakpetnﬁeﬁahypéggykene The vertical shift factors

AT for the 4 experi tal ryp 2 gr.ouns % qure 2. are plotted as a . :
functi on of teﬁﬁe?gaggéQPh eF egngloiag i PH&YBFPBX oF conposition is
statlst|cabmpos1tsognnélrantonn2reba$ecntuwerdadsn1&abeaedoas Dyl & amed
effecy, pgf proc ﬁiscg!i?%fthggs %uE‘EheﬁTQEt‘thg?:%CS%S tﬁ%”ghhggﬁxs in each

group are average g Inition room
tenperatuV@rIQFéPP]Pf(EhFeFrY§} 199 tta§§09e Taking gnggr acgosméns the

shri Id nk?gerahatatnsxrat:lal&&ehn?@bﬁt Both o&ermer attawte.&neae sbawelesf, orth%O Wt .
syndi ot ac

t | t.agt | h
PO bR B OB MRy er cBRBoalriin e BluRi R bafl Ty Btall Wi tl o
appl|cat|andtpwpetabaaetetmEYS[ehe]Eeeﬁa&teﬁhbﬁ)thhmmﬁmereaﬂﬂng the 50
t t
B e R A
- syndi ot acﬂ‘—c%pépyﬁpéﬁw\ﬁ& hat'lEfP—ﬁs the rate| oF dasrenseurs, suPesr Wwdd] err| F

- (93[err] CGhodicegnsi an%hr&hebl hpbfoxaﬁal%wwaqﬂn@he&u&l&e uphegloiref vd 66

syndi ot acti ¢ _pol D_di nensi onal stabilit i Xty wt. %
Sgndlotac p Y¥l %gC%lc polypropylene. y- .y

The vertical shift factors Aty for the 4 experimental run
20 groups of Figure 2 are plotted as a function of temperature in
Figure 3. &again, the effect of composition is statistically
 significant in relation to randem variation, while the-effect
of process conditions is not. The 4 process conditions'in
each group are averaged to simplify the graph. By definitioﬁ,
25 At at room temperature 75°F (24°c) is always O.

- Figure 3 shows the shrinkage shifts at intermediate
temperatures are lower for 30 wt.$% syndiotactic polypropylene
and 60 wt.% syndiotactic polypropylene than for 4 wt.%
syndiotactic polypropylene in the core. At the label

30 appllcatlon temperature of 275F‘(135cn, however, all
compositions perform about equally. As 1s the case for the

- slopes, 60 wt.% syndiotactic polypropylene prov1des a greater
benefit than 30 wt.% syndiotactic polypropylene in terms of
low~temperature, under 200°F (23°C) dimensional stability.

35 Figure 4 shows the effects of wt.% syndiotactic polypropylene -
on TD dimensional stability. Sixty wt.% syndiotactic
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15 pol ypropyl ene in the core increases TD shrinkage as conpared - to 4
wt . % synm%ﬁséﬁé't'éc pol ypropyl ene and 60 wt. % syndi ot acti c PCTAISPS/pRBHY| ene.
1t must be understood, however, that the entire curve in Figure 4 can be
-shifted downward by at |east 5 2% shrinkage by varying certain process
conditions in the tenter. In fact, at” 4% syndi otactic pol ypropyl ene

LF?ﬁi()Eghpiotl}iis hiyl\ﬁ%’e—rqr?re"?s%ér]abl e giéet%%%%g;m\fé%%tion‘%@ ggn%lét %ﬁeﬂ 60
Wt - % syndib i dti-¢ PRI Rl MRRPRIINS And) 60 ofbr SLFENdtosachico,
synfli ot i’icgdl%ﬂfﬂpynrg:wl emet;.) i:ms’.tgm[$' m}dgrs'tl:m‘dsrg, tiesweddr Shtlhiak agweat "~ "
100[ err err t rrl],C)., .ot . iL.deratjons point _to. . . ..
30 wt. % ﬁf‘ﬁ;&i 0 é:é%?)ce ilﬁ"t %ér e‘r:gacgarérb2 %k&{kséaérd o%%‘?’gﬁr%uetﬁfi +§3§?gs£ -

st ructur @ ¥ shrtinkags hwivarysws @exrtain procdss t¢endibions dynthet actic
pol yprop 1 S hg [ 1 r Welih | ' y :

D 50w S ot R ol o ﬁ%‘ﬁ%@%%%%%iﬁﬂ%%%ﬁ%@% 168%iqg,

shri nkaghegatipg & |shripkage (1.e. D gpeevhbrcad bacoepeeatedion |ine

\éwbt h gob\al-%oqgrﬁ%mi%g agidmp%ng(g@pzlﬂm fér diaiﬁél_lﬁ _Lﬁéppf@@!lc.lﬁ@nﬁ' -f:quen't
web br S i e tenter. _, e . i s exanple.illustrates
Che conbAtnaigh 8 o€ Dintiatanils PO GHCRNAETS TR SROIEOER 1 on

st or age fwdfidrdble td @0 avt A |syridsdhtractkid¢ i pod ypregey kene niacterdancg with
Runs 1, 25 .5 and as set, forth i anple 1, fr nyf.acture_ until
converti ﬁéa_ng term %%t%b%ull?a%e rﬁ)qﬁtﬂ%&sggfg.C%ot%ggbﬁaa(%eggedo PEhouse,
aver age tumeiddrations poifitages 230 Jrtphtdpnddottect Do Jith ythe ncaxrgasghause,
average 30 er. : e 3 SelD atr van, _hot .
climte, %ﬁlté:?e%em;él%l%[%‘%ﬁ:\%a%}&g s@fu&x?ﬁ%ngo%‘ hghéexgéﬁﬁﬁg%?%ﬁ?fas‘ms'

det ermi ned sl dpes thel aest iehlsyndiotaghi¢ tmolypropyl énei by khghnkage

anouniss afd) £ Gl efsotactic polypropylene; .
2) 60 wt.% syndiotactic polypropylene produces high
levels of TD shrinkage at 275°F; and A
3) operation of the orientation line with 60 wt.$%
syndiotactic polypropylene-is difficult because.of freguent
20 web breaks in the tenter.
Example 2
This example illustrates the combined effect of
reductions in slope and temperature shift on storage stability
for a roll of shrink film prepared in accordance with Runs 1,
25 5 and 9, as set forth in Example 1, from manufacture until
converting.
Stage 1: 9 months, Sept. to May in a heated warehouse,
average 75°F. _ _
Stage 2: 3 months, June to July, in a warehouse, average
30 88°F. oo
Stage 3: 3 days in a transport van, hot climate,-a?erage
100°F. e e
Using the experimentally determined slopes and vertical
shifts, the following shrinkage amounts are calculated:
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16 . WO o ~TABLE 4: CALCULATED SHRI NKAGE | N STORAGE

Run # 8278bP in core total MD shrinkage %

4 9 8 | 5 FFT/US98/09675 -

4.3 9 ' 60 1.6 The

cal cul ati ons assume an unconstrai ned piect¥ of film In practice, the
roll's own geonetry does peagtg gon ' 5. _Therefore, actual

di nensi onal change _i__§____1£ss ;han tabé%‘%?gg‘.kmn SHRINKAGE INhSEORAGEa gr adual
I-ncrease. in tension andRywl# %hepENgRScopad thq:ot%EUI ed 9% shrinkages
provi de a good i ndex 1of thi'§'incregse, which-i-s-det erﬂrres r&lnﬁia(g%rg‘bduct
quality. 7T inereast-ag -t he. syndi %t actic pol ypropyl end-Bontent of the
10- core layer from4 to 30 w. % causedla substantial.reductéidn in - _

| ong-term MD shrinkage at” storage tenp&0atures, which are npte i kely
to exceed fe8sidin 4B2EELT ___The shrinkage reduction at | abel -
application tenperat ureéﬁét%/%%%lﬁ?l g ouBFeRFtrainedpiece of fiMinni Nah.

Enpl oyi ng BYRGEL98 6yl orall'sc opnl weomethren oed theell c% rs%{lggé r gives

even | argerhéh.eélﬁéfé}é dded; $ pachine .. direction shrin *but the
r i pka ! rﬁé}ﬁéngf%‘b%f i ChRngs ienpesatthas bebobesedoo

cost and 'sqﬁgyk e at |ab ;

high. It i sheaf« d e 1st¢mﬁradmaktimemﬁa§éapﬁIﬁéﬂgg@ﬁngnge§§i%bed in
this appl izatdroess, ambrird tgeci inproved annealing of The film
on the 20 ,0ni q_r% atiqn line. . _éale?t%lrliﬁ?ﬁe%@%‘?met@ yoed eindtex| ed
in the art th;ﬁI_ he' - S2%pediich ehfp ol tminentdi s dus geebabew eqsan; O,
successfully norgeesrgy thd Byt &S H@%QI t to those gererically
or  10Spewird Q@ler Falod U ), Apve and. under Far |p§@1eé1%r%c@b*s"s“t25°f the
conditionsg. Fromthe foregoing sﬁ'gt,'i GRS 2 gwbstantied ireduct vh ard
can readi ﬁ;?ngs‘é&%m Ehe iakeget iedl steatagee T eifpediithires | Wﬁgﬂ Q. and

wi thout depreliiynéof keEskiae ﬁgi,f.i ESE‘QS 3‘0915% t hereof can adapt 5] Rk
various diverse applications. . Ghoinkege reduction at

PCT/ Us9g/ 888#3 application temperatures, typically 275°F (135°C), is

minimal. Employing 60 wt.$ syndiotactic polypropylene in the

gc.:re 1:fly¢r gives even larger benefits in terms of machine
1re?tlo? shrinkage, but the cost and TD shrinkage at label
application temperatures becomes too high.
that ‘o .
1at ____j;l__;g,___gj;gg_:_‘_g_g_g__s_tablllty galns described in this application

cannot be achieved by im i
proved annealing of the fj
20 orientation line. e Hm on the

15

It is also found

.I? Will be apparent to those skilled in the art that the
specific embodiments discussed above can be successfully
repeated with ingredients equivalent to those generically or

specifically set forth above and under varia

! ble proc
25 conditions. . o

o one. r::Z?ithe foreg?ing specification, one skilleg in
_€ art can rea .y ascertain the essential features of this
invention and without departing from the spirit and scope

-”thereof can adapt it to various diverse applications. ’



17 CLAI MS: 1. A uniaxially heat - shri nkabl e, biaxially
oriented, -nultilayer film having a polypropyl ene- cont ai ning core | ayer,

5 said corwolmﬂmzcont ai ning isotactic polypropyl ene and a PCT/USI&09675 ci ent
anount of syndi otactic pol ypropylene to inhibit Iong term uni axi al
shrinkage at tenperatures bel ow 50[err]C . The multiTayer
filmof claim1, wherein said core 10 Igyer conpr i

pol ypropyl e s 8N anount greater than 10 wt . Sﬂ“l"ﬂ"’"lmﬁﬂmmlls

The nultilé@@%J@51n1of claim2, wherein said core * |cayer &onprises.
syndi ot-act-i-G--pel ypr-opyl-ene--in-an anount in the 15 range of 15 to 45 wt. %

4.—-The-mut-t---ayef; f'*ﬂ19ﬁlﬁkﬁéﬂl§ h€9€p§h§hﬁﬁaﬁle|eBihx1ally o@iented,
pol yol ef i n- contalnlng skin layer  adjacent said core

e Ul (11 erEiIayon: Fola) RAYinans, BPAYREPBY LERRT CONEALning, soxs dager,
greater.ihaﬁaiégééhéIDK?G? abnﬁﬁﬂﬁﬂﬁg]1§btbcg&erpbmypropylenefamﬁta

direction wt % oL | ess_st ahi +38C Lrecti-:on .. .
substantial??gﬁb? t 3MERP ?r? éngEF ngyprggyleg 28 l%%lblt

mul til ayer ibh@ﬂ-aérﬁlanmhﬂuamhehemkagedac;otemperaturbsybelwrrﬁm €es a
plurality of voids formed by cavitatiaon about a solid cavitating
agent . 7. The multilayer filmof claiml, wherein said core
30 layer contai®s 4 TheSmult%dpgkybiii}eod b&a&phﬂhaMheee@mBﬁﬁld core
dispers 0 c + 8.
The nul Ia?%?g #ghgilng ﬁ??ﬁgﬁ%ggg?h é g ?g&%%e in agygﬁqgghprlses a
polypropylegeeebppothﬁnglpay§ﬁoeontalnlng 4 35 to 15 wt. % Ti(err].

3. The multilayer film of claim 2, wherein said core
layer comprises syndiotactic polypropylene in an amount in the
15 range of 15 to 45 wt.% ;

4. The multilayer film of claim 1, comprising at least
one polyolefin-containing skin layer adjacent said core layer.

20 5. The multilayer film of claim 1, wherein said film is
capable of greater than 15% shrinkage at 130° or higher in a
" first direction with +5% or less stability in a second
direction substantially'normal to said first direction.

25 6. The multilayer film of claim 1, wherein said core
layer comprises a plurality of voids formed by cavitation
about a solid cavitating agent.

7. The multilayer film of claim 1, wherein said core
30 - layer contains 4 to 8 wt.% polybutylene terephthalate (PBT)
dispeféed as particles of 0.2 to 2.0 microns diameter.
8. The multilayer film of claim 1, wherein said core
layer comprises a polypropylene supporting layer containing 4
35 to 15 wt.% TiOp.
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18 9. The ' of claiml1, which is primarily
ori ent ed wuyods2zux al | “ Hm mm;, J HLG times in the machi permseghdsest i on,

and 5 to 10 tines i.n thectransv i rection, and secondarily oriented
by reorienting an.additional 10 to 40%in 5 the machine direction.

10. The nultllayer filmof claim1l, wher8n said skin | ayer is selected

fromat |east qne of_the p._con (o] Ien

et hyl ene- pr opyPene El‘ ‘é:rlLiaH ryi"‘ﬁ;ﬂ ,CJfC}“bBUp ﬁxe]ﬁearlly

copol ymer préjmwwyiyemaapnMWyemwrgle to tGerqimieﬂnam e chesltiime ayer :

having a h&%‘&%@%\?\k (ﬁtlm rPQ:he transverse“dlre-@ﬁc{psl tdagyer -
ere n sald a er

filmof claim cont al ns._a_non-

silicone sesiondarily orientes h&tﬁﬁQ§é%ﬂﬂ%P9uﬁﬂ %Qﬁmtﬂgﬂﬁkglqnpqlq%yén1'“"“'“

bi axi akl Y +he @dc®iiR0 diddBtGyAR0Si tion, wherein said filmhas at
tenperatures below 50[err] C a shrinkage in the nachine direction of 20 | ess

than 3% after one week, and at tenperatures above 130[err]C, a
shri nkage in th®.readhenenudtitideern fiflnmtof eAKRinl 30 widwgin/ saidnskies.

layer is selected from at. least one of the group consisting of
polypropylene, ethylene-propylene copolymer,'polyethylene,

10 propylene-butylene copolymer, and ethylene-propylene-butylene
terpolymer, said skin layer having a thickness of 0.5 to 1.0
micron.

11. The multilayer film of claim 1, wherein said skin
15 layer contains a non-meltable silicone resin.

12. A uniaxially heat shrinkable, multilayer, biaxially
oriented film composition, wherein said film has at

temperatures below 50°C a shrinkage in the machine direction of
20 less than 3%, after one week, and at temperatures above 130°C,

a shrinkage in the machine direction of at least 15%, after 7
minutes.



