WO 2007/016376 PCT/US2006/029492 BIAXIALLY ORIENTED
POLYSTYRENE FILM CONTAINING SMALL RUBBER PARTICLES

AND LOW RUBBER PARTICLE GEL CONTENT CROSS REFERENCE
STATEMENT This application claims the benefit of U.S. Provisional
AppitaatH & 60/703,385, filed July 28, 2005. BACKGROUNIS BIEffifge29492
INVENTION Field of the Invention The present invention relates to a
biaxially oriented rubber-reinforced polystyrene film that has a preferential

orientationr iy the orachine sliregtiomranerasshrink: sl fHm cemptising ruzaer
such a polystyrerelfilnt Descripiion pfRalateekArtIShrnkiabels:genarally
fall into two categories: roll-on shrink-on (ROSO) labels and sleeve-type

labels (sleeve labels). ROS@dabelsrare-filnorsbeatsthatwrap around a
container. Sleeve labels are tubular in configuration and fit around a

container i ptacement evestheicontainer: Application«f heat tora-shriskona
labe} (hat; is, around,a copfaingy calses:the label to shiink and conform to

the container. To conform to a container, each typée of label must shrink
preferentially (that is, to a greater extent than in any other direction) in the
direction extending circuhfferéitpdiPafoundithe 8RR ROSO films

reside i agordainer-with the-machine direction (MD) of the film
extending %K%UB‘I%%%TH@'%%@%E&%W%?QF@&%%Jf'%”%%’a&%%f'mﬁﬁnted

primarily shrink’in the film's machine direction (MD) due to prefeérential
macﬁﬁ%ﬁﬁéﬁﬁéﬁ%?%‘fﬁgt@ﬁlﬁ\ﬂ%ﬂﬁ cohtrast &leebRTabel fpreans +2+
reside bard adorainiar with the dabeks dhnsvarserdirpdtion {FD)nexteriging filin
circurafgrentially, agound he coptainesm Hencer. sleéve labels shrink

primarily in the film's transverse -1 WO 2007/016376

PCT/LJS2006/029492
Description of Related Art

. Shfiﬂk iébelé generally fail intd two categories:
roll-on shrink-on (ROSC) labels and sleeve-type labels
(sleeve labels). ROSb labels are £ilm sheets that wrap
around a contaliner. Sleeve labels are tubular in
configuration and f£it arcund a container by placement overy
the container. Application of heat to a shrink label that
is around a contalner causes the label to shrink and conform
to the container.

To conform to a contailner, eadh type cof label must
shrink preferentially (that is, to a greater extent than in
any other dirsction}) in the direction extending
circumferentially arocund the container. ROS0O films reside -
on a container with the machine direction {MD) of the film
extending circumferentially around the container. Hence,
ROSC films primarily shrink in the £ilm’s machine direction
(MD) due to preferential machine direction orientation
(MDG) . In contrast, sleeve labels typically reside on a
coentainer with the label’s transverse direction (TD)
extending circumferentially around the container. Hence,

sleeve labels shrink primarily in the f£ilm's transverse
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direction (TD) due to preferential transverse direction orientation (TDO).
ROSO labels are particularly desirably over sleeve 5 labels because they
entail less processing and are less costly to produce. ROSO labels are
typically in roll form resulting from printing onto an oriented film in a
contitidt¥e'WeBoprocess. In contrast, sleeve labels, while alsFaVAifaMe 1492
roll form, require printing, cutting and 10 gluing into sleeves prior to rolling
into roll form, complicating the manufacturing process and increasing

manufaeiring-casts)fonsleeve fahals relative 0 ROSQ lakels. . . o
Furthermorg . fgnting dilms in the TD for sleeve labels tends to be more

expensive than orienting films in 15 the MD for ROSO labels. Additionally,
ROSO application of ROSO labels to containers is typically a faster
process thdPS@pplicationzofsslpeve 1abels: Whie RQSE) lahels pffel ceve

advantages iRRIctionspesd. sleave, @Qﬁ!@@éségﬂﬁ_é”m@v&%“j %ggi
abels

an agy, ge. in 20 extent of shri e around a container. Sleeve
SRrink é;/ arg?LI
0

typically SRrink Up to lfﬁepfercgén URdthe Eifeaniérehceiofrglt form
contaifier: Intbntrat, ROSH s Hitaricallyiderhedstrate: uprtosabout
209 shrinkage<aretind the circumfereree of asegntaingyr 4 ower-shyinkage .

in the126 ROSQ dabelssis mainly dugo: (1) predominantuse of orjented,
Mpolyﬁggxlgnle (ECO)PSPiégvcrgstalline pgfymer, for the film ana’(2§: a
limitation on the stress allowsd on a giué °seamthafdiy e fadéist place
(WrapPEH) arburity a dhtari £ 2 650t Aitich Bress on thedgluecseancan
causethédabelkton80 shift onrihe eortairen ok 4N an-eXEeMA-CASEe neRUse

theﬂab@hglunm&@@ﬁ@%ﬂd%@%”E&ﬁE%%ﬁﬁE“@§&§%e§¥e4%%e§ \%Q%h leeve
eithﬁglbwgyg Q%lgﬁljyse jcg:i,ngor have aglue joint that is extensive]’])y cure&"prlor

fef. Can TORTAR 40rERfET Siehtbi tess dthing

to aﬁﬁlicatlon to a container, can ki
“shrihk§gEP-2 WOrSE67 /018376 PAHUSI006/02949R050 application of

ROS0 labels to containers is typically a faster process than
application of sleeve labels.
While ROSO labels offer advantages in production speed,

sleeve labels historically have enjoyed an advantage in

20 extent of shrinkage around a container. Sleeve labels
typically shrink up to 70 percent (%) around the
circumference of a container. In contrast, ROSO films
historically demonstrate up to about 20% shrinkage around
the circumference of az container. Lower shrinkage in the

25 ROB0O labels is mainly due to: {l) predominant use of
oriented polypropylene (OPP), a crystalline polymer, for the
film and (2) a limitation on the stress allowed on a glue
seam holding the label in place (wrapped) around a container
- too much stress on the glue seam can cause the label to

30 shift on the container or, in an extreme case, cause the
label to unwrap from around the container. Sieeve labels,
which either have no glue joint or have a glue joint that is
extensively cured prior to application to a container, can

tolerate a greater extent of stress during shrinkage.
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Sleeve labels historically enjoy more extensive shrinkage and therefore
have conformed better to contoured containers than ROSO labels.
However, in view of the production advantages of ROSO labels, it is
desirable to 5 identify an oriented film suitable for preparing a ROSO
laberthatcanssHrink circumferentially around a container to a BFEATEA006/029492
extent than current ROSO labels (that is, more comparable to sleeve
labels) but without the detriment of failure at the glue joint of the label. 10
Polystyrene (PS) is a particularly desirable polymer for shrink labels.
Shrink laBéFfifts oF polyprobyiste I®P)Y f6reRanipie yPiddR ik only
up $oabow @0%rd ahywdirectiorhatra temperatyre befove 120€. ddhe-cured
cryf!@!H@@_ne%r@r%frPlBo’@éNi?&él%atingﬁ_@xp@vgxtheiBPﬁ@r\yS&aﬂlipra@eES- .
melt temperature tp release additi -otientation. jn , , contrast -base
shiii THisa Jfﬁrrr}]saé%?/nr?eagg To %%(C%%%gtég Q%ﬂffmeﬁ'g ng§5§ frsé}éﬁ}i'gtne e
temperdtiife (WRichrgerersiy idfowei st PPIS Erystalifrelnl@ ROSO

temperature)=due o itsh ahrdr phiousoetfarester. Shereforey RS filmscaminer

desirahly 20 provide greater. shrink at lwer praeessing femperatures thapxe
PP films. Additionally, PS retains a higher surfa%e epeg%fafter corona

detr. of
[ il saitable for
prirftirig)ufor exteritied petodednis s ¥elatieso-PP. Therefore, unlike
PP films, eorgna vireatmens pf BS filrpa can-oceuriduring mandkactureyme

rather, than just RriQrto.printing into labels. lp;conirast g papalyester.and

polyvinyl chloride (PVC) films, use of PS films facilitate battle and label 30,
recyCrability °4s $HETBW fdte¥%ﬁ§/a§1? Sthe ?j?)ﬁ%%neupegcscily%éjﬁ%rﬁd "
fromthedtighet Hensity (forrexanpidupolyisster) Bottles: Fuftherfiorétthd 1ne
lowes RS depsityradyaniageousiy pravidascadigher filat yieldyeraidrene
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. 1sglfegéQtowlagelzlm%d%@8i£>é.kaebaegét0§§d§u.§e@@3@&9&%@%@5 orRVC

ilms, do not provide similar advantages. ,
contrast, PS-based shrink label films only need to exceed

the polymer’s glass transition temperature {which generally
is lower than PP’s crystalline melt temperature) due to its
amorphous character. Therefore, PS films can desirably
provide greater shrink at lower processing temperatures than
PP fiims.

Additionally, PS retains a higher surface energy after
corona treatment (necessary to render the surface of a
polymer film suitable for printing) for extended periods of
time relative to PP. Therefore, unlike PP films, corona
treatment of PS8 films can occur during manufacture rather
than just prior te printing into labels.

In contrast to copolyester and polyvinyl chloride (EVC)
films, use of PS films facilitate bottle and label
recyclability, as the lower density allows the label To be
easily separated from the higher density (for example,
polyester) bottles. Furthermore, the lower PS density
advantageously provides a higher £ilm yileld, or more
area/lb. of film. Higher density labelstock, such as

copolyester or PVC films, do not provide similar advantages.
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-3 WO 2007/016376 PCT/US20061029492 Polystyrene-based shrink

label films often include a high impact polystyrene (HIPS) component in
order to improve label toughness (for example, tear resistance). However,
rubber particles in a typical HIPS range have an average 5 particle size of
gre &t WEARGHE micrometer (see, for example, United StatesPREfEFHI06/029492
(USP) 6897260, column 4, lines 26-27). Large rubber patrticles tend to
decrease clarity of a label film, interfering with the use of the film for

reverse sigdg Hggg%g@gg&gn tﬁ&ﬂgelo;b%!ﬁ‘bﬁj film JO(%?roxmatf

the container so t it is readable throu the film) as well as wit

e of (RSB BRSBTS D QR TFRTEBET L -
confaibis ‘greatehtivas 7 ([forcent 2abber based oretotak HiRS)weightwetigh,
congentrations of rubber canzhinder the printabilibnet18:4.film,deciease.
E.clarg)\czi 0{1 film reducefdlmensclonalC stabilit arrglg unde irably mcreafelgel
amountin a Fnall?l?m ig (?eswarbleqoq"lave ah ofientsd BS fil tha
SUitEBEor ROSE Fatse Sasdircatiote ttis {fther 29Pdasitablectbithe $imL ines
to contel a. higheimpact polystyseneiof atyperthat bassmalerrubberity of

particles gad leyer rubber -eaneantratiens than fhat of:typical HIES iy
order to ach|eve film tou henlngjwuhout hlnderln%prlntablll'&y or clarl%xc;)f

the fifis T 7S sfn?urtﬁer desirapl ]?suclhng f?m can 25 serv@ as'a
jabettREtdeiroNstraies Greunferentiar shrink arbuh®l & contdiner shmilash
to slgevetabels.aBRIEE. SEIVMAR YvO&EVTHE INVENT 10N The: present

'nV%QE@@u%QVaé?&% hrigkdabelart by 30 providingsa biaxjally griented
polysxyr Eﬁﬁ ed film_suitable for se a\D a ROSO label and that
S

contains with a fibber particle’Size ZNE FuBBer-S5hdenttation Hetdik-
thatZ 6Py pfeAII3IPS 2 ThepresEnt iNetiorecan previdethe printability of
15ubkeraeinforced padystyrane film, and-RESA Jabelkiuce dimensional
stability and undesirably increase gel amount in a final
film.

fiim

It is desirable to have an oriented PS f£ilm that is
suitable for RCSC label applications. It is further
20 desirable for the £ilm to contain a high impact polystyrene
of & type that has smaller rubber particles and lower rubbér
concentrations than that of typical HIPS in order to achieve
Film toughening without hindering printability or clarity of
the film. It is stil}l further desirable if such a film can
25  serve as a ROSO label that demonstrates circumferential

shrink arocund a container similar to sleeve labels.

BRIEF SUMMARY OF THE INVENTION
The present invention advances shrink-label art by
30 providing a biaxially oriented polystyrene-based film
suitable for use as a ROSO label and that contalns HIPS with
a rubber particle size and rubber concentraticn below that
cf typical HIPS. The present invention can provide a
rubber-reinforced polystyrene film, and ROS0 label

35 comprising such a f£ilm, that surprisingly has one or more of
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35 comprising such a film, that surprisingly has one or more of -4 WO
2007/016376 PCT/US2006/029492 high clarity, improved MD shrink over
conventional ROSO labels, and a combination of high shrink and low
oriented release stress relative to conventional ROSO labels. In a first
aspaot, #eqprssent invention is a biaxially 5 oriented film compriswgy@s/a29492
polymer composition, said polymer composition consisting of: (a) a first

high impact polystyrene (HIPS) component having: (i) a block copolymer

of %yg%neﬁgglarrub%gyrsg@w%egmﬂe W&e@o‘iﬁ‘ﬁe&@;%#}’”ﬂe&b%o

grafted to a polystyrene; (i) optionally, two 10 weight-percent or more and

8 welgRt-percaiit ot IBREHIRE Titber hdmBPoRMer5agBd orPiirt HipE-2d
component weight s(iifpadbtatleubberproajigatedidiBA8comtbrti ef one
weight percentor/pere anstegven wejght percantwiressbasedion  iofaky 1y
sweighl 80 st RS, component: (1) less an A0 1.6 09l pos e
concentratlon y met ;ﬂ\ etﬁylll?gtone methanol eﬁ)ractron lE‘v) an ave age/
rubBREPRRSHiCRE S 26 D145 1REN °£ 0 ffdromElers artt 801 Figfometers or
more;lFd)tabenrd(HioPabout8prsiomepetcarnt ofitheaubberparticlesymer

with sdiameters of less: thampbeut Q4 icrens andfiam abawt1Q 20,0
about 6%volume erce Eof the rubberl par_tlcles with dlametgrs be&vxeen

about 0.4"and apou(f’ mlcrons (\}il a{jorlty of rt}bber Barltlc?es with a 51

core%fcnﬁ?pﬁﬁb@)ﬁr (Vi & c%?r%e%tr‘a%p%“fha? SEeBURtS forlFO0 pefcént

by mnéight (WiH)or less anck38avtds of imete ¥alativedorthe<2d pehmet. ;

compesifion weight and,aeeQuURtsH Rl RRe.LIIMOke anch Ve 0lleSShe weight

percent bX We| ht of rubbgry dlene Wer%lglt‘_ reIatlve tp total compgsm

we g t an& (b) a generaII] purpose poy tyre%e avmg a welght average

fetiar Weightofrhot& than 200,005 rarie PREidle @id 350 Codhan 10

1Sgram§ pee 13@molerdrdessand thatsisipresenh al alconoentratidreobzero

wt%;armere and 70wtk OH%%%Q%HPMBEQJ\@&OJYEB?& SQMPOSHIORss than

We|9h5 and Jg%}ﬂ%gecong IaHPSOclomponen

€rs crometers or mere; {(vi) about 40

on

to about 90 velume percent of the rubber particles with
diameters of less than about 0.4 microns and from about 10

20 to about 60 velume percent of the rubber particles with
diameters between about 0.4 and about 2.5 microns; (vii) a
majority of rubber particles with a core/shell morphology:
{(viii) a concentration that accounis for 100 percent by
welght (wt%) or less and 30 wt% or more relative to the

25 polymer composition welght and accounts for one or more and
five or less percent by weight of rubbery diene weight
relative to total composition weight: and {b) a general
purpose polystyrene having a weight-average molecular weight
of more than 200,000 grams per mole and 350,000 grams per

30 mole or less and that 1s present at a concentration of zero
wt% or more and 70 wt% or less relative to ths poelymer
composition weight; and (¢} a second HIPS component
different than (a) and that is present at a concentration of
zero wt% or more and 20 wt% or less relative to the polymer

35 composition weight; wherein, the total combination of (&),
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different than (a) and that is present at a concentration of zero wt% or

more and 20 wt% or less relative to the polymer 35 composition weight;
wherein, the total combination of (a), -5 WO 20071016376
PCTIUS2006/029492 (b) and (c) accounts for 100 wt% of the polymer
conmpositionstie polymer composition accounts for at least 95gutisoiotineos92
biaxially oriented film weight with the balance to 100 wt% selected from
additives; and wherein the film has a MDO 5 ratio of more than 1.2 and a

TDQ, ratio of 2.0 or less and wherein the MDQ ratio is greater than the, .
Tngr)at%r}%n%a%eggﬁ %ns%fép\gotﬂe?gbes%ni ir?ger%lden Fs%l’g?\?ﬁ]kc?glgé’lsmmn’
compfisiglaBraxianfpriehteapAGHEITHh dPthe firstasiedtivhérein thehe

filmohas peintipgeor omecor hothr 16: sistes. DERAHEDRESCRIRTIQNORF: %
Compstion Eomhsie 4 1o HiPe ommanent ane ntoralh 160
59en%%%?8u?§)§ﬂ§ g%l);trs}t%lrnen}“e' %Gﬁ’xf:%)a a!r]sggcdcr‘?‘dc I%ﬁPépcéo'rg)p fent ot BAtA
a GPPSSHRY alseddift FRP S compotfett SThe esnmibisallél of fikstHIPS
component; GPR&and segond-HIRPS: compenentiaccouitdar 100zparcentic
by weight (wie).afthe polymer composition, 108 %QJZQEJ}%IC%EHSEEP%M

des}riabsl)é 20 accqunts for 95 wt% aqr, more, prefer(ak;cll/ 7 Wt% or more, a&t}j
can qécmpri%sepfﬁﬁ WiBE B e tofal fitm B iiht PR Tite Poighterct ©°
Locongp@sition is less than 100 wt% of the film weight, the balance to 100

wt% consists of additives, including any additives that may be part of the

first HIPS compongpt,»25 PBS. andbsecond HIPS.compapent,Additives

include standard fillers and standard processing aids such as plasticizers.

The first HIPS €oftp SHEnEE HERrenB B8yt CORIRRING o grafted Filbber
conipaRert. Grafting et alribiera cémpdnéithifitcapulystyfenadends jonally
Lsincreagerfoughnesspant 30 mechanisal steogth, obthe-polystyrepre.
Binding the.tbbey,to e, palyshyene (irough gratingias technigaly . me
adwgggﬁyiztioﬁ of first HIPS component, GPPS and second HIPS
component account for 100 percent by weilght [(wt%} of the
polymer compegition. The polymer composition desirably
20 accounts for %5 wit% or more, preferably 87 wt% or more, and
can comprise 100 wt% of the total film weight. When the
polymer compesition is less than 100 wt% of the £{ilm weight,
the balance to 100 wt% consists of additives, including any
additives that may be part of the first HIPS component,
25  GPPS, and second HIPS component. Additives include standard
fillers and standard processing ailds such as plasticizers.
The first HIPS component is & styrene polyﬁer
containing a grafted rubber component. Grafting of a rubber
component intc a polystyrene tends to increase toughness and
3¢ mechanical strength of the polystyrene. Binding the rubber
to the polystyrene through grafting has technical advantages
over simply klending polystyrene with a rubber component.
Binding the rubber generally provides a material with a
higher modulus and equivalent impact strength with a lower

35  ryubber content than a simply blended rubber. Graft the



over simply blending polystyrene with a rubber component. Binding the
rubber generally provides a material with a higher modulus and

equivalent impact strength with a lower 35 rubber content than a simply
blended rubber. Graft the -6 WO 2007/016376 PCT/US2006/029492
rubbee carnp@eant into the styrene polymer by combining the pgibhsboessin29492
component with styrene monomers, typically by dissolving the rubber in
styrene monomers prior to polymerizing the styrene monomers.

Pol rizing the styrene 5 m nomers then produces matrix of
pol}%/sr%/%r)enegcorﬁam%ng rab %&%raﬂeé reslt]yerene Hmlyme ﬁmbmmg the
polysBpeiie tREEBOEPicallhas B GRS HgH wdight a%ﬁ-agéw
motecidat weight-(Mw} tepsevide atgesirableclevet et pracessability and

me i‘!IJﬂ‘E@J rigs. 1 RERiLion, which istypic W ataton
Ieag9 00 OPE%Eef?%bg(;%fe%iqﬁ)out 120 000, m%ﬁrle 6pref§e%aM at | egst ©

5 abd P30 B0 NG ROSEHEtErab At ledsCab St 120 066 Gramis per S
mote{derol R IS polyisty e tyisicaiy: ¥es a-Mw that is less than or
equal to abauts260;000: dhprefetably t6$s than or eguah te about 250:0Q0,

mofg preferably '%%ﬁ?db%@ﬂé@ﬁ%?b%ﬁ&é@ Q80 P”Qo"é?ﬁév&@ée'éﬁb'y

less than or equal to about 230,000 %%nol in"order toGprov sufficient

proCeEsABit” MEXEIrE fp&{}gﬁ/‘?éﬁ@ v M By TSing i beriteation S
10chromatbgrapny 20iising -a polystyrene stakeiald fop cﬁWbraﬁloﬁt Tast
rubben componenidsasopolmerata rubbety canjugatechdiene:apderably

Sty@p%gg@%&g@@vmsr)o%amngog%”w@ﬂ&Qeﬁh t@% rybber pout

copolymer and a minor amount of a rubbery conjug ated iene

horﬁéBoWergﬁﬁ‘BBe?%r%&Slyh%ﬁ@%é ThJESnﬁfg]a%éaYd%ﬁ% i PRttty
rubbees s typicdiyta 1s3-lali@diane, preferalsly biradierie: iSGdreeor
15botbymﬂaa@5tey angkisoprenecmasipeferabinbutadieneoTbe eanjegated

d'%‘%&?@?&ﬁ’ﬂ E%%ge“c@a%r%%@% 2 styreng/butadigne, (8/B),hlogks .
copo ymer Po butadiene Is a desirable rubber
pre erabiy less than or egual to about 230,000 g/mol in

erder to provide sufficient processability. Measure
polystyrene matrizx Mw by using gel permeation chromatography
20 using a polystyrene standard for calibration.

The rubber component ls a copolymer of a rubbery
conjugated diene and styrene (rubber copolymer) cr a blend
comprising both the rubber copolymer and a minor amount of a
rubbery conjugated diene homopolymer (rubber homopolymer;}.

25 The conijugated diene in both rubbers is typically a 1,3~
alkadiene, preferably butadiene, isoprene or both butadiene
and isoprene, most preferably butadiene. The conjugated
diene copolymer rubber is preferably a styrene/butadiene
{8/B) block copolymer. Polybutadiene is a desirable rubber

3¢  homopolymer.

The rubber copolymer desirably has a Mw of 100,000
g/mol or more, preferably 150,000 g/mol or more and
desirably 350,000 g/mol or less, preferably 300,000 g/mol or

less, more preferably 250,000 ¢g/mel oxr less. Measure Mw



30 homopolymer. The rubber copolymer desirably has a Mw of 100,000
g/mol or more, preferably 150,000 g/mol or more and desirably 350,000
g/mol or less, preferably 300,000 g/mol or less, more preferably 250,000
g/mol or less. Measure Mw -7 WO 2007/016376 PCT/US2006/029492
using arsmgdere ight Scattering Gel Permeation Chromatogrejstiyl e 029492
rubber copolymer also desirably has a solution viscosity in the range of
from about 5 to about 100 5 centipoise (cP) (about 5 to about 100
m|II|Pa cal-second .(m a* referably. from abou to about 80 cP
(about l%o at?f?l ]2%0 m g)gs)gan t&%%ont?ﬁtﬁ 0 %%S%Z%A) preferably
at [62EPB886 ARYMbre preferably at least about 30% and desirably 99%
or less, pigferably-:85%optassyanord 40 pietératiy p086 DrdessBumarBL
6533 Jcb@{%ﬂrbyb%@nqag@@r&éﬁ&'@éﬁUQQ@r&a@ @l@sm@@{&emm ples of
rubber +Sopolymers IncluglrﬁiC L\é\b er h mq&aol%\er v;ﬁh arn rub ccon
62 # irst H e 0 Ci5

copoﬁymegr WWhen' preparing & Component can contribute t
the FBERahical Petfcrhidrce 6F te HNPS poRniér By @Rhdticing tHebout 20
ambunweﬁetomy)atﬂmaak Fuptute. Siitabte tublershomopelymersidesirably

émoad@rﬂé%@%tlgao t%rp@%weﬁezfée ees Gelsils (Chut
g referabIY %91 ?: Igss P ferabé/ e ru er gnoopol mer has
squP ion V|sc§sary ih the range of abotit 20 (}(ut

o

&b6ut 26

10to AETE2EO MPASS), fiorecpreferdilydrdth &?&ﬁt gb kléfFf’“’t‘é1 Z“GG’DEIBI(aBbﬁt
80 to about 200:mPa*shbEre rabbendxomapolymerdestabbrhasisveis
contgptef At least about 20%, preferably at least about 25% and more
preferabl% at 25 C!eas.t about 30% and q1e5|rabl %out 99%0bor less,

preferably % ornl%ss Rore prer?epfb WA) Or less. I5eS|ran)Iyc ﬁ%bém i

horiBpBIyIERRRAVE stk 55180, 0563/ ATrHBIe, RBrePrefeRibly to

1515G,080:g/melordnore anthaesinakly-G0@,0000g/Aolpc Lyner by enhancing

. fbé amouatmbf élongation at rupture. Suitable rubber
homopolymers desirably have a second order transition
temperature of zero degrees Celsius {°C) or less, preferably
~20°C or less. Preferably, the rubber homopolymer has a

20 solution viscosity in the range of about 20 to about 250 cP
{about 20 to about 250 mPa*s), more preferably from about 80
c? to 200 cP {about 80 to about 200 mPa*s). The rubber
homopolymer desirably has a cis cobtent of at least about
20%, preferably at least abkout 25% and more preferably at

25 least about 30% and desirably about 22% or less, preferably
55% or less, morae preferably 50% or less. Desirably rubber
homopolymers have a Mw of 100,000 g/mel or more, more
preferably 150,000 g/mol or more and desirably 600,000 g/mol
or less, preferably 500,000 g/mel or less. Measure Mw by

30 Tri Angle Light Scattering Gel Permeation Chromatography).
En example of a suitable rubber homopolymer is Diene™ 55
brand rubber {Diene is a trademark of Firestone].

Rubber homopolymer, when present, will typically

comprise at least about 2 wt%, preferably at least 4 wth,

35 more preferably at least 6 wt% and most preferably at least
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or less, preferably 500,000 g/mol or less. Measure Mw by 30 Tri Angle

Light Scattering Gel Permeation Chromatography). An example of a

suitable rubber homopolymer is Dienem 55 brand rubber (Diene is a
trademark of Firestone). Rubber homopolymer, when present, will typically
comPEs@UAtea%t about 2 wt%, preferably at least 4 wt%, 35 rBEFEIS2006/029492
preferably at least 6 wt% and most preferably at least -8 WO 2007/016376
PCT/1S2006/029492 8 wt% based on total rubber weight in the HIPS

polymgrs In,Lrder i avoid Unnanessarily loy transpaceney or glarityethe 1n

rubbreg1 hé)rr%%p%%nl r c%gtené is adKGS}
wt% or less, more pre\‘lera%(fy 1%

Y DELENT

rably 25wt% ar less, preterabl 20
ooril%‘gs and most pl\’zefglrfabcl?/%rzl ¥

WISt |BEE RS SHOBRREEAMEBEF WeIYht 1 FhESRSERIPE compbheft hagss/
a tatak deerebegnigbnerit contentsfronmthe rubbericomponénti{thatis,less

5 CONtent arsing, frona subbery copjugatedidienernffothaubber copolymer
anqml(l) erber homopolymer when preparing the first HIPS component) of
aboUt Gre wt% or more, preferably 1.5 wt% or more, more preferably 2
wWt% or méFé stilFiorE Preferamhy2es Wids Br 2mbPé andFhfsst preférabpiis
wtd@riaote basedior weight of dhedfustHitP Sicampoaentdrubber arising

conesnirations-helow,about 1551 wigp faiLto gbtain a.desirablelevelof anq

mmech
tra

hness. In grder to vide desirable

ical strength and to r
AR RhCy TR TUOBEC cOREEN AR TS BbiCATy 7 05h o fosomPenert)

preferabfP ivtos oriéds cinaresrefarabie 538 or- fesd; even fpre, more
preferabbr-4wutdo ofdess Jhasedon totall20 weightebthe itst HIPS wts or

component, Withaut being. bound by theory, lqyer.rubhercgncgntratipns s

h as 7 wt% or less based on'HIPS, is. desirable to avoid extensive

H d _
croSHinking 1t i b BEPRSRITERe anbtBatEe TRETKBHABOUBT gdlo -0 203

1sforrhatibh. Wierile 25 sgmhelcrosshividhgah e Yabbeér i desiableiter L

maistaiarthen integrity of the subber during shessing-invianudaetirep 1 e

20

25

30

35

Lransparency, the rubber concentraticn is typically 7 wt% ox
less, preferably © wt% or less, more preferably 5 wt% or
iess, even more preferably 4 wt% of less, based on total
welght of the first HIPS component.

Without being bound by theory, lower rubber
concentrations, such as 7 wt% or less based on HIPS, is
desirable to avoid extensive crosslinking in the rubber
particle and reduce the likelihood of gel formation. While
some crosslinking in the rubber is desirable to maintain the
integrity of the rubber during shearing in manufacture,
extensive crosslinking can hinder a rubber particls’s
ability to deform during film orientation. Clarity and
transparency of a fiilm increase as rubber particles deform
into particles with higher aspeci ratlos. Rubber particles
with less crosslinking tend to deform and retain their
deformed shape more readily than higher crosslinked rubber
particles, making the lower crosslinked particles more
amenable to clear and transparent films. Defining a

specific rubber concentration where crosslinking becomes
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extensive crosslinking can hinder a rubber particle's ability to deform

during film orientation. Clarity and transparency of a film increase as

rubber particles deform 30 into particles with higher aspect ratios. Rubber
particles with less crosslinking tend to deform and retain their deformed
shapegnarevieadily than higher crosslinked rubber particles, neakingribgo29492
lower crosslinked particles more amenable to clear and transparent films.
Defining a 35 specific rubber concentration where crosslinking becomes

9 W0, 2007/01.6376,PCTIVIS2006/023492, undissitgbly extensiig s,
difficuﬁ since it Jepengs on specific processing conditions. Even so,
rubBBEEGTICe MFATGTS P4 25RTH G iTtte bdsEof HIPSHRSgt, tend to
havecundesirablycerensivie crosslinking: % Siaidady cwithdbs bemgrbountend
bylkr]geq%;@lna&@éyl%a%:ﬁﬁeé%é%%&%%g HE@%Q%?JM@QmGha}vir}g a I%wer

gel formation as a result of a lower rubber concentration. Gels .form
5extensiveas c%%gﬁﬁal%ﬁg of r% %%(%r é?gegllglgnegrg]flensgwﬁ%h 2 'shsfelair)ﬁiﬁtoO)Jé the
smélF pariicles el g ftn Mi&Adfaciere o CFesslinkst §8l aggritharatesd
canfeause difficulty in fikmumanufasturey éar instarce byroatising bidable Gels
breaks,in By blown flm.process. Gelagglomerairs alsa.pgyeferates which

detrimental effect on film qualit¥ nlmdefects in the

¢ appearing as non-unifo
fim &t CHE BB IRSe i I Ual 5067 16 e S ionTor At pARtaiare
10Thedimplestend ©epose proBimms cGuring prmiting By pFécluting ik £ilm
recepltiat oncdirepledspatss o addms susfacen 4 hedfinst HIPS:eempionent

furtherhas & ggl concentration.accarging Lo amethyl Lty o

keto o::;m/methadtr;mi.I 0 f(%_‘xtr%ction gf gless the&n, 10 wt%, relative to gotal first i Form
HIPS ‘comporie t\?velg%’cft. Stteh a %Wqéle concentration is deSirab@ 6"

maXiffize fitmiclatiie Cérduerthecrmethyidethiiidtonéfimétiaiolvound over

1extractionsimilas ta the paethodi of Unexamingd dapansseRatemte problems

"APRES@HQQ1S@$§€¥9gP8999£e¢1u6ing inkureception on dimpled spots
of a film’'s surface.

The first HIPS component further has a gel
concentration according te a methyl ethyl ketone/methancl

20 extraction of less than 10 wt%, relative to total first HIPS
component weicght. Such a low gel concentration is desirable
to maximize film clarity. Conduct the methyl ethyl
ketone/methanol éxtnaction similar to the method of
Unexamined Japanese Patent Application Xokai No. P2000-

25  351860A for determining gel concentraticn. In essence,
dissolve a sample of first HIPS (sample welght 1s Wi) into a
mixed solvent methyl ethyl ketone /methanol (10:1 volume
ratiol at room Ltemperature {(about 23°C). Separate the
inscluble fractlon by centrifugal separation. Isolate and

3¢  dry the inscluble fraction. The weight of the isolated and
dried insoluble fraction is W2. The gel concentration in
wi% 1s 100 = W2/Wl.

The first HIPS ccmponent has a volume average rubber
particle size of less than one micrometer (pm), preferably

35 0.5 pm or less and generally 0.01 pm or more, preferably 0.1
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25 351860A for determining gel concentration. In essence, dissolve a
sample of first HIPS (sample weight is Ni) into a mixed solvent methyl

ethyl ketone/methanol (10:1 volume ratio) at room temperature (about

23C). Separate the insoluble fraction by centrifugal separation. Isolate

and ¥ ey Ahestpsoluble fraction. The weight of the isolated angtgti€dos/o29492
insoluble fraction is W2. The gel concentration in wt% is 100 x W2/WI.

The first HIPS component has a volume average rubber particle size of

less than one micrometer (gm), tpreferably 35 0.5 m or less and generally
0.01" tf#r o?n?n%ereaﬁ?ef&?éﬁlypﬁﬁ FFWS 2007/F163767°re-  Such a
PCT¢US2006762%4%2 rpirber nioretand enorezpreferalsly Sh8ipmr more.

Suehiv sohiBE-Average rbheripaticle sizerisra-contrast e conventional
HIPS r%atelrlals which_have an average rubber particle size of at least

on& A (4&e Srof eariiple’ USPAS 689726882! RBRUMA A, I 92534.0SP

5 iNncORSOREEE heremlbyrreferdrice)s Sivall tubbecpartivte sizesiarein by
desitatle-hesause dhey tendHprosiuee;films wﬂbéy'ga% cwer'sty@mle
Iov%?é&%eetmglr%%ﬂyarg%rubbe%ggrtlcles H er, ru? F% and

particles below 0.01 pm tendto contrlbute 16 IlttJFe tot gdura

coﬁ%‘ﬁ%ﬁ@?ﬁ@sﬁﬁ@%éﬁlﬂén?bﬁ%ﬁ@f&ﬁﬁ Ry r%aﬁ}l:itfér@p‘fartlcles in
thedfirse HHP S ecomponesd have asbread-patticle size distabutioprhere-the:

oMajarly of tbg Qﬂg@ﬁmﬁmg"%agd QRiadlinited amount of parlicles

5 are larger. In particular, It Is desirable to have a  distribution where from
ab&&taﬁﬁ%%%%ﬁ RFGolthie befcent (volos) of the particles have
diameterd tessrtiareaboat 014 1\Ws Carrésporidingty, i gsdesimablestothdnvere a

a dftS_IEiEblti9@r@&t‘ﬁ'é’fi\é@%ela&%@ﬁiﬂ%‘@%ﬂh%@eﬁf@%ﬂ@%&ﬂ@ﬂQ@bQﬁ 20
6%{9&@ iofthe particles Y 'a@ete gfealtef tgnabout epar%lcles
|

less than about 2.5, prefera aLfnom a ut 15 to 0?5} mor
15 pretéranhy iom aboHt 2@%&556&?50 Volog s desirable to Have a

distribution where from about 40 to about 90 velume percent

{vol%) of the particles have diameters less than about 0.4
um. Correspondingly, it is desirable to have a distribution
of relatively lardge particles where from about 10 to about

20 60 vol% of the particles have diameters greater than about
0.4 pm and less than about 2.5, preferably from about 15 to
S5 vol% and more preferably from about 20 to about 50 vols
of the particles have diameters greater than or egual to
about 0.5 pm and iess than or egqual to about 2.5 pm.

25 Preferably, for this compeonent of relatively large
particles, the specified percentage amounts of the particles
have diameters less than about 2 pm, more preferably about

1.5 wm or less, still more preferably about 1.2 um or less,

even more preferably about 1 pum or less.

30 Rubber particle size is a measure of rubber-containing
particles, including all occlusions of monovinylidene
aromatic polymer within the rubber particles. Measure

rubber particle size with a Beckham Coulter: L8230 light
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15

of the particles have diameters greater than or equal to about 0.5 pm and
less than or equal to about 2.5 W. 25 Preferably, for this component of
relatively large particles, the specified percentage amounts of the

particles have diameters less than about 2 m, more preferably about 1.5
pm erdessyatilizmore preferably about 1.2 pm or less, even merais2006/629492
preferably about 1 m or less. 30 Rubber particle size is a measure of
rubber-containing particles, including all occlusions of monovinylidene
aramalic polyman wihin, (g rubber.paticles. Measure, bherLRAIUple size
with a Beckham Coulter: 15230 light -11 WO 2007/016376
PCTRIS2666R045S Scdtferfig ifstiert ahdSofthare Bhhg Ot YMER
méanufaitirer&oinstitctiGid aind Itetstuie ¢IJOURNKVEOF APPLIEEion of

PQLYMER SGIENGE: VOkadAH{2POP) ppageldbhefeNovel Application

of JUsing a Commercial Fraunhofer Diffract meter {Q Size 5 Particl ‘
DiParlth: .?s e 1ed OIEG _H'% L1K Wﬁ)gr%é)r\l/i‘(fg% r%xéﬁocél%b(
MRS t+&BbEr e stee W%Hé@@clﬁﬁ%%oﬁﬁ‘éﬁ%?eﬁfﬁﬁ with
usingethis @duapnient ane: sofﬁ/mﬁe;:thblo,ptioat madeélfos cadoulating thend
VUEQ%%MH%etﬂée@ﬂQ%fi%Helﬁ! sgag?m@ﬁﬁqu@g%@ ;Qﬂﬂa'&dd (
Refractive Index of 1.43, (i) Sample.Real Refractive Index of 1.57 and (iii).
S e b T B TRE o, e by 1)
pafticlés, Preferabiy oM 6 mbre, ‘mbre préferaBRFBA% BF fiores higret+ve
préfetaklycF0%. 617 15mioke of théanbber pasticles iy the first-HiIRE Index of
companent will have a core/shell particle morphology. Core/shell

morphol means that the rubber particles have a thin outer shell a
contain & Secle Cembred oo oo e BoHhel TS b 0®

paftici& mBRitfolBgs 18 Edmmotly 204 eterred UL SIngleebebitgiot ore™
"capsulet Maiphotegyee in contrast dhelternis="entanylsimeéft ortoefiatar” .

- marphology tefer 10 variousiathes - M CHPRISXSURPEr  core/shell

Z5

30

morphology means that the rubber particles have a thin outer
shell and contain a single, centered ccclusion of a matrix
polymer. This type of particle morphology is commonly
referred to as “single occlusion” or “capsule” morphology.
in contrast, the terms “entanglement” or “cellular”
morphology refer to warious other, more complex rubber
particle morphelogies that inciude “entangled”, “multiple
occlusions”, “labyrinth”, “coil”, “onion skin” or
“concentric circle” structures. Determine the percentage of
rubber particles having a core/shell morphology as a
numerical percentages from 500 particles in a transmission
electron micrograph photo of the first HIPS component.
Core-shell particles in the first HIPS component are
crosslinked fo the degree that they will stretch but not
break under shéar fields (that is, during an orientation
process). Thelr thin walls (as a result of high
compatibility coming from the presence cf copolymer rubbers)
will become even thinner but remain intact to provide the

needed mechanical and tensile strength properties.
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particle morphologies that include "entangled”, "multiple occlusions”,
"labyrinth", "coil", "onion skin" or 25 "concentric circle" structures.

Determine the percentage of rubber particles having a core/shell
morphology as a numerical percentages from 500 particles in a
tran¥rRiggtdniegiéctron micrograph photo of the first HIPS com@oméiseeos/ 429492
Core-shell particles in the first HIPS component are 30 crosslinked to the
degree that they will stretch but not break under shear fields (that is,

durmg@g{lgagmgatl%cm%?_%) o?’;l%'ﬁt@@l"é!ﬁ"s @%%a Jesult of hi LTPber

atl ilit comln fromt resence of co oymer ru ers
oy Soring

become even thinner but fefaiRintictto PR tH 5 hebddd ibution of
mecHanicalbit tidiknstrefgthipropertiess s4PIWR 200 40468760F a low
Pcm@ﬁmagelpdesyml@y grenifimeerientation, dheqriented; 1 u1 oy

Jubhey,-mar qy |sf}{gr3(,g et;,qug C%Cgr‘%tlnuqtis dIStI’Ib;JtI(?)Q t%frvg%h .

thin rlbbons rubber gossmly as a result of a low amount ©

multi- occ?usmn p%r?cl{é Fih I STSERT(CSIUIATE hBRSHSIBgYR e very
thin&Helhwanks havetBetterthight ransmittancethanewouldchtesdt witha» or

thicker wats anch definitely bettes dhanif thergavers residual gellulac or

multi:pcelusign partigles, wihich,do not distribute as very thin ribbons upon
orlentatlor)r 10 ghe first HIPS component may be free of or contain other

additives stich A& Hinetar Bil G ather pladtieizére. Apsroptiae anetnisof
mingFalssil earlirapreve mebhasioal npropertids such@shelongation at zers

rupm@rﬁébemm@suﬁemwaahwﬂgtypmly&a%tm%!%a%@&% Q4.
Wto/g,gc%ggecf%gblgugg Wi qr | é)argimoretpreferab 6y 0.8 wt% or more

mor?ﬁgefera 1 wi% or more mineraroil based on to%aﬁ%eféﬁ%s

of tRETFSY TP CopbRBAT IR B dBP 1S 2dBtait a desiFatteasarify, the st
HIPS edmponent Wit yéherallyroortaimdess thanrabaut 3 w9, preferablyore

2.8 it 20i0nless-mqrecaraferal)y 2.6mi% oriess and most preferablye y o
total weight of the Ffirst HIES component. In order to
obtain a desirable clarity, the first HIPS component will
generally contain less than about 3 wt%, preferably 2.8 wt%

20 or less, more preferably 2.6 wt% or less and most preferably
2.4 wt% or less mineral oil based on total weight of the
first HIPS component.

A suitable material for use as the first HIDPS component

~1s that described in U.S. Pregrant Publication 2006-0084761
25 entitled: IMPROVED RUBBER MODIFIED MONOVINYLIDENE AROMATIC
POLYMERS AND THEMOFORMED ARTICLES.

The first HIPS component differs from standard, mass or
solution polymerized HIPS in that the rubber particle size
distribution is relatively broad and the majority of the

30 rubber particles have a core-shell morphology. In contrast,
conventional HIPS resins tend to have a relatively narrow
particle size distribution and have predominantly or at
least a larger percentage of cellular, multi~occlusion

particie structure,.
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2.4 wt% or less mineral oil based on total weight of the first HIPS
component. A suitable material for use as the first HIPS component is
that described in U.S. Pregrant Publication 2006-0084761 25 entitled:
IMPROVED RUBBER MODIFIED MONOVINYLIDENE AROMATIC
POIWMERSiAND THEMOFORMED ARTICLES. The first HIP&T/U52006/029492
component differs from standard, mass or solution polymerized HIPS in
that the rubber particle size distribution is relatively broad and the majority
of the 30 Fqbihglrplasart@l%s @?é’ﬁe%ioiﬁx%iﬁl%mf%%@gﬁ In gonfrast.s: rst
co ional H esinstend to a relatively narro rti ize
distribution and IffHear\l/{:‘e ﬁr?ec}gr%?ngn i{?\g&? aﬁﬂéagtr aﬁgﬁ:}%r%ex%%enﬂgpeg of
celtPIR MifitocQBsRh ParfiekrstrietirBer F WO S0GHR6s7eIhtE -  Films
PCFUS2006/629492  Fitms-dbthenpresenttinuention eotitain 100 wi% firsio
El%fogipqré%@t l%l@%@%@%@‘%{%@ém?{srﬂgt W%ﬁogoxwt%@’ the

a ont olymer composition weight. Fillms_of the present invention
e i o T B B o e
75 WR9EBF more of the first HIPS component, based on total polymer
compositiont aieightickotat: nubbleert cahteridbased oralotdt diene-content from

from. sapohiner andihamopolyoey) atsivg.from.the fiist HIPS 10y 1ps
componeatin the fims of the present Ivention s 2 W% o motg, g
preferdbly 3 wt% or moré and 5 Wt% or IBSS based on total fitm - weighit: °
Th&pbRmEE BERIFSINOA Of thie PreBent fiift €ah ¢Orttaf¥ defistapsed on
polystysene iatsowcallgtta general purpose 15 polystyrene (GPPS). GPPS

for use infhe present invention, desirably hasa Mw gfmore than.200,00Q . ; ,
g/mol,c refggglé 80,000 g/mol r more and 3 0,00(3]&/ ol or less,
preferably 320,880 A

GG st ResSurk Mw alE8iding 16 4er°>®

perffeatidiy ERFSMARSGTabhy. GRS GPPS Wesirebly hasra prsipt invention
désirably has a Mw of more than 200,000 g/mol, preferably
280,000 g/mol or more and 350,000 g/mol or less, preferably
320,000 g/mol or less. Measure Mw according te gel
permeation chromatography. The GPPS desirably has a melt
flow rate {(MFR) of one or more, preferably 1.2 grams per 10
minutes (g/10 min) or more and desirably 3 g/10 min or less,
preferably 2 g/10 min or less. Measure MFR according to
ASTM method D1238. The GPPS may be free of or may contain
plasticizing agents such as mineral oil, ethylene or
propylene glycol, phthalates, or styrenic oligomers.
Plasticizing agents, when present, are Lypically present at
a concentration of 4 wt% or less, preferably 3 wt% or less,
based on GPPS weight. When present, the plasticizing agent
typically comprises one wt% or more of the GPPS weight.

While films of the present invention can be free of

GPPS, the films can include up to 70 wi% GPPS based on
polymer composition weight., Desirable ranges of GPPS in the
f£ilms of the present invention include 20 wi% cr more,
preferably 25 wt% or more and 70 wt% or less, preferably 65

wi% or less based on polymer composition weight.
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20 flow rate (MFR) of one or more, preferably 1.2 grams per 10 minutes
(9/10 min) or more and desirably 3 g/10 min or less, preferably 2 g/10 min

or less. Measure MFR according to ASTM method D1238. The GPPS

may be free of or may contain plasticizing agents such as mineral oil,
ethyfemeogir@s3propylene glycol, phthalates, or styrenic oligomegg/Us2006/029492
Plasticizing agents, when present, are typically present at a concentration

of 4 wt% or less, preferably 3 wt% or less, based on GPPS weight. When

present, thexplasticizing agent , B/izgc%lg@gon}ggsg&eo%%yﬂ({&gr gr%%re of '([ahrea;L
GPPS weight. 30 V\étglle films o# %esent invention can be free of
GPPS . the filnis can inciide Up 16 70 with GPBEHET oR pBiErY
comf)}b‘“s‘ﬁf‘cﬁ? e?@l‘ftp@éé)lra@@%%%e@@f GPPS YA filifsbof the present
invention ifbkidec2Omet?o @smpore & praferablyn25 yitde ormere and 70 W%,

or I%&&@g@ﬁ@rgb%@@% wi¥sorless hased o‘grﬁ%lxmer cc]g)mposm(?]I
wei ht -14 WO 20071016376 PCT/US2006/029492 Exaﬁe 0

swtabfg EPEY iné uéeﬁ?%ﬁf@éﬁ@%ﬁé‘f&? ptrpaSe Poiystyramenant .
(STYRORAS % ffadéRfarktPhe DowaGhemidal Gotpany), §F YROM 6684

and&TYRONB85R-hhe-pelymersaampositionef theJuasent film.canalso,
5 cantain aseeppd HIPS.companent, mlghcc%‘pr%&aw H'glﬁﬁ component og

1g}hat is dlfferent from the first HIPS component e secon

comporient can bé'n aditon B ifsedd of thé BPPS edmpemehtln
Filnt&eofiHe preserftivention taterisee free bbtHe secbndHIRS £iln
compongnt. Thersemrrl HPS:10compeseaiiypiaally.Lamplises up,to 201 s
Wt"/q:gBH]a:glrﬂa\yglgﬂ.}d/\glagga%ggslb prelser?. and up to 10 wt% of the film

weight when G |sa bsent. Béyond these ts the films tend to have

undesirably fow cl%rPfy SiHilEAY; erfa?ﬁlerﬁb‘f)%?%%%éﬁ*’aft’%n% thee15
rrl%re%ﬁsﬁﬁ?(fﬁéﬁ#fthéffml—ﬂ% éomporiEitanthritoresentarthe setontksent,
HIPSeomponentyisrdesicaplydess thas 1:wi%sreferahly 8.wi% or lass,
morﬁr@fﬁﬁ%x@w&@ﬁ @Sfe%%q more preferably 7 wt% or less and
can be 6 wt% or less based on the Ffilm welght. Oriented
films with 10 wit% rubber or mcre can have undesirably low

20 film clarity and printability and tend to have low
dimensional stability that can, fdr.example, require cooling
during shipping to prevent premature shrinkage.

The second HIPS component is useful for enhancing film
toughness even beyond that of the first HIPS component.

25 However, incorporation of high amounts of the second HIPS
component can tend to obscure the clarity and transparency
of the films. This can be detrimental when a clear film is
desirable, but beneficial for application where clarity is
not & necessity but a high measure of film toughness is.

30 Films of the present invention have biaxial orientation
with preferential machine direction orientation (MDO) .
Preferential MDO means that orientation is greater in the
machine di;ection than in the transverse direction (TD). TD
is perpendicular to the direction of film transport during

35  extrusion or blowing of the film. MD is along the direction

~15-



can be 6 wt% or less based on the film weight. Oriented films with 10 wt%

rubber or more can have undesirably low 20 film clarity and printability and

tend to have low dimensional stability that can, for example, require

cooling during shipping to prevent premature shrinkage. The second

HIP®@athfitngiat is useful for enhancing film toughness evenf§&yiarigpeiiag4o2

of the first HIPS component. 25 However, incorporation of high amounts

of the second HIPS component can tend to obscure the clarity and

gaw@rﬁngytﬁé%ﬂy??dﬂ[hisllg_aegaecdgﬁrﬁﬁez?sa!m!amlagcl@ar fiha _i§iém.
esirahble, but beneficial for application where. clarity is_not a.necessity but

R ey ok S A A S

have'BiexfaFdtéitation Wit preféPerBaPmachine airétlion brigtitation
(MDO). Rreferential MRQ,means that.arientationds greatednthe: o (ratio

machine direction than in the transverse direction (TD), Q[

r ]
“perbbrTATRE FHE AFBBAoR GPTIRT VERSBor AN a5 e R o

2 .
rusion or
blo@isg b thafifn. M is RieAg 1He Hirektiono 1 5K 200776183762 rably 2
PCT{G22006/329492 maf-flm teansport duping extrusier ordlewirg of the

film, Rreferential MDO causes.a fin.of thepresept invention to, shyink 5 .
primarily in theMD upon application of heat. Films of the(gresent invention

haW&aMDJ 1atit5(rats °s oforiéhed 18agh B tUhtorféhte |%ﬁ8ﬁ$?r%’tﬁehan
10M DY iof Lgrddter thdn ¢. 2 prefdrably . Boryneie; imbre préferabBi2carions .
more, 15t meve preteraklyy2 & or aaeres ienenimore epreferably-3:or more,

and even still more greferably 3.5.0r, more, Films also typigally RaYE 8 ape 1
MDO ratio greater than 10 their TDQ ratio in order to be useful in ROSO

appticBlioRs T Fiitns My 47 DG SAESSIRST 112 Térd 96 hfe 00 »atios
insafficlertdiDO. lorsohforhe 36 Bvcoatainer MR RSOy lalel 28pplicdtio e -
_ isTherelis nosglear yppentinait encfos MPCQ fatio,t althopgh:files ypicallying -
have a MRO, ratig, of 20.0r legs, 1p4dims aving. A MDQ Jatiogrealer, o
than 20 ris shrlnﬁlng ‘
extent that a glue seem holding the label around the bottle

can weaken or fail.

Desirably, films of the present invention have a TDO
20 ratio (ratio of oriented length to un-oriented length in the
TD) of more than 1.0. Films having a TBO of 1 tend to
suffer from poor integrity upen handling and fracture upon
bending. Therefore, some TDO is desirable tc enhance film
integrity. Extensive TDO hinders the f£ilm's performance in
25 ROSC label applications by resulting in contraction of the
film and, hence, distortion of the label in the TD.
Therefore, £ilms of the present invéntion typically have a
TDO ratioc of 2 or less, preferably 1.5 or less, more
praferably, 1.2 or less, still more preferably 1.1 or less.
30  The TDO ratioc can be 1.05 or less.

Measure MDC ratio and TDO ratio by using a biaxially
oriented film sample 5.75 inches (14.6 centimeters) in both
MD and TD {that is, sguare samples). Place the sample in a

heated air oven at 120°C for 10 minutes and then measure MD



around a container in a ROSO label application to such an extent that a
glue seem holding the.label around the bottle can weaken or fail.

Desirably, films of the present invention have a TDO 20 ratio (ratio of
oriented length to un-oriented length in the TD) of more than 1.0. Films
haviwg aodQ:0f 1 tend to suffer from poor integrity upon hangking seoes/029492
fracture upon bending. Therefore, some TDO is desirable to enhance film
integrity. Extensive TDO hinders the film's performance in 25 ROSO label

applications by resulting in contractjon of the film_and, hence, distortion of
thegl}éfe‘lpﬁ]] ?ﬁb%g 76" h%rg%%jé?film%%o% tﬁ%tplroesgr%t Fnjil%—nti%?] Ry REVE S
a TBowatid bf 2idrRssopfeferaBRAESEr Iess! Rore preferadlyi 02wt 1o,
lessestilkmicrespreferably 1.1 or less. 30 The TDO ratio can be 1.05 or

less. Measure MDO ratio and TDO ratio by using a biaxially oriented film
sample 575 Hchds (4 6Feettintters) i both MEFARARRS (Hata8ssqaare @
5 sarfiples) kP¥cea the $aniplerinad dredtbd ait oveh st TZ0CTdr 40 mimates
ang ther measurstiD - 1W0 2004016376 RETIUS2006/029492 and: 1
TD.di | in. The ratio of prer to.-post-heated MD and T
dimngrﬁ%%%%%g%%io%ég ?oo MQE%IOH?%II%) élrlidtTgDeOh?dtiogfe%es%%%?iv%]“y%ﬁI?hag ty

of the presdit verfish deshabRr Geftsidrate 'y 5 Shrifkaesst To5Ehe HO.
preférabsiyag< 006 of 2006 oremdre,t prefetablr30%yoil mcre, thereextent to

10 preferably 4086 o mere sl srare: preferahly-a00-0emersdn theMb, yet
moge preteranly. AoAIMOLe . gyen ¥ShINAIE PISTCIAD au.0r mare

the Shrinkage below 20% tends to undesirably limit't eog?ténjf*fo‘ﬁ)n
whith B$h"car? 88nform to a container contour. While an upper limit on

the extenbe Mishyinkissunknewngiwills behelow 100%, Desitahly . the
et RO A L SUINRge &1, 1006s PEE/2RY, 218G LT o
15 . less, more preferably 10% or less iIn the TD; even more '
preferably 5% or iess. Films of the present invention
further desirably demonstrate an absence of growth in the TD
at 105°C, preferably at 100°C. (Films that shrink more than
30% or grow in the TD at the specified temperatures tend to
20  complicate chformation of a £ilm to a container in ROSO
label applications due to distortions in the TD.) Measure
shrinkage according to ASTM method D-1204. Films of the
present invention further desirébly demonstrate an absence
of growth in the TD in test methods according to Usp
25 6,887,260 B2.

The presence of the first HIPS component provides films
of the present invention with a desirable high clarity and
transparency while at the same time enhancing the toughness
of the films. Clarity and transparency are desirable in the

30 label industry to provide a non-obscured view of a product
around which the label resides. High clarity and
transparency are also desirable for “reverse” printing of
labels where printing resides between the label and the

container and a consumer views the printing through the

-1 7
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15 less, more preferably 10% or less in the TD; even more preferably 5%

or less. Films of the present invention further desirably demonstrate an
absence of growth in the TD at 105C, preferably at 100C. (Films that

shrink more than 30% or grow in the TD at the specified temperatures
tendsto K@7eamplicate conformation of a film to a container in ROSG2dadeio492
applications due to distortions in the TD.) Measure shrinkage according to
ASTM method D-1204. Films of the present invention further desirably

demanstrate an ahsence 0f growth imthe, TDsivtest methods.aseeyding to
USP 25 6,897,260 B2. The presence of the first HIPS component provides
fifrte T the " Bresehit iveéntior it adesiibie high Cidttyand?® wm) of 10

transparencyewhile atithe sadmedimerenhancingithe foughhesstobthenore,
filg&%éql%gx@n&%b @@%g@&gn%feerdﬁgk@,bl%%&b%%g.éagiléﬁlgg%wq(%o or
provide a non-obscured view of a praduct .aro ich, t bel resides.
I—|If1gohrLca':I'arit)E\}I(e:aLar1Sdl ?Fean%%%lré%%yaac}%%%éngeéﬁ Patgfg 5?8){: mr%?/}é?ége'sp r? #ﬁi% of
labels whete prittingsresidesheiwasn thenlahel anddthes container engk-aty,

copsymer views the printing thropgh.the -14,WQ 2007/016376, 21 e
PCT/US2006/029492 label. Typically, films of the present invention have

claffy vAdES &a Filth RIGiREs oPZ Y Mifk (50°M) BHE or'mdbe,
prafersbly Asler mioves mortopraferably 0 af nvores gstilpindrespreferading
25 pFdnoreyeven moredyeferably 3G-0k himora.Measute slardy aacordings

to,ASTM method,R:1 ¢4, Haze values also provide a measure ata fiip's

clarity, with low hazecorresponding to high™clarity. Haze values for films
oPfFeSErdsent Hieritior? cahrangel o ahy Scorceivabielvaluéd Howevere 10
one aﬁya@tagﬁQfHﬁpxgsenbb ilwemxiamdsdh@:@bﬁlﬁyatm@btaimbiawaldy,
0!}!1%@?";?%1%%@1 igh glarity and law hagze, Typical haze valuesHor fke

present films at a film thickness of 2.0 mils (50 m) are 10 or less, S

pFaTSIAIly '8 oridds, more preferably 6 or less,

& styrene-based film advantageously has a higher secant
modulus than, for example, oriented polypropylene or
oriented polyvinyl chloride films. Increasing the secant
modulug of a shrink label film is desirable to hinder the
films likelihood of stretch during printing. As a result,
films of the present invention can run at faster print
speeds without risk of film breakage or distortion relative
to a film with a lower secant modulus without the first HIPS
component. Films of the present invention have a one
percent secant modulus in both the MD and TD of 250,000
pounds~-per-square—-inch (psi) (1,724 MegaPascals (MPa)) or
more, preferably, 300,000 psi (2,068 MPa) or more, more
preferably 320,000 psi {2,206 MPa) or more. Measure one
percent secant modulus by American Society for Testing and
Materials (ASTM) method D-882.

Similar to films with high secant modulus, films with a
high tensile stress at yield, particularly in the MD, are
desirable so that films can run faster and under higher

tension in printing processes without stretching than films

~-18~
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most preferably 4 or less. Measure haze according to ASTM 15 method
D-1003. A styrene-based film advantageously has a higher secant
modulus than, for example, oriented polypropylene or oriented polyvinyl
chloride films. Increasing the secant modulus of a shrink label film is
deswabteotorhixder the 20 films likelihood of stretch during printigu #esoa/029492
result, films of the present invention can run at faster print speeds
without risk of film breakage or distortion relative to a film with a lower

secant motkilus Withest thedirsbEHPS maraparant, Films.of #¥e present
yenlendavs a-dne 2o sl ageant madulisdn ot e MR- and P . 5
of 250,000 pounds-per-square-inch (5%? (1,724 MegaPascals (MPa) o
mote, Préferably 300,086 BT E2068 MSS) SEmote mbre) patefabl: mo=e
3POHVO phiL(2,208 MP2a)} of TR0V 2N ezisune oheapéreant. decantemodulus

by Arperigan Sacietyfor Eesting aneh30 Matesials (ASTM) method D-882.
Similar to films with high secant modulus, films with a_high tensile stress

at yield,"parfieufirly- PRt R are- Hasifable soPiatdilmy e furf faster

and underigher deasian in peanting RrOcesses Withaubstratghingthan s
filgs -18 WO 2007/016376 PCT/US2006/029492 with a lower tensile

strads "BlsiabR Fime st Fie5raskh ifv8ritdh hale dtensie FESs at
yiele 0£ 7900\psi (48 MRayonmore; preferably8080tsi {2hddPay oriess

re, more pr ferahly 9000 psj (62 MPa) or more and s,till more s, __.
B S o0 L VP o) S Br s (RS SRBAE P oLt
géferally Kave agtitickaess vfomsmib@sipanor mkd gireferssly dr5aits
(38.pm)ormore anghognerale4mils (100 pm) ouless,-preferally 3 mils

(76 Hén]}a rless. At a thickness of less 1o than one mil (25 pm), films tend

to’be un egra%ffaﬁﬁ%ﬁﬁkltldfcﬁpgﬁﬁﬁﬁapbr%)%essing and handling.

Thicknesses greatemthandsils (100:n0) ase teelnically pohievablg, but -
orientation release stress (ORS) of 400 psi (2758 kpa) or
less. ORS is a measure of the stress the film experiences
during shrinkage upon heating. Lowering ORS values in a
RCSO film is desirable. ROSC films typically have at least
cne end glued to a contalner arcund which the film is
applied. Labels with high ORS values can apply sufficient
stress to a glue seam holding the label around a container
during shrinkage s0 as to damage or break the seam.
Lowering ORS valueg decreases the likelihood that the seam
line (film on film) becomes damaged or broken during

shrinkage.

Prepare films of the present invention by any means of
oriented film manufacture including blewn f£ilm process and
cast-tentering processes. Particularly desirable are blown
film processes such as these described in USP 6,857,260 and
Great Britain Patent (GBP} 862,966 {both of which are

incorporated herein by refersnce).

One suitable process (“Process A") for preparing films

of the present invention is a blown film process using an

-15—~
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generally economically undesirable. Films of the present invention

desirably havean - - - 15 orientation release stress (ORS) of 400 psi (2758
kPa) or less. ORS is a measure of the stress the film experiences during
shrinkage upon heating. Lowering ORS values in a ROSO film is
des¥4bYROEO films typically have at least one end glued t@GTAGRAMBGIT492
around which the film is 20 applied. Labels with high ORS values can

apply sufficient stress to a glue seam holding the label around a container
duning shiinkage strastoldamagelmrbriedicthelsgam: [dawerng, ORS

valdes decreases tha likelihoad that the seam, ding-(Hlmon film) begames .
caaged o brken o 29 shnkage, Prepate ims of e presen
invention by any means f “oriented fiim manufactire inchidiig Blowhfiim
proéBss dritl ‘st tenieiiy proceddiss IrdiRarrfycddsitdble detbovature
filmipiocesseszsuch as thosa desctibedin USR:6i897,260and 32 Great
Britain Batent ((3BF) 862,966{hoth-afwhich.are.incarnoraed herein by o,

re%erfncei. One_ suitable process, "Iggo%%ss ) for preparing films of the

present fvention is-a BISwR Hint procassasing an ~19°Wo 28d A616378
PETIYS20061029492 tapparatss deserbed it U'SP 5897, 2B oh GRBP
862,966 Foed m@kypmrameﬁ@tsdﬁ thﬁga@raa&attp@ and=converb hamitena

polymesmelt having a.temperature within.a range offrom. 17QC 1g,100C;

then cool thecpolymer melt to a temperature 5 within a'range of from_130C
to T 0G0 Reréhse mitt TREESEISbefors exkftiditg YiE holiiher métte” the
thFSUGh @S5l o Wil igsihto ACGaseds atmosphefalamtairtwss of GBE
gaseELEs @atmosphere at a temperature at least 40C below the heat
distortion temperature of the each polymer composition 10 component(s)

(first HIPS ColfifoR&itand §f Fredént CPP P 6P sdcor@ thes B!

cofrponeRy ifdhepoiymeinuelliBiowdfiethe present invention uses

two extruders (Extruder 1 and Extruder 2} in series.
Extruder 1 is a 2-1/2 inch (6.35 cm) diameter, 24:1 single
screw extruder with five barrel zones, each set at a
temperature between 155°C and 200°C, typically increasing in
temperature down the extruder. Extruder 2 is a 3-1/2 inch
(8.89 cm) diameter, 32:1 single screw with & barrier mixing
screw and five barrel zones, each having temperature set
point typlcally at a temperature from 115°C and 175°C. Feed
polymer pellets into Extruder 1 to plasticize the polymer
and pump the polymer to Extruder 2 at a temperature of 200-
260°C. The polymer proceeds from Extruder 1 through a
transfer line and into the entry port of extruder 2. Cool
the pelymer in Extrudei 2 to a melt temperature {extrusion
temperature) of selected between 150-190°C so as to achieve
a stable bubble and to optimize orientation release stress
(ORS) properties of the resulting f£ilm to a desirable value.
Cool the polymer by cooling the walls of Extruder 2.

Extrude the polymer from Extruder 2 through a 3.25 inch (8.3
cm) annular die and then through a 4.5 inch {11.4 om)

diameter air ring and blow or expand the polymer into a

-20~ .



extruded polymer melt according to the bubble process of GBP 862,966.
Another possible blown film process ("Process B") 15 suitable for

preparing films of the present invention uses two extruders (Extruder 1

and Extruder 2) in series. Extruder 1 is a 2-1/2 inch (6.35 cm) diameter,

24 msngleo saraw extruder with five barrel zones, each set at acr/us2006/029492
temperature between 155C and 200C, typically increasing in 20

temperature down the extruder. Extruder 2 is a 3-1/2 inch (8.89 cm)

TRUSIED 34d:Sinole stev Wil a batier NG SAIER-and JepaEhe
zones, each having temperature set point typically at'a temperature from
1158 ahd175E° Febd-Holsmel DeifetSint EXFGIERT BREsTcREMNES
paiyoer25 ahddRimpdbegsdlymer to Extruder 2 at a temperature of 200-

260C. The polymgrgoceeds from Extruder 1tﬂrough 2 rlnsfer line and

into the gﬁ%rrﬁspgrf of 8ktrder 2 caol’ the ]p%rfymg}flen Extruder 2to &helt

5 teARFErhtarel @xtision dersperatufersr SeRktdtr betiféer 150-190eY80 5
totachigve 30rastablesbubblesand ta optimizeorientation reteasesstréssels.

(ORS).propetties of;the resulting filmdo.a desirable; valug, :Cogl o 1abel
polymer by coollngcth_e walls of Extrgder 2. El %Jdeethet? golé/n}eliﬂom idth
Extruder2 hrotigh a3 38 HieR 183 o) anhtifat dié ah gh'a

n
4 BliAcK TR ci) B drRmeéws JF rifgtaid blow ot eXpart 85 pofjifef e
10 interan2GMVOr20Q04036376:RETIHS2006/029482 bubhle withiating can

digmeter that typically rangesfram inches, (22.9 gm)Jo24.inches (63,8rse
cm). Use the bubble bIOW|nlge£rocess of GBP 8 2,9%6 Films of the
|

prESEREfYekiiBh Have Gty ARy 5°apslication tha behettS tron msg st
triggerat: shrinkage dh thenViDoTIve fitie Haweea partiédrar il a8sR0oSo
labelsoube. convertia filmaftherpresent inventionuinto a ROSGilabel iof the

15 Present iﬂéfﬁ@iiogp%mgéﬁghtho a-desirahly width, and corona treat a-sidgrn - » -

of the film (in any*grder) and then .
Continégus %eb pgécass by any method useful in the art.

Films and labels of the present invention can also
advantagsously possess perforations through the‘film or
lakel. Perforations are most desirably located in the

20 portion of a film proximate to the narrowest portion or
portions of a container around which the film is applied in
a ROSO application. The perforaticns allow gas that would
ctherwise tend to become trapped between the label and
container to escape, thereby allowing the label to more

25  tightly conform to the container. Films, and labelé, of the
present invention can contain perforations uniformly
distributed across a film surface or contain perforations
specifically located proximate to the areas of the film {or
label) that will coincide with the narrowest portions of a

30  container around which the film (or label) will reside.
Perforation of films and labels of the present invention can
be perforated at any time; however, in order to facilitate
printing of ROSO labels, desirably perforate films and

lzbels after printing.
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10 print on the corona treated side of the film. Printing can reside on the
"reverse" side of the film to create a reverse printed label. The reverse

side of the film resides against a container and printing on the reverse

side is viewed through the film when the film is around a container in a 15
ROS® rbeappslication. These steps, are typically done on a RIGFtipoee29492
web process by any method useful in the art. Films and labels of the

present invention can also advantageously possess perforations through

the film o r!%.b%ld ferforations are.most g§§éra§)éy Iagncaltggrdrsl ggg &8 rpocggoghe

. iowlng example Se
of a film proximate to t]hegnarrom?esef pOI’tIOI’] or pOI’tIOI’]S of a container

arobfBSRRichitHesfilht /iappled ff 5a RO S APPIiEatR - Fhéiserféifiohs -
alloyegas that would retherwise:tend tetecome trapped between the label
and container to escape, thereby allowing the label to more 25 tightly
conform to the container. Films, and labels, of the present invention can
scontamepeadiattonsaHi®éanky distributed across a film surface or contain

perforations _specifi roxi tqt as of the film, (o
label) thatE \fvﬁptg:gi%c?c?éu ﬁ%ﬁﬁ%ﬂ%%&%@%&tig@% e? égoz%:)ontain%ré

aroBRHSRRIE NPT torRbe P RiirEside t Beribratth™ St fims ahdTabér
of the preventinventionccar oo petlorataty atany irad; Rowever,)in brderd on

to fagilitatg . pyAting of ROSQ labelss desirabl-parfartediims-andskabels
after printing. -21 WO 2007/016376 PCT/US2006/029492 The following
tlexample serves as an illustration of the present invention and does not
serve to estalligtotmfulls seoprofithegpresent invention. 5
COMPARATIVE EXAMPLE A Prepare COMPARATIVE EXAMPLE A
(COMP EXRYWithca pdlynis&Smpdsitior GBofhbrising 10wt EPPE F°
(STYRON(EE65, STOERON IS dradderfark ofditelBow Chamichpllowing
- Company).hased.en il waight; Riapare hedimeaceaiting te "Riecass. in
u?f‘series. Prepare a rubber feed solution by dissolving the
rubber components of Table 1 into styrene at a rubber
component ratio of 1 part Diene 55 to 15 parts Buna 6533
(that is, 0.3 wt% Diene 5% and 4.5 wt$% Buna 65333 based on
total rubber feed solution weight). Incorporate 2.5 wtd
20 mineral oil (70 centistokes kinematic wviscosity) and 7 wti
ethyl benzene with the rubber feed solution to form a feed
stream, with wt% relative to total feed stream weight. Add
0.1 wt% Antioxidant Irganox 1076 to provide levels of about
1200 parts per million (ppm) in the £inal product. The
25  balance of the feed is styrene to 100 wt%. Supply the feed
stream to the first reactor at a rate of 750 grams per houx
{g/h). Target a rubber blend content in the feed stream and
the feed rates of styrene and rubber to a reactor to produce
a rubber-modified polystyrene produét {HIPS-X; conktaining 4

30 wt% butadiene.

Each of the three reactors has three zones with
independent temperature contrel. Use the_following
temperature profile: 125, 130, 135, 143, 149, 153, 157,
165, 170°C. Agitate at 80 revolutions per minute (RPM) in

-2



10 HIPS-X COMPONENT for EXAMPLES 1-6 Examples 1-6, below,

utilize HIPS-X as a first HIPS component. Produce HIPS-X, for example,

in the following continuous process using-three agitated reactors

working-in 15 series. Prepare a rubber feed solution by dissolving the

rublye® gvmipeitents of Table 1 into styrene at a rubber compowamisakie©H492
1 part Diene 55 to 15 parts Buna 6533 (that is, 0.3 wt% Diene 55 and 4.5
wt% Buns, 6533 based on total rubber feed solution weight). Incorporate

2.5 wt% 20.min ail (70 tistokes kinematic viscosity) and 7 wt%
ethyl benzene W%{%Jitﬁléérﬂ’bg’e?fgé SSlutiBR 8IS FSed StFeam with REM

wtos Felatife tB 156 886 StreamAReigHt O Arle 09 wade Amtioxidarfidrganex t

1076oDgrdsAde |@rets b aboutr3:i200 partsopenmilier{pam)dndhedinal
produets i he=35halance of the feed is styrene to 100 wt%. Supply the
feed stream to the first reactor at a rate of 750 grams per hour (g/h).
“Target a ribbet bisH® Eahidritdhrthesteed seearmcarid athte feed ratesafal

styrenerand rebbieetha reastone produss: anibher-mpedified polystyrene

progyuetd3PS-x).cantaining 4, 30 wi%.butadiene. Each of the three |
reactors h%as three zongkgsuwitﬁ inedgﬁfgn&eyﬁt ?I(Je?nrpetr% uﬁneeggrliﬁ’&]tﬁe”ﬁ‘?e

following temperafure profite: 95518611386, 143 Pagres3, 183l uwesone of
170CeAgRatecat 80%evohpibrsoper minute(RRM)dN -227W0 20074016376
10PCTAIB2006/0329492 Ahefirst reactor, 50 RPM in the second reactor and
25 RPM in the third reactor. Add 100 ppm of chain transfer agent
(n-DodecyferEapEn drHiM) s thesdeont Zore bt thedfrstedacton. 5
Uséacdedvalatilizing extruderto-fiast ous residual mtysene aed: riow Rate:
ethyloerzene ditueniand o grasslinkthe, Jupber. Jthe [emperature profile
for the devolatizing, Pder s 240G ot the start of he balrel, medurm
157 size: Light scattering using an L8230 apparatus and '
software from Beckman Coulter. Tensile Yield, Elongation
and Modulus: IS0-527-2.

Determine the gel concentration of HIPS-X by methyl
ethyl ketone extraction. For analyzing HIPS-X, dissolve a

20 0.25 gram sample of HIPS-X into a methyl ethyl
ketone/methancl mixture (10:1 volume ratio) by placing the
sample and mixture intc a tube of known welight and agitating
cn a wrist shaker for two hours at room temperature (23°C).
isolate an insoluble fraction by placing the tube in a high

2> speed centrifuge and spinning at 19500 revolutions per
minute at 5°C for one hour. Decant off excess liguid and
place the tubes in a vacuum oven at 150°C for 45 minutes at
a vacuum of 2-3 millimeters of mercury. Remove the tubes
from the cven and allew to cool to approximately 23°C.

30 Weigh the tubes to determine, subtract the known weight of
the tube to determine gel weight. The gel weight divided by
0.25 grams and multiplied by 100 provides the wt% gel
content relative to total HIPS-X weight.
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the barrel and final zone of the barrel. The screw 10 temperature is 220C.
Use the following test methods (or methods defined previously herein) to

characterize HIPS-X: Melt Flow Rate:

ISO-133. PS M

atrix molecular

weight distribution: PS calibration Gel Permeation Chromatography.
RubbverRarticlerdl5 size: Light scattering using an LS230 apparatussase /029492
software from Beckman Coulter. Tensile Yield, Elongation and Modulus:
ISO-527-2. Determine the gel concentration of HIPS-X by methyl ethyl
ketone extraction. For analyzing HIPS-X, dissolve a 20 0.25 gram sample

of HIPS-X into a methyl ethyl ketone/methanol mixture (10:1 volume ratio)

by placing the sample and mixture imtgadube of known weight and

DO AN

agitating on a wrist shaker for 680; Bl IS B Ta@ T emMperaiured236iens —
Is P:ar'rf:- antinqnluhlp fraction b %ﬂg’glgmeﬁ eveltrrin a higiv@s Speedrubber —
centrifuge and spinning at 198 GoTGutiogs” Rep minutd g@g}?%m of
hour.yBecantoffexcess liquid;and place the TUDES In govacuum oven at
156Eniar do-raniuies at a vacuam of 2-5 mMillimeters of Toercury. Remnove

th

Eﬁme&ﬁ Ei Eﬁe oven ana ¢

fgw tocoot toapproxi

Weight divided by 0.25
wt% gel content relativ

1'CT /1 1S 200A1020 409

ately 23630

I oht-of—the-tol
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e to total HIPS-X
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HIPS- X has a volume average rubber particle size of

O 35 pum with 65 vol%

of the particle having a size of less

than 0.4 pm and 35 voel% of the particles having a size of

0.4-2.5 um.
butadiene homopolymer

copolymer,

approximately 8 wt%,

¥ contains 2 wt% mineral oll,

and 5.6 wt%

relative to total HIPS-X weight,

HIES~X has a rubber concentration of 0.38 wti
styrene/butadiene
for a combined rubber concentrations of 5.98 wig

based on HIPS-¥X weight. HIPS-X has a gel concentration of

HIPS-

has a MFR of 7.0 g/10 min,

Vicat temwperature of 1061°C, Tensile Yield of 20 megaPascals

{MPa},
2480 MPa.

EXAMPEES 1-6

Prepare each of EXAMPLE (EX)

elongation at rupture of 25%

1-6 in

and tensile modulus of

a like manner to

COMP EX A except use the following polymer compositions, wtd

is of total f£ilm weight:

BX 1: B0 wt% STYRON 665/20wt% HIP3-X
EX 2: 65 wt% STYRON 665/35 wt$ HIPS-X.
B¥Xs 3-5: 35 wt% STYRON 665/65 wtd HIPS-X.
EX 6: 100 wt% HIPS-X.
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Viscosity (Mooney 45 70 viscosity ML1+4 100C in Pascal-Seconds)

Solution Viscosity (5.43% 40 170 in toluene) milliPascal Seconds

Polymer Structure AB Block copolymer Generally linear HIPS-X has a
volume average rubber particle. size of 5 0.35 m with 65 vol% of the

partiele neminga size of less than 0.4 pin and 35 vol% of the pantickeses/029492
having a size of 0.4-2.5 m. HIPS-X has a rubber concentration of 0.38

wt% butadiene homopolymer and 5.6 wt% styrene/butadiene copolymer,

for a combiped rubber cancenpations.of 98 W% rH0hased oniHIRSX e 2.
weight. HIPS:-X has a gel concentration of approximately 8 wt%, relativ
t0 e Efgs]x @ei@t‘ﬁt‘? }-%I RS a3 itk :Fﬁ)in%%klal%i?,'hasﬁgﬁvl Sruse
7.0%G1 10 S Vicat teRESE e of 101C -Tensile Yield of 20
megabaseals (MPa), elongation at rupture of 25% and tensile modulus of
15 2480 MPa. EXAMPLES 1-6 Prepare each of EXAMPLE (EX) 1-6 in a
Slike manrigritde COMPLEX: Acexcetidge thafollowing polym&MP EX A and
compesitions, Wi% israf tetal filen weights 20X Hs 80 W% Y:RON 1 z¢
665/20Wi% HIPS-X - 65 W% STYRON 665/35 wi% HIPS-X.. EXs
s S S B e e 6 0y
WO 2P0 163 76 PETH 826087029492 3The dxdtisich temperataedsrding
eachrfifd T8 imFabtel 2D FOT XS 1M4pand<b Use aiblows bpaatioaof? 6t Foin,
10EX®usenanxinsiongmparaie of 3&RESHLE TS S dabledilustrates .
mgﬁéo é%%'%ﬁé%c%%?g s B 2Ad BEXs 18 Vsgihg following fest o asru
method D-2838. Measure Free Air Shrink according to ASTM

method D-1204.
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5

films throughout the present disclosure. Measure Haze according to
ASTM method D-1003. Measure Clarity according to ASTM method
D-1746. Measure Tensile Stress and Strain, 10 Toughness and Secant
Modulus according to ASTM method D-882. Measures orientation release
st RS G ccording to ASTM method D-2838. MeasureHEmRESAit6/029492
Shrink according to ASTM method D-1204. -25 WO 2007/016376
PCT/US2006/029492 Table 2 Property COMP EXEX 1 EX 2 he 3EX 4 (
Ex5556 A (808 (65% (35b (358 (354 (04 (100% GPPS) GPPS) GPPS)
GPPS w GPPS W/ GPPs) GPPS) hi temp) hi BM) Extrusion 170 170 168
164 177 166 162 Temperature (EFMBC*Ratio 3.49 6.26--3.71 3.07 4.21

[ N oY 2N o W o Yo 4 TN D i 1..MN\"7 1 1 1 ~1 ne..1 NN A0-.A4 1.A b H 1 M |
F&11§H*kr&*ﬂJ adih U a4l LT laU0 L4031 . 49 Byl gt TTIIeRIHTCSSTTTERIS
2.04 2.45 2.43 2.28 2.25 1.84+2.34 Qm) (52) B4) (68):7) (57347) (BD):
{10C% GPPS) L )43 H PRaY
Haze 46 4 6 55 BEIL----1- 82 fafty 17 £220 18530 14, Tefisile
Stress 10,960 10;860 10,340 10,540 9,77019,520 9,400 at Yield, MD, (76)
75 (TH{T3){67)(66):(69) psi{MegaPasaals) Tensite-Stress 7,745 N7
%M@Eﬁﬁ@’ﬂ%ﬁ FR;_?_D(\_ __723099? _1'-'\'—'\% _%_0'4()_ .%‘-t,?\gidz‘ld, 1-%‘1 '—'\A) {AZR) (47)2(47 ! ('-'303) s
Halio . . . A . A .Q
(52) (40) - psi ?MegaPaSCaIs) 1% Secant 430,720 412,%56’) 392,3%
890,890"379;060 422,600369:740, Moddfus, MD,psi (3006) (2800 |  *-**
(2 to-tMegalPasCalsy (#/00) €2600) (Z290v) (2500} 2.25 1.84 2.3
{pm (52} (64) (63) (57) (57) (47) (59}
Haze 4 4 4 a 5 5 8
Clarity ] 17 70 13 15 30 17

Tensile Stress 10,860 10,860 10,340 10, 540 9,770 9,520 5,400
at Yield, ggi (76) (75 (719 (73) (67} (66} {65)
(MegaPascals)

Tensile Stress N g, 180 TETO 6,750 TTEOD 7550 5 8A0
U el EB sy | (45 (| ume - sor (52) (46}
{(MegaPascals)

1% Secant | 430,920 1415, 6507 583,920 | 350,800 | 279,060 | 422,600 | 365,740
‘Modulus, MD, psi N
(MeguPaseala) (3000} {2800) (2700) (2700) (2600} (2900} {2500)
T8 Sacant | 376,440 THEY, TED TATE AT EEE, 600 | 338, 2301 412,980 | 351, 630
Modulus, TD, psi
(MeguPasear o) (2600} (2500) (2500) (2300) 12300) {2800} (24560}

ORS 278° F not 503 564 251 376 315 YE 753
oL, MD;k§§§ 13500) (4000) (2000) {2600) (1500) (1600) (1700)

ORE 275% F hot 17 71 71 3 17 78 ]
oll, TDikii? (120} (76) (145) (21) (97 (193) (55

% Free alr 3 9 2 15 7 3 20

Shrink 95°C MD

% Free Alr -2 -3 -1 -5 -2 -1 ~4

Shrink 95°C TD

% Free Air 3 1B 22 18 13 40 28
Shrink 100°C MD

% Free Air -1 -5 -3 -5 -2 10 =4
Shrink 100°C TP

5 Free Bir iR i8 g1 67 71 53 g0
Shrink 105° C ™MD

% Free Alr -8 -10 8 -3 iz 22 7
Shrink 105° € TD

T Free Air 77 74 56 7E &7 &7 )
Shrink 110°C, MD

3 ¥ree Air 10 3 19 g 15 28% 15
Shrink 110°C, TD ;

% Free Alx 71 24 73 B 76 66 &7
Shrink 120°C, Mpb

% Free Alr 7 17 15 5 20 33 12
Shrink 120°C, TD I l AJ

EXs 1-6 illustrate films of the present invention

o

spanning a range of GPPS/First HIPS component ratios.



1% Secant 376,440 359,780 416,470 338,600 338,230 412,780 351,630
Modulus, TO, psi (MegaPascals) (2600) (2500) (2900) (2300) (2300)

(2800) (2400) ORS 275 F hot 503 584 291 376 215 235 253 on, MD,

kp.ss.i (3500) (4000) (2000) (2600) (1500) (1600) (1700) ORS 275 F hot

17 k2di3d4328 8 oil, TO, psi (120) (76) (145) (21) (97) (193p< ik 20kk ey 192
% Free air 392157 320 Shrink 95C MD % Free Air-2-3-1-5-2-1-4
Shrink 95C TD % Free Air 318 22 18 13 40 29 Shrink 100C MD Free Air

Jlrs SRecE 55 %%Quét%@kf}%&? IP “E s%%é“éféi'@ 4888874 L1 3360,

Shrink 1 MD Free Air -10 8 121 22 Shrink 105 C TD % Free Air 7
7456%171%7%?2’%{ EaRifk 110 AP EPEE AIF 166 T0H {5 28 15T Ehirfk O
110C rcTDcRréR Airl il S4e73 11671 764166 67y Shiinket20C9 MC V5ikee Air
7 14rdR5:42138 iduShiinkek2QGs T8 EXsx( 146 Hustrate dlrps of:the)presenty

: %%%%% ?5 Sé% %nn% ‘? ran eog%ng%S/@ﬁstgﬂng ggmoQ%ntgggt -26

16

029492 EXs 3-5 illustrate films of he
present gxsentiof laa\ssmg:h simiar &RP SiirstddiRS Gormapohent tatios ande

illystrate RAWs component (based on film weight, which is also
polymer composition weight in these examples) increases
dramatically the Free Air Shrink in the MD even at 100°C and
105°C, relative to the &PPS film of COMP EX A.

EXs 2~6 further illustrate f£ilms containing 35 wt% or
more first HIPS component have a significantly lower ORS
than the 100 wt% GPPS film of COMP EX A.

— -



to reduce ORS in the final films by increasing orifice temperature during
extrusion (EX 4 relative to EX 3) and by 5 increasing the blow up ration

(EX 5 relative to EX 3). EXs 1-6 also illustrate how adding even 20 wt% @f-s 1 p
the First HIPS component (based on film weight, which is also polymer
composition weight in these examples) increases dramatically the Free
Hif-BRrink in the MD even at 100C and 10 105C, relative to the GPPS film

of COMP EXA.1BEXs 226 furthet diustsateifllmsceantalringg3 a wiG phemore

[ HIPS sompagent fave. . sioifeani luer ORS Jhanherl00 wit

[

S film of COMP EX A. -'2% MCSLLP CLAIMS 1. A biaxially oriented
film coffprising & olymé&r coTRpESItN: Bafd pBRAndF E8fpossifisiyent
wensisiing of: (a) a first high impact polystyrene (HIPS) component
having: (i) a bjack copalymer of styrene and a rubhery, conjugated, digne,
wherein the copolymer Is grafteg to a polystyrene; is/ optionally, two
weight-percent or more ahg g ke tiFareentbriessot BFubpepy ymer is
conjugated diene homgpeohyaer based-en Jeta)rubber weight in the first

HIPS componery (1) aoial diene;componsrisanient tom e bber, g ¢

component of one Welé)ﬁ)t_percent or more and sév percent or
less based on total welGAEStHERRITHIPS coRffornta (V) s tharProusated

wt% gel concentration by<nethyinetyl keteneimetianol exvactioniusing i ght
10:1 volume ratio of kezton&teo gletggnﬂ#%tsZBC and ec<=En_tr|fugaI

separation followed by (ﬁylng anélrweig ing; f\%mgr?nav%rage rubber
particle size ofiéss than total diene-component content from the

rubber component of one weight percent cor more
and seven welght percent or less based on
total weight of the first HIPS component;

{iv) iess than 10 wt% gel concentration by methyl
ethyl ketone/methancl extracticn using a 10:1
volume ratio of ketone to methancl at 23°C and
centrifugal separation followed by drying and
weilghing;

() an average rubber particle size of less than
1.0 micrometers and 0.01 micromeiers or more
as measured using an instrument for measuring
size by measguring light scattering;

{vi) about 40 to about 90 volume percent of the
rubber particles with diameters of less than
about 0.4 microng and from about 10 to aboul
60 volume percent of the rubber particles with
diameters between about 0.4 and about 2.5
microns;

{(vii) 30 percent or more of rubber particles with a
core/shell morphology;

{(viii) a concentration that accounts for 100 percent
by weight (wt%) or less and 20 wt% or more

relative to the polymer composition weight and
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1.0 micrometers and 0.01 micrometers or more as measured using an
instrument for measuring size by measuring light scattering; (vi) about 40

to about 90 volume percent of the rubber particles with diameters of leSMCSLLP
than about 0.4 microns and from about 10 to about 60 volume percent o

the rubber particles with diameters between about 0.4 and about 2.5
microns; (vii) 90 percerttGi-nior&of e et parlicleS Fitha chterhen 1es==
morphology; (viii) a coneantsatiomihakaceaunis fontbopereeshpy weight
(wti) or less and 30 wt% ar.more relative tg the polymer composition

weight and 28 MCSLLE Tt Arowides oie o More i e o1 o =0
percent®y WeI§RESFrUBBER FiRNRWERHIL EISIVE Y3 16l coRipdditionerage
weight; angh(b}-aigeneral prrpose pelystyrene havinga weight-avesageocle
molecular wejoht of mare.than 200,000 grains permole, and, 350,000 .
grams per molé or less and that s present ata concentration of Zerd wid

or more aff 7 FA%CEE1ESS Fetative tortire polynier composition Weltfit or
where weighiaverage molecularveightisdetarmined wising @8l ght where
permeation chromatography; and (c) a second HIPS c onent different
e (o) A R S B R Ot 3o R B ste TS o=
20 wt% oPfesrdlative t& ThePohgnaricompasition weight; wherein, the

total cambinatien&f{ayhy andhDraseounts far- 00 wikof the palymes: i«

composition; the polgéner composition .accounts for at least 95 wt% of t €
biaxially oFieRted film waigit With the balange t6 100 Widh SEleEted fiom
additives; @l sthere#s thre fithihas aMD@ (rakhive direttionidriamationyht ;
ralig gbmorgdhapckz andsTRO ransverse dirggtionarieptation)ounts for

100 wt% of the polymer compositicn; the polymer composition

1

accounts for at least 55 wt% of the biaxially coriented £ilm
welght with the balance to 100 wt% selected from additives; and
wherein the £ilm hag a MDO (machine direction orientation) ratio
of more than 1.2 and a TDO (transgverse dirsction orientation)
ratio of 2.0 or less and wherein the MDO ratic is greater than
the TDC ratio, wherein the MDO and TDO ratios are measured by
exposing a 14.6 com square sample of biaxially orientated film to
120°C for 10 minutes in an oven, measuring the resulting sample
gize and calculating the ratic of pre-heated dimension (14.6 cm)
to the corresponding post-heated dimenszion (length in machine or

transverse direction}.

2. The £ilm of Claim 1, wherein the first high impact
polystyrene component has an average rubber particle size of 0.5

micrometers or less and 0.01 micrometers or more.

3. The film of Claim 1, wherein the film has a machine
direction (MD)} and transverse direction (TD) one-percent secant
modulus per American Society for Testing and Materials method
882 of 250,000 pounds per square inch (1,724 MegaPascalsg) or

more.
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ratio of 2.0 or less and wherein the MDO ratio is greater than the TDO

ratio, wherein the MDO and TDO ratios are measured by exposing a 14.6

cm square sample of biaxially orientated film to 120C for 10 minutes in ks p
oven, measuring the resulting sample size and calculating the ratio of

pre-heated dimension (14.6 cm) to the corresponding post-heated
dimendion (Iefigfth t Hiacine Gri%rahsversE direclibh) 22:OPRE fih gRcond

ilamconwhetsin the fisst-highinpactpelystyraneeemponentnasaght .
average rubber particle size of 0.5 micrometers or less and 0.01
micrometers or more. 3. The film of Claim 1, wherein the film has a
machife diréBtiontMD) ahd-transvérsediraction (TD) oreupercentassearil

pedulis R Amercan Spsiety.for Jesting and Materigls;methadr 882 Qfe:ignt .
250,000 pounds per square inch (1,724 MegaPascals) or more. -29

MCSLLP 4. The film of Claim 1, wherein the amount of second HIPS
compofent isTrerofweighitpdrtent basedier film wéightnsuTheofingeferal

Glaim 4 wherein fhe.amount.of general PUFROSR POINSIVEN IS 28Mh weight .
weight percent based on film weight. 6. The film of Claim 1, wherein the
amount of general purpose polystyrene is zero weight percent based on

film weight. 7ZXHEhé film ofiIClalmit, Whewdianthérrubbery domfuyated: tlierd ed
i the copolymer.of £a) 182 1-3-alkadiege, 8; Thefilm of Glaim 1, wherein

the rubbery conjugated diene in the copolymer of (a) is butadiene. 9. The
film of Claim 1, wherein the total rubber concentration is less than 10
weightepercetybhasetnon fotal afilm Weight €L 1T Hehfilrmafi@laimebnjugated

uiherein the film demopstrates an, absengeof groudh in the transverse

direction after 5 minutes in a heated air oven at 110 degrees Celsius. 11.
The film of Claim 1, wherein 40 to 90 volume percent of the rubber
particles havagaediameter of (6ss. than Owherein the total rubber

concentration is less than 10 weight-percent, based on total

film weight.

10. The f£ilm of Claim 1, wherein the film demonstrates an
absence of growth in the trangverse direction after 5 minutes in

a heated air oven at 110 degrees Celsius.

11. The film of Claim 1, wherein 490 teo 920 volume percent
of the rukber particles have a diameter of lesg than 0.4
micrometers and the balance of the rubber particles to 100

volume percent have a diameter of 2.5 micrometers or less.

12. The film of Claim 1, wherein the film comprises

mineral oil.
13. The f£ilm of Claim 1, further comprising perforations.

14. A shrink label comprising a biaxially oriented
polymer film of Claim 1 wherein the £ilm has printing con one or

both sides.
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micrometers and the balance of the rubber particles to 100 volume

percent have a diameter of 2.5 micrometers or less. 12. The film of Claim

1, wherein the film comprises mineral oil. 13. The film of Claim 1, furtherMCSI_LP
comprising perforations. 14. A shrink label comprising a biaxially oriented
polymer film of Claim 1 wherein the film has printing on one or both sides.

-30 MCSLLP 15. The shrink label of Claim 14, wherein the label is

reverse printerhel Grieshnakdabelrot-Claim 14, fusther-Gamprsing:be: is

perforations. 3Ly

1i6. The shrink label of Claim 14, further comprising

perforations.
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