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Therefore, there remains a need for polymers which can produce cost
effective transparent packaging, which can be used in food packaging and non-food

30 packaging markets, and can be produced by conventional thekmoformidg lines.

The present invention is a biend of a monovinylidene aromatic polymer and a
rubber modified monovinylidene aromatic polymer, which can be used to produce
cost effective, transparent packaging that can be used in food packaging and non-
food packaging markets, and can be produced using conventional thermoforming

35 equipment. The blend comprises:
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SCRIP OF PREFERRED ODIMENTS
In one embodiment, the present invention is a blend of a monovinylidene - -
25 aromatic polymer and a rubber modified monovinylidene aromatic polymer.
Monovinylidene aromatic polymers are produced by polymerizing vinyl
aromatic monomers such as those described in US-A-4,666,987, US-A-4,572,819

and US-A-4,585,825. Preferably, the vinyl aromatic monomer is of the formula:

30 Ar—C—CH;

wherein R’ is hydrogen or methyl, Ar is an aromatic ring structure having from 1 to 3
aromatic rings with or without alkyl, halo, or haloalkyl substitution, wherein any alkyl
group contains 1 to 6 carbon atoms and haloalky! refers to a halo substituted alkyl
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order transition tehperature o 1"ess, -70[err]C or
| ess. 25  based rubber particles, said particles being composed, on a rubber particle weight
basis, of: '

from 25 to 100 weight percent of rubber particles having a capsule
. morphology and a volume a\)erage particle size of from 0.1 to 0.4 micron.
Typically, the free (that is, ungrafted) monovinylidene aromatic polymer
30  matrix formed during polymerization will have a weight averaged molecular weight
(Mw) of from 130,000 to 250,000 (preferably from 150,000 to 220,000); a number
averaged molecular weight (Mn) from 40,000 to 100,000 (preferably from 45,000
to 75,000); and Mw:Mn ratio of from 2 to 5 (preferably from 2.2 to 3.5).
Rubber materials which are suitable for use in the rubber modified
35  monovinylidene aromatic polymers of b) include rubbery 1,3-alkadiene polymers
having a second order transition temperature of 0°C, or less, preferably -20°C or less.
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25 in a preferred embodiment the rubber particles of the rubber modified

monovinylidene aromatic polymer comprises:

L from 25 to 100 weight percent of rubber particles having a
capsule morphology and a volume average particle size
of from 0.1 to 0.4 micron; and

30 ii. from 75 to O weight percent of rubber particles having an
entanglement morphology and having a volume average
particle size of from 0.25 to 1 micron.

As used herein, the term capsule morphology refers to known small
rubber particles that have a morphology which is commonly also referred to in the

35 artas “single occlusion” or “core/shell” morphology. Similarly, the term

“entanglement morphology” refers to various known non-cellular rubber particle
4~
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Dot Cl B, G ngater Soprise i adlton o o;gapud Wi @ﬂa@%r ReRhSogy e %.8”‘ nete
c onpri ses f mom Hfd 25) pRfersisy tidrh 2pe N6 mtghﬁﬁercemfbamma]dtaldmght ofthgntic
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Typically the volume average particle size is from 0.6, preferably from 0.8, more
preferably from 1.0 and most preferably from 1.2 to 6 , preferably to 6, more
30 preferably to 2 and most preferably to 1.5 microns. These larger parﬁeles tybically
have a cellular or multiple occlusion type morphology. In a preferred embodiment,
cellular particles are present having a volume average particle size of from 0.8 to 1
micron.
In a preferred embodiment, the blend comprises from 50 to 88 weight percent -
35  of monovinylidene aromatic polymer, preferably from 60, more preferably from 65,

-5-



- 5- and nost preferably from70 to 88, preferably to 85,

nore preferably to 83, and npbst preferably to 80 w. percent based on
the total weight of the bl end. The bl end of the present
i nvention twe9aklsy conprises from12 to 50 wt. per eefiusodnssssober

nodi fi ed nonovi nyli dene aromatic pol yrrer preferably from15, 5 nor e
preferablyf 0to3 f er abl to 35,

S ARl o PR B8 Jeirmphi b o8 pierably o 84, 3P inee based on
the t ot al weirefatablyfto 80 wt. peraent lasedhan thetotalwelghtofthe blenther additi'ves may be

included in the h*nsménefofm99rdgemmht.amyﬁasuyeanﬁﬁ§égfraﬁ. 124 soum neral oil,
and ot her plasticizers. blend Is typical gm £ared by dry

bl endi ng t h PSRN, ofgpber H‘°F'I'i%d m°“°"'"yél‘i'ﬁ5‘|°@;59m%ﬁ°é’ﬂlyﬂ\ebMﬁf?’PB'M r to .
extrusi 0B, ahére@redérabipyronetshund nedst brlewrdblmomamdm preferablyitb bs ZAféktet 0 produce

ot Wby o, g st b0 el BB o B BB 51 T °

contain a hltbﬁblﬁnd)unt of nonovi nyl i dene 15 aromatic polynmer. Typically in

such applicati On%thér%dmé%r}ﬁia%el lhcl&cﬂatlﬁlfh@ bldndl ¥ ﬁi@ prédent inve h&pﬁ.’cﬂr ?f erably
from 50 to75, rm[)%ggﬁfera from55 to 70, and nost prefera rom

60 to 65 vvel'B'ﬁ?’a hefP Hb“?}?nyl i dene aromati c pol ymer based on the

total 10 \wei gmweofenahﬁyﬂwyﬁrephmdmwbwmmhé bayrbénemdthandergoes in line
therm)formn unts .of high

i npact nonovi qua’"%g gmgfm'?r%?p e exm’f)'grt' %?"WEW}SF"%°F>9¥ ?l?gﬁpch "Peo wt .

percent . utilized to produce extruder $heetsaspect of the present invention the blend

I's used tO preparfg plend caflbé aéddaa/sfepmﬁeéﬁng?é uapé.lgﬁsetdrmna IRuss err ed
enbodi nent, the nulti|ayer sheet or film npri ses core or mddle

| ayer of t hee"ﬂﬂ"él'i'éf"”&fth% %“%Wé'é\é‘ﬂ?a")’ i ?(5‘\'9“ agmnmt "&HJ"P\QPY"de"e or capping
| ayer | d&at edomaticgtimes] Uypically inseicls applicationslitibiend @jiedontain flopbed (bl end

'lt l)% a|25vv8| ;ﬁ{%{b#’%ﬁ%’% r%rH 30 tcg]S more p%ferak&ﬁ]gm %%Pa'ge ﬁBd H@B{fgﬁg&ab@ sed on t he

havi ng a weit§tte 68 weightjeercert etronavinyliden® arofaliy polfmer based pmn thentatsD, 000 to

250, 000 and oW O o % om
20 10 100w OGEOLHobRROI dabes ﬁﬁifstt%%é&{djm‘g%@”s {8 themofoming, the  2)

rubber nodi fRIRY G3B5ERRRIYCE s8I BRI Of Plah iRact mermyFyideng a&”ﬁ‘ﬁﬁ'ﬁow nyl i dene
ar omat i @0polpotyeier, TRdicaliy fromvi to Q0 wilpeedenpar t i cl es di spersed t heredhn;: wherein

LSBT o1 o WA S5t BIRE on S VB bR  ° L0, g
a capsul e nunytiayesgheeisior films.o ﬂmargreggr@d@g@odlment the multilayer sheet or film -
comprises a core or middle layer of the blend of the present invention, and an outer
or capping layer located on sach side of the core or middle layer of a blend (blend 11)
25 comprising
a) from 0 to 80 wt. percent based on the total weight of the blend, of a
monovinylidene aromatic polymer having a weight average molecular weight {(Mw) of
from 150,000 to 250,000 and a melt flow of at least 10 g/10min.; and '
b) from 20 to 100 wt. percent based on the total weight of the blend, of a
30  rubber modified monovinylidene aromatic polymer comprising a monovinylidene
aromatic polymer matrix having rubber particles dispersed therein, wherein the rubber
particles comprise, based on the total weight of the rubber particles from 25 to 95
weight percent rubber particles having a capsule momphology and a volume average
particle size of from 0.1 to 0.4 microns and from 75 to 5 weight percent rubber
35 particles having an entanglement morphology having a volume average particle size

of from 0.25 to 1 micron;
-6-



particle size of fromO0.1 to 0.4 mcrons and from75 to 5 wei ght percent
rubber 35 particles having an entangl ement norphol ogy having a vol une

aver age partlcle size of from0.25 to 1 mcron;
- 6- 0992315 herein the outer capping |ayers each cEGBUSBUE7oni5 (o
10 percent of the total t hi ckness of the nultilayer sheet or-film

Al t er nat i vel Wherginthe oylet sapping layars each aeraprisadrom 5 to 10gercent oftpptotal | ayer s

i ncl uding ot bﬁkn&mmmbm@,@a Shétt Qmﬁ'\' QBB 5théf';§blin‘r@?9€£n be ysed J£Dd' fied
nonovi nyl i dene aromati c I'singly, H r med

!
Pl oy o1 B tapping I RN B ther FRanoHidens wamatc pOMETS ahd FuBbeR L ae
cups, performodmdmmbwnyudnleamméﬁasmwmm odor tests when conpar.ed o to
ot her co rciall t hyl '
t er epht hal at e, gu&ﬁ%rﬁql;b%%éﬂ?{f PENE '&lcgesl%meag?ér)#%? Q‘%a%%v nuftiayer sheet The

mul til ayer shefiim, suchfasicups; perfase gxtremely gl instasty akeh oder tests whéryeopsparred t he 10

art such as fH’dtﬁér'c@Mﬁ’fer&dﬂ&%b@d resi négﬁﬂs%dm{ﬂé Bﬂyethylene terephthalate, VUl L1 | ayer
sheet thicknesses are typi rom?o0 . |1 et er g Pm%

preferably fP@mfepﬂe"erﬁS‘F’é"ﬁF'EPéPﬁ%l y fr om 0 4 and nost preferably fromO0.5
to f1 5, ] prefwmuhmyér@héetarmma uérp&idﬁbﬁbhsindlmgﬁln?&hnﬁﬂds aRd d o
prefera t eets can be further processed by
t her nof ojﬁ(ryn né“.g“ mlplaerext anﬁ \%”T@g good i npact strength-and
transparency. Thi Mklhlesq@beeiﬂhuﬂ@s@esramwtyplcazllyrimdaa tal Somillimeters fremhchi eved
and used in a@mrawm@@% ma?er&efemﬂwawea Muﬁééti’:l'éerﬁﬁﬁfrgﬁﬁdég;d]ssucr‘

as transparent I mthicknesses are typically from

0.012 to O. oB'efﬁWb'!pPe%r'%?pfeFW@%&%aﬂd most prefegablyte PEOAMMY £ rom 0. 020

andf n‘OSIl’.:)JI pr eMetiglybysheertal bdRidtheCprocdibed Wtﬁélﬁfo&bhihgtlmo aficles Whith, hai?@r e
preferably tg

0 03 referab
t hi ckness of %SQ'F@@?"‘QE%EP%’%?V #quﬂ%ssﬁo%@% ?'6 "?,'Bﬁf)'??@%d of from
70 to 95 perbemhle\l&dsed used iv Bpplications whifedhin @asgeohatetials ateciesired, sigh m  of a
core layer Ofgyans are;.,p,ﬁjsbl end of the present invention, preferably from 75,
nore preferably '}IP nost preferably from 85 to 95 EPreferably
to 94, nore prefer'!ﬁ‘b*hif’"’f'??sgsza’&rNP"f?ﬂ%fm'E§q3?é9@Pﬁ[ﬂ”ﬁ» preferably fiem@818  and from
5 to 20 percewte prbmmyfmmobmammbsttdfefsﬂab@%mtﬁozstooost befesdielo or il m of

o et oot o B o bl 7 B0 b RSRRROYRRRT 10 THE o

preferably The thiskness ofthe muliilaybesheietsyand dilmisdis Wmﬂm@omnrlsedemum ment s
wherei n bl engg {J of Serkkht %a@eQd on the tot%l‘ﬁ‘ﬂcl@fé&@éf th Clﬂn aofta%?eelﬁ éof’
structure, the thickness defi ned ove IS a hi ckhess of the

bl end 11 | ay#edlend of the present inventipn, preferally freWédmmreferabM@"pﬁ%%
i nventi on t hmoby petdrably fidie8 o @S preferably to 94/ wiRpréferably to!92end mogt Nul ti | ayer

sheet Wné§ h S#e?e?atﬁ;? {H%' pseer'\csen aYd from f5 8 25' ipgrgerﬂ,rbalsgéfv on the total thickness of
the sheet or film of at least one outer layer of blend I, preferably from 10, more
preferably from 8 and most preferably from 6 to 20, preferably to 18, more preferably
to 15 and most preferably to 12 percent. In embodiments wherein blend |l is used as
two outer layers in a three layer structure. the thickness defined above is a combined
30 thickness of the blend li layers.

In another embodiment of the present invention the blend of the present
invention is used in a multilayer sheet which also comprises layers of a high or low
density polyolefin, an adhesion modified polyolefin, and ethylene vinyl alcohol.
Preferably the multilayer sheet is a seven layer sheet having the following layers, a

35  high or low density polyolefin/an adhesion modified polyolefin/the blend of the first

aspect of the present invention/an adhesion modified polyolefin/ethylene vinyl
-7-



densi'ty pol yol efin, an adhesi on nodified pol yolefin, and ethyl ene vinyl
al cohol . Preferably the nultilayer sheet |Is a seven | ayer sheet
having the followi ng |ayers, a 35 hi gh or | ow density pol yol efin/an
adhesi on noavg seegispol yol efin/the bl end of the first PrRTRR%4geéy t he
present invention/an adhesion nodified polyolefin/ethylene vi nyl

-7 lcohollar* acﬁ\ﬁg’ 8@ 91'0{1&&{ [?oq%?élnme ﬂo\&c‘n fltqe?gprgtoaﬁgm e ? /ai[;eggntglr g 2? OT n

the first as
t hi s enbodi ri%\(ﬂ"t'?m@" ﬁﬁ@h’f@ror@&!wlrﬂéﬁmb?dlp@hgﬂbe bigh ior ow densrty polypreﬁiﬁ Wwably a

| d t
ow density m@febéalylwbﬁ%n{hgﬁqblg&gg%%ingﬁ d%f"s'{v%? Es%&f%ﬂ Se %ggf Yy fromo0.10

This | | |
o 0.15 mm B M patal SRS 4553808 s Rick. reeraivim 040 oA i 15
pe (rj c fe nt d6f ][dml is fntbrals toab percente preferably froh aeto 181perbent 66the ﬁl:él lnﬁﬂm@%b on

ified po ye ene. Q.
ggl ypr opyloe nsé%%lhﬂhdsﬁ ﬁgﬁ&h@&og %%E%qﬁm %E?‘ng%g |s“8? %ps such . - as
vi nyl acet atl@lyetruteyp Oawmm'enﬁaﬂmfdﬁﬁmw"mdﬁedwﬁmngdond geaiipd siéh pr onot e
adhesion.  gas vinyPé&ftéié Qﬂy}’aceﬁ?@ n?ﬂ@@ﬁﬁt@ﬂn&@_?ﬁ'aﬁhﬁ@adﬂo*%rﬁ&é Qdﬁ%{dﬁd mer [ err],

available fro Pet r ochem cal

0.025 to O. C?fg?efﬂ?iye meaéhew%#'%?avaleﬁws Adme’moa‘@!!"@q 0’0{&&@ nm and |s
from 3 t10 5 Retroclesmicalf Th.b«ayms ajblcalyﬂ?dn’o anastoﬁmtmmm.ak fé‘fﬁ'ab from The

B
blend of th bed
ot vi ous! y Ol E0. R bod (ol B S eEBne o B Bl Ml et tﬁucﬁr'mé
monovi nyl i dele MMthedqujesmf tlampl'esent inventiob fscas deecﬂbfed@cbvlmalgmhmd i dene
aromat | ¢ DOl By S Sl ot B b AR i bmpad 4 U ok

preferably fromO.
preferably fHRRer Wdtf'é 5‘9"?)@]5'&‘19(5‘9 %mmatﬁéotvm@alThlﬁjayqul#ymaﬂyrfremo 285ckness.

The et [lytEﬁneo 0.34 mm‘mwwbretﬂralﬂylﬁi»m 0250 §.30 nm, %ﬁ@istf%{ 25?&' 46 pércbit! ]r ier -

agai ns e QXY Qe a ymer

cont ai ni ng gggt? %%lotsgtpge‘%& th 'Pﬁ@?’éeﬁéheew"&"ﬁ%ﬂg‘ﬁ&q@ ®d from 62
to 68 per cer\'!nybi}lmb@l gtwlymfer layerisaryes a$ abtmbr agaimpithe permeabilitydd geygbidles and

pol yvinylid ymner .
This | ayer f%?at'égg;:gﬂilyl ﬁq@?gﬂ?%ﬁ%w{a%f@%%@%%%&e fah%thféﬁ laom 0.08 to 0.15

mm thick  COMPEMRNt Apditerg 62 b ‘iaap%%ﬁ'\‘;ghwe'gbﬁ%ﬁél"&'lﬂ"‘y”hPlerPme'tto 2’ per cent
of the 20t alPolyaiidésaiyea pouyvmyuder@rmwndémlaw& usddgs theIbbidepy@ymedicet of this

cheets can Oe s 8Fakeld os . sroragly il S o oipeiBio o "'
appl i cati on@"ﬁé’qm?rlori@ Feoont, Hefmahlvhgnﬂaltﬂ%wercent of the total mulﬂlayei‘l‘he

mul tilayer %H@éttﬂ%clﬁﬁgs bwmﬂug&%haatarﬁﬁs é&@dw%nglsgﬂdigy%ﬂp%s%ext rusion .

P her mof or mi e MEGHIcdBweLeT FAIRer Shea RS REGHNEad IoEReplcafions ot Sealles 1 || - scal
lines. 2Bi s packages oragplitzaiyrs reqlifeg lesdenimding drie, produce formfill -seal
B g TR B RSBkl ey B SRR SR BRBR D o g
equi pnent . Process. This sheet can then be thermoformed by standard plug and mold '
thermoforming machines to make preformed containers, or by form-fill-seal lines. this
multilayer sheet can be used to produce form-fill-seal packaging having good
30 transparency, barrier and toughness properties, as well as preformed packages or
containers by standard thermoforming equipment.
A preferred embodiment of the present invention is a trilayer sheet or film
comprising a core or middle layer of the blend of the first aspect of the present
invention and two outer capping layers of blend li, as recited previously, located on
35  each side of the core or middie layer, wherein the outer layers comprise a total

thickness of up to 20, preferably up to 15 and most preferably up to 10 percent of the
-8-



A preferred enbodi ment of the present invention is a trilayer sheet or fil
conprising a core or mddle [ayer of the blend of the first aspect of the

pr esent tion and two outer capping |ayers of bI S
recited pre\yY%%J Sﬁ located on 35 each side of the core bf VHPBHP®?| ayer,
wherein the outer |ayers conprise a total t hi ckness of up to- 20,

préf erabl y Uptet Hickeessof thedulayessheet oafilmandihg eore or mideiedaver odmprises a :

- 8- total thickneds@f &i ledsh BO,kghefe bl 85tdna ridst ﬂ:rﬁiéﬂil? : &Mt of thb tr‘ m and the
core or total thickness o at east 80,
preferably géé éssCO?m% '%fiﬁﬁ?ﬁtgbmﬂ’ercent of the total thickness

of the trilayer §'|l=pg¢mumhyef sheets of the present inventioff e typitdlly fiymoforherats of t he
present BNVe{igH sPaeds @suﬁ%@élﬂ@'tow tét{l’lﬁf QlcHRtht s po é)nglmgrshérg%ngvﬂe&‘ g5 US' ng vel

known t echni qu%Le such rs are orl
r

t her nof or mredhaeree egneeawqmexmbarrgmam pispesiies- t Theghermioformingr rmf or M ng
t enper at ur e tempérunr@ialtypmawebaaw 1Mbeerrrd].§prefé¢aurysoe9&é°efnerf3§%¥1E£Jd”ee” 138- and

142[err] C, strain rat I'S generlallLy. abgve

250 mm secor’(g‘"earf?odrf’“g'"g sPe (ﬁV%'P Eﬁq%?tlg ’l?é‘g"MéEWeﬁQ gecond, andigecond. The
sheet typi créfgrablybelvesen 288 Iauezsmﬁmmcomﬂ OTtmsh%@t HSica9 has RazeValled of

et ot Gorm 1% b BeMBAEUPloHiamBlorink b 185K IS RS pareon il ™' O 1O

is conplete. are eter amat _

D- 1003. the"“‘>f°"'“i“£! isterennigte.oHazavalyesiace é@erptlnqdd:yelelng ASTY! teblimethodbcess ar e
sur pri si ngl yp-1003, transparent when the draw down ratio of the article is
at | east O0.4. Th o\g \fgln g atio Is the ratio of the height of the.
article to the d RRIQLormaed afti s@rqugedsl@[{\g,tt@ﬁaqocgﬁs@éesurpnsinglyrhe dr aw down

ratio is typiaospargnt@uhén the diaws down edtierofthle\artiieds atdedst 8.42MHe AIRW dawref er abl y

'?hg tp?e igﬁt ratio is tha ratio ot the H&lght °%‘e%%r$pnﬁq’ez’%<°a$€m§‘§'{&“m %é%\éﬁlfdﬁ% aﬁ ?OﬁlP'lt I ;Jrs] Ea rate
scope of t héhsrié%ﬁ@wn valie sttyrieally Adt to 1Sy prefasaliiyio.2 & 1.2 add most preferablyer pr et ed.

Anount s ar e ggtowep.ght parts or wei ght percent ages unl ess .ot herw se

I ndi cat ed. yrene (80 kg) having a Mwv of
315,000 and a nel" FXA '}{Pwnpar%“e!rs greproyjded to "‘"g{'a*erfhﬁpfeﬁsmm"@n Weth a
rubber nodi fexendplps hsesrioy intameled 1l liMitAS Sgope 20 this Presaht inveatior and th@jmfbﬁﬁlt ure to

vt ng. 200 P0RRsmyeRalARBG e StldnEParssh wolghtpeiooigSRE uhiss, L nctedt i ¢
a rubber °th°f‘44§%ilnﬂlcé@dpol ystyrene (AlIMerr] 4950) (6 kg) to prepare a

second bl engxaAMPLE The bl ends are coextruded bl end | at 210[err]C
melt tenperature nper at ure such t hat

blend | forns a ga&g'y%bggq% "'A#Bg‘ﬁ" g{"‘te‘gfrah 090 E'ﬁ’pﬁ)mﬁﬁﬂ?“!t?é‘? obh5 900 et her
si de of the minisbleagedt withvabbarmodifin@olybtyreHe (AMMT2d50) R0 KAt Borhle cappi ng
layers 25 temperature to prepare the blend of the present invention (l). Polystyrene (4 kg)

having a Mw of 205,000 and a melt flow rate of 15 g/10 min. is blended with a rubber

modified polystyrene (AIM™ 4950) (6 kg) to prepare a second blend (ll). The blends

are coextruded, blend | at 210°C melt temperature and blend Il at 200°C melt

temperature such that blend | forms a core layer and blend Il is a capping layer on

30  either side of the core layer. The core layer is 0.72 mm thick while the capping layers
are .04 mm each.



are .04 nmm each. The multil ayer coextruded sheet is

then thernoforned to produce articles havi ng excel l ent transparency
and i npact properti es. TABLE |
Mul til ayer Sheet Thernmofornmed Article Aver age Thi ckness

0.81 nm = WO99/23157 0.18 mm Haze PCT/US98/1866733. 8

et ortal s | st JFo Rl BRERN snodt K Hemdomea o poguoa atid T he © |

sane condihavisaexepliepigransRaryigrand impashrprertiethe cups are filled with 400 ni
of pot abl e tap water. The cupapiee covered with al um num foil and

stored f Ol adark airhoated. cahinet One
liter bot Mugllaareesf;e.etm under. |1thermefarmedAtlicle andi {i ons to
be used 0.81 mm 0.18 mm __TABLE 11
SAMVPLE 8 t :

2* Pol ypr opyl ene 6823 3* 60 percent K-resin
(KR®B) sanexaMpig gent STYRON[err] 61 5APR bl end ' Al M GPPS

(30 wt - per centCAPRELIE FESR@BTElRY i gatys 1 ap sparmgomea o A 8o

STYRON er rS]anemMﬂpns using the same equipment. SEhevaubs aredilectwith 400 BLohd | (20 wt .

percent Al dukhid 89hé"6ups EF‘er éovBled with aluminum foil ag(storefig Podaear ] 685D
6per cent voI ercent Bl en nﬁ Anor phous
Pol yet hyl éﬁ’ecﬁ)'eeéismaﬂfdleateé 0992&* iQpedites pg eﬁ:@f p@tabmtm stored undgreni call
Produdos, idéMiical conditionB@d beiseR ¥k @nentdi23 i s a product of Montell.

K-resi n(KRCB) is a product of Phlljﬁ{\ggﬁﬁ:hem cal Conpany STYRON[ err]
615APR is_a product of The Dow Che Conpany. AlMerr] 4950 is a
pr oduct cfsmlu.ﬂi)ov Chem cal _Conpany STYRON err] 685D 15 a produqt of

The Dow Ghiém cal (Gokmephous Polyethylene Terephitalato 892wt el y 40 nL of the expdsed
wat er i s |@*aced i r] RolvpeopylenaigB23nd covered 15 by a watch glass. A
vol unt eer| Oanel of| ebpeterat resin (KROBpand 40 S3teantSTPRON®E S1SAPRAend

4 AIM™/GPPS blend (trilayer coextruded sheet)

6 vol.percent Blend Il (30 wt. percent AIM™ 4950 and 70 wt. percent
STYRON™ 615APR )
88 vol. percent of Blend | (20 wt. percent AIM™ 4950 and 80 wt percent
STYRON™ 685D

Epercent vol.percent Biend il

*Comparative Examples

Amorphous Polysthylene Terephthalate 9921 isa product of Eastman

Chemical Products, inc.

Polypropylene 6823 is a product of Montell.

K-resin(KRO3) is a product of Phillips Chemical Company

STYRON™ 615APR is a product of The Dow Chemical Company.

AIM™ 4950 is a product of The Dow Chemical Company

STYRON™ 685D is a product of The Dow Chemical Company

Approximately 40 mL of the exposed water is placed in a test cup and covered
15 by a watch glass. A volunteer panel of 13 tasters is used to evaluate the samples.
The samples are placed in 4 series wherein the positions of the samples are
completely randomized in each series. The series comprise:
l .All four sample without a water control sample
n Samples 1, 2, 4 and water control
20 1 Samples 2, 3, 4 and water control
v Samples 1, 3, 4 and water control.
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The sanples are placed in 4 series wherein the positions of the sanples are

conpletely random zed in each series. The series conprise: I Al
four sanple W|thout a water control sanple I Sarrpl es 1, 2, 4 and
water cort r¥0%B357 || sanples 2, 3, 4 and water control PCTUSI8/|8g67
Samples 1, 3, 4 and water control. .

-1 0- Rating test ofitadomg t est on odor: The panel menber s
are requested to t usi ng
the fol | ow ng rat-'il ngﬂﬁel rﬁtbqnme%quegfeti%ﬁggéﬁe s&\ﬂglggnoffered inr g no snel |
5 order, using the following ratingscalehar dl y perceptibl e snel |

2 = slightly perceptible smell g=z=nosmel ._ _ 3i =
percepti bl e snell . 4:strong smel |

5 = verydstrong smell 10  Rank! RH2GH RegRoptible smell The panel menbers
are requested to judge the sanrﬁesﬁgmf/batqﬂibiemnfeﬂndom - order; using
LE& }‘ol | om ng ranking scal e: 3= peroeptub&esmell_ | 15 T 1___ . strongest
3= ... 4 = strong smell4= s| i ghtest or no srrell

Ratina test on taste: 5 = very/'tfo j Menbers are. requested to judge
the samples, offered in random order, using the follow ng rating
scal e; 1§ Rankingon odor: 0 = no taste (= reference)

1 = very weak tasghe panel members are requested to judge the s@mplesVRf&rekid$tasRdom
3:taste 4 = strong taste 25

5 = very st r°(5ﬂﬂ ?ségqtgefollowmngs&algn taste: - The -panel
menbers are requested to judge thetrogeplsawll of fered in random or der,
using the follow ng ranking scajg: _

15 3=.... .
4 = slightest or no smell
Rating test on taste: : o
The panel members are requested to judge the samples offered in random’
order, using the following rating scale: o
20 0 = no taste (= reference)
1 = very weak taste
2 = weak taste
3 =taste
4 = strong taste
25 . 5 = very strong taste
Ranking on taste: _
The panel members are requested to judge the samples, offered in random
order, using the following ranking scale:
1 = strongest taste
30 _ _ 2=....
3=....
4 = weakest taste
Calculation procedure of the rating/ranking test:
Volunteers are used as panel members in evaluating the taste and odor of
35 each sample. Individual scores of panelists which do not meet the criteria with
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1 = strongest taste 30 2=

3=. 4= weakest taste Cal cul ation
procedure of the rating/ranking test: Vol unteers are used as
panel menber¥OPM3¥Tal uating the taste and odor of 35  eackCEUSPNESET

I ndi vi dual scores of panelists which do not neet the criteria with

respect to tiepedtts s MM reguFe Mofits o anumauallsd&aé m&ﬁ&iaﬁﬁmg fbst Mesids@nki Ng

test versus ran ts a if  a i cabl e recognl tion
of referencel " 'lgﬁ("fraﬁrgghus 3R "rr]ag’P Cﬁg}ét E’&Q@PB %mf%fg&? wajerdn thedi vi dual
scores of t heatipgiest argomitteds The indivisinel scores of the pamdl meirbers aae osaitor at i ng and

the sum of T edikiaté Qrmé%ﬂgﬂn?%ﬂﬁkf?esugsof%@%ach sample.Tabl e 111 Series 1.

Ratl ng/ rag1k| nE test on 1* . 2%
2 Rating . 0.85 2.54

3- 62 1tatfie Hil: Senesﬂ@lﬂﬂiﬁgmnking teston odor 45 . 24

17 44 Neoder of panel din the test 13

Nunmber of papefMP@abers onittadd” 2.2 1 0{8toncl| usiphs:

In the rati ngbs ignifidQ86 differ | W8en wat dr

exposed £a : Abny cpps MBic g cadfivrned | he ranldi ng

test. Tabl e I V Series 1: Rati ng/ ranking test on taste Sanmpl e

1* NurdBer of panel membéfs usedinthetest 4 43 Rating o

0.64 ﬁmﬁ% ¢ panel momb3is hiteq 0 64 Ranki ng

51 Fof panel membgis omitte 47 1% Nunber of panel menber s

used i n the Eenglusions: 14 Nunber of panel nmenbers omitted 1

Concl usi ons: flcant .diff erence has .
been obser ved et|n the ramth& nBQf‘gnﬁlgéﬂt'aﬂfe]é?‘ﬁ?é 's%ﬁb%fh%ﬁ% aA \ﬁwg This is
confirmed i r#OtA?grr%%aﬁgAtWﬁ"PSZO'hls isregsifiemed in SerranidngtestRat | ng/ ranki ng test

on odor TabRAWP Béries 1: Rating/ranlnngcfégi 6:P}aste 1> 4
Ranki ng SalTlple 53 1* A 2" 173" oY} ]
Rating _ 0.64 2.86 3.79 . :0.64 -
L Ranking 51 26 16 47
15 Number of panel members used in the test  : 14 ' CE
Number of panel members omitted A |
Conclusions: ' '

In the rating test no significant difference has been observed between water
exposed to APET 9921 and AIM/GPPS. This is confirmed in the ranking test.
20 Table V: Series 2: Rating/ranking test on odor

Sample Control 1* 2* 4
Rating 0.41 0.59 3.00 0.41
Ranking 53 46 17 54

Number of panel members used in the test: 17
Number of panel members omitted : 3
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Nunber of panel

onmtted

Concl usi ons:

been obser v®P ¥e#en t he water control and Al M GPPS. PCH{/S98/18667
confirmed in the ranking test Table VI: Series 2: Rati ng/ ranki ng test
on- taste Contlugibns: Cont r ol 1* 2* 4
Rat i ng

Ranki ng In the ratlngstﬁgt%o significant dn‘%&e@x%e has been c%igrged between gme 46 5
Nunmber of patater eanfrpland AMIGPRS: Thieisicerfirmed i the ranking tgsdr  of panel menbers .

nmenbers used i
3

n the test:

17

Nunber of panel

menber s
-12-
In the rating test no significant dlfference has

omtted: 4 Taple (iOBEHLD: mng/rankingteston téd?et he ratl ng test no significant
nn%pd to APET 992| and

di fference

Al M GPPS. ThiSampleconfirned i GoRBOl anki 'h test arrﬁ*onl Ry 4 3 very knall
difference i|jRafidgerved hetuped038ese twn| G6H the R8O cont §BI75 Tabl e
VI1: Series BRanking ng/ranking|Bct on odld3 ddople 146

Cont r ol 2% 3* 4 " Rating 0.58
2-768 ﬁurﬂtﬁer of panel nﬁmﬁgrs used in th&&3kHB8J 58

t est:
wat er
10
15
20

1o 15 NORpRfSEpans membER ok 4

unber of panel
omtted: 1

Concl usi ons:
In the rati nQonelasionst si gni fi cant di fference has been observed between

In the rating test no significant difference has been observed between water
exposed to APET 8921 and AIM/GPPS. This is confirmed in the ranking test and only
a very small difference is observed betwsen these two and the water control.

Table VIi: Series 3: Rating/ranking test on odor

nmenbers used in the

Sample Control 2 3* 4
Rating 0.58 0.68 3.11 0.68
Ranking 58 57 19 56

Number of panel members used in the test: 19 _

Number of panel members omitted: 1

Conclusions:

In the rating test no significant difference has been observed between water
exposed to APET 9921 and AIM/GPPS. Thisis confirrhed in the ranking test and only
a very minor difference is observed between these two and the control water.

Table VIII: Series 3: Rating/ranking test on taste

Sample Control 2* 3" 4
Rating 0.38 0.50 3.33 0.61
Ranking 53 54 19 54

Number of panel members used in the test: 18

Number of panel members

omitted: 2

-13-



exposed to APET 9921 and AIM GPPS. This is confirmed in the ranking test

and only a very mnor difference is observed between these two and the
control water. 20 Table VIII1: Series 3: Rating/ranking test on taste
Sanple . W09923157 Contr ol 2* 3* PCT/US98/18667  -.

Rat i ng : 0. 39 0. 50 3.33 0.61

Ranki ng 3 54 19 54 : Number
of panel ne%gf?"?iﬁ.gn‘és'g in the test 18 Nunber of panel nenbers
omtted: 2 In the rating test no significant difference has been observed between watet 3-

bCOHC| UE i ons 'expobsed to APET 9921 ihdklﬂl@ﬁ’éi.”ﬁli% E%bnf%g&ringg%i%nﬁﬁ%k'g?u E%Lgnc'?‘hhas
een observ ween vater ___exposed. to an S. This
is confi rnei%'ﬁ%‘%"rﬁ%ﬁbﬁ@@@gﬁng%&°"°f'86| e I X: Series 4: Rating/ranking

test on odof Sample Sanpl e Control 1*  Cont rjog* 14 ——  |3*
4 r at if matin 0.470. 47 | 247 2| 305 05805
0. 58 aavikingg 67 67 |34 2434 65 - 2
65 5 5§ Nunber of panel nenbers used in.the test: 19 Nonber  of
panel nmenbe mitted: 1 ngl ysi ons: In the rating test
no signific %\'?ﬁ%{"é’%@"%&%”iﬁg@'ﬁﬁﬁgﬁ& ed between water 10 control and
Al M GPPS. Thiumbesofqanél membbrs omittad: # anki ng t est. Table X: Series 4:
Rati ng/ r ankiggefufdne®n taste Sanpl e Cont r ol
1* - 4 rating 0.35
2. 41 3. 41In the rating testpp significant difigrriqedhas been observed between water
32 10  contdPand AIM/GPPS. THhis is confirmed in the ranking test. 3
Table X: Series 4: Rating/ranking test on taste
Sample Control 1" 3* 4
rating - 0.35 2.41 3.41 0.76
L ranking 63 32 19 56

Number of panel members used in the test: 17
Number of panel members omitted: 3

vy

15 Conclusions: .
In the rating test no significant difference has been observed between W'a;éf
control and AIM/GPPS. This is confirmed in the ranking test. '
Therefore, it is clear that the AIM/GPPS blends will perform equally, if not
better than Polyethylene terephthalate which is currently used in the current
20  thermoformed cup market and performed very close to the water control in all the

taste and odor tests.
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Nunmber of panel nenbers used in the test: 17 Nunber of panel nenbers

omtted: 3 1 5 Conclusions: In the rating test no significant
di fference W’B n observed between wat er control a%%ﬁg?ﬁ. This
is confirmed i n the ranking test. Therefore, it 1S clear that
the AIM GPPS_ bl ends will performequally, if not better than -

Pol yet hyl enéﬂﬂMﬁ-bht hal ate which Is currently used in the current 20

t her mof or med cup 10ar k atpolyit@r blend edm@idingery cl ose to the water control in
all the tastésfand

-14- (o) # %gﬂ V\Ft.epsércsént based on tllg total wﬂgb@fWeqﬂ, afay conpri si ng:
a) from 50 tmorgginyidengaropetic pddmemavimgtamigmaﬁragmgheularﬁnéim(hlmv)adsfd, . 01;] : a
[y o S o i B30l sy I oL 1 LT
nin.; and b) from 1249 59 wh pereenthasedonhe tofakweaight obthe blend:oferrubhent al
wei ght of t hﬁqdiﬂeermbno%ylﬁjeﬁu&:aﬁigﬁc polymeﬁ&ﬁpfiéiﬁgja m“”’i“’“ﬁ%‘*ﬁi‘??‘?‘i Oﬂgf,: <r>]
POl TS Ol FRUE bt e ey B Vo ol = ™
conpri se, baeayriss base arothetotal@ieight ofcthe tubberpalttintes, foam 25 ¢ £00 wéiglam. 25 to 100
vei ght 4§ gggéeggﬂrﬁ%?é&lbgnﬁfes gavri.t.g sksﬁsl,i;%raﬁox@gy%e%luoﬁm{aogvepﬂe%%xm%”d a
size of from 0.1 to 0.4 microns. _
2. The blend of Claim 1 wherein the monovinylidene aromatic polymer of
a) is polystyrene.
3. The blend of Claim 1 wherein the rubber modified monovinylidene
15  aromatic polymer further comprises up to 75 weight percent, based on the total
weight of the rubber particles, rubber particles having an entanglement morphology .
and a volume average particle size of from 0.25 to 1 micron. _ -
4. The blend of Claim 3 wherein the rubber modified monovinylidene
aromatic polymer further comprises from 1 to 25 weight percent, based on the total
20  weight of the rubber particles, rubber particles having a cellular morphology and a
volume average particle size of from 0.6 to 8 micron.

5. The blend of Claim 1 wherein the monovinylidene aromatic polymer of

a) has a Mw of from 286,000 to 305,000 and a melt flow rate of from 1 to 2.5 g/10
min.
25 6. The blend of Claim 1 wherein the monovinylidene aromatic polymer of

a) is from 70 to 80 wt. percent and the rubber modified monovinylidene aromatic
polymer of b) is from 20 to 30 wt. percent, based on the total weight of the blend.

7. A multilayer sheet or film comprising at least one layer of the blend of
Claim 1 and at least one layer of a blend (blend Il) comprising:

30 a) from O to 80 wt. percent based on the total weight of the blend, of a
monovinylidene aromatic polymer having a weight average molecular weight (Mw) of
from 150,000 to 250,000 and a melt flow of at least 10 g/10 min.; and

b) from 20 to 100 wt. percent based on the total weight of the blend, of a
rubber modified monovinylidene aromatic polymer comprising a monovinylidene

35 aromatic polymer matrix having rubber particles dispersed therein, wherein the rubber

particles comprise, based on the total weight of the rubber particles from 25 to 100
-15-
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size of fromO0.1 to 0.4 mcrons. 2. The blend of daiml
wherei n the nonovinylidene aronmati c pol ynmer of a) is polystyrene.
3. The blend of daim1l wherein the rubber nodified nonovinylidene 15
aromat i ¢ pomoae23fsart her conprises up to 75 wei ght per centrcTivgssiseéesn t-he
t ot al wei ght of the rubber particles, rubber particles having an
ent angl enent of from
o1 a0 et paRAbrparicaod LR A IGY S MR BEROFT | TOT,
nodi fi ed mrﬂﬁﬁ'%ﬁ‘?ﬂ@ﬁ@mmmoém’ﬁ c pol yrer furt her conprises from1 to

25 wei ght percents. basrad n@xﬂuldyb&sﬁeét@“ﬂrﬁef ClaiWE7 &dh r@fngfaf&réluﬁb%hhaartl cles,
r ubber partlﬁén of?;ﬁ eI I pl ar g yersoigo¥en%q wher in the | rpe .aver age
particle size 0 elfncﬁ'?d?g 8! q‘ﬂ’é’"@l%ﬁ? of Claim
1 wherei ® t hare naﬂbfwmﬁlt@ di@en@’cerﬂoﬁhertqtalphxblwas ofdiie multilayersheétas filn, Mv of  from
286, 000 to 305, 0Qf) angma pfifdyefd \Q’tﬁ@lﬁm@fhawng@t%}glttﬂc%eésQ(fgo(?n02to mn. 25

6. The blend of daim1l whérein the nonovin ne aronmati c pol ymer of
a) is from 708 80 wt . percent and the rubber nodified nmonovinyli dene

aromatic pdloyWerrhefnuhl)aybﬁflﬁmfdbmaﬁﬂ711'1§vi3§)aY$tal e syt froRPserR 8N t he
total wei ght % he bl end. : A mul tilayer 'sheet or fi ' m
conpri si ng aq t one layer of the bl end of Claiml and at | east

one | ayd® of a bl¥dnd Asheetcbr Film) produredifroim©ibe bigad of Claim 1. a) from'O to 80
wt. percent basedoon fhRey Frfa*o?tlm &Qgsﬁtplroaﬁclrmt%gpargﬁt afticl

nmonovi nyl i dene aromati c aV| n f’°u"1 ar wei ght
(My) of po W‘P%ﬁh&%%e'eﬁ'rtgoa blegns mc'éﬁ#m ﬁlamﬂ:twhqr%s th%rtnofoaa@g is10 g/ 10
m n. » an](cj t hcongtllcted a temp@latir BBlowd 44T ér%wa\;vinggbé‘éﬂ Ebo@%l d%e&&ﬁi t OE al
wei ght o e i ed ponov i dene aromatic
pol ymer conpri sid § %ﬁg\?mﬁmﬁ%ﬁ w&%w wEersw%é'thshw $havi ng
rubber P& t i cinelilagérsheetemptising & core layeesfahablefdof Clinelrand two outear t i cl es

conprise, b wei ght of the rubber particles from25 to 100
- 15- ac%SHinBiLyEgeofBﬁ{q@her cent rubber gartl cl es having a capsul e

mor phol ogy and a Wel uFFBe H\@éwag@ing procesg of Claim 2 whereindite palymarghaetiss 0. 4

m crons. a seven layer she8t compng H@tHE%IFoMr@M ersS Eﬂ%ﬁ o‘?fo\mf deln olﬂeﬂh m 7
conprising a co e laye mo out.er

cappi ng | ayeﬁ"‘sa sigh é‘ﬁﬂ'ﬂ?‘{ pg"(ﬁ?@*‘e‘f‘ﬁ b{eﬂ8° B h@"lag{]%’?@ medified; . &:“aach from 5
to 10 p&0cerpolyofefihathyleneainyt dicahoh esadbésiormodifidd palyaletin andthetblend of i | m

9. The m&,&lh.].pyer sheet of Caim?7 having a total thickness #f from0.2
to 10. The nultilayer filmof Caim?7 having a
total thi ckness df- f r Shergofprmed articles produceddyiia process of Claims 12, 13 '

or14.

16. The thermoformed articles of Claim 15 wherein the draw down ratio is
25 atleast0.4. '
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100 sheet or film producedfromt h@%%ﬂ&f' Cz aim1l.

12. A ther m)f orm ng process for producing transpwﬂfnt art gp]s froma
pol ymer sheet conprising a blend as recited in C aopyl, whds
t her nof or mi ngP 'riP

drawi ng ﬁﬁﬁ;&Mi PRElSHED Mﬁ@iﬁwg{ﬁﬁqﬂﬁdﬁ&%@pﬂ?

c onpri¥ixinieppaty lﬂflefy@}%f t be bl énd |af) Toleational Publivakioh Wombetat er Wwo 99[281)37!
szoﬁ;ls

I c08Ib C08J 5/18, B29C M. The th f f '
1§y hor & .w, BAzD wa/moswé@ﬁ 515‘54, 4p ’é‘%’\'e?%‘ﬂ“ﬁ? é‘ggp&?‘gg%g? E Bﬁ%ﬁ?@'?%“f’?@'
f ol | joM = gh ' j ah-adhesion |

i A
nodi f(il?ﬂtenlgtlloxﬁAﬁiihaon ﬁuﬂﬁer b| engc&%wgs% :l: ;s Jhe atﬁ@ﬂﬁ& IAQWQQIIU ﬁi‘,nﬁoan BG n

pol ylol efin, ethylene vinyl alcohol, an SV.AIA, nlbd:Nfd!leda

bl enld Z%Fnernatlonal FiflyzDotgy 1 4 September 1998 (04.09. 98) 1 gg)(ﬁf iﬁ&{?}tﬁ@-« %
by tihe process of Clains 12, 13 ()r 14mx NO. NZ, PL, PT, RO, RU E, SG, SL, TJ.
t her jnanp Biiosiydbatar t i cl es of Cl ai m 15 wher ¢i n t L, TR T UAOUR WaYN.O’UJ@V.ZBIPOMt
| eask 0. 4601063851 31 October 1997 (31.10.97) Us (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent
60/087,088 28 May 1998 (28.05.98) Us (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent
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(54) Title: RUBBER MODIFIED MONOVINYLIDENE AROMATIC POLYMER BLENDS
(57) Abstract

The present invention is a blend of a monovinylidene aromatic polymer and a rubber modificd monovinylidene aromatic polymer,
which can be used to produce cost effective, transparent packaging that can be used in food packaging and non-food packaging markets,
and can be produced using conventional thermoforming equipment. The blend comprises: &) from 50 to 88 wt. percent based on the total
weight of the blend, of a monovinylidene aromatic polymer having a weight average molecular weight (Mw) of from 265,000 to 400,000
and a melt flow of less than 2.5 g/10 min.; and b) from 12 to 50 wt. percent based on the total weight of the blend, of a rubber modified
monovinylidene aromatic polymer comprising a monovinylidene aromatic polymer matrix having rubber particles dispersed therein, wherein
the rubber particles comprise, based on the total weight of the rubber particles, from 25 to 100 weight percent rubber particles having a
capsule morphology and a volume average particle size of from 0.1 to 0.4 microns; and from 75 to 0 weight percent rubber particles having
an cntanglement morphology having a volume average particle size of from 0.25 to 1 micron.




