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RADI AL BLOCK COPOLYMERS . BACKGROUND OF THE | NVENTION 10 1. CTJF?&_Q :
of the Invention The jinvention relates to a process for the ?Of—-‘
manuf acture of a sem - transparent thernoplastic conposition of a

pol yphenyl ene ether resin and a styrenic radi al block copolynmer wherein

the processes conprises nelt-m xing t he pol yphenyl ene ether resin in a
powder formwi th the styrenic radial. bl ock 15.1.copol yner. The conposition

of the invention may al so contai n pol ystyrene resin. The

invention also relates to articles formed out of t-he conpositions made
by the process of JEMI-TRANBFARENT BLENDSOFHODEBHENYLENE ETHER ARID at ed

Art 20 In the food handling area, clanshell styled containers having
an opaque botFRENKC RATHAL KCPBILYMERS, great demand for

pr epar ed foods. Busy consuners desire to purchase entrees at a | ocal
store or restaurant and take the neal hone for the famly neal.

Reheating the food in

BACKGROUND OF THE INVENTION
10 1. Field of the Invention
The invention relates to a process for the manufacture of a semi-
transparent thermoplastic composition of a polyphenylene ether resin and a
styrenic radial block copolymer wherein the processes comprises melt-mixing
the polyphenylene ether resin in a powder form with the styrenic radial block
15 copolvmer. The composition of the invention may also contain polystjrrene
resin.
The invention also relates to articles formed out of the compositions made
by the process of the invention.
2. Brief Description of the Related Art
20 In the food handling area, clamshell styled containers having an
opaque bottom and a see-through top are in great demand for prepared
foods. Busy consumers desire to purchase entrees at a local store or
restaurant and take the meal home for the family meal. Reheating the food in .
a microwave oven is often the method of choice because of convenience and
25 time and consequently the clamshell stvled containers must have sufficient

heat resistance to withstand steam and hot greases and oils. Additionally, the



a mctowave oven is often the nmethod of choi ce because of conveni ence and
25 time and consequently the clanshell styled containers nust have

suf fici ent heat resistance to withstand steam and hot greases and
oils. Additionally, -the S '

{2- cont ai ners must have sufficient duc[&]ity to not break on
handl i ng and use by both the food preparer®and the consuner.

In order to achieve great penetration into the clanshell styled container

mar ket, a resin ne . | oW €0 .have oyt.standin .
processability, SCSﬁt:iv"%qut%f s?%‘lagﬁtsuﬁlrcgetﬁ‘st ?i’?%ﬁ@ymf%‘f% q’S%ﬁof‘éngl‘gﬁéﬂdt%Fé’éfgh
t he cont ai ner top,mththmbgﬁgﬁékghﬁ@mmmﬂe}y to withstand breakage, and
be able to resist hot reases and oils fromfoods on heating in a

M crowave oven. In ordeudp pehipve great penefzatioreiny the gamshell stiledrooptaiseri c
esi ns because of

hei r. |l ow cost, angd, easy .pr ssabiljty. These _. .
resirts are avail Jﬁ?ré(egif IEin AAS 8! MEIO%F%t e Ve(%‘f*f’{?ﬂ\é&ﬁ PERFessability
pol ystyrene), as IHaQelsufficietORShspRRERCY MirtfBod &b st QUERI the bohei X
S-B-S, S-(EB)-S, S—aEP " cuéopol yIers) ,y arxl'd as i npact md??ﬁﬁ?ﬁ%eg??ﬁ%
wi t h pol ybut adi endavessufficient drctlty. tanwithstand dreakagee godi les ablehtr gesistehot

expandabl o, and erFRERRBAHS Fors Batts g in AZRREwAYe ¥eRics t it enabl e
Such a5 Loys, packag g Wobsmey o Sl s MeApE I eckid
aut onobi | e p;irts, theigt th,vspmsabamt.ea,sy processabiligp| y'S'El'sesernsirsshres,axéﬁable as
currently usedmi : hnoamngpcﬁlyr%@h%uysgye:%ri\gm(ao?ten called crystal polystyrene), as block
copolymers with elastomeric materials (e.g., S-B-S, S-(EB)-S, S-EP
copolymers), and as impact modified graft resins with polybutadiene resin
(HIPS). Within these categories, there are flame-retardant, abrasion resiétant,
super-tough, UV-resistant, expandable, and environmental stress crack
15 resistant grades that enable these resins to be used in a wide variety of
everyday consumer goods such as toys, packéging, housewares, construction
materials, automobile parts, and disposables.
Polystyrene resins are currently used in many clamshell designed
containers, both in foamed opaque clamshells and in containers having see-
20 through lids. Unfortunately, the properties of the various polystyrene resins
are insufficient albeit for different reasons for 'great penetration into the
market for clamshell stvled containers having an opaque bottom and a see-
through top. For example, crystal polystyrene is insufficient in ductility
although acceptable in cost, processing, and transparency for the top.
25 Addition of rubbery stvrenic copolymers (S-B-S, S-EB-5) to crystal polystyrene
improves the ductility but at the expense of the necessary transparency. High
impact polystyrene (i.e., HIPS) has good impact strength but is not
transparent. Polvstvrene-butadiene radial block copolymers containing over
fifty percent styrene exhibit good ductility, cost, and transparency but are

30  insufficient in heat resistance.



contai‘ners, both in foaned opaque cl anshells and in containers having see-
20 through lids. Unfortunately, the properties of the various polystyrene

resins are insufficient albeit for different reasons for great
penetration into the mar ket for clanmshell styled containers having an
gpaque bottom and a see- t hrough top. For exanple, crystal polystyrene
i's insufficient in ductility al t hough accé%’( able in cost, processing,

and transparency for the top. 25 Addi ti on of rubbery styrenic copol yners
(S-B-S, S-EB-S) to crysta | ystyre . inmproves, the ducfility but at
the expense of the necei’SL}'@R?'{Yi?%epﬁnﬁ%y!esﬁquﬁegﬂed itophesealsen \ast YWY are
(i.e., HPS) has geefmhéeRlly SfaRReé nietialsS embinati

v St sSbétalise of thE{ragl\ﬁl@rﬁE ‘gmb‘f'f‘?‘?g} of

Pol yst yr ene- but adi ene radi al bl ock copol yners contal ni ng

percent styrene exiphysicalgebemitatt and welectricad tproperties.r ZDempateecially biiost PPE3&re
insufficient in heat, resjstance. : . : )

3 poPSld R HEnan&ith Resdomminantix high inepact polystyesreamsias. FPE are
"PPE") are ONMpRILSi | re?ﬁ% [ i Laue
conbi nati on of s phygtiﬂcgrli@a%ﬂg%%%}é,e an eLEell %ic? F@ﬁ”ﬁf%ﬁér%ﬁﬁe of the very
Commerci al |y, nost higltglasetransition teimperabires of PRE] thefbletizof RFE WithpdlPstyrene

i npact pol ystyrene resins. PP re. 5 nm.scible with polystyrene resins’in
al | proportions an&%ﬁﬁ%"@s%ﬁgﬁﬁ’éh??&rﬁmmc Hté?teﬂfsth? P&i/ﬁﬁ'ﬂle@ﬂ resins alone.

tenperatures of PPRofelfed bt \einBinabbkofPPR wil K%ﬁ%ﬁégf %%lys{y?&{éﬁsﬂgsr&&ﬁ?s

hi gher heat resistance than that of the polystyrene aFone.

Mor eover, the conbiimadditiondl dveraliipropértigh shdpasthighlf}mya{rﬁhelutﬁﬁign&xowever,
results i n additi Ott'l)fﬂ over al | &p\r'\(sj;?ert i es such as high flow an '
ductility, howdder Sudlblendsiare noh transparent,or even semirteansparendy dixamples of such

sem -transparent. [piéHHl B Ye $MHY in US. Patent Nos. 3,383435; 4,097,550; 4,113,800;
4,101,503, 4,101,504, 4,101,505; 4,128,602; 4,139,574; and 4,154,712 among
others. The properties of these blends can be further enhanced by the
addition of various additives such as impact modifiers, flame retardants, light

15 stabilizers, processing stabilizers, heat stabilizers, antioxidants and ﬁllefs but
none of these . additives results in transparent or semi-transparent
compositions that would be useful for the aforementioned clamshell styled
containers having a see-through top. Moreover, the melt blending of styrene-
butadiene radial block copolymer, wherein the styrene content in the

20 copolymer is at least 50% by weight based on the weight of the copolymer,
with pellets of PPE or PPE blended with high impact polystyrene results in
degradation of the styrene-butadiene radial block copolymer and sheet made
the composition has an unacceptable surface quality, including unacceptable
gels.

25 It is therefore apparent there continues to be a need for improved
compositions as well as processes to manufacture compositions containing
polystyrene resins that have acceptable | Iductility, heat resistance, and

transparency for use in clamshell styled containers having a see-through top.
SUMMARY OF THE INVENTION



bl ends can be found in U S. Patent Nos. 3,383,435; 4,097,550; 4,113, 800;
4,101,503, 4,101,504; 4,101,505; 4,128, 602; 4,139, 574 and 4, 154 712 anong
ot hers. The properties of these blends can be further enhanced by the

addi tion of various additives such as inpact nodifiers, flanme retardants,
l:i ght 15 stabilizers, processing stabilizers, heat stabilizers,
antioxidants and fillers but none of these™additives results in
transparent or seni-transparent conposi tions that would be useful for

the aforenmenti oned cl a el yl.ed ont aj ner havi ng see-t hrough

top. Moreover, the nel tHS é}FSfS*ﬁgd'B?“ ﬁ?raé? € ai??ﬁdg &hoﬁaﬁlﬁ tied oy the

copol yner, wher ei NdishgvéryY'dina CorokeRt fof e Eﬁnuﬁfeaﬁleyfs‘?f al See eftli- %@%ﬂ@.\g%
S r

by wei ght based on the wei ght of the copol yner, eIIe

PPE bl ended with htwmtcmpysmyn@natalmgits in degr adation of the
st yrene- but adi ene radi al, bl ogk Cogf}-ﬂé”@l and she t made t he

conposi tion has an unac%)eﬁlpg pheg € eﬁﬁ%ﬁ‘ﬁ"tai‘ i ncl udi ng unaccept abl e
gels. 25 s It is g armtﬁﬂm@ﬁ@t 428

I'mpr oved corrp05|t|oy;s as well as pr ggessesoﬁg%n%&gﬁéctﬁlpgge&%ntgg q?'ﬁe&ﬁ
cont ai ni ng ‘pol ystyr enenteaslxmshe hapolbrm is at dpdss 1508 65:0%1@1{ baskPoh the
resi stance, and transparency..for |n cl.anshel | Ied cont ai ners
having a see-through top. Weight %‘{N\W" NrQ}EF\?FFUQ‘ utadiene block length

{ ﬁe di scover ;hgf ”g%fﬂg?ﬁgﬁ-@t%@ﬂ&%%?gﬁx%&omg@%& g&ﬁg%ﬁ#@g‘[tm
t her noptasti c conpositi on wavelenigth ofjvisible light;
| 10  wherein the process comprises melt-mixing the polyphenylene ether resin in a
powder form with the styrenic radial block copolymer. The process may
optionally include melt mixing crystal polystyrene with the polyphenylene
ether resin, and styrene-butadiene radial block copolymer.
The description which follows provides further details regarding this
15 invention.
DESCRIPTION OF THE DRAWINGS.
Not applicable.
DETAILED DESCRIPTION OF THE INVENTION
Polyphenylene ether resins are a well known class of compounds
20 sometimes referred to as polyphenylene oxide resins. Examples of suitable
PPE and processes for their preparation can be found in, for example, US.
Patent Nos. 3,306,874; 3,306,875; 3,257,357; and 3,257,358. Compositions of the
present invention will encompass homopolymefs, copolymers and graft

copolymers obtained by the oxidative coupling of phenolic compounds. The

[
v

preferred PPE used in compositions of the present invention are derived from
2,6-dimethyl phenol. Also contemplated are PPE copolymers derived from
2,6-dimethyl phenol and 2,3,6-trimethyl phenol.

Useful PPE include poly(2,6-dimethyl-1,4-phenylene ether) resin having
an intrinsic viscosity (1.V.) of between about 0.15 and about 0.60 di/g as

30 measured in toluene at 25°C. and a concentration of 0.6 gram per 100 ml. Ina



a) a pol yphenyl ene ether resin, and 5 b) a styrene-butadi ene radi al

bl ock copol yner, wherein the styrene content in the copol yner
is at | east 50% by wei ght based on the _ wei ght of the
opol yner, and wherein the butadi ene block | ength and

itructure results in butadiene domains that are-.smaller than the
wavel ength of visible light; 10 wherein the prgcess conprises nelt-m xing

t he pol yphenyl ene ether resin in a powder formwi th the styrenic radial

bl ock copolyner. T e \ i.opally incl melt nixjng crystal
pol ystyrene with t %ge%g% gip%gnyE :Et‘eﬁnleé1 t Of%étlﬁ‘é%‘q%% itﬁ? %@%%?‘éﬁ’é&ﬁﬁ&aﬁﬁéﬁﬂ
radi al bl ock copol YO¥1).of between aboutl 0.25 d@@Cibduti 0235 &Bs itlab@d B RrhdRSat
further details regarding this 15 invention. DESCRI PTION OF THE

DRAW NGS. Not 8P+ ansha eoncentratipry of 0.6QrORFERIAI AN OF THE | NVENTI ON
Pol yphenyl ene et her rgsi wel |...kno cl ass .of conpounds 2 _
sonetines referred toftzs r%&%@hé?f??@ﬂgoﬁﬁ},%%o N E‘Fﬂgt aéxgﬁw%%e'ﬁf s ShHFese-
PPE and processas fuutadigeé rradipBloaki &6pd} ebe Wi ithe nEXaSHRbRY il the
Pat ent Nos. 3, 306, 874; 3,306, 875; 3,257,357; and 3, 257, 358. Conpositions of

t he present i fPpAlYMReT igiat leash 58 %y sveightdmsed ey the weight pithe capolymer,
graft copol yner i. 0 t he oxj datJ ve,coupl ing, of phenoli )
conpounds. The 25 %?e%%gga etgf’%‘gﬂn? ﬁi%gdﬁﬁgﬁht %‘E 556‘2“% gp%tﬁgsghﬁutadlene
i nvention are deri \@indihe that gmbéiél fRh @ QigEmpt I avﬂ.ﬂ,_na
PPE copol yners derived from are 2, 6-di net hyel wghgl%g angl 2, SEﬁEHrll nmet hy e

phenol 3 Us druadipre blogkl ledgthpand @ﬁ-,(ueaue mtfgdbkﬂbmnm:gydmmtthﬂ gre
resin havin n_intrinsi,c viscosit l..V.),,0f between about 0.15 an
about 0. 60 gl / gwasei?@er rtg'c’i ?”ﬁvglt%}f‘ﬁéhedat" @Fe}‘gﬁé\.,\%%o“mﬁt Pt then

qf 0.6 gram per 10Qoffipositibr is unacceptable. The composition may optionally contain

crystal polystyrene.
These radial block copolymers are derived from vinyl aromatic monomers
and conjugated diene monomers and are also well known in the art. The

15 preferred vinyl aromatic monomer is styrene and the preferred conjugated
diene monomer is 1,3-butadiene. Copolymers of this type generally comprise
from about 60 to about 95 percent by weight polymerized vinyl aromatic
monomer and about 40 to about 5 percent by weight polymerized conjugated
diene monomer.

20 By radial block copolymer is meant a radial architecture wherein the
copolymer has at least three polymer chains which form a radial
configuration, and each chain usually terminates with a substantially non-
elastomeric segment (the polymerized vinyl aromatic monomer segment), to
which an elastomeric polymer segment is joined (the polymerized conjugated

25 diene monomer segment). These radial block copolymers are also referred to
"polvmodal branched block copolymers" and "star polymers".

The production of radial block copolymers is broadly disclosed in U.S. Pat.
Nos. 3,639,517; 4,091,053; and 4,584,346, the disclosures of which are hereby
incorporated by reference. Briefly, polymerization involves the first addition

30 of a monovinyl-substituted aromatic component monomer (e.g., styrene)



-5- 7 preferred enbodi nent of the invention, the PPE have an intrinsic
Vi scosity (1.V.) of between about 0.25 and about 0.35 dl/g as nmeasured
in tol uene at 25[err]C. and a concentration of 0.6 gramper 100 m.

The present conpositions also contain, as conmponent B, a styrene- 5
dutadiene radi al bl ock copol ynmer, wherein the sgyrene content in the
copolynmer is at |east 50% by wei ght based on the wei ght of the copol yner,
and wherein the butadiene block Iength and structure results in butadiene
domains that are s i | | .
but adi ene bl ock | erfméiﬁ g\lgh??lrgc S\Pgurﬁ{é‘gﬂﬁlgaﬁ tXg’u |d§ﬁeé ?il ﬁ?gtit%lanryé'
10 larger than theubstiteteshgrbmafic iompdrent i palymet ttﬂodksampanaadywﬁh litldum
conpositions is unacce

t 03|t|on ional ly contain
crystal pol ystyrendt© fgﬂm"?ﬂeg\a tf‘%d dHF‘b‘&‘k%ﬁ?ﬂ#s‘Wﬂ @y additiopal
vinyl aromatic rmn - ﬁ;ﬂqg |
known in the art. (?L"Smlps g?&g In aro tg@%ﬁgﬁg??%ﬁ r%@ag\é\g a
the preferred conj Lsgem&ﬂgroup of mmaonmvd)-lsebshtateﬁ, &oh\dtﬁ(bo&i}mneﬁolpa pii@ blodks

this type generally conprise on,about 60 t bout percent by
wei ght pol ymer i zed &¥h W%Fﬁﬂ {n &e’—’ko Q)CQBWWSI diene

percent by wei ght pgk bt 789 CPYI .
radi al bl ock copol yﬁel?{é;li'f.l 313% ‘P@H& 'a )arcﬁﬁdg{:ﬁ?ure ereicﬁgﬁecoréxst‘ng of

copol yner has at | aaenovlhybmhmltyu&ﬂr aromatics coinpohertodigna blocksakerminated with
configuration, and each chain usual |y termg&éﬁﬁw th a substant ially non-
el ast omeric segnmentIHiHB aims havingapirying len juse f thermy Ml’lonpéthe

whi ch an el ast ofer i foR&Y '1%@@'5@ t ] ol d i

25 di ene nononer segrre '*?pg ese lraadl a EOA% gm%gﬁé#é?al%?r g'%g?%’éd
to "pol ynodal Thexeafterd al;bcﬂckzmﬁpn&ly«mxp&xhgaa‘gént $aringoal jeasy three functional
The production of radial bl ock copol ymer s 45 broadlégdi sclosed in U S Pat.

Nos. 3,639,517; 4, CFPupsBer mplecilsissmplayed ipjo) togedenalumfityaf tesechains so
her eby | NCOT PYALE Yolbh HRIVIREN tHoleblile Chaving PRIMER!' p8yntiided’ Horervityle

first addition

substituted aromatic component blocks. These block copolymers are
15 commercially available under the tradename K-Resin from Phillips
Petroleum.

The radial block polymers of component B are further characterized as
follows: the polvmerized monovinyl-substituted aromatic compound
monomer content in the relatively high molecular weight diblock polymer

20 chains produced by the first addition of monomer and initiator and
conjugated diene addition is calculated to be less than 90 weight percent,
preferably 80 to 89, more preferably 84 to 85 weight percent. Tﬁe polymerized
monovinyl-substituted aromatic compound monomer content in the
relatively low molecular weight diblock polvmer chains produced as a result

25 of the second addition of monomer and initiator and conjugated diene
addition is greater than 46 weight percent, preferably 47 to 70, more
preferably 49 to 67 weight percent.

The ratio of the calculated number average molecular weight of the
polymerized monovinvl-substituted aromatic compound monomer block in

30 the high and low molecular weight portions (portions resulting from the first



30 of a nonovinyl-substituted aromati c conponent nononer (e.g., styrene)

- 6- along with an organolithiuminitiator to produce a group of

nonovi nyl - substituted aromati c conponent polymer bl ocks tern nated
with lithium atons followed by the introduction of additional initiator
and addi ti onal monovi nyl -substituted aromaiic conpound nononmer so as to
produce a 5 second group of nonovinyl -substituted aromatic component

pol ymer bl ocks also termnated with |ithiumatons. Thereafter, the

conj ugated di ene and MBRGRB ififtiator dnd- RFrRYirIRUbitiutdd ' QUGS t(gnié,g&und
chai ns consi sting of nmonovi nyl - substi tuted aromati ¢ conponent

bl ocks tern nat ed swnhomer addlttdmsumspemly)as'Brtg 7v preferably mSg:bhlsS bTheusteo of

the nultiple addltlon f the 10 ,nonovi sfituted aronatic corrpound
nmonomer and initia CUIatQhEV@é?F’E &veragép t V8 g’% toigl manqvinyl-
having at |east t Wtﬁf?,nfd%@&ta'r&%hc compBufRfieRE bidR! &Cﬂllleefupﬁ a‘?{q)lo(w $olbOutar
10|ntogether a plurality of these chains so o foPm pol yner

nol ecul e havi ng t ewrighal pcpmioytﬂerespemhvrebnoxsl tesk - than 4 5| lpreferabled 2ato Bt inore

conponent bl ocks. es opolynmers are 15 comercially avail able
under the tradenar@“% R&H_ﬁ %31 Phillips Pet r ol eum The radi al

bl ock polymers of co n t Qe rl a
pol ymeri zed nonovi nyIFﬁ)ig E@?l‘?ﬁ?gsg lgdr%ngt F%ﬁga%nggagoé&@&tngl}loonr?evrlﬁ)gon gut%cﬂ

the relatively hi giromutieoonspourei itttenti withirktheahnge of 85 to 80aindse pfaémgd
the first addition nononer régg, Ml t| tor and conj ugat ed di ene
addition is cal cul ®damast peete vatd?ﬂrc%f cent,

10 In some embodiments, compositions of the present invention are further

enhanced by the inclusion of homopolystyrene resin, commonly called crystal
polystyrene resin. When used, the level ranged from about 1% by weight to
about 70% by weight, preferably from about 1% by weight to about 60.% by
weight, based on the weight of the entire composition.

15 In some preferred embodiments, it should be clear that the thermoplastic
compositions made by the process of the present invention are substantially
free of other thermoplastic resins with the exception of the optional
homopolystyrene resin. The other thermoplastic resins that the compositions
should be substantially free of include polyamide resins, high impact

20 polystvrene resins, polyester resins, polvcarbonate resins, polysulfone resins,

polyarylate resins, poivphenylene sulfide resins, and polyetherimide resins as

well as various mixtures of other thermoplastic resins. By “substantially free”
is meant that the compositions contain less that 5% by weight, preferably less
than 3% by weight, more preferably less that 1% by weight, and most
preferable essentiallv none of the other thermoplastic resins, wherein all
percentages bv weight are based upon the entire weight of the composition.

It should also be clear that the thermoplastic compositions made by the

process of the present invention are free of other thermoplastic resins with the

exception of the optional homopolystvrene resin.



preferably 80 to 89, nore preferably 84 to 85 weight percent. The
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rati o of t he calkuhetabld levelbefr theyvariops eemnpenents depeads opfsevpral factars,
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ow ol ecul ar 5S“§£q - Brros the FRRBRLE fod | R oDy Breh O AUBTRly |
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ranged f rom about y welight to
are based upon the weight of the entire composition. In another preferred

- O]

oy

10 embodiment, the level of PPE that is present in the compositions is that which
results in a composition having a heat distortion temperature of at least about
170°F, preferably of at least about 180°F when measured at 264 psi under the
test conditions described within ASTM D 648.

The compositions of the present invention can be prepared by a variety

15 of methods involving intimate admixing of the materials with any additional
additives desired in the formulation. A preferred procedure includes melt
blending, although solution blending is also possible. Because of the
availability of melf blending equipment in commercial polymer processing
facilities, melt processing procedures are generally preferred. Examples of

20 equipment used in such melt compounding methods include: co-rotating and
counter-rotating extruders, single screw extruders, disc-pack processors and
various other types of extrusion equipment. The temperature of the melt in
the present process is preferably minimized in order to avoid excessive
degradation and gel formation in the styrene-butadiene copolymer. It is

25  desirable to maintain the melt temperature between about 200°C and about
330°C, although higher temperatures can be used provided that the residence
time of the resin in the processing equipment is kept short. In some instances,
the compounded material exits the extruder through small exit holes in a die

and the resulting strands of molten resin are cooled by passing the strands



about 70% by wei ght, preferably from about 1% by wei ght to about 60% by
wei ght, based on the weight of the entire conposition. 15 In sone
preferred enbodi nents, it should be clear that the thernoplastic
conposi tions made by the process of the present invention are substantially’
free of other thernoplastic resins with the exgeption of the optional
honmopol ystyrene resin. The other thernoplastic’Tesins that the conpositions
shoul d be substantially free of include polyam de resins, high inpact 20

pol ystyrene resin ol,yester resing, po ar bopate yresjns, polysulfone
resins, pol yarslb'f‘gﬁ ?@ﬁ%%éatgolr]@ﬁn%ﬁté fary F@Rﬁfu‘éﬂémﬂl pellets

pol yetheri m de r eghPpad@ging artPhrtiies h\éﬂ&?ﬂg_s m xtures of other
thernoplastic resins. By "substantially free" is meant that the

conposi tions cont ai nThephysitaltfofitoangd siee ghthe PPE iscitegiryarit @6 dbtaininigha Sma%etdy
vel O e PreToLShly Lessdbat ey el Ul o2, ok B B ardit e
P Chmica O b et R R B Aol el A
process of the preberstyienedbutidienscepdlymer alegradar ard becomnbs edss-linked N SThe
U T e et i ApPE B SnigebAR TS Pty ssfaseiofonn
L0117 v L B o o X ion o
such as the end- usgelpithe hse PPE gostder idipreferved i procepsof thetpresgit invietions By
and 10 powder is meant a PPE particle size wherein at least 80 weight percent of the
PPE will pass through a 3000 micron sieve, more preferably at least 90 weight
percent will pass through a 2000 micron sieve. Typically, the PPE used in the
present invention is in the form as collected after precipitation with a non-
solvent, e.g., methanol, from the reaction polymerization medium, e.g.
15 toluene. Larger PPE particles may be utilized with acceptable results when
homopolystyrene resin is also present in the process.

It should be clear that thermoplastic compositions made by the process
described herein are another embodiment of the present invention. It should
also be clear that articles formed out of the thermoplastic compositions

20  described herein are another embodiment of the present invention.

All patents cited are incorporated herein by reference.

The invention will be further illustrated by the following examples.
EXPERIMENTAL

In the examples the following materials have been used:

25 PPE: a poly(2,6-dimethyl-1,4-phenylene ether) with an intrinsic viscosity of 30

ml/g as measured in toluene at 25°C. and a concentration of 0.6 gram per

100 ml;

KR-05: a radial block copolymer of polystyrene and polybutadiene and
having an overall styrene content of about 75% by weight and

30 commercially available from Phillips Chemical Company;



5 the particular type and characteristics of other conponents which are
present. Usual |y, about 5% by wei ght to about 70% by wei ght of PPE
is present, based on the weight of the entire conposition. In one
‘preferred enbodi nent, the level is about 5% by wei ght to about 30% by
wei ght, wherein all weights are based upon the weight of the entire
conposition. In another preferred 10 enbodi ntht, the I'evel of PPE that is
present in the conpositions is that which results in a conposition
having a heat distortion tenperature of at |east about 170[err] F,

preferably of at Has8ystahpolystusene fasin avatabledaony BASK and Clieyen as grades
test conditions desggdopeddEB3400 é%%t@e@?gnd The conpositions of

the present invention can bé prepar y“a variety 15 of nethods involving
inti mate adm xi ngHIAS: t highnirhpadtapalystiytdhecanailabléi froanThevron asigeide MXE5350,
desired in the fornmulation. A preferred procedure includes nelt

bl endi ng, al t hough Yaltra 783 -bl endi ng i s al so possible. Because of the

availability of nel hl’i‘é)’gh ' EH?HE ' OTGRE Pe:l?ﬁ . Dk- '
facilities, m%l t pr ?)}clgs ngﬁ%rtsg%gtfar es %‘l‘rugaege}nergﬁé}é%re erg‘r;ég%%%g%'gge of
20 equi pnent usefdllowingledblentn a wdfizotewl exguder Withstentparatige sétbingdlover e
and counter-rotating extruders, si na%lpe screw extruders, disc-pack

processors and lengiheofi the extruder betyren abouk 280 agd ghout3i 056 ikhe strew speed

tenperature of t ggéd i o] o] | h [ nini gl zed
in order to avoi 2@, gxces‘édlﬂ\?/'ethe thmt‘%glg giggggg& aq?egg}ou?b%lng%‘%ﬁﬁm ¥ fod
st yr ene- but adi eneatCtheothysdt! of tHe éxdrder. Ok sRbhds & t frogn thé BRUriBér were

t enper ature between about 200[err] C and_ about err] C, although

330
hi gher t enper # urpletized pad driad for abputd hones at ahout 4307 e dde dried pelldtsywers

i gher ¢ emper sed b for bpu a4 _
the conpounded matieeran EoriE HiB o ASPM T8 ebeckibrB 0 mEMARRET: o

die and t hephsicdl préygersies.ands of nolten resin are cool ed by passing
t he strands :
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pellets

for

handl

I ng.

The physi cal

and size of the PPE is inportant to obtaining a snooth

conposition with a | ow gel

t he shear

cross-linked materi al

extruded sheet of the conposition.

content.
heating in the conmpoundi ng equip
styrene-but adi ene copol yner degrades and b

giOI'TE

surf ace

As the PPE particle size s
is increased and
s cross-linked. The

i ncr

through a water bath. The cool ed strands can be chopped into snal
packagi ng and further

form

eases,
t he

may appear as unacceptable gels on the surface of an
to mnimze the formati on of

In

(0]

gels, the use PPE powder is preferred in process of the present invention
By 10 powder |Sanpkeant |a PP$2parchIe gi ze [wher ¢en afl 7l eag® SO0 [wer gMtyo
percent of the PRETwHHTpassTtimrough—a 13000 et< osrc' HR4-e
preferably at reast 90 {wei gt pergent W ll_ pass rou ﬁ 2860 i*r on
sieve. TypicalPy, the PP used in the|70 pgresent in entign is (40 tHeoforim
as collected gffger—pre rprrctm(pn Wt a ToT- sotyentTeru— ..m.an"',
fromthe reactioo_polyderizationinediym elqg 15 tﬁluend lLanger
particles may|KB%tilided wijth add®tdbl e &8ul t|$5whdr0 5ﬁondﬁ8lyqﬂ9re e
resin is al sopfopeeest I[N Thg progess. [ shoyra pg cregr Th
t her nopl ast i ¢ l-eerpoesi-tHens—Hade—Ry—thgq—predess —~descrilhed Herein are
anot her embod{ F&#Y of (|8 prl@ent| Yehvd B or Y55 t [dfbulfge [yenr daepe |cYeear
that articl es|HDTe240ytionf [t1BE t]186 NY@BASt|i162 cqrpdsij2oond 249 [ROECT)IBET |
herein are andtphat enbddi nerft of {the dreserft inJyentidn. All patenrts
cited are inc@fporatedlhereiln by Ireferlence he inventilon will |l be
further illustmretcked by (042 flGIR0oVilH§ PO2Apl|PS7 | 091 BAPERI|VBNTAL4S {06 {in
t he exanpl es thgdafl | oy ng materijal s Have HQeen dsed: |25 RPE: 4
poly(2,6-dinenq% -1, 4- ghenyliene dther)] wth an ijntrirsic Miscogity 30
m/g as neasuré /®n tolluene lat 29[ err]|C. and a doncentratilon of| 0.6 lgram
per 10 ®yndtup 1.38R-|0B38 g Watijat bljaele damasl rees dif27ROTlyEd VT aphd
pol ybut adi ene %ﬂﬂmnﬂ- hgvi ng Jan overal || styriene gontent of jabout| 75% py
wei ght and 30 Ibs commgrciallly aviail abl e frjom Philligs Chgm cal| Conppny;

Flexural 468 295 |213 (462 [174 |224 [251 |299 |332 |316

Modulus,

kpsi

Flexural 29 21 17 17 15 19 23 29 30 38

energy @

break, Ib/in

Tensile 9655 | 4730 | 3947 {10900 | 3763 |4700 | 6238 | 8447 | 7894 | 8544

strength @

yield, psi .

Tensile 9 70 210 |8 245 |51 25 22 14 19

elongation @

break, %

Examination of the properties of samples 1, 2, and 3 reveals some of the

problems with styrenic-based resins for food container applications. As seen

by these data, the ductility is poor for crystal polystyrene (sample 1), or the

clarity is absent for high impact polystyrene (sample 2), or the heat distortion

temperature is too low (sample 3). The addition of PPE to crystal polystyrene



- 10- PS: crystal polystyrene resin available from BASF and Chevron as
gt ades 1800P and EB3300, respectively; and H PS: hi gh i npact

pol ystyrene avail able from Chevron as grade MA5350, Valtra 7023. 5
The ingredients were conpounded in the weight ratios as indicated in the
following table in a twi n-screw extruder wt enperature settings over the
| ength of the extruder between about 280 and dbout 310[err]C. The screw
speed was 300 rpm the throughput 10 kilograms per hour. All

i ngredi ents were t Q he e r, The strapds com ng
fromthe extr uder&%\g}:’le ib%crg%?ettgézg'%g ggﬂ lfbl?f‘h]y Ao §HE deficiensyt
110[err]C. The drMeteqwvet, additior 6f PPE ite)] HIRS Qéhdﬁokdi% eﬁysmo?{saﬁﬂﬁr&eAﬁw

test specinens for neasurenent of physi cal properti
transparent or even semi-transparent. Addition of PPE to a radial block

=,

copolymer of polystyrene and polybutadiene and having an overall styrene
5 content of about 75% by weight (samples 5 to 8) unexpectedly lead to an

outstanding balance of properties, including the required degree of

transparency for food to be observed through a clam-shell top. Samples 9 and

10 illustrate that crystal polystyrene may be added to the compositions of PPE

and radial block copolymer to further refine the properties (such as rigidity)
10  and cost of the composition.

The preceding examples are set forth to illustrate specific embodiments of
the invention and are not intended to limit its scope. It should be clear that
the present invention includes articles from the compositions as descﬁbed
herein. Additional embodiments and advantages within the scope of the

15 claimed invention will be apparent to one or ordinary skill in the art.



Table 1. Sanpl e 1 2 3 4 5 6 7 8
9 PPE 30 5 15 30 50
70

0 wes (ANIMIMMKEAN oG THIS SHEGT HAS BEEN
95 85 70 *50¢ Lt ™0° 40 Heperties: clarjity REP;%%? :
no yes yes yes yes yes yes yes Yes v -
192 180 156 237 162 178 207 245 201 230 psi ,
[err]F not chegd Apms: 0. 42 3.02 1.68 0. 26 0. 57 0.91 1.07 0. 81

0.45 0.6 lzod,ft- Ibs/in Dynatup 1.35 10.8 29.21 -
16.8 24.6 Wedaim27.4 2.0 1.3 inpact. ft- | bs FI exur al
468 295 13 462 174 224

51 299 332 316, .
Modul us, kpsi: A Prosess gﬂr the maggfacture?f a t%emﬁplastxc gompositigqycomprisipg:

23 29 30 %Bapgg,gheggﬁhg)éﬂ@.wgﬂ,eﬁ{a b/ in Tensile 9655
4730 3947 109 3763 “4700 6238 8447 7894 8544 strength @

yield, psi 5 Tendgpb) e styrene-butadiene#@dial bigk@opolydner, whereir the styfehe 25
22 14 19 gc'n?tgg?' 1tnI the co@lp)olyg{eg ?skét lg/gst 50% by weight based on the weight
of the copolymer, and wherein the butadiene block length and
structure results in butadiene domains that are smaller than the
wavelength of visible light; ’
10 wherein said process comprises melt-mixing the polyphenylene ether

resin in a powder form with the styrene-butadiene radial block copolymer.

)

The process of claim 1, wherein the styrene content in the styrene-
butadiene radial block copolymer is between about 65% and 80% by
weight based on the weight of the copolymer.

3. The process of claim 1, wherein at least 80 weight percent of the
polyphenylene ether resinina powder form will pass through a 3000
micron sieve. '

4. The process of claim 1, wherein at least 90 weight percent of the

polyphenylene ether resin in a powder form will pass through a 2000

micron sieve.

!J'l

The process of claim 1, wherein the polyphenylene ether resin is present
from about 5 to about 70 percent by weight based upon the weight of the
entire composition.

6. The process of claim 3, wherein the composition has a heat distortion
temperature of at least about 170°F when measured at 264 psi under the
test conditions described within ASTM D 648. _

7. The process of claim 1, wherein the styrene content in the copolymer is

about 75% to about 77% by weight based on the weight of the radial block

copolymer.

This Sheet Has Been Reilaced .
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Exarfi nati on of the properties of sanples 1, 2, and 3 reveal s sone of the
problems with stvrenic-based resins for food container applications. As

~seen 5 by these data, the ductitity—is poor for crystal—polystyrene
(sample 1), or the J ll ' i nt" for high inpact|gelySHEEEHAS BEEN
(sanple 2), or the h um mmu""l"mﬂ r tenpeyature is tog | ow KERUAGER 3).¢
The addition of PPE td crfystal®pd ystyrene % , '

-12- (sanpl e 4) increases the heat resistance but the ductility is
still deficient. Mor eove additign of PPE.to H PS | eads to .
conposi tions t hat AN§ PIgFess of clppm sé’éﬂgﬁf‘"&pnéw ¥l P?@ﬁ%ﬁ?"e?ﬁs’.n-

Addi tion of PPE ¢ 0 The'pdtedh obtiafik 1 furﬂfé?ﬁ@bx)ﬁi‘ﬂh&%iﬁ% ¥él %

pol ybut adi ene and havipr%g an overal [ styrene'5 ont ent o% agg*g? Yo ey

wei ght (sanpl es 5 igoo@p comsistingofestabilizeracives, pigments, and suiatdesithebedfance of

roperties, inclydi t he requi req degree of transparency. for food to
Be gbselrved !throﬁ(gh%g PEP%?E&%WSOW%QW%?WW“ 50 Bran freg € t hat
crystal pol ystyrencir,f @m%éﬂﬂpﬁfwhé%&@i) yeﬁeéfﬁﬁu%d radi al

0
bl ock copol ynmer to rther refine the properties (such ' a ) .10 and
cost of the conposipolyarbonate resirhpolysulfent reginsxpolphndataresiagt forth to

o limit 115 scope PORPRARIE Sk s, PyeiheRmiAg rsfi eh Oume Ple
includes articles ff&@?oh\g conposi tions as described herein. Additional
ntag

enbodi nents and adva within the scope of the 15 «clained invention
wi || be" appar ent 11.cA trrnmplastiticoarpositian thadeby the process of claim 1.

12. Articles formed out of the composition made by the process of claim 1.

13. A process for the manufacture of a thermoplastic composition consisting

essentially of:

(a) a polyphenylene ether resin, and

(b) a styrene-butadiene radial block copolymer, wherein the styrene

5 content in the copolymer is at least 50% by weight based on the weight

of the copolymer, and wherein the butadiene block length and
structure results in butadiene domains that are smaller than the
wavelength of visible light;

wherein said process comprises melt-mixing the polyphenylene ether

10 resin in a powder form with the styrene-butadiene radial block copolymer.

This Sheet Has Been Reilaced




-13 -‘CLAIIVB W claim 1. A process for the manufacture of a

t her nopl asti ¢ conposition conprising: ~ "(a) . a polyphenyl ene et her
resin, and (b) a styrene-butadi ene radi al bl ock copol ynmer, wherein
the styrene content in the copolyner is at |east 50% by wei ght
based on the wei ght of the copolynmer, and wherein the _

but adi ene bl ock | ength and struecigire results in butadi ene
dormai ns that are snaller than the wavel.ength of visible |ight;
wherei n sai d procesSUGnANGFARRNT, BHEN @%@3 BnETHERANPesi n i n
a powder formwi th the styr STEXRENL]RAMAL B Byner; -and
wherein at | east 80 wei ght percent of the polyphenylene ether resinin a
powder formwi |l pass through a 3000 nm ABSTRACIVE. 2. The process of

claim 1, wherein t j AR i i al
bl ock copolyner is ng\?\g%énﬁg org{yi% A)tpéh{jbsgg@)tgg wel g?ﬁtg a@%ﬁ%ﬁ’%ﬁgp\%ﬁrﬁht
of the copol yner . therBoplastid bempositien of afpobyplienylehe etieeredin and al hic90

bt ogn’ e 5000 o S R e gt e o] et . b
pol yphenyl ene et hgiohgs) W%ﬁ@j&%&&&mmtﬁwma by

wei ght based upon the we
5  physical properties, especially ductility.

The invention also relates to articles formed out of the compositions made

by the process of the invention.



osition——5. " _The process of claim1, wherein the c?d%m‘i‘&ni%oﬁ_‘j
heat di stortl Mﬁl f at | east about 170[err]F when , |
264 p5| und m“t?m“mnn i ons described within ASTM D 64B. 1 SHEET

priocéssSof *claim 1, wherein the styrene conteht in the

copol yrrer I s about 75%to about 77% by_wei_.ght based on the i'ghqeof:e rnop
radi al bl ock copol yner. 7. The process of claim1, further conprising
a crystal pdlLAIMISene resin. 8. The process of claimil,} forttren
conpri sing additive selected fromthe group consisting off stabilizers,
dyes, pignen SC%IHd m xtures thereof. 9. The process of claim I, .
wherein the compogitidls fo A 89 {refifofhsrRUNBBiEn Lobfisng 1 OF
i npact pol ystyrene-resins, polyester resins carboOnate res ,-

pol ysul fone resi ng) rxﬂpﬁmpmwwnmmeﬁmﬂﬁsup@mgphenylene sul fi de resins,

pol yetherim de resins, and m xtures of the foregoing.
a styrene-butadiene radial block copolymer, wherein the styrene

content in the copolymer is at least 50% by weight based on the
weight of the copolymer, and wherein the butadiene block length
and structure results in butadiene domains that are smaller than the
wavelength of visible light;
wherein said process comprises. melt-mixing the polyphenylene ether resin in a
powder form with the styfene-butadiene radial block copolymer; and wherein at
least 80 weight percent of the polyphenylene ether resin in a powder form will pass

through a 3000 micron sieve.

2. The process of claim 1, wherein the styrene content in the styrene-
butadiene radial block copolymer is between about 65% and 80% by weight based
on the weight of the copolymer.

3. The process of claim 1, wherein at least 90 weight percent of the

polyphenylene ether resin in a powder form will pass through a 2000 micron sieve.

4, The process of claim 1, wherein the polyphenylene ether resin is present
from about 5 to about 70 percent by weight based upon the weight of the entire

composition.

5. The process of claim 1, wherein the composition has a heat distortion
temperature of at least about 170°F when measured at 264 psi under the test
conditions described within ASTM D 648.
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Tﬁ' A thernnpl-&s%—r—c-vo#posmlon nmade by the process of cla| nRREPLAGEMENT SHEET

Articles forned
12. A proces
consisting
and (b)
styrene

based on th&

re5|n|napo

‘ 03|t|on made by the process o e
ture of a thernoplastic conpo

m nt alsl y*of : (a) a pol yphenyl e 1e| eﬁ[ﬁfﬁlﬁegﬂrﬂﬂ

a styrene-butadi ene r-gdi.al bl ock copol yner, |

content in the copolyner is at |east 5p% by wei ght

The process of glaingk, wherpWeﬂledqmepmﬂnteatnm thieecapolyndr o
but ad b n..b jen
dommi e 1 natoull d5%apabout T35 iy weighf Basc ol W\ R RE e shaigh bitgke

l'i ght. V\her@ﬁ wfﬁérd process conprises nelt-mxing the poI yphenyl ene et her
er

formw th the styrene-butadi ene radial bl ock copol ymner.

7. The process of claim 1, further comprising a crystal polystyrene resin.

8. The process of claim 1, further comprising an additive selected from the
group consisting of stabilizers, dyes, pigments, and mixtures thereof.

9. The process of claim 1, wherein the composition is substantially free of
polyamide resins, high imbact polystyrene resins, polyester resins, polycarbonate

resins, polysulfone resins, polyarylate resins, polyphenylene sulfide resins,

polyetherimide resins, and mixtures of the foregoing.

10. A thermoplastic composition made by the process of claim 1.

11.  Articles formed out of the composition made by the process of claim 1.

12. A process for the manufacture of a thermbplastic composition consistingh
essentially of :
(@  a polyphenylene ether resin, and

®

a styrene-butadiene radial block copolymer, wherein the styrene
content in the copolymer is at least 50% by weight based on the
weight of the copolymer, and wherein the butadiene block length
and structure results in butadiene domains that are smaller than the
wavelength of visible light.

Wherein said process comprises melt-mixing the polyphenylene ether resin in a

powder form with the styrene-butadiene radial block copolymer.



