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SEM - TRANSPARENT BLENDS OF POLYPHENYLENE ETHER AND 7 SI YRENI C OLYMERS
'5 CROSS- REFERENCE TO.RELATED APPLI CATI ONS Not appl i cabl e. FEDERALLIPOI_g
SPONSORED RESEARCH Not applicabl e. BACKGROUND OF THE | NVENTION 10 1. | d
of the Invention The invention relates to a process for the manufacture of
a sem - transparent thernoplastic conposition of a pol yphenyl ene ether
resin and a styrenic bl ock copol yner whereiln the processes conprises
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o Tear 8 -DtSkudgeobR ek bl ock copolyrer. or o mxture of

al so contain polystyrene resin. The invention also relates to articles
formed out of the conpositions made 20 by the process of the invention. 2.
Brief Description of the Related Art In the food handling area, clanshell
styl ed contai ners having an opaque bottom and a see-through top are in
great demand for prepared foods. Busy consuners desire to purchase entrees

at a local sstQrRogs REFERENCETORELATED ARPLIGATIGNS hone for the fani |y
meal . Reheating the tood in a mcrowave oven is often the nethod of choice
because of corNetapplicablend tine and consequently the clanshell styled
contai ners nust have sufficient

FEDERALLY SPONSORED RESEARCH

Not applicable.

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 block copolymer wherein the processes comprises melt-mixing the
polyphenylene ether resin in a powder form with the styrenic block
15 copolymer and wherein the stvrene-butadiene copolymer is a linear di-block
| copolymer, a tri-block copolvmer, or a mixture of di-block and tri-block
copolymérs. The composition of the invention may also contain polystyrene
resin.
The invention also relates to articles formed out of the compositions made
20 by the process of the invention.
2. Brief Description of the Related Art
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
25 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

time and consequently the clamshell stvled containers must have sufficient



-2- heat resistance to withstand steam and hot greases and oils.
Additionally, the containers nust have sufficient ductility to not break on
handl i ng and use by both the food preparer and the consunmer. In order to
achi eve great penetration into the clanshell styled container 5 market, a
resin needs to be of |ow cost and have outstanding processability, have
sufficient transparency for food to be seen2through the container top, have
sufficient ductility to withstand breakage, and be able to resist hot
greases and oi [teaf resistdngede withstangd staamy and:het greasaspedilsn Addjtipnally cihe
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pol ystyrene (ofyfR dogcb& Yrelr ahd IR ¥ohsumeére) . as bl ock copol ynmers with
el astonmeric materi éﬁgt(e. g. b S-B-S, S-(EB)-S, S-EP copolyners), and as

i npact nodi fied gr aflh ordes tosachievie gredtypenetration éntodbe alamshelstvled containdrese
categories, there are flanme-retargdan abrasion,resistant,. 5 super-fough,
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aut onobi | e par t gavea Beffidicnp chudkilies to Peithstandebreakage, randaibe ablertentésjstubetd in
many cl anshel |l designed 20 containers, both in _foaned opaque cl anshells

and i n cont ai negreasesandpilsdromifaeds om heating in HPUFOWAYEOVER- t he properti es
of the _vari ous pol yslt’glgrgt\r_]'?erx{ee%s%?s are widely used thermoplastic resins because of
10 their low cost and easy processability. These resins are available as
homopolymer polystyrene (often called crystal polystyrene), as block
copolymers with elastomeric materials (e.g. S-BS, S-(EB)S, S-EP
copolymers), and as impact modified graft resins with polybutadiene resin
(HIPS). Within these categories, there are flame-retardant, abrasion resistant,
15 super-tough, UV-resistant, expandable, and enviromr;ental_ stress crack
resistant grades that enable these resins to be used in a wide variety of
everyday consﬁmer goods such as toys, packaging, housewares, construction

materials, automobile parts, and disposables. |

Polystvrene resins are currently used in many clamshell designed
20  containers, both in foamed opaque clamshells and in containers having see-
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-
throﬁgh top For example. crvstal polystyrene is insufficient in ductility
22 although acceptable in cost. processing, and transparencv for the top.
Addition of rubbery styrenic copolymers (5-B-S, S-EB-S) to crystal polvstyrene
improves the ductilitv but at the expense of the necessary transparency. High
impact polvstvrene (i.c. HIPS) has good impact strength but is not

transparent Polvstyrene-butadiene copolymers containing over fifty percent
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are insufficient albeit for different reasons for great penetration into
the market for clanshell styled containers having an opaque bottom and a
see- through top For exanple. crystal polystyrene is insufficient in
ductility 25 al t hough acceptable i'n cost. processing, and transparency
for the top. Addition of rubbery styrenic c%@olyners (S-B-S,S-EB-S) to
crystal polystyrene inproves the ductility But at the expense of the
necessary trangpakapekhidil §hod MRRELit)o¥s ndenandparency bRk inantfigted in

i npact strength “but s not~transparént Pol ystyrene-butadi ene copolyners
cont ai ni ng overhdat tésistaeoecent -3- styrene,exhibit good ductility, cost,
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el ectrical prop mier ci al nost PPE are sold as blends with
predoni nant |y hpkysidalpeltimiesl, wdy eleciricak propertieRE Conamerdialiy| mosi PRE are

pol ystyrene resins in all proportions and, because of .the very .hig ass
transition tenpsldaghiends “’hhﬂ?fe@ﬁgumgrﬂ @é? thlﬁwpﬁémn 2’ F&’Jeg’i'%s
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results in addi fdgﬁg@lass%‘ﬁ@dién Rip@atires of PPE, the biergls JfIRRE with polgstyrerey,
however, such bl éen are not transparent or even sem -transparent. Exanples

of such bl ends pesinstposessihigher heat rezistance thas that ofghe polystyrepe resinpalone.
4,113, 800; -

Moreover, the combination of PPE with high impact polystyrene resins results
in additional overall properties such as higi\ flow and ductility, however,
such blends are not transparent or even semi-transparent. Examples of such
blends can be found in US. 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 among
15 others. -The properties of these blends can be further enhanced by the
addition of various additives such as impact modifiers, flame retardants, light
stabilizers, processing stabilizers, heat stabilizers, antioxidants and fillers but
none of these additives results in transparent or semi-transparent °
compositions that would be useful for the aforementioned clamshell styvled
20  containers having a see-through top. Moreover, the melt blending of styrene-
butadiene copolymer, wherein the styrene content in the 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
st_vrene-butadiené copolvmer and sheet made the composition has an
25 unacceptable surface quality, including unacceptable gels.
It is therefore apparent there continues to be a need for improved
compositions as well as processes to manufacture compositions containing
polvstvrene resins that have acceptable ductilitv, heat resistance, and

transparency for use in clamshell stvled containers having a see-through top.



4,101, 503, 4,101,504; 4,101,505, 4,128,602; 4,139,574; and 4,154,712 anong
15 others. The properties of these blends can be further enhanced by the
addi tion of various additives such as inpact nodifiers, flanme retardants,

i ght stabilizers, processing stabilizers, heat stabilizers, antioxidants -

and fillers but none of these additives results in transparent or
sem -transparent conpositions that would kg useful for the aforenentioned

clanshel|l styled 20 <containers having a see-through top.- Moreover, the
mel t bl endi ngSUMMIARY: @F THEINVENEI@Npol yner, wherein the styrene content

in the copolyner ig, at |east_ 50% Ry | ght _based on t he, wei fi 1

copol ymer, with pelhetReeds giseusse PPE‘EYﬁq 840681 rBanerily; ﬁﬁggﬁedga-‘ygﬁflrene
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unaccept abl e’ gkérinoplasticicontpsition corttpindmgznt there continues to be a need

for . inproved conpositions as well as processes to nmanufacture conpositions
cont ai ni ngSpol yst yRkacpalpphenylensethentesim@®dpt abl e ductility, heat
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above have been generg ynat iSht ahsPB0%hby dircight dased bnather weight dfathet he
3" pol yphenyl ene. ot tupolymetand:wiherein the butadiens block length and structure.
résulis in butédiene domains that are smaller than the wavelength
10 . of visible light;
wherein the process comprises melt-mixing the polyphenylene ether resinin a
powder form with the styrenic block copolymer and wherein the styrene-
butadiene copolymer is a linear di-block block copolymer, a tri-block block
copolymer, or a mixture of di-block and tri-block copolymers.
1s The styrene-butadiéne copolymer may also be a tapered di-block or tri-
block copolymer as well as various mixtures of any of the foregoing
copolymers. The process may optionally include melt mixing crystal
polystyrene with the polyphenylene ether resin, and styrene-butadiene
copolymer.
20  The description which follows provides further details regarding this
invention.
DESCRIPTION OF THE DRAWINGS.
Not applicable. |
DETAILED DESCRIPTION OF THE INVENTION
s Polvphenylene ether resins are a well known class of compounds
sometimes referred to as polvphenylene 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 homopolyvmers, copolvmers and graft

30 copolvmers obtained by the oxidative coupling of phenolic compounds. The
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b) a styrene-butadi ene copol yner, wherein the styrene content in the
-copolyner 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 smaller than the wavel ength 10 - of visible light;
wherein the process conprises nelt-mxing the polyphenyl ene ether resin in
a powder formw th the styrenic bl'ock copol yrer and wherein the.styrene-- -
but adi ene copol yner -is -a linear di-block bl ock copolymer, a tri-block bloek’
copol yner, or aprafertad BPBse] irbtampositiong of thielpresent apadntivarase defived fromThe

styrene- butadlene gop y ,al so be a tapere | - bl Qqck or tri- block
copol ynmer as &Qiﬁ\%" ) erntgrplate cﬁ’eﬁﬂgj f gB\eFr'ngHﬁ%qiﬁF&’F‘s
The process nm ystal polystyrene with the
pol yphenyl ene 3’%85 Ee}glh‘e § %’?’ene‘%ut‘a | er’n‘gﬁcopol ymer. 20 The

descri ption whi chUseful PRE Ridide li(mdlmetuﬂhu;ﬂ\enﬁmohtha)tﬂtsﬁ: having
I nvention. DESCRI PTI.ON OF THE WNGS. Not applicab DETAI LED
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and 3, 257, 358. npositions of the present invention will enconpass
homopol yners, o@jb) pfrbesﬂeendalgmifﬁ.%and @bput Praerél/gba%mﬁeshrbsi mtmlmnedalt ive

coupling of phe%gd an&or%%genn anonpf06gramper 100 ml..
10 The present compositions also contain, as componerit B, a styrene-
butadiene copolymer, wherein the styrene content in the copolvmer 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. When the butadiene block length
15 and structure results in butadiene domains that are larger tha;l the
wavelength of visible light, the transparency of the compositions is
unacceptable.
The styrene-butadiene copolvmer may be a linear di-block, and/or a tri-
block copolymer and may also be a tapered block copolvmer as well as
20 various mixtures of any of the foregoing copolvmers. The composition may
also contain crystal polystvrene.

Tﬁese block copolvmers are derived from vinyl aromatic monomers and
conjugated diene monomers and are alsc well known in the art. The
preferred vinyl aromatic monomer is stvrene and the preferred conjugated
diene monomer is 1,3-butadiene. Copolvmers of this tvpe generally comprise
from about 60 to about 95 percent by weight polvmerized vinvl aromatic
monomer and about 40 to about 5 percent by weight polvmerized conjugated
diene monomer.

The copolymer of Component B is linear block copolvmer, and generally

30 comprises blocks of Al and B!, wherein A! is a polvmerized monovinyl-



preferred PPE used in conpositions of the present invention are derived
from 2, 6-di met hyl phenol. Al so contenpl ated are PPE copol yners derived from
2, 6-di mret hyl phenol and 2,3,6-trinmethyl phenol. Useful PPE include

pol y(26-di met hyl -1, 4phenyl ene ether) resin having 5 . an intrinsic
viscosity-(l.V.) of between about 0.10 and about 0.60 dl/g as neasured in
tol uene at 25C. and a concentration of 0.6 gramper 100 mMl. In a preferred
enbodi ment of the invention the PPE have an intrinsic viscosity (I.V.) of

bet ween about sgbaftubetll ardifibific Gompothligmatoitea bléck] and Boisue g deadgetblted, ] C
and a concentration of 0.6 gram per 100 m . 10 The present caonpositions
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of visible light.” Wien the butadi éne block Iength 15 and structure results
i n but adi ese dmitadienet hat are | arger than the wavel ength of visible |light,
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pol ystyrene. Tdsrepd!oicktapefingy e Furtiteembee, tedtniques) fomnachievingt tapered
rononers. and polymers or copolymers are well-known in the art. Examples of references
10 which relate to tapered polvmers are US. Pat. Nos. 4,948,832; 4,939,207;
4,918,145; 4,914,248; 4,913,971; and 4,116,917, all of which are incorporated
herein by reference.

In one embodiment of the invention, the weight-average molecular weight

of the entire copolymer is preferably from about 90,000 to about 270,000, and
15 most preferallaly, in the range of about 110,000 to about 150,000.

The vinyl aromatic polvmer of the tapered block copolymer is preferably
in a form which includes both random and block structural units, with the
weight ratio of random to block usually being in the range of about 1.5:1 to
about 4:1, and more preferably, within the range of about 2.5:1 to about 3:1.

20 Some of the suitable materials of this type contain a block of the vinyl
aromatic polvmer having a molecular weight of about 10,000 to about 30,000,
followed by a block of the polvmerized conjugated diene having a molecular
weight of about 25,000 to about 65,000, which itself is linked to a random
block of vinyl aromatic-conjugated diene polvmer (for example, a random

25 block of stvrene-butadiene), having a molecular weight of about 30,000 to
about 50,000. The random block may be attached at its opposite end to
another vinvl aromatic polymeric block, usually having a molecular weight of
about 30,000 to about 50,000.

In some preferred embodiments, the A? block of the block copolymer is

30 derived from a monomer selected from the group consisting of stvrene, alpha-



conj ugat ed di ene nononers and are also well known in the art. The preferred
vinyl aromatic nononer is styrene and the preferred conjugated a di ene
nononer is 1, 3-butadi ene. Copolynmers of this type generally conprise from
about 60 to about 95 percent by wei ght polynerized vinyl aromatic nononer
and about 40 to about 5 percent by weight polynerized conjugated diene
nononmer. The copol yner of Conponent B is lifiear bl ock copol yner, and
generally 30 conprises blocks of Alerr] and B[err]. wherein Alerr] is a

pol ymeri zed nDRRWMWY btyrene, - Parastieetivlt sty@end)r 0l olGERBOVE) TRYREBS dddoCk,
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and B[err] is a héﬁ_léqgenat ed, parti‘ally_hydrogénated, or non-hydrogenated
bl ock derived ¢arabinations of suchaqnsimers; The B! hlegk isapreferablih derived fegmara ed
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falling within the molecular weight ranges described above are especially

suitable for use in the invention., An example of such a material is

10 FINACLEAR™ 520, a commercially available product available from Fina Qil

and Chemical Company.

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

15 about 70% by weight, preferably from about 1% by weiéht to about 60% by
weight, based on the weight of the entire composition.

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

20  homopolystyrene resin. The other thermoplastic resins that the compositions
should be substantially free of include polyamide resins, high impact
polvstyrene resins, polvester resins, polycarbonate resins, polysulfone resins,
polyarvlate resins, polyphenvlene sulfide resins, and polyetherimide resins as
well as various mixtures of other thermoplastic resins. By “substantially free”

25 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
préferable essentially none of the other thermoplastic resins, wherein all
percentages by weight are based upon the entire weight of the composition.

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



of the entire copolymer is preferably from about 90,000 to about 270, 000,
‘and 15 nost preferably, in the range of about 110,000 to about 150, 000.
The -vinyl aromatic polymer of the tapered bl ock copolynmer is preferably in
a formwhich includes both random and bl ock structural units, with the

wei ght ratio of randomto block usually being in the range of about 1.5:1
to about 4:1, and nore preferably, w thin-8he range of about 2.5:1 to about
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10 the level is about 5% by weight to about 30% by weight, wherein all weights
are based upon the weight of the entire composition. In another preferred
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

15 test conditions described within ASTM D 648.

The compositions of the present invention can be prepared by a variety
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
20 availability of melt blending equipment in commercial polymer processing
facilities, melt processing procedures are generally preferred. Examples of
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
25 the present process is preferably minimized in order to avoid excessive
degradation and gel formation in the stvrene-butadiene copolvmer. It is
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,

30 the compounded material exits the extruder through small exit holes in a die



5 is also possible that the tapered bl ock copolyner can contain nore than
one type of Alerr] and/or B[err] block. Tapered |linear *
styrene-but adi ene-styrene (SBS) "tri bl ock” copolyners falling within the
nol ecul ar wei ght ranges descri bed above are especially suitable for use in
the invention. An exanple of such a materiaP-is 1o FI NACLEARTM 520, a
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thermoplastic qpPpeaM bh&thed85IFa BY00 Rcron 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-
{s solvent, e.g., methanol, from the reaction polymerization medium, e.g.,
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
20 also be clear that articles formed out of the thermoplastic compositions
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
25 Illustrative compositions of the present invention generally contain the
following materials:
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;



-8- process of the present invention are free of other thernoplastic resins
with the exception of the optional- honmopol ystyrene resin. The thernoplastic
conposition of the invention nmay conprise any of the follow ng additives:
stabilizers, dyes, and pignents. 5- A suitable level of the various
conponent s depends on several factors, such as the end-use of the product,
the I evel of inpact strength desired, and -1re parti cul ar type and

characteri sti Iyl £ fp,;ﬁ .ut 5% by
wei ght to abofji?n%(é?q b@m.%ﬁg%g@g&? g’rngésrgnt gﬁg}edl eoléfl&f 8&»&%@ YN8t the
entire conpositi onandnhavigg mhebmmﬂobtmohmmﬁt of1&bout 5% @y 'e’wdx@\{aQR&t 5%
by wei ght to about 30% by wei g “ b‘errel n all weights are based on the

a

wei ght of the enti F@"E'B?fﬁt#&‘b’tai"é rom §inadpil Gam ’éd enbodi nent, the

I | of PPE t whi ch lts i
composi 1 on hildt i BRSHired g FAIRER, é{m‘?\r”éf‘%? dron g5 grades
170[err]F, sprefer alggoPind EBBRRE | @me[)l-?g}{a when neasured at 264 psi under
the 15 test conditions descri bed ithin ASTM D 648. The conpositions of

the present i S i higtcanpint polysturene awailableafromt Chetroneasgeisdd MAB330)0
I ntimate adm xi ng thg ﬁéeri als with any additional additives desi red in
the fornul ation. P procedure includes nelt bIending although

?n:?: ?t io?gngl ﬁgdleggf%rargﬁw?n&%ﬁnbrer gal aﬂ pol yrrer pr OCESSI ng f@é%&ﬁ#‘g yq?rel t
processing pr ao&ciu'rs&iorerd thenpresentyinvention rard asHolioWs ST ingredients are
10 compounded in a twin-screw extruder with .t'emp'eraturé setﬁngs overl the
length of the extruder between about 280 and about 310°C. The screw speed
is about 300 rpm, the throughput about 10 kilograms per hour. All
ingredients are generally fed at the throat of the extruder. The strands
coming from the extruder are pelletized and dried for about 3 hours at about
15 110°C. The dried pellets are injection molded into standard ASTM “test
specimens for measurement of physical properties.

Compositions of crvstal polystyrene as well as compositions of PPE and
crystal polystyvrene exhibit unacceptably poor ductility. Compositions of PPE
and high impact polystyrene (i.e., HIPS) lack the desired clarity and/or

20 exhibit unacceptably low heat distortion temperatures. Addition of PPE to a
tapered block copolymer of polystyrene and polybutadiene and having an
overall styrene content of about 75% by weight lead to an outstanding balance
of properties. including the desired degree of transparency for food to be
observed through a clam-shell top. The claritv and balance of balance of

33 properties is unexpected given the properties of blends of PPE with HIPS or

crvstal polvstvrene Crystal polvstyrene may be added to the compositions of

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

The preceding examples illustrate specific embodiments of the invention

30 and are not intended to limit its scope. It should be clear that the present



equi pnent used in such nelt conpoundi ng nethods include: co-rotating and
counter-rotating extruders, single screw extruders, disc-pack processors
and various other types of extrusion equipnment. The tenperature of the nelt
in 25 the present process is preferably mnimzed in order to avoid
excessi ve degradation and gel formation in the styrene-butadi ene copol yner.
It is desirable to maintain the nelt tenpergture bet ween about 200[err]C
and about 330[err]C, although higher tenperatures can be used provi ded that
the residence friventioh iridudes ianticles t frempthe esornpositions pase lestribdet (hersiror t .

I n some instances, 30 the conpounded material exits the extruder through
smal | exit hol Asidifional erabodiments angl pdvantagen within She scepe #f the claimedsi n

are cool ed by passi.ng .t st RY SkiBat e cool ed strands
can be -choppequvﬁPt‘%grﬁﬁfbepﬁﬂaaggét t%)logr“%pac rgbl nggféxrlllg’?‘fdtkf er handling. The

physical formand size of the PPE is inportant to obtaining a snooth s
surface conposition with a low gel content. As the PPE particle size

i ncreases, the shear heating in the conpoundi ng equi pnent is increased and
t he styrene-butadi ene copol yner degrades and becones cross-|inked. The
cross-linked material nmay appear as unacceptable gels on the surface of an
extruded sheet of the conposition. In order to mnimze the formati on of 10
gels, the use PPE powder is preferred in process of the present invention.
By powder is neant a PPE particle size wherein at | east 80 wei ght percent
of the PPE w || pass through a 3000 mcron sieve, nore preferably at | east
90 wei ght ' ' r



percent wi |l pass through a 2000 m-cren-sieve. Typically, the PPE used in
the present invention is in the formas collected after ! Sl |

a non- 15 sol vent, e. dhisS Regl t he reaction pol
e.g., toluene. Larger H y be utilized with
when honopol ystyrene re [ esent _in the process. o

clear that thernoplastic conpositions mad'ézby t he process descri bed herel
are anot her eétﬂ ligent of the present invention. It should 20 al so be clear
that articles torned out of the thernoplastic conpositions described herein
are anot her ewhqtdifent of the present invention. Al patents cited are

i ncorporated herein by reference. The invention will be further illustrated
by the fol | owl-nds psasess fos theaxappiaganeQf athermoplasticeomppsitiop sapwpsisingins  of

the present inventio neral ly.c | e followng materials: PPE a

pol y(2, 6-di nmeth _-ﬁ?&"gﬁ‘sﬂ ' Eﬁéu}ae?[‘}é%"navéc{]h an intrinsic viscosity of 30
m/.g as measur egpy Pstypdrtchitadiend HSN ddpol Pivdr, it eirtible sBireA8 cOfteRt fh 9r am
per 100 m; -10- FiInaclear 520: a tapered bl ock copolymer of polystyrene

and pol ybut adi ene thecopelyinney isat least30% by weightbased varthe ateighioofithe5% by
wei ght and commercially avail.abl e frgm.Fina O any; PS:. crystal
pol ystyrene resin %P&W‘&ST@“‘F#‘S‘W‘BKS&&M“%‘?% k’lﬂ%ﬁgg“%}/‘:ﬂ\gssmc re

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 block copolymer; and
wherein the styrene-butadiene copolymer is a linear di-block block
copolymer, a linear tri-block block copolymer, or a mixture of linear di-

block and linear tri-block copolymers.

S8

The process of claim 1, wherein the styrene content in the stvrene-
butadiene 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 resin in a powder form will pass through a 3000
micron sieve.

4. The process of claim 1, wherein at least Y0 weight percent of the
polyphenylene ether resin in a powder form will pass through a 2000
micron sieve. |

5. The process of claim 1. wherein the polvphenvlene ether resin is present
from about 5 to about 70 percent bv 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 ASTN D 648.

A



S 1800P—and—EB3300, respectively; and H PS: high i _ Lystyrene

i nvention are as ngredi ents are 10 conpounded Trm—a—i\ Echew

e |

‘avai tabl'e from Qhew anas. girdg.MA5350, Valtra 7023. Exenpl dHs CHEET 1ia
and procedures us’ﬂi' l‘f acture of conpositions of fhe pr EN

extruder with te MHIH[[mlﬁ ngs over the length of the extruder between

about 280 and about 310[err]C. The screwggeed is about 300 rpm the

t hroughput about 10 kil ograns per hour. Al _ingredients are general]y fed
at the throat7.ofhepeoesss ofidein 1Twhergin styasne-buiadiens eapolymerisataperedy; e
pell etized and gyﬁ:‘d 1;)% about 3 hours at about 15 110[err]C. The dried
pellets are inj SIPRYMBEY i nto standard ASTM test speci nens for

measurement of R¥Hreddss Bf eRGhR Afrth isid ga&ryﬁtalcpays@fem%mtyrene as
wel | as compositions of PPE and crystal pol ystyrene exhi bit unacceptably

poor ductilit9. Themproeéssiofnkirafl, fptherrcompriging apadditixe selactedfreny thee . |

H PS) |ack the desired clarit nd/ or 20 exhibit unaccepta | ow heat
di stortion temp &R F%?m%ﬁ’gqt%ﬂﬁﬁ?rs B&Em¢ @F@“Bfetﬁﬁ%%éfﬁ??’yner of
pol ystyrene a I ' N Ha %k Sitidnli tErial of
about 75% by J\f/\gi.[gﬁt ea %tfgﬂgﬁqégi st angﬁﬁg&g I\Sance ‘%?ﬁ%’{ oper ti eé‘.?afi ncl udi ng
the desired degrpatyarhide resinsziigh imphct pdlpstyrere tesinspopolyester tesinsugh a

clamshell top. The clarity andpgflla ce of ,bal apce of 25  properties is
unexpect ed gi verpolycarbenaie resing yssfeﬁese%ms:wgw S8 or cryst al

Fadhal bt ook constyRREA dyffie Pl PolfeiGth i Ane MR RO e -, T

and cost of the fg ytion. The preceding exanples illustrate specific
enbodi nents of the 1 nvention .
11. A thermoplastic composition made by 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 block copolymer, wherein the styrene content in
5 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 block copolymer; and
wherein the styrene-butadiene copolvmer is a linear di-block block
copolvmer, a linear tri-block block copolvmer, or a mixture of linear di-

block and linear tri-block copolymers.

* c L L] $ *



30 and are not intended to limt its _scdpe. It should be clear that the

present i nvention includes articles 'fromthe conpositions as described -
herein. Additional embodiments and advantages within the scope of the
clainmed invention will be apparent to one or ordinary skill in the art.

-12- CLAIMS: W claim 1. A process for the manufacture of a thernoplastic
conposi tion consisting essentially O: j4a) a pol yphenyl ene ether resin, "and
$ (b) a styrene-butadi ene bl ock copol yrer, wherein the styrene content

in the copol yneEMi-arraiNSPARENT SBLENYS \BF SULYPASRYLONE tGmeiagt of the

copol yner, andSTYRENIC) COPOLEMERSi ene bl ock | ength and structure results in
but adi ene domains that are snmaller than the wavel ength of visible light; to
wherein said ABSTRSSCEONPrises nelt-mxing the pol yphenylene ether resin in
a powder formwth the styrene-butadi ene bl ock copol yner; and wherein the
styrene-but adi ene copolyner is a l-inear di-block- block copolyner, a |inear

tri-block bl ock e ﬁ\lw)étqﬁgﬁ relateS t0] p)éécuersg foorfthla in?a%%rfa ure of a semi-transparent
thermoplastic cofnposition of a polyphenylene ether resin and a styrenic block
copolymer that is a linear di-block block copolymer, a tri-block block
copolymer, a radial block copolymer, and/or a tapered block copolymer. The
s compositions made by the process of the invention may also contain crystal
poly;tyrene resin and exhibit enhanced physical properties, especially
ductility.
The invention also relates to articles formed out of the compositions made

by the process of the invention.



bl ock and linear tri-block copolymers. 2. The process of claim 1,q\§1~9r%ﬂrsq" =
the .styrene content in the styrene- butadi ene bl ock copol yner is- bet oL
about 65% and 80% by wei ght based on the weight of the copolyner. 3. The
procéss of claim1l1, wherein at |east 80 weight percent of the pol yphenyl ene
ether resin in a powler formwl | pass'nrrough a 3000 mcron sieve. 4. The
process of f_:AﬁMgl wherein at | east 90 wei ght percent of the pol yphenyl ene

et her ,resi_ﬁ’ a powder formw Il pass through a 2000 m cron sieve. 5. The
process of wd dhigh:l- wWherein the pol yphenyl ene ether resin is present from

about 5.to about 70 percent by wei ght based .upon the weight of the entire
conposi ti ok e&prm@s@rdbemfawf?a . £ Rorppest a heat

di stortion t?ﬁ})era ure of at ask t 170[err] when neasured at 264 psi
under the ted?® éé’ﬁbu’&*!e&h;“ﬁeeéic‘gi beﬁe\%ﬂ?hi n ASTNI D 648. 13- 7. The

processgof cl (Bﬁrﬂké'vrewél%&l!diex% Mok eopolvatirpuhessin thy sRTenscenttapier ed bl ock
copol yner. 8. e“process of claim1, further consisting essentially of a

crystal pol yst ytlenmpobenar isat feast popdusweight bpsedon the weightofdbesi sti ng
essentially of an additive, sel ect rpm.th [,0 nsi,sting of
st abi | i zers, dyE%E‘gﬁF&ﬁﬁﬂ%‘,” ﬁﬂ“ﬁ?i’ﬂ%@&ﬁﬁ%@@%r&éﬁmd shiulure

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—butadigne block copolymer; and

. wherein the styrene-butadiene copolymer is a linear di-block block
copolymer, a linear tri-block block copolymer, or a mixture of linear di-
block and linear tri-block copolymers.

The process of claim 1, wherein the styrene content in the styrene-

N

butadiene 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
polyi)henylene etherresinina powder form will pass through a 3000
micron sieve.

4. The process of claim 1, wherein at least ¥0 weight percent of the

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

micron sieve.

ot

The process of claim 1. wherein the polyphenylene ether resin is present
from about 5 to about 70 percent bv 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. )
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10. The process of claim 1, wherein the conposition is substantially free
of pol yam de resins, high inpact polystyrene resins, polyester resins,

pol ycar bonat e resi ns, polysul fone resins, polyarylate resins, polyphenyl ene
sul fide resins, polyetherimde resins, and mi xtures of the foregoing. 11. A
t her mopl astic conposition made by the prpcess of claim1l. 12. Articles
formed out of the conposition nmade by the process of claim1l. REPLACEMENT
SHEET . 7. The process of claim 1, wherein styrene-butadiene copolymer is a tapered

block copolymer.

8. 'The process of claim 1, further consisting esseatially of a crystal polystyrene resin.

9. “The process of laim 1, further consisting essentially of an additive selected from the

group consisting of stabilizers, dyes, pigments, and mixtures thereof.

10. The process of claim 1, wherein the composition is substantially free of
polyamide resins, high impact polystyrene resins, polyester resins,
polycarbonate resins, polysulfone resins, polyarylate resins,
polyphenylene sulfide resins, polyetherimide resins, and mixtures of the
foregoing. |

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

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