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descri bes a process for producing randomy branched styrenic pol yners b
havi ng nol ecul ar wei ghts above 540, 000 and i nproved physi cal

properties, such as mechanical strength, as well as good processablllty

The styrenic polyners described contain a substantial |evel of residual.
tol uene (approximately 6 percent). It is 5 believed that this styrenic

pol ynmer has high nelt flow rate due to the presence of volatile

conponents. Likew se, adverse effects on the Vicat heat distortion
tenperature and nelt strength properties of this polyner would be -
expected. The process conprises the use of one . Oor. nore organic

per oxi des, such as al kyl peroxyal kyl fumarates and a vol atil e conponent
removal step at- roomtenperature. 10 + Styrenic polyners are
known to be useful in a large variety of . applications. For exanpl e,
refrigerator liners are commonly manufactured industrially using extruded
sheets of rubber - nodi fi ed pol ystyrene. The sheets are thernoforned into
t he desired shape and size by first heating themto bring the polyner
above its glass transition tenperature. The softened polymer is then
pressed into a predeternined shape of a door or inner liner. The final,
pressed, 15 liner nust have a certain thickness to maintain its structural
integrity. The bl ank sheet of polymer is thicker than this m ni num
thickness in view of the fact that the pressing operation stretches the
bl ank sheet and reduces its thickness, especially in.fornmed corners. The ‘
degree of stretching is expressed asthe "draw down ratio." In areas

such as corners, a m ni mum wal | t hi ckness of one mllinetre is comonly
needed. In these areas, where high levels of draw 20 down rati o and high

| evel s of built in stress are encountered, any uneven wal I thickness

distribution is highly undesirable. ' Normal |y, however, an
inner liner will have a wall thickness distribution ranging fromthe
one millinetre mnimumup to the starting thickness of the blank sheet.
Si nce the material is able to performwell at the m ni numthickness,
t he excess polyner present in the 25 thicker sections has no functional
value. If it were possible to reduce the sheet thickness prior to
thernoform ng and still obtain a thernoforned item neeting the m ni num
t hi ckness - requirenments, then several substantial benefits would be
obt ai ned. For exanple, a thinner bl ank sheet coul d be used to safely
make the sanme |iner resultlng in‘the use of less naterlal_ - and,
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t ougheni NG 88§ UH dihlch as rubbers. I n anot her aspect,

t he present rnvention is a foam sheet extruded froma nmonovi-nyl

aromati c pol yner f &neprehier ancounteredss thgt mhst appngachentedmpraye dhe protessabilitat i ¢

pol yner 300 OffRRBAdveRBly Be ﬁtm ﬁre'namttﬁ%lymer One attempt to improve melt strength has

‘been the use of specrﬁc copolymertzable monomers in the polymerlzatton process. Suitable
| copolymenzable monomers include polyfunctlonal monomers such as di-, tri- or
tetrafunctnonai monomers, such as, for example divinyl benzene, dl(meth)acrylates.

i trl(meth)acrylates, and allylic compounds copolymerlzable with the monovinyl aromatic

. 35' monomer(s). One disadvantage of di- or higher functional monomers is that the use of such

_' monemers genei-él__ly leads to excessive crosslinking and, subsequently, difficulties in processing.

“due tb gelling and the higher viscosities encountered in the polyrnerizetion process.
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PCT/ US95/ 14112 I n anot her aspect, the present invention
i s a pol yyRyesfided Prepared froma monovi nyl aromati ¢ pQofigNes/ 14112 -
formul ation conprising the non-1inear monovi nyl aronatic pol ynmer "
conposition of this invention. I n yet another aspect, the

present invention provides a roces f N i
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m xture.  removalstep atroom tempera®ireanot her aspect, the present i nvention is
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monovi nyls dPBFRETEEYEP 356} f‘ dgelpgagwtsﬁmgtmagmf n@‘hf‘?‘ﬁﬁ nk sheet
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pol ymer Cormfééﬁésé %e%lh&l&&e@s&%ﬁ%w rmé&&i 1R thedd Sredsivh &R hfghi 16veR otidriRy 30

range of application he non-|inear polyners of the
present on ratio é@#@ﬂh&’e'ﬁﬁﬂ Wérreﬁeﬁmsomte@é any ““F‘@&g%/a"dh'ékmow nyl
aromatic nmmﬁmt,@ngmgm?uhmahﬁm, one or nore addit | onal conbnoners.

The term "non-Ilinea S _use er ei. rreans nt
nononer units Q{?P "ﬁﬁ'yygﬁmf‘%"&&ta"i""&ﬁ ﬁﬁﬁ‘"' Vg 2 5’ (5"91 '°"6}ﬂ'?#e'pgg
wei ght averfegm thedneanillimetreanigintuno Gp 8the startuigehnclermﬁtthemwksbmtt Sinceshe d

branchi ng p.Ré st iWdehd o %%WWa ﬁe%umtrﬁﬁrﬁth kn&iE Ine & ﬁg&gﬂeypﬁgsentﬁtﬂgo or -

hi gher. The''s ruc ure such non-1Ii near YNer's ca orm
wher ei n 25 thtcher sections htsmfena@na&vsiuna\févsereméhutegedw Wséheeaﬂu%kar-iswaé

form wher eig tﬁe}ﬁ\o?&'nﬁ Wﬁﬁ lobtain a thermoformed item meeting the minimum thickness
' requirements, ‘then several substantlal benefits would be obtained. For example, a thinner
blank sheet could be used to safely make the same liner resulting in the use of less material
_ and, therefore, a lower manufactunng cost. Addltlonally, thmner blank sheets would require
30 lessheating time, reducmg the manufacturmg cycle time andi lmprovmg the consistency of the
‘formed product via havmg a more even temperature dlstrlbutuon in thinner blank sheets thus
further reducing manufacturmg cost.
Another appllcatlon for styremc polymers is ln film making processes well-known
in the art These processes typlcally mvolve feedmg of resin granules into an extruder where
35 the resin is heated to amolten state and then extruded through a die and pulled at the same
* time to introduce orientaiion. The control of the film thickn_ess, temperature of the film and
draw ratios are important parameters that define the film properties. Generally, materials
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units have from2 to 4 branchi ng p0| nts or a dendritic structure wherein .
WO

t he branches

96/ 11 1%0 96/11962 ' ' PCTIUS95/1411§

PCrt US95/ 14112 thenselves have branched unrts attached to them as
long as there are no nore than 4 branches per nonomeric unit.
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e
wei ght off® F‘E’e° Hﬂ’r?é‘r’é"“ed p']Dg orpre "'e of air, °'ﬁ°ﬁé’|’t°2€§$?%8%‘e?'g'gﬁags '85'?7 onal l'y
be enpboyasd of manufatturicg fefrigeratbhlirterscit Bhighlyriesirabyé todraeeraniateriabmithre highr
R t
monomer o Pl s B4Edcfnafikial RRBBEATRE dAodvifiafEh ot filere it OFEC 2,
et hyl eni wtkr'}ssunsat urated carboxyli c acids and esters thereof such as

acrylic acid, net f)j{rd ﬁ:wou’d B%q'ji&lyél?sfrme Wrﬁ%ﬁ&yreﬁ?b%ﬁe%&ﬁ]ﬂﬁﬁw&' ate,

ethyl acrylate, n-butyl acr é‘ acryl ate;
et hyl eni 8pd physisalsr W@G“ﬁfﬁ‘ﬂ@!ﬁ" 'selteweasthasmrﬁrm %ﬁ?"ﬂﬁ"’?ﬂ?‘ﬁacr yl ani de;

vinyli gea&»cehhmmydad@aﬁleaﬂpwemtemer&rfemrdw reNdérin sehipdlyinesdiaitatsie fori ny|

t t | d, th
cononomsPdnB i Billefprisles 8 oo rhstanine R HEL PRI b nore.
general ly | ess thwehage nmf@hdﬂmmussnwebyeﬂ\em ofappropriatetbparhingei ght  of
o . X A iy ot . \
po?y g p 0 W%&o?s%r Qi/a%jple ﬂrtﬁ?&?@f éhQ gl"g I&gclgﬁﬂ in Japgr?dﬁe Fﬁ@&‘ﬂﬂ Laltir%ggt%?‘(l)ﬁ t He
non- | i neasferredtaahoye, ang mﬂkeolymenzmnmtm@émeﬁm i @spesifictemperatunedi f i ed.
The r :ﬁ?b% |G|Qm§\'%3&ce%9el%ﬁiﬁnéé? nidMBvihitlaRsthatic polymers'm‘ﬁéﬁ HREdEFalREr IS a

rubber~“whith advant ageous y. exhi bits a second qrder transrtron :
t enper at H@Wéﬁti’%“?’?ﬁ yhepelymernerepered infhesaid lappesh aRPiPYAer t han - 20C
and nore  pr eirecrrﬁhkpecﬂﬂie pregheihvénttion prolifeCa novs litkat miorbvisyl amatic

appr oxi mat fi’g‘ qg Wnc Q ngﬁf& 5@ BV% thg’gerf% @Puﬁg%irwedq;on? T gﬂe[fﬁg'%r‘m WESt

Met hod D-PP. nmponen

- conposi ti mnmmmrav@em omhaeﬁhe polimechs o weight dvqme mojeqular aveight Dét ween 5

30 from 75,000 to 500 ,000, a melt strength of from 0.5 g at 190°C to 10.0 g at 230°C, and contains
monomer units havmg atleast1 and uptod branching pbints It is particularly preferred that
h the welght average molecular welght of branches emanatmg from the said branchmg points is
"'at least 1,000, preferably at least 5,000. '
 The poiymer opt:onally contams one or more addltronal comonomers and/or
35 toughemng agents such as rubbers '
i " Inanother aspect, the present invention is a foam sheet extruded from a
" 'morlovi.nyl aromatic polymer formulation compnsmg the non-linear monovmy_l aromatic
" polymer composition of this invention. - '

-3-



“from3 to 3

_include acr

percent and 50 percent and a swelling index (as calculated per Fornula I1l)

in the range of 7 to . 20. WO 96/11962 .
PCT/ US95/ 1wiles/11962 " Representative of such rp(h’mrggn.mg B
al kadi ene pol ynmers. Suitabl e al kadi enes are 1, 3-conj ugat ed di enes,
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matrix polymer wit h| I yetannther aspect, menmtené@vemm\mﬁehmcesséomepagm@r ally

present ign hbﬁliﬂé&%&@lﬂ&l&?&ﬂﬁtud}ﬁl}rﬁ&'hﬁﬁng5 weightfefige molecglar WRidhit Of fr ﬁlg 10

- pol ymer pre d ri-zatjon techniques ber partic
mor phol ogi eggo&??&zo'gﬂ?ir%ﬁ%zﬁégemrm%%“%t"ér m ned using conventi onal

techni ques @@)ch pmnd(rfg!reharogeﬁnxquﬁe“ﬁaviﬁges)eastso Weight Méﬁt@fa%ﬂhﬂﬂ
(Coul ter Counter is a tr

particularly for smaffer ﬁgppogprgnd &é"rﬁ'@pﬂ gg?B’r{“‘éfﬁéef'?Bﬁ&ﬁ?'EPB%"Bﬂﬁg"d’Of
' The particle size of taugbeniogpagentparticles will typically be within the

T2 LR B ane " o't ARt e o sl bl a5

~in anpbunts such t hat mixterestaijeast 90°C for at lepstfope bewr: pol yner product cont ai ns
~froml to 48«: yper cent ralsmﬁf'neh@ﬁirﬁé t&ﬁ»ﬁ&‘a&r&&ﬁ%a@ﬁﬁ%d mamtammbrtﬁe Riafi&t ably

_ per cent rubber o ubber - equi val ent

" The term™ rubber or"“’ﬁt%lﬁé?t'éifﬁ?%‘l: P”'eéﬁf%‘é@ﬂ"’ﬁeﬁ"él n to indicate weight
?rmuEts of2 O(d)blbe[) rraaefolaaizmg&henbemﬁdxtmmmadﬁbeardswbbﬁﬁomf laalblyrreL
" (such as pol ybut a or _a bloc

. copol yneft5 the am)unéLll %%ﬂ%entn?mg'&toggf’%g qhﬂ'ﬂi‘p "?ﬁ’&?ﬁ‘ﬁiﬂﬁbﬁéﬁaf‘;?" whi ch,

- when honopol yneri zedmixtumn a r ubbery pol yner. For exanple, for

cal oul ating the amouyeplndiflaGHect eprEARPRRLIEAR IRk Aich ialiaag styrene

bl ock copol ymer rubbe i/Y
- equi val ent " ptﬁpamiefromamoeemﬂemmmm mex formulstien comprisingshe oon-jineane

- butadi ene cmmawam;ﬁaﬁéwﬁmekms&famsmee‘mﬂav' ously where physi cal
¢ properties or other ﬁ)}gects of- tthe rubber materia ‘ga“r)e r’%asured the =

" conpl et e2Pubber mmt elMY&F anqtheraspeck t"a‘?ﬁfeifaﬁ\ﬂﬁﬁﬁi%é’ 3 Fproguging a

' The non-1i N eisermobdrined agticleyirepared fromamdrioviny irhﬁaﬂ&l’;ﬁ%ﬁr formutstion@Bmpéising
00 Pl ol B B Bn R b WAL (17

. i ncl-ude copol erEI’I zabiyetmqj,henaqusmtmresnt inveritindsaspolyng®ic feep prepaneddtanva

. copol yneri ZﬂH 5 a Etuﬂﬁf r‘i‘@rwﬂﬂtfoh%ﬂbﬁstﬁbsﬁg%n-'hﬁeeér&ﬁoina(uﬁg Pc}}mét&vent ion

erlv tives containing- a peroxi as a
* per car bonat @0'\!5\9!@@%@5'“0"°fth'§jEY§{\§'Pai or a hydroperoxide. The

- copol yneri zabl e funcsu@nahw )(tK&QH&Q\ﬁﬁndﬂfatﬁﬁdnoﬁﬂnﬁ@%rmovmyl arMhSﬁﬂﬂdFymer
zatiqn with ar o

| ?rg ﬁg Irrg? that oJ@?}B I‘S%&f &eﬁesenﬂnvér\tlon "lave an lﬁgw&% get{?rgp WE‘“&?}@%WY@?
or gani ¢ per rombetiesainticart oy prepared withouat! usin speciakgquipment. Héreg) the rmn-dihenr s u ch

as, for ex armtlno\nnw J?%Hlppe&’lm cHELS%JnQ Whirp?esent mventson are suutable ina wude
30 range of applications.
The non-linear polymers of the present mventlon compnse a polymer matrlx of at

least one monovinyl aromatic monomer and, optronally, one or more additional comonomers.
The term non-lmear polymer as used herein meahs a polymer cehtaining'monomer units
havmg at least 1and upto4 branchmg points. The weight average molecular weight of

35 branches emanatmg from the said branching points w:ll generally be at least 1,000, preferably
5,000 or h|gher The structure of such non-linear polymers canbea comb-type form wherein
the said monomer units have 3 branchmg points, a star-type form wherein the said monomer
units have from 2 to 4 branching points, or a dendritic structure wherein the branches
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t-butyl peroxy-ethyl fumarate, t-butyl peroxy-n-propylfunmarate, t-butylperoxy-
| sopropyl fumarate, t-butyl peroxy-n-butylfumarate,

t - butyl myng_ but yl f umar at e, . PCT/US95/14112

- 6- WD 96/ 11962 :

PCT/ US95/ 14112 t - but yl per oxy-sec-butyl fumar at e,
t - but y| pehemselves haxe;hrmdm nits, attachedity theay asignaras there aregomare thapddranches
t - butyl pey e?’r%ngm%{' Fexyl fumarate, t-butyl peroxy-phenylfunmarate,

t - butyl peroxy-mto fumarate, t-butyl peroxy- c cl ohei%l fumarate,

t - amyl per oxy- n- The ﬁhG'WWPEW&PEPO‘YmHWP%% st aleshe it unar at e,

t-anyl perﬁﬁiﬁnéhzﬂtibry ﬁasw&ieq;ouy%ned of&ﬁ&’brl@ﬁn@?é&eﬂttohuis)é?ﬁﬂmaﬁhﬁ those of the
-e

t- I at t
L hexyh polB3gE (bR e 6 anokE MBI Biaperina ol e o iet lower tian
t - hexyl peinahe/saidyefaremy K!feu hewextiean momwwwmeﬁmd&u resLlt the iroved melt
t - hexyl pesru%néﬂ?f 7&?'%’@‘%&&3%5%& t - hexyl per oxy- cydohexyl f umar at e,

t - hexyl perox umarat e t - hexyl per oxy- phenyl f umar at e,
cunyl per oxy- et hy| fRepeesertativeanonpiipgravamaticragrnooeyd indiude stirene; amyl-substntuted

cunyl per QEYrFHesQUWJsUHW nyr&es ﬁUFQQaH? oelo e?ﬁj?s‘&rwlg AHERL %ﬁﬁsty&“gsv H?& roxy- 2-

= et hyl hex umar at e er oxy- at e,
cunyl pes oﬁybsgw%mwsr(tmxm@e. 2 M'mm do'\e'FthS‘FYant?r tbutylstyrene,

t-butyl pemmeme%eaﬁ yﬂ:.wmw@hayn&uémt a&m&meamwefnuwsse
bt bt s ERBroiane ot haRSRrs Wbl ARl arve
t - butyl pe yie ’
E Eu: y: pemu;sz;hwsrplaf-mawmt eWnﬁ)Jflaﬁthi'mél)d ﬁﬂ! muré?thiaﬁof Onigghdralptheat e and

u er gx ecia er
The. copol SRTT/aR*BeIEpE Sufel i SRR A lreMiabioR bl ens 39 % ot oyed i 1
?m)ung 1;50 ggle?jgbtgr?eoewrm lQhamomhna@mnémm®MQWOoge6 nost p][ eI ﬁre ably
rom O. .3, : _

: in genermhg F\%n-gﬁ%{} ovi n@%ﬁﬂnﬁﬁﬁ tpggﬁwe{' ﬁﬁ dv%%&x .

nononers. er e e EI’ ese venti on,

t he non- | fasenrise fremddita 90, preferpbiifromcsSse 1 90rmose rraferakly f5om A6t O weight near

nmonovi nyl pereéHTRE tH‘e nm{o)ﬂiﬁ?lfaﬁorﬁitni rh'&‘hﬂier(s), base@Bﬁ'tﬁdtSﬁl \van@ﬁ?éf thé mBR&néﬂs near
nonovi nyl arorrat ic_polyners. The rati o of no‘g i near nonovi r%teﬂ aromatic
[ i

pol ymer to |inear ®9RY pPmsrssaReRtionally beamrloysd in camhinatiop yyi near or
non-. g n‘idhﬁﬁﬁgﬂ afmrmumbn\af(:)metpresemhwsumatmtommdmaeéreambmmybe any

210 25 LR ohbelrHe cSiygotad BEORLEA Shuc G o8 plEleheShe RO N, are

achi eved. nDnOV|hy S|t|ons of
t he pr eserthylenicaliytinsaturatgd erboxylic acldnamk;stemthmai. kq,ch lauamdnc acué,l mgtbaardid, can

De_ Pr epar s lediicribel MBI RbyIRG. S birgdte AButy acyRBBAES Knovn 1O those

skilled in the I ncl or  exa nioni c tionic or free

radi cal , ®iethythexy agrviates ﬁhwgv'mfiﬂnﬂmawﬁes Amiden,suchasavyiamideandnat i

pol ynens Fﬁ&i&@ldﬁﬁlﬂ@&i@ﬁdme chl?iidé‘\ﬁﬂd vitkyQ¥e bFGHIdRiny! teab.@ cich@s vih tacax@rrpl e,
mass, enul sion an us n net hods ene

cont i nuou8” W‘?ﬂﬁge%f"g‘ BPRKe B'F"%o I'M aﬁge*ﬁgm°“°me'ﬁ‘ffﬂ'(ﬂ% ['&’é
aronati c emplyed inamoubtidess thah woanore genavallyiless tﬂaa 3b6avedightipefcentrbased on the

POl YIB! | Z 8l Aleight of t G Ger] Ghpibi ih Breh Mind¥hé A linda? FeR bl archidticca! | V.

mass polynerlza ron results In non- ['r'near” an I near
pol ymers. polymer. In this invention, the proportion of linear to

hon-1in agar POl YITET f, dng eMBbdimanPafthé prékedt hweﬁtsdnt ﬂﬁ%nmseérmoaﬁyutat’&n Al t
strengt Ség?;ﬁs'ef-s' c.’gréi1 ¥urt 2? beo IubLer-mgg L Z rreTrheérltzbeber component employed in the rubber-
-modified polymer is a rubber which advantageously exhablts a second order transition
temperature which is pot higher than 0°C, preferably not higher than -20°C, and more
' preferably not higher than -40°C, as determined or approxlm_ated using conventional
35 techniques, for example; ASTM Test Method D-746-52 T. Advantageously, the rubber
éomponent of the composition exhibits a gel content (as calculated per Formula I) between 5
percent and 50 percent and a swelling index (as calculated per Formula li) in the range of 7 to
20.
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" The non-I|inear nbnovi'n

e — .

proportion of linear to non-linear polyners depends on the type, anmount and
nunber of additions of initiator to the polynerization mxture as well
as on t he woskgjeeand nol ecul ar wei ght of the branches etriiesii4112 &
non-|jnear polynmer. If the non-Ilinear polyner has a hi gh nunber

-7- WD 96/ 11962

PCT/ US95/ 14112 e i ght .br an up to
50,000), then relati vgfe %ﬁavewé‘ﬁ%ﬁh eréNEi- mad‘?ﬂeep e'f |s(re'l’étgwe%%¥?§'ﬁﬁ St e
requi red tol.comnjegated ﬁenchesuch edauted'ene; tsomege.hhbpwerfel ot pipecytenel Alsodntiuded t he

ot her hand, artelegpm&gw ﬁénéﬁe'\lﬂwpr%rrgﬂ’sﬂ hBE'%ﬁﬁIQHFJ's (St fﬁroér%ggu%ﬂgd its

branches are relativel 'ess t
hi gher pr op@PPIVm?'%P'ePH@dﬁW L?ﬁe'a\ds%ewpmltmqimomvme;qgf T butaldleng helngase

where the napegallyprerébdint of both the non-linear , polyrrer and its
branches™ are rel atlvel‘é%fg_wg tgs | ow as 5 percent by ht will be
sufficient to #iB. the gprticls size.fs thediametge the rubber particles as The

. non-| |t near memd ntuumutheaéwwght ﬁroadtMﬁMTﬁg)ﬂmﬁluhbW nﬁftmt;hfwﬂreﬁm rubber

, i nvention a a sl ave a Wel av Dl ecul.ar wej

o 75, 0o BIREUBRH Stk R Premherali PresRiF i At e MR POt STARber

. preferably -i'eiofwéﬂ(immrpmpaﬁﬂ \6I69 masipolymerizatidretechinfquencRupber p‘hrﬂd:lel but i on
- (MW Mh |
ot ARG o BIeBI AR LTS Bl D bd eimiblF i LohlddBhal o ARERY)
. to 5, paséfoe iamryaﬁmsmma@nﬂer ntes (@m&pwﬂwter i3 trasiemarkmf&oulter

. conposi ti onge&fonidied. &1 fﬂ’ﬂlktﬂi}lyfor sni’dﬁK?ﬁHrﬁ@@sOHaﬂ%lsﬁﬁn hm:ﬁ'od MRFVdY. Ml t ( |

. strength properties _wh essential |y -mai ntai nj ng other 15 | nportant

. physical properties T§‘GBH"‘!§?‘FFQ“§‘FF‘§“‘!’B%!BHH%‘§@W“V'P?lwt‘h'@tﬁ%ﬂ?é%PﬂH ear

. matrix ARtAH B0 m;&rbmnnamen@wram&»awﬂ@s&&msizbuutnbﬁrahgal ly, the

helt SUringt b oporThE EOPReh s Stvenpag S itnigied v SmBiris ith et bR £
 10.0 g at 2@0fferced pblytpela:{red\mbtqntilnmmiiogﬁ Rnrcebﬂ.(i{refera}:@ftm 3tdB5pentenf,30C,

- and st prr%l%rp@@ﬂe)’ablyfr?rﬁ’é%%&wﬁigﬂt eJr?uQ[bﬁEJJrglgﬂrg?] Ml 230C. 20

Mer conposi t | the pr esent
“invention advant aged@ﬁl’%’"hd%beéi o cabbenewwah@f aw%herp@rmmdmﬁ\ee-eht at

Ise ast 60[ elréri\&mt%ﬁﬁslgémd(?ﬂal ;sgkxte.?]dua&a méRd, %H @bﬁ&d\oﬁk%ﬂﬁ'k} @uch as y
i urprisin as ee oun novi matil C
pol e BorR e Sy e AR RS AP G 3 Mook coRRST. THEAmab AT ¢

- and Vi cat copol?ﬁﬁ'i‘ mddetxﬂfrbﬂﬂi‘ibrto@mb(shdildf wheuhorbo;bolﬁnmﬁeu fatrrmgbhypblymbr

-l east 20, prefer e I han
P oot o ket REAARb o arck AR yCam R Sr EBp A ElrAleion WA 5Bl i

“at a given Mpdmophlgamer mbberd\ashm mpmcdamar“elbber or "rubber equivalent” dfthey ’

“preferred eghagd) R e calc o B ol tnObuliRnd B dnBRER e O & obolymer,

_ thernnplastlc nNer resin conpos t'I ons 1 n accordance esent
“inventiozs @b uavshn vehere physisaliprepertieson pHigr appevefitpe rt&PerrmeﬁeBa'ﬁmaﬁﬁwed the

~advant ageouaimbléterﬁmr%&?amaumﬁgswmemaanﬁmw%so of an orgam c liquid
reaction dil uent, zene

presence of other o 3'5\28831""5%{&1‘?’?9? f t@%ﬂy'é%” ?ﬁe‘ﬁé P%ﬁSé’Bl"P"§"t'%rh'élrﬁme’éWs fer
. agents and bytbease of one or moee spedific ialtiatapsin tivd pdlymerizatian processiof this pressnze

_reactor haw 9'}?%,9;5@&3" Rnﬁ?&? ‘?\tlugpgbggmﬁ}%ﬂ%b?%&agﬂl d%er?xlggﬁ\ﬁ ed ina

series and €3 redct1on zone erafure control.
30 Representative copolymerizable organic peroxide initiators useful in the present invention

include acrylic acid derivatives containing a peroxide unit, such as a percarbonate, perester,
perketal, or é hydropéro:'(ide. The copolymerizable functionality could be derived from any
_ vinylic species that is capable of copolymefization wifh t_hé monovinyl aromatic monomer

employed. | | | | _

35 Repr,esentativ.é. éopolymerizable organic peroxide initi_atoré include alkylperoxy-
alkylfumarates, such as, for example, t;butylperoxy_-methylfumaraté, _
t—buwlperoxy-ethylfumafate, t-butylperoxy-n-’probylfumarate, t-butylperoxy- _
isopropylfumarate, t-butylperoxy-n-butylfumarate, t-butylperoxy-t-butylfumarate,
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‘The pol ynerization mxture is then initially heated up to at least 90[err]C

for at | b E&rhour to 35 initiate the polynerization a 514192 at
,gl east 148@ r? or at least four hours. The ..copol yneri zabl e organi c

peroxide initiator is then added to the pol ynerization nixture at any

desired stage of the polynerization process. Typically, the initiator is
added in theutylperopy-sechutylfmarate, thutyperpxypexyliumerate, t-ém\vef%ﬂy of the

f i8'r st r eacioegguﬁggg Soluiyiperdiy-2PhyinGiyifdmirat-bitylpbrdiy-phendifumarate,
PCT/ US95/ \1/\2%!1‘!{9‘-"°"V'""%‘(¥["§F\3I e hytviner g svdeheytfumarate SAMYIREIOYIKe of the

reactor, tipeopyifamataterenaiperaxyiisopiopgif@rasrets, t-amylperopruibutylfomamteyt ai n an
approxi mat gLy L yITer |ozati Al [ ambilE b EgPerature in
the. thi Fa FeupRRE SRy RanKRRL b Rpga Rofyiiale, Lam} 2P

The pol ynerethyhaxpifumarate.t-bexylpardxyrgthylfemanate; t-bexylperqxroeopyifumatage, a heat er
at a 5 .-t eRGhHeHxg-idoBropyRGmaraty, t-ﬁ%@fﬁﬁgdr%?-ﬂw}fuﬂéﬂt&%ﬁ%ﬁé}o acuum At this

poi nt, unreac nononers and s are evaporated and condensed in

a condenserbutyifumarstecshexydperpyy-gyeighexytfumarate, -hexylperay2:athylexyifyrarategne.  The
pol ymer nmet-hetyfpetdig pheyjifuriieste A0MyPeriry-etyffGmarate, cumylperoxy-isopropyRum@adté,y i Ng
out the polyneri.zatipn as indicat qd above, non-|.inear m)n0\5-| nyl
aronmat i a0 pﬁ‘?/'v ?’Q*Yﬁ'angg“'aa ot BV@W&'@%“‘YI‘&%H%‘!“%EW' of from 75, 000
E) 0 50% OOOTetlﬁyilﬁbﬂﬁymaﬂtea:cmiIMrmyﬂmm_ uylﬂmiarsteyirﬁhumylphmyﬂtydblhexwlumpr&a_ 4h

ranches o nchi.n | | vier ul ar, wei ght
of ‘at | castrelBHGRERRA EhiniHod Rofropyiun el Loy B AR R TSRl 0
vel | as nok-butylperoxysecputylifiimarate, tthuiipsrey-tdfutylfumaritagebutylperogeethylumaratee
readily deggy #3%‘ elfitiradr B Dbt BBlokfindrlririhiatd QRA bBBRRMQM. L Ne

ato Vi SS

nmonomner Cc osrtion, Initi r-reacti y, and/or pro ondi ti ons.
Such calgutbutylfimarateandibutylostrm: t-bytylfumgratebeing espediaitypraferredi pl es of
'Fr)ﬁl ymfer | zat i ;)_n, ZHWPﬁ?ibﬁblﬁﬂerizkﬁmrﬂdi@éfm iﬁi@iafo_rs &Jlewplkéen,}@nmloyed;:?8l- f

e aforenenti oned. po r osi t{qns rticul ar ed for
the " pr BBaERROIEBA T snf heiahirare A8 G mestristeranlidon L 03
ref ri ger at ereighit percent, idsed onothenowbweight ofthe mbmsmerid i nj ecti on nol ded

articles. 20 atngg e PGk LA BBE VR HSE [dor FeblifPT ©5o!

i nvention is any of'"taﬁ'e rocesses in"the art
used t o2pr ersumasicpotymers con pe blendedwithplineat mondvinybaramdticprlyraers or rubberr gener al
food packagigicdifledrtoinédt Honolif af iREticBBGHRAL The AHGFRG el fiBhovinyl
i nvol ves extrusion of a first Pol ymer shéet at a thickness of a féew

mi | | i met r e@rqmatisipelymey tafinegrmpnovinyl sramatic polymperporrubbgr-mogified lipgarar nog- t hen
fed to one.iHeafMbRoviiRbroR@atiopeiheriNdterititabariddh BE ahyratio blorPadthe dasnegd wel |
above the §I ass&.-.tra sitiﬂg te erat:ége ﬁf resin. Once the desired

t enper at ur EroPerties; Uch MY NI TEREUEVE s formed into the desired shape by
known przgcesses sucThemomdvinyl arosatit palymer compbsitions btthepragenttieeetion, phird

pushes the | | d. | qﬂfﬁg?& ' et and/ or
vacuum can C?A'Ibg‘g&%g&éﬁ*ﬁg ggcfg .anérﬁ%{) g’"t s ?récfe‘a Sir gﬁ‘é@g %ev?Fa‘?ﬁ?l%@nzatmn
The pr epar Methedsknown jo teseskilind inthp patincludingsfoy mampieanionje catiapic arifiger s in 30
accor dance riditd), wiiliéh iDprofedreld, polhiétizatoh. THE moRbViblyl bRt BSlyREfsicarPbOpepired
pol ymer sheet . 'lhl,-'s . he‘%t . 1S, then fI ed to one or nore h.e%E | ng ovens
Whet o t he EENRAKEPP mefhods cpainge 7" SEMPIe, Bgtroemulsion. syperyonandmat i t | on
t enper atzgr suspensiarsmetho) de gérieealdeatingls methpels arletem_pldyed foz polymérizingithesheet i s
"~ monovinyl aromatic monomer(s). Mass polymerization is the most preferred polymerization _
process for use in the present invention. Typically, mass polymerization results in a mixture of
non-linear and linear polymers. '
In this invention, the proportion of linear to non-linear polymers is not
35 particularly critical as long as the melt strength specifications of the polymer are met. The
proportion of linear to non-linear po_lymers depends on the type, amount and number of
additions of initiator to the polymerization mixture as well as on the number and molecular

weight of the branches of the non-linear polymer. if the non-linear polymer has a high number
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formed into the desired shape by known processes such as plug assisted

t her nof or mi ng where a plug pushes the sheet into a nold of the desired
shape. 33y 9611962 The foll owing exanples are given te the ;
i nvention and shoul d not be interpreted as limting i ?elrlrlll%ggr)llatl\{/\tgy g
Unl ess stated otherw se, all parts and per cent ages are gi ven by

wei ght . ' -9- WO

96/ 11962 of high molecular weight branches (e. o Mw of up to 50,000), then relatively lower amounts of

PCT/ US95/ 1#kkidn-linear polymer are requlred to bEilevedhé Gehiredlmbli%eﬁgiﬁ Sneiicydone ieap! oy-ed
e Nnonovi nyI aromat i c
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descri bed kdﬁ,ﬁ?ﬂ\é&;méﬁﬁ,ﬁgtﬁ he tenperatures given in the exanples. A
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g?nls? gg% Winbéntith aﬂﬂéﬁtb%@uﬁﬁha\&@ vaenghmaagé mefecaarlwaam (Mw) of from 75 oog lto fA 10
ee 0 ra (6]
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pur poses. from1 ed;t hpccal i brated using anal ytical weights. The
first pulley unte ona]zorcelever which is adjustable to permt
i ncr easkg the forcﬂ‘e&‘sp‘l"ﬂw menoviny! asemagicpolymer corppasitionsptthg prasent: o 8

: 25
. tines the pRertidrhdiay 91 Baved 3 Vet Re st dittdrtis éﬂn?&étumoﬁaﬂl basoe r of
~50.8 mm (2 |nct§§iwu{jlal T o ewde&b f
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to 2,000 r amatiopolymecempiositions ofeiie grasent iblentivhpdtiagivensnelt flowrabeasiVieatof t he
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25 preferably 50 percent hlgher than linear monovinyl aromatic polymer compositions of same

melt flow rate at a given Vicat heat distortion temperature
ln a preferred embodlment. the preparation of the non-linear styrenic

thermoplastlc polymer resin compositions in accordance with the present invention is carried
out by feedmg monovinyl aromatic monomer, advantageously in the presence of suntable

30 amounts of an organic liquid reaction diluent, such as, for example, ethyl benzene, and in the
presence of other optional add itives, such as mineral oils, chain transfer agents and rubber,
into a first, out of three, stirred tube-type reactor havlng 3 reaction zones. The 3 reactors are
assembled in a series and ea_ch have 3 reaction zones with ihdependent temperature control.
The polymerization mixture is the_n_ initially heated up to at least 90°C for at least one hour to

35 initiate the polymerization and then to at least 140’(.'-. for at least four hours. The
copolymerizable orgamc peroxide lnmator is then added to the polymerization mixtureat any
desired stage of the polymerlzatlon process Typically, the initiator is added in the first reaction
zone of any reactor, preferably of the first reactor. Typically, the polymerization is started at



wei ght Nh, for the polyners are determ ned by the gel perneation

chromat techni ques descri bed by ASTMtest neppps %,i?ﬁ?
(pol. ystyrene Standard) and expressed wi t hout correctlon or t
di fferences between pol yners and pol ystyrene standards. Vi cat Heat

Di stortion Tenperature 35 Vi cat heat distortion tenperature
(Vi cat) i%9076ang yithin theifirg reastienzangef theirerstprithen the tempgratures insragsesynt o t est

net hod Akhkrto inaﬁa:&ngﬁyapbl%&ﬂ\agbly tp@@ndpdifinerization rate. Usually, the temperature in

0 0
PCT/ US95/ ti‘&l'l?‘g reaction zPE%%I“'"PrﬁH’ét" eactor reaches 180°C. The unnot ched 1zod | npact
tests were carri edhepblymeffatioh igbxtlucd I€aSihIthe rhaéibris passed thidigh aheategata ZW CK

bar o uf  CTPREARLR ety SRt s Rertsubfiieing ek Bl Pt Mg, o] g

St r engt h monomiers and diluents aréfévepdretediahd coridehsitd it a eomdersef tB\be regyeledtethar ed

accordin gfeé@ @%ﬁ%’{hgﬁ &?&Mu 20 %l ogﬁ'm' ﬁ\@ﬁ rlrsélr\en extrg&ed arH qrrmflg_tgg gel content

IS measure ssol vi ng re (m) '
tol uene for 2 hourBs’ carrying gtnakepolyﬂmetaymeﬁtlmdjcat¢¢ahonermooévnear|nﬁq;g:emtyht 16, 000

rpm for Iy Bmdfic pt;mﬁerlﬂa ﬁ?d%rabb ﬂiélééulblswﬁ €df o758, 0RY §6b gbadardde wet
Cavgeh gt o

gel wei ghed. Then, dried er vacuum at 150[err] Cfor 1

hour aty fontainpg “'WEPE)‘H’E “’Hﬁf"éﬁhrﬁ‘ H*éﬂ‘ Tandupfof ?WW@"WFWFQS Rointghaving §sed t o

det er m newgight Mi‘ﬁgeﬂ-tolecularweughtofat least 1,000 are obtained. Dry Veight (g)
Gel Content (= -m----%--= 100

Initial Weight (g)Thfg"@\Rﬁr' H’ﬂg‘ ftERlle n'?olecular welghtofthe b'ﬂ%‘%%ﬂﬁ“ 0§35 ndex is

~det er i nepblppyers hve réaxlily deferrginEd byrwklixkkndwn kinetics caiculations, based on the monomer

\é\f; x: gﬂ%on&ﬂ%mon, m@é@ Ha?gvf!y?_%@f% rerocgis'cbﬁd'tiﬂie{s Such&r é\)lgtrl%n[s are wabknown,

A serits @re&nmi@lfrpmé‘dnnehs of memmzmdmmmwwqmwmmwaxow epar ed
using thregiplug flow reactors of 2.5 litre (L) capacity and in a series
configuration. An _anount and ty of a free radical, branchin
initiator as spec|Tf"FéEP"F'He'1%ﬁ5‘P€pP"W&%‘%@H‘“ES@"!Pﬁ!"?‘l'?"g‘twe“Su't?‘éfaég’leon zone

- of the flmbaﬂaaa@bwlow&dnddaatmumhu entrudled f08m) rafrigerdtér lineRftherrhé¥Brmed

pol ymeri zati.on ed to the first reaction zone of the first

reactor af 'é'ef@é’d{’ﬁ&"*}“aﬂ"\éyg%‘? '%‘1570 25 grans/ hour (g/h). The pol ynerization
reacti g was car riAfbodpackagingpnedesswsefsl wtﬁetpresenngvdnluen is any of the well-known

food packaging processes in the art used to prepare yogurt cups, trays of all sizes and shapes
 for general food packaging and vending cups. The food packagmg process typically involves
extrusion of a first polymer sheetata thickness of a few millithetres'(typic_a_l'ly between 1.5 mm
~'and 0.2 mm). This sheet is then fed to one or more heating ovens where the temperature is
25 increased well above the glass-transition temperature of resin. Once the desired temperature
is reached, the sheet is formed into the desired shape by known processes such as plug assisted
thermoforming wheré a plug pushes the sheet into a mold of the desired shape. Air pressure
" and/or vacuum can also be employed to mold the desired shape.
The preparation of styrenic thermoplastic polymer refrigerator liners in
‘30 accordance with the present invention typically involves extrusion of a polymer sheet. This
- sheet s then fed to one or more heating ovens Whefe '_die temperature is increased well above
the glass transition temberature of resin. Once 'the desired temperature is reathed, thé sheetis
formed into the desired shapé by kﬁown processes such és'plug' assisted th_errhoforming where
a plug pushes the sheetinto a mold of the desired shape. | S
35 The following examples are given to illustrate the invention and should not be
- interpreted as limiting it in any viray. Unless stated dthérWise, all part§ and percentages are -
given by weight. ' |



pol ymeri zation m xture and continuously increasing the tenperature of the
pol yneri zati on m xture from 105C in the first zone of the first reactor
to 170[ er plogvérnoeshe | ast zone of the third react or. PCT/US95/14112
Upon.conpl etion of the polynerization reaction, the polynerization mxture
was 30 fed to a devolatilizing extruder to renpve the unreacted styrene

mononer and ethyl. b vacuu The vgl atilization
was carried out at %6?‘2& ng 'cgndJ‘ g‘ﬁer ggﬁgloye orye@eé'@m? € RiY&IcRI PRORErtsson
was cal cul safdothythe spnominyiasomnatid nolyimey résisvandithe foam prepared therefrom. '

Vi ght of p@biypBw Rate 1 hour (9g) conversion 9 =-----------------n- X
100 vy /————— Tot al f eedi n%ﬂrate in 1 hour (g) 35

Based on Formula |1 ITheH"-{‘(fMM rateMFR} is mgpsugsd 3o aInick MFR Mpasurement hi eved.

The em;fpaektds. MdE 05, vaaeora.hg ﬁfertébﬂgﬂﬁe&U?EiAm pl128R8PS! JoBicandist h 2
rotatlngk WD .96/ 11962 -

PCT/ US95/ 12‘1?5’3"‘5("9) load. | The resins were eval uated for their
properties MéltStherggtle set forth in Table | together with the nononeric
conposi tions thereof,: mparative Exanples. A-G - ‘Unnodi fied Resin
Pr epar ati on Meit Stren&?‘% ‘?%E'S nBAs %&‘Pﬁé& eﬁ'??é%gﬁ%wmﬂ
aromatic p(dewnbad m%STM B{123%:86 mhstemwlerajwengvemla tive o@mples.cA béatkd eylipnter i<l ,
except |

Usi Nfiled gmas Rte b ks 4 irhitheibe dith dredlrid o of theylinder,

tert-butoxycyclo exa ree ra I'ni t1ator
t her eof as ’ﬁﬁf'ﬁ%&"‘f‘ﬁé’"a"d'er%ﬂ'ah'éﬂﬂ)d”'t'tﬂﬁﬁsﬂce haxing edlemst;erom t"m in Table |.

As readily apparent Afcbﬁ&aﬁﬂeadﬂ@ft Psﬁe\eshstaan?ﬁeasﬁmtiab&sa@&fkﬂaaw1o

nonovi nyI aro rs 0 enti on_exhi bi t | '
si gni fi cant’!‘?"ﬂ‘i"aﬁgf‘ éﬁﬁFM %eﬁﬂ At the diepliesrd i ¢ pol yners (

of thF st atpeeﬁé‘temhﬁedﬁie‘au(\gﬂmemeﬁlapsed e‘N&l‘qntreaate p&aﬁ%ﬁlcﬂqddoyvnward ufdgFgari ng -
Exanpl e 3

h h
P et Hirks @l Bt <LF vt ufwape oyl 8400 o ey i i Sohfes B ey o s "
strength ofsmlid-apprm:slmtbe present inyenti®, prlessottiervisg indicatel athistwiad-up trum is
Co |
npar at i veo@e&m 160 &voﬁwhi ﬂrWnutUg?ﬂl) CERRBhlleY % of blacm%g aﬁmwtﬂ&,g Aoy

Conpar ative Exanple C, an increase over 45 percent |
of 15 Exanpia&apgowinal diamgtesett75 midhes BH’M9§B’§€PVE§G center of a 120° V-groove,

Sanpl es of anBgs IWMAMON YL indh ] cdC B X PUITEYs hiavtl £1itadisish indtrurehTBbAting ahaGre
Corrparatlve Exa]ma&‘ re extruded into thin foam sheets and eval uated for
their Fati5R he sheet. appearance was visually evaluated with 1

bei ng very poor appahe straieon the frstpuiiéyds mbasutaaivia gstiaicie havieg£dapatity cf60 bei ng

excell ent apRaet AR bR AHeTHAReh S rad o0 FIHLY BBt SLYEY ol olaD! ©

sho e e of the
pr esent i nVidastrain c¢lHis catibrated usinganalytipal weights. The fistpusley ismountad dni aforge lever

monovi Nyl auIQEmRE hdjult@bi¥ Q@ﬁerhﬁﬁn&éélﬁigfth&ﬁ?éé a\Sﬁhéﬂ%Ql\{@Hram cell By Rdtlri Hpog0OaM
sheet havi ng better apgear ance than’a foam sheet prepared with |inear

pol yst yr&ndmisityainelie ra@‘%‘ R diy) igalymingm ra@r@tﬂ@ﬁéq B mey(2.0

inches) and is about 76. 2 mm (3. 0 inches) wide. The drum is equipped with a means for
adj ustmg the speed overa range of from 0 to 2,000 rpm. The force at a given rate of rotation is
a measure of the melt strength of the matenal '
Molecular Welgh

30 ' The wesght average molecular weight, Mw, and number average molecular
weight, Mn, for the polymers are determlned by the gel permeatlon chromatographlc
techni iques descnbed by ASTM test method D-3536 (polystyrene standard) and expressed
without correction for the dlfference_s between polymers and polystyrene standards.
Vicat Heat D|stort|on Temperature - | |

35 Vlcat heat distortion temperature (Vlcat) is measured using injection molded test
bars according to test method ASTM D-1525- 87, rate B, load 1kg.
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‘25 Exanpl es 15-19-Mbdified Resin Preparation - A series of
hi gh i LT | i near, rubber-nodified nonovinyl ar omat'i rosos/Rfhy Mer s
{Was prepar eoﬁg%}t he fol | ow ng generic procedure-of- Exanpl e exgéealpl)t for
usi ng rubberd| ssolved in the polynerization:feed. The rubber was a

di ene-based rubber Di ene 55, comrercially available from Firestone
Conpany. MMmrl zation feed was added at a 30 feeding rate of 1500

g/ h. The pol ymeri zahé Olﬁhd’t&ﬁﬁtlzlo@ﬂmmtﬁﬁW&@ﬁrﬁEﬂo@H«ﬁﬁ’ﬁ%ﬂ&%@ﬂ'DLZSGI)'Uri ng

t he pol yner]j jon_m. xture | creasin ete ture of
the P bonSdiing aanick mpse dter Mot 3165 Binb e HE PR el parg AR ang et e
react or tcbahﬁ&{tbdnieﬁsuoms&flﬁknimb;ﬂp&nlanﬂzm reactor.

The rubberTeggg |§ll'!§!r§r’| ﬁﬁ is controll'ed by the agitation speed in the first

part of > t At high speeds a small particle size is obtained
wher eas ‘at | ow spedbe temlwejdzstmsth (@y)avas meagiredaccortingita AFE D-63Mh

corrpl et | ongQtohtdft POl ymeri zation reaction, the polynerization m xture

was o—a_g%'%'o%atl i 2| ng extruder as descrl bed in ExarTP to renove
unr eact ed st ar t i ng The gelgantent inmeasytasibydissalving 1 gvam ofpebyanes msﬂ@trean@ul ated
bi‘EEd on ﬁ%fd%?ogrg h%%rsli’l% $Hak &0 TRE4oRRIYN is then centrifuged at 16,000 rpm for 1 hour. The

IDCT; USOH) 1swperaatant {lquu? is carefully removed mtl‘ﬁ et p?lmhedr Thesethe wal pfl isdried

monovi nyl mfdanwcumnpoisof‘efomhem&ndmhny&beﬁghtdeterrhmdtTlﬁlfblldwmgedirimﬁl iind t he

nononeri c 0 O0S . & { forth in Table Ill and the properties
t her eof ar%ggg éétg'm"ﬁe cﬂ"ég'ft \6Ve ht Conparative Exanples HJ - Modified
Resin Prep, %L,g ______________ 2\ @ es of hi gh inpact, linear,
rubber - no Vi

bb g Cahtde 3 =

nyl aro was prepared by foI | ow ng
t he procedure__of Exarrpl e 15, ex?:&eagyﬂgo @m ng 1,1-di-tert-

but oxyc;&:lwﬂﬂs the free radical initiator. The nononeric conpositions
.are set forth in  TheswWa@limdindddis determiiRd tytRPBlbiiy FohRGigf are set forth in

Table 1V. AswetNbidnt (@gPparent from the data shown in
Tabl es 11 Isvaélm-.dﬁ(dextéle .non-linear , (L0 rubber-nodified nonovi nyl .aromatic
pol yners of the present invent Da;wa.baquossess hi gher nmelt strength

t han t he cggﬁggea”zehn ég@!‘ﬁ“& hy r% nSpeC| fically, conparing Exanple 15

wi th Conp th have approxi mately the sane nelt
flow rage and - Ajedies offwamiodidied non-finean mopnyinyl atamatic polymerssvas pedpaesagt h  of

Exanmpl e 15, tﬁﬂze&ﬁf&ﬁm r&k%ps%f 2t5hm (L capacft;h?rH iRh feqﬁgaﬁffﬁua\{%n EXg gp\'oﬁ?tH A

conpari son of Exa atrve t hat

both ex arrp?@stvpmf@ fmﬁﬁﬂlM@@sﬂgﬂwea@aﬂwwfmm Tiekde ! wasadded Yoghe first
tT ﬁ nper at ur @actﬁsmé ef the f;Psaseab@t- hilrhulﬁiﬁbuillﬂv&h tHeGitiswRE f%eartfle aabﬁmeﬁiamn gt h.
e nonovi aroppt.i c Mers o ativ
"were bl end Waf ﬁ‘ﬂf e o Hﬁe(r)ﬂ% r ?ﬁﬁ'%ﬁﬂ?ﬁ’?@ fﬂﬁl aB‘PCP%Wﬁé?tSPﬁ/QDEX anpl e G
The bl epgl grams/hoat (gds. Tise pulynherizatidriveaqtiopwvas eémpd oytdycorinuoisly stiedeg thleends i n

conpari so ”pél%m&f&"au?ﬁ’ Hﬂ‘&‘uresaﬂd @%t{%%sﬁy |Hrg§sm%fﬂgferr?p{7?atglle of the db ];?‘el?izgt.

As readily apparen own I'n onc ari
bl ends - mlxé-emtfmmgf inithfirst 2008 gEthe fiesh eeaatnatq we Cn@ﬂwl lashzene qme,ﬂgtrslr ene of
the presengeattayention (18/G
Upon completion of the polymenzatlon reactlon. the polymerlzatlon m|xture was
30 fed to a devolatilizing extruder to remove the unreacted styrene monomer and ethyl benzene
diluent under vacuum. The devolatilization was carried out at 220°C and under 15 mbar

vacuum. The conversion was calculated based on the followmg Formula lil:
_ : _ : Weight of polymer in 1 hour {g)
Conversion (%) = x100 ()
Total feeding rate in 1 hour (g)

.35 : :
. Based on Formula Il a total conversion of 80 percent (%) was achieved. The
.extruded polymer was then stranded and cutinto pellets with a rotating knife.



(75/25) and 18/ G (50/50)), it is readily apparent that their physical -7
properties are significantly | nproved over those bl ends containing

| i near ne and |inear rubber-nodified 25 polystyr 75/ 25) v
and I—I/Gp??los)%?&? According to well -knomﬂn:&g[rj%gyé u%es - '
monovi nyl aromatic pol ymers of Exanple 17 and Conparative Exanples |

and J were extruded into sheets of a standard thickness (2.2 nm, then
heated for a speci fiheeesins yare exalugted for thejr Arapertieswhictyarg setiferth iriEabiedf or ned

i nto tb@éthe@amrmdnonehscaﬁpdshenmnafeotrI dge-type (60 cmx 30 cmx 30

cm) having a f C nt, Th; resultant liners (Liner 17, and
Conpar at i wE&RB2ER P ot ration f or t heir thickness

di stribution. The memsroéumnbdm’ed hdmartrhhc\btm&a&nﬁtﬂbélyhutwmmﬁﬁed:w ri ed OUt :

foll
110U ol 5 RS sty 58 S g R
di ffer ent tm-bnt%myhlehﬁ@nemmrﬁra lhd initiator. ThSommmesmaeeqf@swall hettecr | t i cal

Gid Metheghn Qcﬁge/ ngggegm%cﬁwrenents are taken in an 8 x 4 grid

| ocated at the reezer. dividin art : gfrldge/freezer I nsert
conpartnent) bet we Anreadily snpaeRps framihe @éi‘&‘?w't'ﬂﬁﬁ'dﬁ She-non-lirpgemonovinyl

fridge/fr QegrRéitidpdhidrs SFRAPPretdiie mvemsortékmbﬁetghmém HigheP RRRtréfYth thiin thee

frid d,
_ rl |3_ ge 1%” mor;[oc%e%%%gti%oéymers of the state of the art (comparatwe examples). Specifically,

PCT/ US95/ tédparing Examptetﬁ\ﬂitldedimﬁrhh& Bmplew elthcm@h bbﬂg\wéamoklhﬁtdlmr
| 1 ner. Th% t@ e I {ow ra eagtd%&ghedtg rfién %ﬁpera‘%\:re, the me %trgrbg'tﬁkig ag}%ed% I8t

measureman?mres S are dgirven I n
fromt he oaer:80pierment hlgherabarethm of QomaratneExaMple A Sirpilagly suponicomparingon

(Liner )Eéﬁ@le Bivih at%'é Ei?ﬁﬁ&l@ EtanI :ﬁc?éasé BP&U@?E?&Q&% ﬁ{thQ &eit@ﬁ&&‘{ch of

t hi ckness ribution npar ed Conpar ative Liner .
heat i ng5t iExgmple 8 of the present '“Ve"‘t"’l‘N‘é'sﬁBﬁ?B&FF’nyl aromati c pol ymers of Exanpl e

17 and Conparati ves&sﬁmf&hémonov.wwaﬁntaluewwab.d ﬁhphfadQn E;efnrwaﬁﬁd or doors’

h ht . of The . t h t
T e .
gauge profdntics. Thasheet apyemancew:sfwsﬁal(ﬁvatmteﬂ' ivith beingtverypoer gppearance Tabl e

VIT. méconﬁﬁleteggorruaa}é@ﬁjr%ée)tang 19@&1 %S*C‘éﬁ{]nkx Péme @%%tru otngel’h paME

.

-

overal | corners
desi gnanedesaltwggmelrtWeIH i ne of the door, corrpar ed to Door J,

prepared from a | i fRedata it UBRIIr B frag i HRleksihpté 8fthe BRls¥iffivention (Example
Conparative Exanples K-N - ‘Initiator éo ari son nnod; f ol yner

Pr epar at i Gh the outputrate of the "°"""lﬁ?ﬁﬂ'8f'?‘f'@ﬁ alomatis po M’Bﬁ'd?ﬂ’ pignt '&?’BWP’& Bl yner s
wer e p(r]I epgﬁ-@dhcbtg d‘f@bt?}\@ﬁédtgailﬁ‘@%ét&rﬁpméﬂwaﬁﬁf&tﬁﬁﬁﬂeﬁp&pa:@&mtlméﬂf us: ng

a standar on-branchi ng. tert-bu I C_ac Corrparat|ve Exanpl e K
and L) and® %Y?ﬂeﬁf’ t'é’f?% 5%’4%%‘?'@8%@?&?"‘\} “Exanpl e M and N)
as the jgr &3 g ified Rs paratiomoner i ¢ conpositions thereof as well

L PG 9iM
as the nelt St res@ﬁésg,f Rﬁg%ﬁ# %H%‘éaﬁ%bé%wﬁéé‘mmmf?yl Hohiatic "

conparison to Exa ﬁ
polymers was prepared by the following generlc procedure of Example 1, except for using

rubber dissolved in the polymenzatlon feed The rubber was a dlene-based rubber Diene 55,
commercially avallab le from Firestone Company. The polymerization feed wasadded ata
3p feeding rate of 1500 g/h The polymerlzatlon reaction was carried out by contmuously stirring
. the polymenzatnon mixture and continuously i mcreaslng the temperature of the
polymerization mixture from 115°C in the first part of the reactor to 165°Cin the last part of the
reactor. ' . | _ ' |
The rubber partiele size is controlled by the agitation speed in the first part of the
35 reactor. At high speeds a small particle size is obtained whereas at low speeds a large particle
_size is obtained. Upon completion of the polymerization reaction, the polymerization mixture
was fed to a devolatilizing extruder as described in Example 1 to remove unreacted starting
material under vacuum. The conversion was calculated based on Formula | as being 80 percent.
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I nvention. 20 As apparent fromthe data shown in Table VIII,
at conpa ecul ar wei ghts, the fumarate-initi at ggpasos/ iR s
s, exhi bi t %‘?‘g erl%r?el t strengths. In fact, the maleate-initiated pol ymer s
(Conparative Exanple K and L) are clearly corrpar able to standard naterial s,
h Co EX le M

25 i T R S e e et T v
Exanpl e 3 fof tHehfbropertlelsaﬁaIﬂ&&ﬁoﬁﬁﬁémkorﬁﬁﬁtioﬁ‘aﬁﬁﬂe@étfG&h th/Tabke 1 dfetheane
i ngredi ents aﬂg rmun S f%ﬁgﬁ b%qgrel n ~  were used, except thatthe
pol yner i zaRPBH & erce3 ?reéﬁt 8 1] err]C for 6 hours. The pol yners
wer e r ecoveonamhritiveExsthplesidl tiModified ResinRregatation di f f er ent manners. One
pol ymer _was. dri-ed

?A:sernestofm%ﬂn!}a étr]mtegle nﬂ;'BQ}’ :%aﬁgg& lm%ﬁ )d%%%ﬁ?ﬁ%ﬁ

Appl i cation, that mperat ure an acuum
and the otwesmrmrmfo(lmmpahemmw@luMﬁpmplp)‘l5.\ﬁas¢pﬂqr9ﬂngii.1@dtqrbr
hour underpg, l rakarled kifY frderaditd] irithabr. fTHE nfbnBREefc doipositiahs aké it Brtr ify.  al SO

under vacuum nmol ecul ar, wei ght osi-tion properties of these
pol yners aT’é"%'@?"qlHﬁﬂ@?%’*&hﬂé%%se forth mTabIerIU) The data shown in

Table I X clearly Sm\ﬁﬁadilblaﬁpieridmm‘dﬁﬁsﬁNvﬁnrﬁaBWsﬁl&hﬂl\nihenon-llrﬁﬁﬂpar ative
Exanpl e O| to ue ' nction

due é? é‘ ence of nowna to fH
as a 351tpl fled mgn ‘f'“‘f aramaticpo é‘&e%‘r?gf ©, Pﬁ*‘&%‘d‘b‘“’"ﬁ?“ also posagse higher, o
- f Enct i (r)]n pmeltetre@ﬂh thanttheconqaretive example palyrmérs.spécifiaatly, caraparirgExampleits known
that the pr {
tenper at ur A EoRaAty Pt ARl AhSudis vk SBortidiflon Blame men obi Beahl
resi dual Vicathest cbenewmnemwé\turd ithe welt stoangtheofifasmple B iskio umerlztéugheathaept ably
|_ 2‘2’_ for Usﬁw:) &9@&6/ﬁﬁp§5tﬁ§%%mple H. A comparison of Example 16 and Comparative Example J
PCT/ US953 1shpys that while patheaxampies have agpraximagely the ‘Hé? Mﬁaﬂwatc@ggftm e for

i ndust ri al temgerattiePExaiipll 16HaebbinMigheP mditMew rate apd AeRSG@sgthhat are typically

for pr
used for preparing 'Ithre?noarl\rotajn?lla%matlc poli]yme?s &S&z%plle? am} éomparatwe Example H 1

nt
Ex. O
1

‘were blended with the monovinyl aromatic polymer of Comparative Example G. The blend
ratios as well as the physical prope_rties of these blends in comparison to the polymers
| 20 Pproperties alone are given in Table V. _
' As readily apparent from the data shown in Table V, upon comparmg the blends .
~ -containing linear polystyrene and the non-linear polystyrene of the present invention (18/G
© (75/25) and 18/G (50/50)), it is readily apparent that their physical properties are significantly
improved over those blends containing linear polystyrene and linear rubber-mod ified .
25 polystyrene (H/G (75/25) and H/G (50/50)). | |
According to well-known procedures, mo'n'ovinyl aromatic polymers of Example
- 17 and Comparatwe Examples | and J were extruded into sheets of a standard thlckness (2 2 '
~ mm), thegl heated for a specified time, as given in Table VI, and then thermoformed into
- refngerltd: liners of the mini-fridge-type (60 cm x30 cm x 30 cm) having a freezer
30 compartment. The resultant liners (Liner 17, and Comparative Liners | and J) were evaluated
-for their thickness dlstnbutlon The measurement of the thickness dlstnbutlon was carrled out
following two procedures. First, the so-called 14- .
-point Measurement Test which involves measurmg along'fhe centerline of the sidewall at 14
different points the thickness of the liner. Second, the so-called critical Grid Method where 32
35 thickness measurements are taken in an 8 x 4 grid lbca_ted at the fridge/freezer dividing part
(fridge/freezer insert compartmént) between the fridge and freezer compartments. The |
fridge/freezer insert compartment is typica"y the thinnest pert of the fridge arid_, therefore,

-13-
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consldered the most cr|t|cal reglon on the inner l|ner The thermoformmg conditions as well as
the thickness measurement results are glven in Table VI. . N

As apparent from the data shown in Table VI the lmer of the present |nvent|on
(Lmer 17) exhibits about 25 percent less standard dewatlon m the thlckness distribution
compared to Comparatlve Lmer I at the same heatlng tlme s _

The monovmyl aromatlc polymers of Example 17 and Comparatlve Example J
were biow molded into refrlgerator doors havmg a wetght of2.2kg. The thickness distribution
of these parts (Door 17 and J) were measured in 35 points using an ultrasomc thickness gauge
with a measurrng error of 0. 05 mm The results are given in Table VII. :

Again, the data clearly shows that, at the same overall welght Door 17is 26
percent thicker in cntlcal corners desrgnated along the centerline of the door, compared to
Door), prepared from a lmear, rubber-modlfled polystyrene polymer

' omgaratwe Examgles I(-N lmtrator Comgarlson For Unmodified Polvmer Pregaratron

Unmodlfred lmear monovmyl aromatic polymers were prepared by following the
procedure of Example 1, except for using. a standard non-branchmg tert-butoxy maleic acid
(Comparatlve Example K and l.) and 1 1-d|-tert-butoxy cyclohexane (Comparative Example M
and N) as the free radical initiator. The monomenc composltlons thereof as well as the meit
strength properties are set forth i in Tab_le Vill in comparison to Examples 6 and 7 of the present
invention.

As apparent from the data shown in Table VlII at comparable molecular weights,

~the fumarate-lmtlated polymers exhlblt hlgher melt strengths in fact, the maleate-initiated

polymers (Comparative Example K and L) are clearly comparable to standard materials, such as

' Comparatlve Example M and N.

Comgaratlve Examgles o) and P .

Two polymers were prepared followmg the teachmgs of Example 3 of the
lapanese Patent Appllcatlon 61-87713. The same mgredrents and amounts as taught therein
were used, except that the polymerlzatlon was camed out at 110°Cfor 6 hours. The polymers
were recovered from the solutlon and dned in dlfferent manners. One polymer was dried as
taughtin the above-men_ttone_d Japanese Patent Application, thati is, atroom temperature and
under vacuum (Comp. Ex. O) and the oth_er_polymer (Comparative Example P) was first dried for
1 hour under vacuum at 1 20°C and then for Al'more hours at 140°C, also under vacuum. The
molecular weight and composition properties of these polymers are set forth in Table IX.

The data shown in Table X clearly shows that the improved melt flow rate of
Comparatlve Example’o isdue to the presence of toluene. Toluene is known to functionas a
plasticizer and itis belleved thati in Comp Ex. O that is the function performed by the toluene.
Although not m__easured, it is known that the presence of plasticizers reduce the Vicat heat
distortion temperature of the polymer. Thus, at _the high levels of about 6 percent of residual
toluene the heat distortion temperature would be unacceptably low for use in the present

-14-
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Foam Sheetw@ogp®Es | €S Property P S
Comp.. Ex. A* &= Qut put Rate, kg/nferr] 17.‘617“ o8/ttt
15.1 5 (1'b/ h) (37.5) (33.3)
Density, kg/nferr] . - 87 ' 80 '
(Ib/ftferr]) - (5.4) _ (5.0). : CJerr],
w %err] 2.24 ' 2.43 Post Expansion, % .
29 : 380 rea : Better (8)
Aver age (5) CeJiﬁSize, eqr] ] _ - 0.33
0. 33 Cell} Sizey @ (FOErr|l) .41 - 0.41
Cell Size, mm (VD {drr]) ge | slzls Shgtg 5. *Not an
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1
. PCT/ usgyé%‘ﬁé‘z 0 T Table v FETUSSHIMLZ
Propertles of Branched. Pol ystyrene Bl ends " -
Properties 5 Blend Bl end Ex~19- Ratio | zod, Ty[err]
Elong.[err], E-Mod.[err], J/m MPa
MPa 18 - - 139 18.9 - 52.6 1780 18/ &
75/ 25 125 21.3 ' 62. 6 2062 10 18/ G 50/ 50 96
24. 3 55.2 2429 -- 112 -15.5 52.0
1539 Table II
‘ Foam Sheet Properties
Property Ex 3  Comp. Ex. A*
Output Rate, kg/m° ~17.0 15.1
5 {1b/h) (37.5) (33.3)
Density, kg/m’ 87 80
(1b/£t3) (5.4) (5.0)
co,, wt 8t 2.24 2.43
Post Expansion, % 29 28
10 Sheet Appearance Better (8) Average (5)
Cell Size, mm (MD?) 0.33 0.33
Cell Size, mm (CD3) 0.41 0.41
Cell Size, mm (VDY) 0.20 0.20
15

*Not an example of the present 1nvent10n.
amount of CO, in weight percent.
MD = machine direction.
CD = cross-sectional direction.
= vertical direction,
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50/ 50
40. 1
2l Ty =
éjing to

H/ G

1782
19

G

*Not an exanpl e of the present inventig@pusodai
el ongation (% neasured accor

E- Modul us nmeasured accordi ng to ASTM D- 638M

35

42. 0
2194

19.9
[err] El ong

41.8

104
[err] E- Mod

75/ 25
22. 6 )
_ WO 96711962
tensile yield strength.

H/ G

78

1.3
ASTM D- 638M

30

WD 96/ 11962
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*Not an example of the present invention.
Ty = tensile yield strength. o
2Elo:;ng = elongation (%) measured according to Asm D~638M.

3g-Mod = E-Modulus measured according to ASTM-D-638M.
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-23- WO 96/ 11962
PCT/ US95/ 14112 Tabl e VI _
Bl ow Mol diwgyoeiree2 ref ri gerator door PCT/US95/14112
Thi ckness, mm Posi ti on No. : Door 17
Door J* 9 0. 60 0. 53
11 0.60 _ : 0_53 .13
0. 65 0.53 10 = g | 0. 66
0. 52 2 ‘1 P 2 £ 0 54
19 . Phynjcé 7 5ropert;es o Bra c@b@ P%I]ystyrene Blends 21
0.77 ——-y—tr5—2 . 2
.0.55 - Avdrage . - 0. 68roperties : 0. 54
Thi cknes$,| Blend | B1&A || e il — 0
Not an exdnpksf. of] rheidrjesgn vepdl orf. g Rel L. =3Relfati ve .
i nprovenerft bet wden Exarfp) g/ '7 ?ﬁa Pon% ' &rphrat I ve Exanpl e
J. 45 . _
18 - 139 | 18.9 | s2.6 1780
18/c* | 75/25 125 21.3 62,6 2062
10] 18/c* | 50/50 96 26.3 | s5.2 2429
H* - 112 15.5 52.0 1539
B*/c* | 75/25 104 19.9 42,0 - 1782
H¥/c* | 50/50 78 ] 22.6 41.8 2194
LS - 19 40.1 1.3 3173



* 30 35 S - 24- WO

- 96/ 11963y0 ggrt1962 o PCTUSOpéqddskAanz
_ Table VI
Thermoforming Conditions
Critical Grid
Liner/Comp. H;;:;ng 14;:o1nt - :
Liner" : 4 ’ el ¢ 'Mean 2
Sec om ! Thickness
mn
mm
17 | 60 ©0.304 0.5 | - o.887
17 1 62 0.252 | 0.485 ~ 0.987
I 60  0.40 0.592  0.841
I* 62 0.31 0.511 - 0,985
J* | 62 0.427 | 0.609 - 0.764
I -_ 65 '~ 0.385 0.62 0.871
Desired |  1low low low high

*Not an example of the present invention.

1 Tf = standard deviation in thickness measured over 3 samples.

2 Average of the 32 measurements (8 x &4 grid) in the critical
grid procedure. .
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‘Table VII _
Blow quding 9£ a refrigerator door
_ Thicknesa, mm
Position No. _ . -
o ' Door 17 Door J*
9 _ 0.60- 0.53
1 1 0.60 0.53
13 '0.65 10,53
17 10,66 0.54
19 0,75 0,57
21 1 0.77 . 0.56
23 0.72 - 0.55
Average 0.68 0.54
Thickness, mm _ S

* Not an example of the present invention.
20 1 Rel Impr. = Relative improvement between Example 17 and
Comparative Example J.
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35 - 26- WD 96/ 11962

PCTI US95/ 14112 CLAI M5 1. A non-linear nonovinyl
aromati ¢ wolo¢dsacONt @i ning at | east 50 wei ght "~ percent pefrusdsifisieri ved
from at |east one nonovinyl aromatic nononer, characterized in that t he

pol yner has a wei ght average nol ecul ar wei ght of from 75,000 to 500, 000, a
melt strength 5 of fromO0.5 g at 190C to 10.0 g at 230[err]C, and in that
t he pol yner contains nonomer units having at least 1 and up to 4
br anchi ng poi nts. Table IX A non-|inear nmonovinyl aromatic
pol ymer acqprdrmgto o a1+ CFIETdLLEfI Zed . l? ™ LﬂdL T fas a wei ght

0

average nol C%ﬁpﬁ\“ﬁ}/@%ﬂfﬁ%ﬁ‘a f femn-180. 00

?OQ,G dnd a nelt
strength of} from g at 190[erHC t0910.0 g at ZPSO err]C} 10
3. A non-| i precs—paae im?2

charact &ri Zed Inﬁhquqab zt “has] a wei%yBt ave age nBt%ecul aj wei ght range of
from 120, 00T O wcgui)om a meft .. gegtrengfh of jyjom 1.3 g at 190[err]C
to 8.0 g at arL] 4 LOLRedl-BRaldNOViI Nyl aronmatic
pol ymer acdor d| gle 0 dxamuom 1 chaf act erli7éed in thek the non- | i near
monovi nyl 23 - ‘ W -1' said 15
nmononer uni Urmwhdrein the said

nononer uni sRIgay@ua]_ Tof,;eg ato 4 bremehl ng OI nt V.26 a dendritic

structurl® W e um- = units attached

to them as *}p&gags&ﬂ {g o@r &éﬁ&'w“% qumpr anches per nononeric uni t
5. A non-li ="EAQ E

tic -polyner accor di ng to Caim3
characterize 0 1nthat |t urther conprises one or nore additional
. conononers and/ or toughening agents. - 6. A non-Ilinear
~monovinyl aromatic polynmer according to Claimb5 characterized - in that
t he tougheni ng agent is rubber. 7. A polymer conposition
charactdsi zed in that it conprises (A) a non-linear nonovi nyl aronmatic

5

| “pol ynmer according to any one of Clains 1 to 6 and (B) a Ilnear monovi nyl 25 :

aromati c pol yner.
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* 8. A poI yrrer conposi tion accmdmg_t_o_ﬁ_mmj characterized in that the
| i near %I nyl aromatic pol yner .can.further contai nP%ﬁIs%lbﬂ?ge

~additi on¥® omers and/ 3“""1 "I mﬁ mm“‘ agents.
prepared froma nonovi nyl formul ati on 30 characteri zed by

conprising a pol ymer accordi'ng®to*any dhe*of dains 1 to 8.
10. A nol @&4IME ticle prepared froma nonovinyl aromatic polymer fornulation

Characterized by C‘P”thﬁhﬁ'&rﬁ:oﬂ%“ﬂ‘i?on?&ﬁgﬁg}nggc&%ﬁﬂ%afl@gst§5w%ﬁ{”B 1to

8. process” for a - no I near novi nyl

aromatic [PErpntef unitsderiyed from at 'mﬁqgnfﬂomenﬂgeo jeaamomer. shargeterized in ﬂ@ﬁn
75, 000 t 0 théFoliAher H‘a?am@h%\)eiﬁi me&mweigﬁt Bkrém s, a&ﬁtse@ 800 & melt streﬁét}w

provi di ng eaction at 50 wei ercent o |
nonovi rfyl °?f'°"‘°§ga”9%18(t°%%§ f’rﬁh‘gﬁ\e‘}’%ﬂ'dmeb F%'Ffd??’i?m%HB'"br nor e
addi ti Onalhamgﬂﬂhﬁ!ﬂSnduﬂio)tbranchmgpomts toughem ng agents;

- 27- WO 96/,1
PCT/ US95/ 14112 Hb%?""““' monqviny| aromatic polymer agcording to Glajm 1 charagterized, .
90[ er r] C dmthatitihas aweightpvetage mmowelght range of from 100,000 to#00,000@nd & melt | east

90[err] C fsg.gn%,i,olf%ﬁ,to PPst 1lgga¢rt°1oo at $3o0°C. rai sing the heating

tenperature t | east™ 140C and mal ntai ning the reaction
m xturédoat at | east3- Ayndinearmenqviny|arpmatic polymar apcerding tofdrime chagarterized

devol ati zijRehdt Rfas m@fghesvefagétﬂm&u&awa@hi RAnGEH 1ok 120,000%H I5tP000ARE A Rt OF

di l uent/sol ven 1 percent, based on the reaction
‘mi xture. s’e"gtth"??mmpgga“fg%tﬂg% égéaf or produci ng a thernof or med '

article prepared fraowmroniineanmondvinyl aromaticgilynterfacdoyding to QinLl chaiaeterized

h ' 1
cht et i e ST P S v SRR b - ™
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| 5. A non-linear monovinyl aromatic polymer according to Claim 3 characterized
20 inthatit further comprises one or more additional comonomers and/or toughening agents.
6. A non-linear monovinyl aromatic polymer according to Claim 5 characterized
in that the toughening agent is rubber.
' 7. A polymer composition characterized in that it comprises (A) a non-hnear
monovinyl aromatic polymer according to any one of Claims 1 to 6 and (B) a linear monovinyl
25 a_rdmatic polymer.
8 A polymer composition according to Claim 7 characterized in that the linear
mono?iﬁjgi;irométic polymer can further contain one or more additional comonomers and/or

gents.
_ & g A film prepared from a monovinyl aromatic polymer formulation
30 characterized by comprising a polymer according to any one of Claims 1 to 8.
10. A molded article prepared from a monovinyl aromatic polymer formulation
characterized by comprising a polymer according to any one of Claims 1 to 8.
11. A process for preparing a non-linear monovinyl aromatic polymer having a
weight average molecular weight of from 75,000 to 500,000 characterized by comprising the
35 stepsof
(a) | " providing a reaction mixture having at least 50 weight percent ofa monovinyl
aromatic monomer and, optionally, one or more additional comonomers and/or
toughening agents; '
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(b) heating the reaction mixture to at least 90°C and maintaining the reaction
mixture at at least 90°C for at least one hour;
(c) E raising the heating témperature to at feast 140°C and maintaining the reaction
mixture at at least 140°C for at least four hours; and
5 . (d) " devolatizing the reaction mixture so as to achieve a residual monomer or
' 'diluentlsolvent content of not more than 1 percent, based on the reaction
mixture. _ . _' _
12. A process for producihg a thermoformed'article'prepared from a monovinyl
aromatic polymer formulation characterized by comprising a polymer according to any one of
10 Claims1to8. | | |
13. A polymeric foam sheet preparéd froma rhohovinyl aromatic polymer
formulation characterized by comprising a polymer according to any one of Claims 1 to 8.
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