:e3e:yo:vjj kTl F2nFo6| oToR] X23 June 2003 WD 00/ 39204 POLYOLEFINS AS
NUCLEATI NG AGENTS FOR FOAMED THERMOPLASTICS  Fiel d of thezinveqbbgn 5 This
invention relates to a novel nethod for nucleating engi neef ©
thernoplastic resins utilizing a polyolefin resin as a nucleating agent. In
t he invent‘?’Bﬂ?’”S& yethyl ene is used as a nucl eating agent f'EﬁT"Eﬁs’g/ﬁﬁéoof

pol y(phenyl ene ether) resins with polystyrene resins, and for bl ends of

pol ycarbonate resins with 10 rubber nodified vinyl aromatic graft
copolyners. 1 23 June 2003 WD 00/ 39204 PCT/ US99/ 24530 Brief Description
of the Related Art The production of thernoplastic structural foamarticles
by injection nolding processes using either an inert gas such as nitrogen,
a chenical HELYOLEEHNIAS NUCEHEATING 4 GENFSCHOR FOAMED THERMQPLASHIRE art .
Such processes typically use a 5 thernoplastic resin which contains an
amount of a nucl eating agent which is added for the purpose of assisting in
the formatj structures during the foam ng process. The use of
sonme nucl %wwmmw%mm& such as clay can, however, in sone circunstances
show an i niformy expand the thernoplastic resins resulting in
non- uni f orm c&%%%t ruct ures and hi gher 10 density foans than are desired.

Fl uor opol yners, such as poly(tetrafl uoroethyl ene) resins, have been

descri bed as nucl eating agents for various engi neering resins. The

fl uor opo pensi ve and often create difficulties in handling such
as poor N'me"mw uri ng conpoundi ng of chem cal bl ow ng agent
concentrate, e popul ation 15 of cell is predeterm ned by the

pol y(tetrafl (6¢%et hyl ene) popul ation. Accordingly, there continues to be a
need for a nucleating agent which will enhance the uniformty of the cel
structures fornmed upon expansion of the resin. US-A-5369135 di scl oses a

m crocel | ul ar foamed pol yner conposition conprising a polyner matrix

mat eri al sel ected from pol yester, polyethylene) polystyrene 20
acrylonitrile, polyphenyl ene oxide/polystyrene, polycarbonate)

pol yet heri m de) pol ypropyl ene, nylon) and teflon; and a plurality of closed
cells, located within said polyneric matrix material, conprising a gas

encl osed by a shell conprising

Field of the Invention

5 This invention relates to a novel method for nucleating engineering
thermoplastic resins utilizing a polyolefin resin as a nucleating agent. I,

the invention, polyethylene is used as a

nucleating agent for blends of poly(phenylene ether) resins with polystyrene

resins, _ - and for blends of polycarbonate resins with

10 rubber modified vinyl aromatic graft copolymers.



a second phase solid polyneric material which has a transition tenperature .
below the transition tenperature of said polyneric matrix material, said
second . phase polymeric material being a nucleating agent 28 dunesgias

pl ural i o f398s0sed 25 cells. 2 23 ,tune 2003 GB- A- 155p88/isoh/sueiooses a

f oamabl e vinyl chloride polymer conposition conprising O to 5% by wei ght of
pl asticizes, up to 4 parts by weight of a polyethylene having a nelt index
nmeasured by the ASTM D- 1238 nethod of nmore than 0.1 dg/m n but not nore
than 2.1 dgiyi . ts by weight of a blow ng agent, all
parts by wei ge?qae%?ﬂgt‘%g?é %Ié&%é%d %‘ggts by wei ght of vinyl chloride

pol ymer. SUVMMARY OF THE | NVENTI ON The instant invention is directed towards
a processThopradwdion optirtmoplastialstiuveiirud poas Hrticleobmingbétidn hvldinges gas
expansion of a nmelted thernoplastic resin _conposition conprising at |east
one f oangiiogesses usirg eithdran inertrgassuchms aitwogen, afchenlisad bidwing agant,

effective as . a nucleati agent.. The.,use of polyolefin nuclegting agent
b ovi des o BUTHEF AMEreo ar Y eI KAV 1 B Siha el Rroestes, Wptealbcoea |

uni fermt £ it ! ' 4 1 23
Sune 2003 BEPPEEEST F3EE0F i ontaits LA of 34ekicafing oo BcieR
traditionalded b&ethet perpere offBsistingliaahe forragtion of selt Btragtureadurigr eover ,

handling difficulties associated wth PTFE are avoi ded. 5 DETAI LED
DESCRI PTI thel fornmiing praeeasT| The Phe of somss sugleating ageris stichiasvaay i 9% i nvol ves

gas expansion of .a nelted the rmgl astiﬁ resin ositi.?n C risi,ng at
| east png‘?‘éﬁﬁ%\l’blué SPHéerF?BﬁfIHE{aPE Tesi A AN RN n"to%lf”%FIB In%ﬂ in resin
effecti V%S@ﬁ%@%%ﬁ@%@@%ﬂhmﬁﬁf&ﬂ* EQD sREENed Andl" %ﬁé@b' y

evel eftective to e ell

present at a ance the c structure uniformty of
t he16t r ucdetisity foasms thiharpdesisédf i n nucl eating agent for the present
invention is a nonel astoneric polyolefin resin effective for nucleating

t hernopl astic resins. The non-e] astgoneric pol yool efin resins which can be
used in tW@Oﬁ@w&meriﬁqch\?élﬁqlbdﬁeqfﬁ@i“éfd’@thi’gﬁ‘#‘éd?%rh§"8 egi dgsatked n havi ng

a straight or branched chain or aljc | t t ne,

or opy| encts BiEAARa *2gnfi Brcafloud srigiedrnestesis, ke AUGRy el ofd

4- met hyl ERfreland @peARPedte difficRiBeslin NArtiir ShNRXEEH: péwder flow

vi nyl cycl opent ane; random bl ock, graft or other copolyners of two or nore

conononer dusiapeonepbdndingofuigmibalskloaving eigent cork@ntratei dive populbdtiongr aft  or
ot her copo] yners conprisin one of t ove-descri bed a-ol efins

at. | east e a
as &9naj off ¢elhis predetermin Y@%FSP&JI(}@ “BF‘?FéﬂylGﬂ RPURRA conononers;  and

oxi dati on, hal ogenation or sulfonation 3
Accordingly, there continues to be a need for a nucleating agent which will

enhance the uniformity of the cell structures formed upon expansion of the

resin.

US-A-5369135 discloses a microcellular foamed polymer composition comprising
‘a polymer matrix material selected from polyester, polyethylene, polystyrene
acrylonitrile, polyphenylene oxide/polystyrene, polycarbonate, polyetherimide,
polypropylene, nylon, and teflon; and a plurality of closed cells, located within

20

said polymeric matrix material, comprising a gas enclosed by a shell comprising

a second phase solid polymeric material which has a transition temperature

below the transition temperature of said polymeric matrix material, said second

phase polymeric material being a nucleating agent for said plurality of closed
25 cells.



© 23 June 2003 W O 001 39204 PCTI US99124530 products of these polyners. These
pol yol efiruc resins show crystallinity at |east partly. e ﬁg%@é efinic
resin is typically a copolynmer nade fromat |east 65% et Hyl &he “onomer with
at | east one olefinic nononer of the followng 5 structure (1): CH2=CH R~
(I') , wherein RL is selected fromthe group consisting of a Cl1_Z0 al kyl ene
radi cal and a radical of the followng structure (I11): OIl -CGCOR2 (Il) 10
wherein R2 is selected fromthe group consisting of a C1_10 al kyl ene
radical, a C6-10 alicyclic radical, and a C-2p aromatic radi cal. Exanples
of the aforesaid unsaturated conmononers include unsaturated organic acids

or derj i er . g. i c. aci t rvpic i d...malefic acid,
i tacomb?qaéi\ég?gﬁgt H&?rogﬁgygag%a%%%%yymggrcgh'%{ €, %Y'ﬁ%{ C_chﬁéﬁst‘ by yl at e,

b:J]t yl I e@rwiaﬁg,%rml 5% mll aﬁéi?ldr bidplasttizen yllpTlmb e qjtamﬁsdby v@egight_ of la DUt i at
allrylmaleicimde; vinyl esters, e.qg., Vi ate, .and viny utyrate,;
ar omat P%‘y%hwﬂ"ec?ﬁfﬁ%ﬁd@,e”éf‘g‘?x, ”ﬁa\fa@ﬁjepy %‘3 my 's%?%e’ﬁ‘é?h%’i Al1 si i anes,
e. 0., Moftidd 0Bt Sy bboxstshbn@an @4 dg/min, and from 0.1 to 2 parts b

y- met hacryl oyl oxypropyl tri net hoxysi | ane;; and non-conj ugat ed di es, e.g.,

di cycl wpight atia ifwvingagemy sl srrtr2waisPbbring hased ofgORyaarts by-weighldi ene, and

5- net hg 7 ; %r%gl,l‘ ne. The polyolefinic resins can be prepared by
pol yneré"z‘é%'i%gﬁqurg di%i cation according to known processes. Any of the

commercially 4 23 June 2003 5 wo 00~39a04 PCTNS99/ 74530 avai l abl e
pol yolefinic resins may be utilized. These pol yol efinic based resins may be
used either individually or in conbinations thereof. Preferred anong them

are ho I ﬁgm e and copol yners conprising at | east one of the
a- ol ef Wéﬁ (glqto in the present specification by the term
pol yet hyl ene resins.

The instant invention is directed towards a process for producing structural

thermoplastic foam which involves gas expansion of a melted thermoplastic
resin composition comprising at least one foamable thermoplastic resin and
an amount of polyolefin resin effective as a nucleating agent. The use of
polyolefin nucleating agent provides a structural thermoplastic foam that

exhibits improved cell uniformity, lower foam density, and requires lower

2a



|
The pol yethyl ene resins may be obtained fromthose having | ower 10
nol ecul ar wei ght or hi gher nol ecul ar wei ght by inducing a nol ecul ar wei ght -
change through a known nanner, for exanple, heat treatnent3iJineR80%resence
or absencg, o radi cal generator (e.g., organic or inorganic peroxides,
organi c t%ﬁ@@%%unds and organi ¢ azo conpounds), heating P&T"h%%’ﬁ‘éﬁ%?cal
shearing during nelt-kneading. Preferred non-el astoneric polyethyl ene
resins for the present invention 15 20 25 include | ow density pol yet hyl ene
(LDPE), linear |ow,densjty polyethylene (LLDPE), high density polyethyl ene
(HDPE), nelgrdingsenéi hyclsa t%gﬂr\éné‘m) tragitiqrally beenophs yawse stasf
et hyl ene and_ o ni.c esters such as,.for ex | & pal.yethyl ene nethyl
acryl ate ('EIW& %?&1"‘%81‘%?@ %%égé’t hPfloreoy s g}r%ﬁ%gﬁx'ﬂ'}g%f‘ é’éﬁﬂcﬂ?tﬁg final
proper ti esyah PTEE iteBloigegposi tion will vary dependi ng upon the particul ar
pol yolefin utilized. These preferred nonel astoneric pol yethyl ene resins are
comercially avail able from Uni on Carbide as LLDPE and i ncl ude grades
GR7047 and GR8320 and al so under the trademark FLEXOMVER and incl ude DFDA
1137, DFDA 1138, DEFD 9042, and CGERS 1085. Pol yethylene nethyl acrylate is
commercially available from Chevron G| Conpany as PE2205, which contains
about 18% by wei ght nethyl acrylate. The polyolefin resin is present in an
anount fromO0.1 to 5% by wei ght based on the total weight of the
conpogi tion. The preferred range is 0.1%to 2% and is nost preferable in
the range 5 23 June 2003 WD 00139204 PCTI US991 24530 of 0.5%to 1.5% by
wei ght based on the total weight of the entire conposition, including any
addi tives. Engineering thernoplastic resins for used in the invention are
bl ends of aromatic pol ycarbonate resins with 5 rubber nodified vinyl
aromatic graft copolyners, preferably acrylonitrile butadi ene-styrene graft
copol ymr&%@?gﬁmmw%wmnyl ene ether) resins wth
pol ystyrene resins. Preferred engineering thernoplastic resins for use in
the invention i e f ( r i A0t ubber
nodi fi ed pol yst?ﬁ%#%%%g [ ﬁfgQhéélpgg%rﬁoﬂ#ggbﬁrﬁgﬂ%ﬁdéﬁ g%héﬁ%& 1% gr omatic
pol ycar bonglehed ethefmopldstic ABEin dbpositivhachapaisihg asilewst uaef Bbdraklep! oyed
according to the present invention are those previously known and descri bed
in the pridbermoplastis ¥gsiferand aphamsaingcal o palyolefin sesine gffeptdverraspar ed from
one nor e |.0genf r | tihydric ¢ ounds reacti.ng, th tihydric
conpiinas SlfrGEE At TR niHEYERe faftE BreR eraRataftlsy etk
phosgene, @ diHanke fHéed] HudufAiifs iy 8P stalteliralfoddhphenyl or dinethyl
carbonate. The preferred di phenol 1s 2, 2-Dbi s(4-hydroxyphenyl) propane (also
referred to as bi sphenol A). Generally speaking, such polycarbonate
pol ynmers may beThe piolyeledfinsnynieadings agentr faruthei present invemtion isna troref t he
formula: -(-OAOC=0-)"--,. 20. wherein Ais, a dival ent aropatic radi cal
of a di hyo‘éIP%tOBT?é}?cR"lb%lehﬁlfSﬂBr‘??%Fn‘é‘? nuclgading DEBRCBIRSHE M- bot h t he 3
and 5 position enployed in the polynmer producing reaction. Preferably, the
carbonate poly i L Sl QA Hodhr! L3 i Wty (as
measured in net y?gﬁé%t%?%ﬁgﬁg%@% rangvlylgcg frol?r% %#éghftg\éﬁg%&{éllg. The

di hydsi c pineeatienificlate hanctolpaetsdf Ay acdlefin havitighesteaight oribtarahedr onat i ¢
conRounds, containing as functional groups two hydroxy radicals, each of
whi ch |is chainonedicycliestrugture suck as iethylene rprepylene, hutemgtl, penteneskis.

Typreally gilydr © gengh Rl s HIe LileediSelitheld M REleh&” oclRelp) 39204

vinylcyclohexane, and vinylcyclopentane; random, block, graft or other

copolymers of two or more comonomers selected from among these a-olefins;
20 random, block, graft or other copolymers comprising at least one of the
above-described a-olefins as a major component and at least one of other

unsaturated comonomers; and oxidation, halogenation or sulfonation



2,2-bis (4-hydroxyphenyl) propane; hydroqui none; resorcinol;

2, 2- bi s(4- hydr oxyphenyl ) pent ane; 5 2,4'-(dihydroxyphenyl)ngégane'

bi s- (2- hydr oxyphenyl ) met hane; bi s- (4-hydr oxyphenyl ) net hane: une 2003

2, 4' - di hydr oxynapht hal ene; bi s-(4-hydroxyphenyl ) sul fone; 10

bi s- (3, 5Wwid oeied - 4- hydr oxyphenyl ) sul f one; PCTAUS99/24530

bi s- (3, 5-di net hyl - 4- hydr oxyphenyl ) pr opane;

bi s- (3, 5-di hal o- 4- hydr oxyphenyl ) pr opane;

bi s- (3, 5-di hal 0- 4- hydr oxyphenyl ) sul fone; 2, 2'-bi shydroxyphenyl fl uorene; 15
1, 1- bi s(4- hydr oxyphenyl } cycl ohexane; 4, 4'-di hydr oxydi phenyl et her;

4, 4" -di hY§fdﬂi§C’cs308'tlﬁﬁshqidlyﬂinlémn%@ﬁ@pblgrcﬂélf(ﬂmé,14=:'s'nﬁi $hesie orystallnity at

di hydr oxydi phenyl et her. 23 June 2003 PCTI US99124530 O her di hydric phenol s
whi ch ar eleastspartlyii t abl e for use in the 20 preparation of the pol ycarbonates
are disclosed in U S. Patents Nunbers 7 23 June 2003 5 WD 00l 39204
PCTJUS99/24530T 334

99 5. 3,038, 365 , 4 d 31,575. B hed
pol ycar bonat es ﬁ? gogflogeglrﬁg Lqsy 18 g’l?d‘??l@sa F%é‘gﬂ%%gfé‘ﬁésé‘ﬁmhrﬁtﬁf@? régpceﬁt
Nurber s 3&?&&%@%& 0Qth hB4easth8ie SERRR! hfoRAh¥F VAR kSTowaT Pe al so

copoly merized wth I'inear or

5 structure (I):

Cfb==?H
R4
) ,

wherein Rj is selected from the group consisting of a C7.1( alkylene radical

and a radical of the following structure (1I):

7
—C—0—R;
(i ,

10 wherein Rj is selected from the group consisting of a C1.1¢ alkylene radical, a

Cp-10 alicyclic radical, and a Cg.p( aromatic radical.

Examples of the aforesaid unsaturated comonomers include
unsaturated organic acids or derivatives thereof, e.g., acrylic acid, methacrylic
acid, maleic acid, itaconic acid, methyl acrylate, ethyl acrylate, methyl

15 methacrylate, butyl acrylate, maleic anhydride, an arylmaleicimide, and
alkylmaleicimide; vinyl esters, e.g., vinyl acetate, and viny!l butyrate; aromatic vinyl
compounds, e.g., styrene, and methylstyrene; vinylsilanes, e.g., vinyltrimethylmethoxysilane,
and y-methacryloyloxypropyltrimethoxysilane; and non-conjugated dienes, e.g.,

dicyclopentadiene, 4-ethylidene-2-norbornene, 4-methyl-1,4-hexadiene, and 5-methyl-1,4-

hexadiene.

20

The polyolefinic resins can be prepared by polymerization or

modification according to known processes. Any of the commercially

4



branched aliphatic Cs to Cl12 diols or diacids or polysiloxanes or |inear or
aromati c pol yesters, otherw se know as pol yester-carbonates. The

pol ycarbonate resins can be prepared fromthese raw materi%i4ng2008 15 any
of severa&o%ae%ﬁ4processes such as the known interfacial,dgﬁl i ol mel t
processes. I n general, the polycarbonate resin is enployed in anbunts to
mai ntai n the desired physical properties of the resin blend conpositions,

i ncluding their heat resistance and toughness. Gie or mare pol ycarbonate

i Di | | i . d i Lhe.bl d of . i i
|0 anount < *KVTAHIE Pl E BRTIRG BBt Selipede es PobydlgaRs Trrdmeer cen
mor e pref epabl Yo LS HOithé iégioeﬁhm optﬁg]e&%m% Rbrddt S PRERRN ol e73

wei ght percent. In cases ere re than one polycarbonate resins

i ncor por at eitkm tabe hoaidpolphetdief éthyhinepald eopdiphaire compriveng 8€RAast one

pol ycarbonate may vary from 10 to 90 to 90 to 10 wei ght percent. 20 25
Acryl oni t r of éhé arelefinnandt gnearpéerred 8y inghpgirpsent spestfidation-byPhes tdrm
inven# on is V\ﬁ:’lll known in the art. ABS is a two-phase system based on a
st yr ere- ac POIYSHRYIENG EESIEAN) copol ymer continuous phase and a di sper sed
el astoneri c phase typically based on butadi ene rubber. Small anmounts of

styrene and acr h A0 t r ty
y rhemygdﬁgéeg{seeré%% g’fﬁ‘ﬁ'r PRt Sbalifed WAhRR! thB3¢ [Hafiy bRer

conpatibilize the ene-acrylonitrile rigi resin is

typi cal |y nudenyar eeightionthighdrembleenthrofeighebpirnderihgiameidcutar weightrount s
of 5to 70 weight percent, preferably 8 23 June 2003 WO 00l 39204

PCTI i 25991 2hage thyough gdkngaynymanser, denexample. heptireatapent indhe preseneei ght

per cent of thEstot al rigid resi 0, Ehree n%élor processes whi.ech can be used
to prepar e *hBESGTIGR Of adadical BFRSTatas (£8) 9t Ca‘ﬁc}“‘g{&%‘é%BF{)‘ﬂ“%%“r YRS at i on
or cofpi natddmpoutdd BA®&Eanicldy8 cORpduniD et oM BetagichiQRephg ABS is a two step
process involving polynerization of butadiene to forma rubber | atex,

fol | owed bylusithgi melt+kneadingw! yneri zati on of acrylonitrile and styrene during
which grafting to the rubber and production of the SAN continuous phase

ange rom 10 1 BrBREE BT GRRIORSICA Y SR I eeRR Lo THE BESERIRTERATY om 10
to 90 weig t : t OFih-L. T, .Aaf | styrene
to acryl onlwticrl?ﬁ%eq?gnggémw?r%%& ggﬂ% (SL@B. ehib‘?’ra %‘s{lﬁt E%@l‘)tol%?et he
rubber | at ¢XLDPE), higliedehsitgr polgethyierie (HBRE) thediwi Qedsityt polethylane

(mcrons) by weight, preferable 0.3 um (mcrons). Conpositionally, the
r ubbe¥d pha , B8 welhgs icopglyrsexst ofpethylrnes and s ganicyesters-swehaas dee or

but adl e gt A Ry1RR R ey B A o BRSSP en
(EEA). The resulting final properties of the final composition will vary
depending upon the particular polyolefin utilized. These preferred non-
elastomeric polyethylene resins are commercially available from Union

20 Carbide as LLDPE and include grades GR7047 and GR8320 and also under

the trademark FLEXOMER® and include DFDA 1137, DFDA 1138, DEFD
9042, and GERS 1085. Polyethylene methyl acrylate is commercially available
from Chevron Oil Company as PE2205, which contains about 18% by weight

methyl acrylate.

25 The polyolefin resin is present in an amount from 0.1%
to 5% by weight based on the total weight of the composition. The
preferred range is 0.1% to 2% and is most preferable in the range



(et hyl ene/ propyl ene/ diene rubbers containing as diene, a nonconjugated
di ene such as hexadi ene-(1,5) or norbornadiene in small (q zi;fil"ti %8% and
crosslirtked al kyl acryl ate rubbers based on C -Ca al kyl acr 83, n

parti cul hyl, butyl and ethyl hexyl acryl ate. One or, TN er
grafted v?égf?/ggﬁérom 10 to 90 and 90 to 10 wei ght percent Pmaty sg?’é%gge used.

The latex enulsion is broken and the ABS is recovered at the end of the
pol ynmeri zation. In the bulk process, the polynerization is carried out in

styrene/ actyl oni f i, nmonongt,,rat her than in ter. Instead of making the
rubber, a%bre- prééu‘ltg?j 25 ?ﬁ%ée‘?y |W§‘%t?tg%3(§ﬁqéﬁ‘? total Wi h%@&?cﬂ’lf’cr?on. The

r ubber - nopg At i Qq?ﬁﬂ,'nto the reactors and grafting/
pol ymer i Zg.tl r?slﬁgl étéllr“'rqlﬂgg%oéux?}e ene;b)'r oduced via a bul k or bul k-suspensi on

process, the soluble rubber will range from5 to 25 weight percent and the
di spersed r ubBagipeqsingshermpplastipppgias for dsedimthe invertivgiareg from 0.5 ~m (i crons)
to 10 ~-m(mcrons). Alarge 9 23 June 2003 WO 00/ 39204 PCTI US99| 24530
wei ght percent of the free SAN phblsadp of rematic pripearhpneteugsins tidh amount

of ruybber enpl oyed,..l | ace of styrene and acrylonitrile nononer.s used in
Che grar: saon Fratitiefl fiaFF GePmebi A sPEoly Bt aBPerEfablE ABIRT ey r ene.

par a- met h YhE Bk c8pol [ 0 | at es,

al kyl acr?kgﬁgﬁgﬁgrgg?c anhggé? gie‘}ér%e(t‘i%&ry %:btrl e,éé %l)é@ﬁ\]&@?ﬁ al kyl

mal ei m deetiérprgsins naithi polgetyoend hesing. kyPrefurrdihlengimdesingt thietoplaatiy |

mal ei m des may be replaced for the styrene or_acrylonitrile or added to.

Li ke the BeAIRS faroasssin the jayention inglude blendsef pely yiengsrther)irgsgissved in

t he nononer,,.sol Wt ion, ut er pol.vireni zing SAN ow gonver si.ons, the
Fubber | SARTHL AR Rloghi BOLALERe R AP i iR W BIRBRF 2T on 1 <
conmplpet edardhatid pg[ﬁa%&mt@réwﬁ@ﬂﬂi\gg. flow SAN in this invention. Hi gh
flow SAN are SAN'w'th wei ght average nol ecul ar wei ghts rangi ng from 30, 000

to 75,000, preferably from 45,000 to 72,000, nore preferably 15 from 50, 000
to 66,000, andTihespolyratbenats yesinsonsefsllyp @nployed, @ooxding do he ypdesamer sity of

M/ Mv ~ 2 - b5, Home\% when calse bul k/ mass, ABS i ,uzﬁd in the P%ABS

bl end, t h&YRIHOILPEE yRredPUsly; kKRaws deagribedh IR DA BRI ath ¢

pol ydi sper,gsi E Rz T i i _could
Vary 1 omErtihans Y tirntnd redttl AR e BRPRBRIBAE bl e O [V 1
coul d var Yreeranltily i cérapbdndd by reacting tHeenmAthpdiipesinpodids et hses
aromati c pol ycarbonate resin present at a level of at |east 50% by wei ght

based® on ehdiphenel, with grrarbenath erecirsappicisas phoegane, a dwheformatenomar e

preferabl \tlarfbro%a eG%z etrosgc %agydiphenyl or dimethyl carbonate. The preferred

diphenol is 2,2-bis(4-hydroxyphenyl) propane (also referred to as bisphenol
A). Generally speaking, such polycarbonate polymers may be typified as
possessing recurring structural units of the formula: -(-O-A-O-C(=O)-)n--,
20 wherein A is a divalent aromatic radical of a dihydric phenol or halogen or
alky! substituted phenol at both the 3 and 5 position employed in the polymer
producing reaction. Preferably, the carbonate polymers used in this invention
have an intrinsic viscosity (as measured in methylene chloride at 25°C.)
ranging from 0.30 to 1.00 d1/g. The dihydric phenols which may
25 be employed to provide such nuclear aromatic compounds, containing as
functional groups two hydroxy radicals, each of which is attached directly to
a carbon atom of the aromatic nucleus. Typically dihydric phenols include

but are not limited to



l
25 wei ght thereof, and nost preferably from65 %to 75 % by wei ght thereof,
and further preferably contains a rubber nodified vinyl ar ti af t
copol ymer present at a |level of up to 50% by wei ght based “Pﬁgoaét al
wei ght of June 2003 wo oor~9204 PCTI US99/ 24530 th Lc resin
conposi ti‘gé%%?égpr eferably from20%to 40% by wei ght the%‘%?gggél%ﬁost
preferably from25%to 35% by wei ght thereof and further contains the
pol yol ef i n nucl eati ng agent. The pol y(phenyl ene ether)-based materials are
sonet i nes . enyl ene oxides)". They are well-known in
the art ang%@g@ﬂgégo%ﬁﬁegxggﬁé%{rbénces, such as Organi c Pol yner
Chem stry, by K J. Saunders, Chapman and Hall, 1973; and U. S. Patents
4,970, 272; ¥ d9&quit@be; 4. 956, 497; 4, 95b, 422; 4, 826, 919, 4, 684, 696,
4,097, 550; 3, 306, 875; and 3,306,874, Mst often, the pol y(phenyl ene ether)
10 resins (hereinafter referred to as "PPE') wll conprise units derived
from 2, 6di negdnginophenol , or a conbination of units derived from
2, 6-di et hyl phenol and 2, 3,6-trinmethyi phenol. The PPE are utilized in
conbi nati o j £ | kenyl ;aropqatic resins such as polystyrene - especially
t he rubber-9120%5&'5&55‘2?%%}’51%@%8’%*%' (H PS) described above. The wei ght
ratio of PPE to al kenyl aromatic conponent could range from95 : 5 to 5 :
95. Cgmer@kdﬁ%@fmkfﬁh&{ PR&hAneo! ystyrene bl ends include the NORYL resin
products, available from Plastics. The blends can contain a wide variety
of other conponents, in anpbunts effective for an intended purpose.
Non- | i mi ti bis-@shpdeoqyipheniyholethine; | ane retardants, nodifier resins such as
t he styrene/ but adi ene bl ock copol yners di scussed above; fillers,
rei nf orci ng, agent i gnent.s, .other colorants, various stabilizers, and
pl asti ci zegés.'&%é%‘ﬁ#ﬂ’&@&nﬂt‘)ﬁ}e%di ng the various conponents and nol di ng
t he pol yphenyl ene ether product are also well-known in the art and
descri bed b_,qv.aﬁ‘}s&l&rggphhﬁléﬁ erences cited above. Injection nolding
processes for producing thernoplastic structural foam may be achi eved by
either introducing an inert gas directly into the nelted thernoplastic
conposi t i ohissfd-hydymeiphensl)sujfertes t her nopl astic resin with a 11 23 June
2003 WO 001 39204 PCT/ US99/ 24530 chem cal bl owi ng agent which, when heated
duri process) rel S, ner t.hat di sburses through the pol yner
rreltH%V\hen%f%g'%aw?@yﬁ?ﬁi'ﬁmh?gﬁﬂ'ﬂ?mﬁnder pressure into the nold
cavity, the gas expands within the plasticized material as it fills a nold,
produci ng afs-{38-dirnath ﬁﬂ-h}f@h@i hed apeAds wWell as a tough external skin
at the nold s(urface. L}gr ge paﬁﬁmﬁ?%ﬁ%apabi lities of the injection
nmol di ng structural foam process can be achieved at | ow nold pressures by
the self ekjr(fi-dihalpd-hydwxyphenyldpyipasei ci zed material. Structural foam
nol di ng processes invol ve conbining nolten thernoplastic 10 with a bl ow ng

agent int %_{%_hmsﬁ@iﬁﬁy&m%%g%)suurlfioenre; pressure and is

2,2'-bishydroxyphenylfluorene;
15 1,1-bis(4-hydroxyphenyl)cyclohexane;
| 4,4'-dihydroxydiphenylether;
4,4'-dihydroxy-3,3'dihalodiphenylether; and
4,4'-dihydroxy 2,5 dihydroxydiphenylether.

Other dihydric phenols which are also suitable for use in the

20 preparation of the polycarbonates are disclosed in U.S. Patents Numbers

7



injected into the nold cavity for expansion of the conpressed gases within,
the polyner nelt creates the cellular structures and naintains internal
pressure on the external skin during cooling and reducing 23 WoerBOBs. There
are different types of foam processing nmethods which are identified as high
15 pr eséﬂ?@oﬂa’ﬁﬁyl OW pressure processes. Low pressure pr oé’&'sz‘éSé’{’%ﬁBﬁjoy bot h
a physical blow ng agent, nost comonly nitrogen and chem cal bl ow ng
agents, while high pressure processes generall y enpl oy only chemi cal

bl owi ng a I r rqc i or str ctural foam a
net er ed v Eg’éa%ﬁ g’gég’\gpgsfﬁiﬂ%sgﬂamf ﬁi gﬁ) %&%LtPOIWﬁr ﬂ“‘?@slaé%s t han
the vol urr§1sefu§eb@1 W £aUbleY deb&id PAteR Rt 3@% oi nt,

t he gas-polymer m xture expands and fi Is t avit e por i on of
thi s mass4j0bdi8¢ontacts the nold surface forms a skin Iayer whil e the
interior of the nmass fornms a cellular core. Since the nold cavity is not

conpl et el f|IIed during injection, the high 25 pressures of injection
cannot be Thesh@FPIAEE PolyeRTPARAeH| GRN BAdAlsA copplymgrized vmt;z brearsgre is

2h63 5o DBFISEd HeRs67 12450 b PEiRTHE o ROVRLOKRE r Baeen OFi Th very
| ow ol degdrdriafié g??&g&@'&%&%& kﬁb&lbrs;pdlﬁééi'értéarbﬂné(ﬂeét ual elimnation of

war p. These fact ontribute to the suctess of iow pressure processes in
the nolding of large intricate parts. Low pressure processing with nitrogen
or other inert Thagmdyaabornte Sesichiav b tryparsidrigomnthese rastemateiathbyi xes and
then neters t as .containing poly nel.t jnto a hol ding container called
an accumuP8Y W?(@F%l lfwmrpgesgeq]é}q‘éh QB jnderfarial, soRHIOHPE At ur e
expansi on e\(gﬁxg)ce predet erm ned shot si ze attained in the accunul ator, a
val ve opens a plunger forces the nelt into the nold, only partially
filling it. The 10 thernoplastic resin nelt is then expanded in the nold

caviigy by I enexilpespeigcabonate resiti 3 @RplURIPINOSRDUNEY toVinidintdte thé al
bl owi ng a%ents is achieved by m xing the blowing agents with the plastic
pellets o e@reétpifwswak prepestiesnfi thmwmrhlm@w@m@psnmmnd@dnm sheire into

the nDIdl machi rin roc s|n 5t ent i s exposed to
SUTT 1 of enPepRsISt e ARd o En RS GODE B duers BIFCTeORAls rmeaTe HRicaly
necessary Lﬁ&) & SntbliRe bRAD d“f&h@g?@s%?ﬁ in$HBGAl arkb@Misg agentg b ypi cally
deconpose within narrow tenperature ranges which nust be matched to the
pr ocessi n§0veeipht pement, girefetably esi n 801to \8biweight percent, more preferably
15 to 60 to 75 weight percent and most preferably 64 to 73 weight
percent. In cases where more than one polycarbonate resins are incorporated,

the ratio of the first polycarbonate to the second polycarbonate may vary from
10 to 90 to 90 to 10 weight percent.

Acrylonitrile-butadiene-styrene (ABS) terpolymer used o the preseat -
20 invention is well known in the art. ABS is a two-phase system based on a
styrene-acrylonitrile (SAN) copolymer continuous phase and a dispersed
elastomeric phase typically based on butadiene rubber. Small amounts of
styrene and acrylonitrile are grafted onto the rubber particles to compatibilize

the two phases.

25 The styrene-acrylonitrile rigid resin is typically incorporated into the blend of

the present invention in amounts of 5 to 70 weight percent, preferably



i

‘they are to be used. The equi pnent used for |ow pressure structural foam ng
20 processes with chem cal blow ng agents is very simlar to thaé used for
i njection nolding processes using nitrogen gases. High pr@gs'HP%z 03 uct ur al

foam ng pr are characterized not only by the high i ssures
enpl oyedfav(?g@?%g‘fl y I 3.79 to 137.90 MPa (2,000 to 20, 0009@3)0%?9/%“ al so by

the volune of material injected into the nold in the system sufficient
material to conpletely fill the 25 nold is injected under injection nolding

01 “the pi at en, 10kt o6 B el sk aPEesasy 1 RaR YR Bl Pt "

actions toighl @¥d f8ir{ 0am ng actions to occur. These foam ng processes are
all well known fn the art. 13 23 June 2003 5 WD 001 39204 PCT/ L1S99/ 24530
The thernoplastic resin conpositions of the present invention conprise a
f oamabl e t her nophast nuajore grocesses avhich yaahebe rused cloe grepaye a§BBt inghekent in
an anmount effective tlic%éenhance the uniformty of the cell structures forned

](cjuri ng exp HgAnof by fn%‘ﬁélr Asg| agmfﬁmpaglmeémeem W] iCﬁF@B?téﬁﬂslrml d: ngf
from B 1 ol FEEE6, ToE LRLEOR oI AHiorEat APY S HRY, 380 BroG8T indlivitg, act i ¢

resin conppslyichérizatioy 6f MitlRMRRbYorth 2rdbdeelateX, (bliewed byoadiditiby e ght
t hereof , even nore preferablly present at a level of 0.5%to 2% by wei ght

t her eof , apdlymetizatrost of alsirylopiteide mndastyaen® disirg) witich egralting 6. ot o .
1. 5% by wei asti.c resin conposition_pay al so

t thereof, The ther
contain at rq%taqg{,gmduggppcqutgg %FOB?“‘F‘?%?S&%E%B]@F&S f T8PbRIi ¢

h hat kG i ' , d
Cont ol i no AT SARRE SoABS ARy AR0g T ekl B AR BRI TR 0T,
conpagi ti owelEht F&raem and HUTBAN witl e grabied yomel 0k 9P WRIEHY SercSrICHY as

titani um di oxi de, based on the total weight of the conposition. The

pol yol ef i ntheuABSagiaft compositiony The iraiorafdhatstyrenatto admglonitmide sangesn by
several nejhod l.n o r rred embodi nent, the | yql efin, resin is added
with the offRE} %pﬁgr@dﬁ?‘#s%?‘? I%ach]gmg Sﬂﬂdf"'ﬁq“&%%q?ﬁxp‘?’%g‘é@etahe final
conpositio it f ed enbggi t, theygalHiglishot seigde into a
mast er bat cﬁarbt%/@?i rst t}%%gg{fnpfgc{%di ng tggspo yol ef agﬁuc@éﬁ‘%’?sﬂgy gvegl nf with an
amount of peferdtda®s pormidroe). NOphnpobitionally) thetrabber phaseanay datcoaimrisednpri si ng

from0.5 to 50 percent by weight polyolefin resin based on the total weight
of tH8 coneknpelbatadinvetsrrerednyadicaeey buladissiecasry lonitsilevcopolymers.enai ni ng

A T 1

0% oo TSRO B 5ypba ot AR Y pontthatd 2

t her nopl astienec snglosist hexadierye-figS)e bt morbpineslti¢énd imdsmall quantities) and

crosslinked alkylacrylate rubbers based on C;-Cs alkylacrylates, in particular

20 ethyl, butyl and ethylhexylacrylate. One or more rubber grafted resins from

10 to 90 and 90 to 10 weight percent may also be used. The latex

emulsion is broken and the ABS is recovered at the end of the polymerization.

In the bulk process, the polymerization is carried out in styrene/acrylonitrile

monomer rather than in water. Instead of making the rubber, a pre-produced

25 rubber is dissolved in the monomer solution. The rubber-monomer solution

is then fed into the reactors and grafting/polymerization is carried out. When

produced via a bulk or bulk-suspension process, the soluble rubber will

range from 5 to 25 weight percent and the dispersed rubbery phase will have

a diameter ranging from 0.5 pm (microns) to 10 pm (microns). A large

9



or nonpl asticized. As nentioned above, prior injection nolding foam ng
processes involving thernoplastic nmaterials containing traditional

nucl eating agents such as clay 5 at 0.5 parts per wei ght hé¥duns2683ded

pr obl ens w spect to inability to uniformy expand th astic
naterial“g%%ﬂ?g§n1injection nol di ng processes. W have fogﬁhgsﬁg?g¥%e
addition of polyolefin to thernoplastic conpositions which are then foam

i njection nolded results in the polyolefin acting as a 10 nucl eati ng agent

| nj oot on et RertCHeCl o e A ERRUER, ¢St IferBRE g Reifolit ' 19 (1

uni form t)bfrwléiﬁp edable 1 illustrates the inproved cell uniformty
obt ai ned by using the polyolefin nucleating agents. The foll owi ng exanpl es
illustrate the effectiveness of the polyolefin nucleating agent to form
nmor e uni f ofimplaskel ofsstyteneuard acpdonrittilesmononeys i usednirc te graftedy on Ze¢eby

wei ght PPE_ and 58% by wei ght Pa re fo I njection nolded using 4~ of a
chenical Bt "E?ﬁmégé‘%(ﬂn R ASe 2 @%megﬁny,f gl!yégx@q&,d?ara-megwl PERERRI ght
reducd i on | a: 1. L.SQn ' I u i ng
agents ver srtglgﬁg’s ?hé}ar I 8@ l‘g‘gnm y&%bla\){/gtﬁhy enae&glsﬂgs’ nﬁ%&gaat%?%lgtegggr‘\@g{%he

bl owi ng agaihydeies enhethbayiciitiles dsalbhideyns Nidkyl 2#naleiRidd00N-weyl00i 39i 04
Concentrat eC- 1C- 2C- 3H PS828282m neral oil 555bl owin

agent 7. 510neRimK. os0BREAlyD FChalossabstitseed Nearyllomaleimidds buh be

nucl eati ng agen to the thernmopl gstjc,resin ., nproyed the cell structure
uni formt EBP“CF%%ZOT glé?réﬁ’rﬁ?? Pt Iaérﬁgmé‘flkvgr ﬁadﬁﬂgﬁf’- X‘FE? Sherdyls procasgs from
neat ther ey LB T e l.aw hem cal
oo no. aqEAPSHL SAPBLERTT oo MBS EQL ol SR RIBNer R

2H 113, 4- biadifesi pol¥menginglBAN ke liw abonbesiony theeabbet /JANEaNRSE at

mol di ng tenperatures (> 200C.) producing nitrogen, carbon dioxide and other
deconposi tmbfutsissyspenstedriorwatenand thie polymaerizatiorsisiqempletesd parts. Opti cal
m cro graphs illustrated the inproved cell structure in terns of size,

uni Form £y, 30 Gréteribid B'Lbe Righ HEWBAN! P His 1RV EnfibAC High n YRR | V-

SAN with weight average molecular weights ranging from 30,000 to
75,000, preferably from 45,000 to 72,000, more preferably
15 from 50,000 to 66,000, and most preferably from 55,000 to

64,000, and polydispersity of Mn/Mw = 2 - 5.

However, when case bulk/mass ABS is used in the PC/ABS blend, the
molecular weight distribution of SAN can be higher with polydispersity of
Mn/Mw = 2-8. The weight average molecular weight could vary from 72,000

20 to 130,000, where the number average molecular weight could vary from
15,000 to 42,000.

One preferred composition comprises aromatic polycarbonate resin
present at a level of at least 50% by weight based on the total weight of ,
the thermoplastic resin composition more preferably from 60% to 80% by
25 weight thereof, and most preferably from 65% to 75% by weight thereof, and
further preferably contains a rubber modified vinyl aromatic graft copolymer
present at a level of up to 50% by weight based on the total weight of ;

10



10 optical mcro graphs were taken of the fracture surface at a

magni fication of 8 x. 16 23 June 2003 wo oor39ZCa TABLE 1 Cell Uniformty
of Foamed Resin PCTI US99124530 123456bl owi ng agent 23 June 2003

conc. C 10}%0‘3@3’? C- 3C- 3nucl eati ng agent PTFEPTFEPEPEnonenonedens%ﬂtﬁ/
reducti on?1® 4Yiel d strength (psi) MPa( 5190 ) 35.7851B8THS¥245% 5320
) 36.68( 5025 ) 34.65( 6047 ) 1.694863 ) 33.53Break strength (psi)( 5540 )
38.205130 ) 35.37(5740 ) 39.585025 ) 34.65( 6047 ) 41.694863 ) 33.53Break
el ongation (9 382340182011FI exural stxength (psi} ~"1pa(10490 ) 72.339530 )
65. 71( 10670NeIROPIAsHS gesin Cemppé&mmrepse@g@*@xaﬁ«ymsﬂf gg‘le‘l@)@?}él“v%bhl us

(kpsi) thereof, and most preferably from 25% to 35% by weight thereof and further
contains the polyolefin nucleating agent.

The poly(phenylene ether)-based materials are sometimes referred to

5 as “poly(phenylene oxides)”. They are well-known in the art and described in

many references, such as Organic Polymer Chemistry, by K.J. Saunders,

Chapman and Hall, 1973; and U.S. Patents 4,970,272; 4,957,966; 4,956,497;
4,956,422; 4,826,919; 4,684,696; 4,097,550; 3,306,875; and 3,306,874,

Most often, the poly(phenylene ether)

10 resins (hereinafter referred to as “PPE”) will comprise units derived from 2,6-

dimethyl phenol, or a combination of units derived from 2,6-dimethylphenol

and 2,3,6-trimethyl phenol.

The PPE are  utilized in combination with alkenyl aromatic

resins such as polystyrene - especially the rubber-modified polystyrenes

15 (HIPS) described above. The weight ratio of PPE to alkenyl aromatic
: component could range from 95 :5 to 5 : 95. Commercial
examples of PPE /polystyrene blends include the NORYL® resin products,
available from GE Plastics. The blends can contain a wide variety of other
components, in amounts effective for an intended purpose. Non-limiting

20 examples include flame retardants, modifier resins such as the
styrene/butadiene block copolymers discussed above; fillers, reinforcing
agents, pigments, other colorants, various stabilizers, and plasticizers.
Techniques for blending the various components and molding the
polyphenylene ether product are also well-known in the art and described in

25 some of the references cited above.

Injection molding processes for producing thermoplastic structural foam may
be achieved by either introducing an inert gas directly into the melted

thermoplastic composition or by preblending the thermoplastic resin with a

11



MPa( 307 ) 2116.7283 ) 1951.2( 308 ) 2123.6283 ) 1951.2( 327 ) 2254.6275 ) °
1896. 1n. lzod (ft-Ib/in} ~7/m(3.59 ) i91.35(3.55) i89.223.771 20U.94(3.45) .
183.89(2. 65) 141.25(2.41) 128.45HDT i (264 psi)(F) 1820 KPa2¥&dunep03 108(222
) . LO6( 223 ) 106~ 245 > 118235 ) 113Uniformty of

cel | sgoo go%@ggo%‘ggoodpoorpoor 5 The foanmed articles of TagFE/UPWg“F%"

exam ned by optical mcroscopy after foamng to determne the effect that
pol yol ef i n nucl eati ng agent had on cell structure when it is added to the

blend. a 4femiéa ﬁ%&?né %%gntv\ghg)c% W heated during processing, releases inert

gas that disburses through the polymer melt. When the gas/resin mixture is
shot under pressure into the mold cavity, the gas expands within the
plasticized material as it fills a mold, producing an internal cellular structure
5 as well as a tough external skin at the mold surface. Large part molding
capabilities of the injection molding structural foam process can be achieved
at low mold pressiires by the self expanding character of the plasticized

material.

Structural foam molding processes involve combining molten thermoplastic
10 with a blowing agent in the melt, which is stored under pressure and is
injected into the mold cavity for expansion of the compressed gases within the
polymer melt creates the cellular structures and maintains internal pressure
on the external skin during cooling and reducing sink marks. There are
different types of foam processing methods which are identified as high
15 pressure and low pressure processes. Low pressure processes employ both a
physical blowing agent, most commonly nitrogen and chemical blowing
agents, while high pressure processes generally employ only chemical

blowing agents.

In low pressure processing methods for structural foam, a metered volume of
20 plastic resin with blowing agent, which is less than the volume of the mold
cavity, is injected into the mold. At this point, the gas-polymer mixture
expands and fills the mold cavity. The portion of this mass that contacts the
mold surface forms a skin layer while the interior of the mass forms a cellular
core. Since the mold cavity is not completely filled during injection, the high
25 pressures of injection cannot be transmitted into the mold, and the average

cavity pressure is typically under 3447 KPa(SO() pounds per square inch (PSD)).

12



PCTI US991 24530 A mar ked i nprovenent can be seen in the foaned sanpl es nade
with the polyolefin as the nucleating agent where a snmaller and tighter
cell structure can be seen. Unexpectedly, sanples 3 and 423c8parf®hg the
pol yolefin as a nucleating agent has very simlar cell size and uniformty
as sanpl S¥0903%842 5 containing PTFE as a nucl eating agenfCT8SNE430 5 and 6
that did not contain a nucleating agent and each exhibits large cell sizes
that were not uniform The large cell size and lack of uniformty results

in large variability and unpredictability in physical properties, .

especi al | ya[ir P SF‘EFFgﬁ?“&ﬁH‘ BRYR gyt 8%‘}' @h‘gnﬁ%f?m ﬁ?‘?’?ﬁ%%%‘&‘?&@ﬁﬁ%r ci al
utility. 1 " .S Cl 5 LS LC~ s for
produci ng g?%(%:%@%glﬁ‘ %ﬁrg?anlo%g as Pg\q?gia%ag?t iﬁ%%%agéfsd&%?@ggéé t%iﬁ%ri si ng
gas expansis@bcezb of 16| preshuird prodbashithe hesidthgCof AR ihAtCpARS.I Si ng at

| east one foarnable thernoplastic resin selected fromthe group consisttng

of blends of arqomatic polycarbonate resins wth rubber nodified vinyl
aromatic graft depwl piessure pragessing ysitbfnifogen ieathesinedt gasey qapsbes wit h
pol ystyrene resins,and _an anoun f _a pon-el.astoneysi ol yol efji.n nucl eating
agent “%f f e@Fi“?geao b¥ s a{\hgxégﬁﬁf s F‘l??‘t %eﬁrﬁ%ﬁﬁ?@f‘%wr? hhes@Adict ur al
foam wherepf i Efh8it e I g 1 I of
fromoO.1 perctent o%?l%lgrkcenfa tr%/i m%?gﬁ{&ggsgg{tg%é{ﬁ%ﬁté&;% adtv%gl gu?é/tg* t he
conposi ti omwhéte HHee nelodesiseldf under prdssurdes eprevent Prerahdirk eéxpansied). eat i ng
agent is at |east one_nmenber of the group consisting of |ow density

pol yet hyl ef¥hen ithe predefarmaingd shpt sizeyastainadivetheracgumadater.ta valye ppeny | ene)
di um densi ty_pgl yethyl ene.. and ,copol f et hyl ._Oor gani.c_esters.
T The. pr oebgta BubEE fpras in@Rtel SBE HERRAG: ofil kel i 7 okfe o o °

gr af tuﬁOpolmaﬁﬂé?ﬁgsc afdsitt QReRT idl ehdt 'aﬁHGdsthtﬁéenﬁl&féav@ﬁfp@'yyfiﬁé5- 4.
The process of ¢

aiml ( wherein said resin conposition furtk~er contains a
pl ast | cl zeronfFressezl3gabese 2003 5. The process of claim 1, wherein said
conposition is funned by preconpoundl ng said nucleating agent with the
amount of thernoplastic rosin to forma ncentrate conprising fromo6 to 50
per cent byLLxBéY @ﬁ?ssaaﬁ? PEPREEIAg vEdh ﬁlc‘)?f&éfé&g NgAZEDtsAp aﬁ?&ﬁé %Mfm{xh‘ég
concentr at g,

' . . N . . . ¢

cai d ther mabf AAPrARECagaitp Wit 6 Rt COURRY dr pholt iprkibs LEIEAREF” P

1, wher ei n isgbduging thepacléwmiktiragitoele thdlirigwatkine dBRREOpidcesn®df a

chem cal bl owi ng agent present in said conposition. 7. The process of claim

1, whr ei n thedlowingagentis skpowmd tosufficient beatatoreause ft tardecompasddhes 20
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10% & ()-9310% & ()- f 10% & ()- S 10% 9%& ()-f 10% & () -

\ A< Ay, WA 00838 ()-g! , SH10%>& ()-3!, SH10% " & () - 31 Téiﬁ?%’éﬂ’) &S
10% & ()-$S 10% & () - RTUMe ~ @, 10! Sf 109%&’ ()-, g 109%& ()-!-109%& ()- 10:
10: 10::10% & ()-! | 4Mb10%ZZ& ()-g\b@, 10! 10 "10% (& ()- 10% & ()- 10 10
10< 10%& f 10%&(}: Sf 109&' ()-, 5a?b@, 10! C f#10%t(#(& ()-19
f#109% ( & TRePlastigniesinscQmPORtionsy Qhﬁ present invention comprise a

A f§am§6‘i¥ EpapEs et bna s B8t deibdang agerdt pelelt in an

10% (& () adebud NarYiviOlo ERREIee( ie’ uhTdESi )of ¥Qé cl:ﬁ( sHREATIO Hodnéd - | 7-
1006 & ()- 16- 109 & ()- uj{r?bCy, 1014 109%%

E'LO‘:){&(;I;&&( % dulﬂ}ﬁ/\g%t}xahimgﬁlﬂﬁgb&m¢plp;§?mp©}mon durmg injection molding
! Llo&g[ g[ LyMing EQJWS( )I;qgigg?@g th % ngc )ag)ent is present at a level of
from 0.1% to 5% by weight based on the total weight of said

thermoplastic resin composition, more preferably at a level of from 1%
to 3% by weight thereof, even more preferably present at a level of
0.5% to 2% by weight thereof, and most preferably present at a
10 level of 0.5% to. 1.5% by weight thereof.

The thermoplastic resin composition may also contain at least one plasticizer
and/or flame retardant. Such organic phosphates, organic diphosphates,
organic polyphosphates, and halogen containing organic compounds such as
brominated organic compounds. The composition may contain from 0.5% to
"~ 15 4.0% by weight pigments, such as titanium dioxide, based on the total weight

of the composition.

The polyolefin nucleating agent may be incorporated into the composition by
several methods. In one preferred embodiment, the polyolefin resin is added
with the other ingredients during the compounding step to produce the final
20 composition. In another preferred embodiment, the polyolefin is made into a
masterbatch by first precompounding the polyolefin nucleating agent with an
amount of at least one thermoplastic resin to form a concentrate comprising
from 0.5 to 50 percent by weight polyolefin resin based on the total weight of
the concentrate, and then compounding the concentrate with the remaining

25 thermoplastic resins to make the final composition.

The thermoplastic compositions may contain amounts of fillers, for example

glass fibers, glass beads, mica, carbon fibers, talc, calcium carbonate, metal

14
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10%& () - 1.10% F 100& S 109 ()- F" 10%& ()- 10%& () -1 10! f
10%& 8‘&%8@&4’%’ §.+100& 8 -1 0% ()- 9 S109%& () - 01 S O~ cfitisyadso

109 () -1 W11 11111bCy, 10! 10% u& () - F"-10% u& ()- 10 10 103,10%& ()-s6@
109 ()-1 4z10%& ()- !"p""")#USdEbCY, 10! & 10% u& () - &Fl - #10% u& ()- S
10% u&' () - L10%u ~110% ug& 59 ()) ).zX9..C

$10% u&(%) )8%&]2?‘(5) ﬁ%ﬁl%ﬁ‘tﬁﬁa%“‘(ﬁm%ﬁiﬁ%‘ )gi e*%ﬂ#ﬁ%%%ﬂlw ()-10%
u& ()- )))%3;;,3,,)l 0& ()- |-100& ()- MO ()- |v|10%&()- Ff109%& () -

109 ( ‘tx555dENN. GLO% 109% () - Y@

310%& () 109 () - 10%& ()-"Y 10%&' ()-Y 109& ()-*+ +Ntv+++dEnN GLOYR10%& () -
0910%&’ () - A¥smeh€itied )above, prior injection molding foaming processes involving

thermoplastic materials containing traditional nucleating agents such as clay
5 at 0.5 parts per weight have provided problems with respect to inability
to uniformly expand the thermoplastic material and foam injection molding

processes.

We have found that the addition of polyolefin to thermoplastic compositions
which are then foam injection molded results in the polyolefin acting as a

10 nucleating agent to generate cells which grow to produce the final foam
structure during the injection molding process leading to better structural
foam cell uniformity.

EXAMPLES
15

Table 1 illustrates the improved cell uniformity obtained by using the
polyolefin nucleating agents.

The following examples illustrate the effectiveness of the polyolefin

nucleating agent to form more uniform cell structures.

20 A base composition containing 42% by weight PPE and 58% by weight HIPS
were foam injection molded using 4% of a chemical blowing agent
concentrate to attain a either a 7 or 14% weight reduction (Table 1). A
comparison was made using PTFE as a nucleating agent versus using low
density polyethylene as a nucleating agent. The blowing agent concentrates

25 are as follows:
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z...%J1MP1dEaS4 Y- 10s610%@& () -

10%@& () -

EMLOY@' ()- |g LO%@

109%@& () -
f109& () -

10

109 () - 10%@& () - Z10%&& ()- Yz 10%@& ()PCTAS99/24530

10%@ ()- (109 ()-z 109 () -

()- P112 3g3i 3j 3k3l 3aVK@ V" 10@ 10@ 10@ 10%@& () - 8f

() - z..1009

nu@a () - | 3y33333/ 4dEVK@ Y" 10F

o 10C%;mcentrate /W C-3
HIPS 82 82 82
mineral oil 5 5 5
blowing agent { 7.5 10 10
PTFE 0.06 |0 0
PE 0 10 0

The addition of both nucleating agents to the thermoplastic resin improved

the cell structure uniformity of the foamed article relative to that of foamed

articles from neat thermoplastic resin foamed. The chemical blowing agent

was a chemical blowing agent concentrate containing 3,6-dihydro-5-phenyl-

2H-1,3,4-oxadiazin-2-one. The chemical blowing agent will decompose at

molding temperatures (> 200°C.) producing nitrogen, carbon dioxide and

other decomposition gases that form the individual cells in molded parts.

Optical micro graphs illustrated the improved cell structure in terms of size,

uniformity and distribution. The specimens were fractured cryogenically, and

optical micro graphs were taken of the fracture surface at a magnification of 8

X.
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TABLE 1

Cell Uniformity of Foamed Resin

, YHI0%<&' () - @ 109%<& ()- #10%<& ()- 3f

1 2 3 4 5 6
blowing agent conc. C-1 C-1 C-2 C-2 C3 C-3
nucleating agent PTFE |[PTFE |PE PE none | none
% density reduction 7 14 7 14 7 14
Yield strength (psi) (5190) [5130) [(5320) [(5025) [(6047) (4863)
MPa 35.78 |35.37 |36.68 34.65 HM1.69 33.53
Break strength (psi) (5540) [5130) {(5740) K5025) [(6047) [4863)
38.20 | 35.37 | 39.58 | 34.65 |41.69 | 33.53
Break elongation (%) 38 23 40 18 20 11
Flexural strength (psi) (10490 ) §9530) [(10670) £9599) [10680) [(8643)
MPa 72.33 | 65.71 | 73.57 | 66.18 | 73.63 |} 59.59
Flexural modulus (kpsi)  (307) X283) |(308) [283) {(327) [275)
MPa 2116.7 [1951.2 {2123.6 | 1951.2{ 2254.6 | 1896.1
n. Izod (ft-1b/in) (3.59) |(3.55) (3.772 |(3.45) ((2.65) [(2.41)
J/m 191.35( 189.22] 200.94 | 183.89 | 141.25 | 128.45
HDT @(264 psi)(°F) (226) |(222) [(231) (223) [(245) [235)
1820 Kpa °C 108 106 110 106 118 113
Uniformity of cells good |good |good |good |poor |poor

The foamed articles of Tablé 1 were examined by optical microscopy after

foaming to determine the effect that polyolefin nucleating agent had on cell

structure when it is added to the blend.
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10! Py#100@ () -1 1 y#100& ()-!y#109%& ()-f 109 ()-"10%& ()-

| 10%& (W % J3i Jj Jwx9. C 10; 10%& ()-L6@ 109& ()- !, f #105&T(H3293453
$10%@@ ()-!Y $10%6S& ()-!1)Y $10%008 ()-j JkII JyJIIK L[LnN/ 3F 10%& ()-
S#10%& ()- 3yy 10%& ()-M 10%& ()-s10%& ()-"10%& ()- 10

TS () % fﬁéﬁ%ém#%ﬁ%“ﬁa%aéts%&é@%ﬁﬁ%c‘ Bl aiade withhe
109 & () BBl Qﬁ#l%ﬁ%%’s {he nd@dti t(\).rh&e%lé)"s’ﬁ&ll@} aﬁasu%lﬂe’f%eﬂ)m&@‘é
109%&" () - &QUQOOQQOQLC 3f 1094 S 10% & ( < 10< 10<9:

10%<& () -an1beEeer(.) \supoeiedly| )samm}sF&RSdSﬁ Ebﬁtaﬁl‘lmgOMe#pﬁl%@Eéf(r) as a
S10% & )nucleatmg agent has very similar cell size and uniformity as samples 1 and 2
5 containing PTFE as a nucleating agent. Samples 5 and 6 that did not contain a

nucleating agent and each exhibits large cell sizes that were not uniform. The
large cell size and lack of uniformity results in large variability and
unpredictability in physical properties, especially impact strength and

elongation, and have diminished commercial utility.

18



10% & ()- F S 109% & ()- f 109% & ()- "10%& ()-_STTT(Ur UUWEbC 3f 10% @
109% & ()- - 109% & ()-f@10% & ()- 109% & ()-y#10% & ()- &S
©10% & () -: UWVWIW WABDC 3f 109%S#10% & ()- S)- 10% & ()- '23 JQf®os) - %@

10% & ()-! 9$#10%(~(& ()- "f#10% & ()-| WKYYYYYYYdYNC 3f 10% 10( 10( 10(;
10%4 & ()-8GLO% & ()- S5- 10% & ()-3f#10% & ()- , @10% & ()-: YYYZZT\\ dEYNC
3f 10%g ha%s:u& ()- g 10% u& () -
110% u& () - 10% u&' ()-Fs10% u& ()-Y"-10% u& ()-\\\\\\ R*dEYNC 3f 10% g
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10-u 10-u; 10% u& ()- 8@10% u& ()- L6@10% u& ()- %
10% u&\(hatie aidiieddsbC 3f 10! H'10%c& ()-M "10%c& () - M Y109 ()-S
109& ()VY "10%&' ()-10%& ()-:cEccsdddd}”?nbC 3f
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1. A process for producing structural thermoplastic foam articles, said process
comprising gas expansion of a melted thermoplastic resin composition
comprising at least one foamable thermoplastic resin selected from the group
consisting of blends of aromatic polycarbonate
resins with rubber modified vinyl aromatic graft copolymers, and blends of
poly(phenylene ether) resins with polystyrene resins and an amount of a
non-elastomeric polyolefin nucleating agent effective to enhance the cell structure uniformity of
the structural foam, wherein sald polyolefin nucleating agent is present at a level
of from 0.1 percent to 5 percent by weight based on the total weight of the

composition.

2. The process of claim 1, wherein said polyolefin nucleating agent is at least one
member of the group consisting of low density polyethylene, linear low density
polyethylene, high density polyethylene, medium density polyethylene, and
copolymers of ethylene and organic esters.

3. The process of claim 1, wherein said rubber modified vinyl aromatic graft
copolymers are acrylonitrile-butadiene-styrene graft copolymers.

4. The process of claim 1, wherein sald resin composition further contains a
plasticizer.
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