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example, upon exposure to a lead-free solder, many of the thermoplastic compositions
that are used as insulators begin to fail. Loss of insulating ability, which generally
occurs after failure, renders the thermoplastic composition unreliable for these types
of applications. It is therefore desirable to have thermoplastic compositions that can

contact lead free solder without any of the aforementioned disadvantages.
SUMMARY

Disclosed herein is a high temperature thermoplastic composition comprising a

polyarylene ether consisting essentially of plurality of structural units of the formula
@):
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Disclosed herein is a high temperature thermoplastic composition comprising a

polyphenylene ether consisting essentially of plurality of structural units of the

formula (I):
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wherein for each structural unit, each Q' and Q7 are independently a halogen, a
primary or secondary lower alkyl, a phenyl, a haloalkyl, an aminoalkyl, a
hydrocarbonoxy, a halohydrocarbonoxy wherein at least two carbon atoms separate
the halogen and oxygen atoms, and wherein the polyarylene ether has an intrinsic
viscosity of less than or equal to about 0.15 deciliters per gram; and a polyarylene
sulfide, wherein the composition has a heat distortion temperature value of greater
than or equal to about 250°C, a notched 1zod impact strength of greater than or equal
to about 1 ft-1b/inch and a UL-94 flammability rating of V-0.
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Hetps98 eoedin (o sdder resistant high temperature thermoplastic composition that

comprises a polyarylene ether, a polyarylene sulfide, and glass fibers. The
polyarylene ether has an intrinsic viscosity (IV) less than or equal to about 0.15
deciliter per gram as determined in chloroform at 25°C. The use of the low IV
polyarylene ether permits improved blending which leads to improved high
temperature properties. The high temperature thermoplastic composition also
advantageously displays a thermal resistance effective to withstand the high
temperatures encountered in a re-flowing oven. Further, the high temperature
thermoplastic compositions more closely match the thermal shrinkage of polybutylene
terephthalate (PBT), which is presently used in solder connector applications. The
high temperature thermoplastic compositions are also advantageous in that the
thermal performance is improved without any changes to existing processing
equipment such as molding machines, dies, molds, extruders, and the like. The high

temperature thermoplastic compositions can also be molded into various shapes and
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wherein for each structural unit, each Q' and Q* are independently a halogen, a
primary or secondary lower alkyl (e.g., an alkyl containing up to 7 carbon atoms), a
phenyl, a haloalkyl, an aminoalkyl, a hydrocarbonoxy, a halohydrocarbonoxy wherein
at least two carbon atoms separate the halogen and oxygen atoms, or the like. It is
desirable for each Q' to be an alkyl or a phenyl. In one embodiment, it is desirable for

the alkyl group to have from 1 to 4 carbon atoms and for each Q* to be hydrogen.

The polyarylene ethers may be either homopolymers or copolymers. The
homopolymers are those containing 2,6-dimethylphenylene ether units. Suitable
copolymers include random copolymers containing, for example, such units in

combination with 2,3,6-trimethyl-1,4-phenylene ether units or alternatively,
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conbination with 2,3,6-trinethyl-1, 4-phenyl ene et her
units or alternatively, 4 WO 2005/066260
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the weight of the high temperature thermoplastic composition. In yet another

embodiment, the polyarylene ether is generally present in an amount of greater than or
equal to about 15 wt%, based upon the weight of the high temperature thermoplastic
composition. It is generally desirable to have the polyarylene ether present in an
amount less than or equal to about 50 wt%, based upon the weight of the high
temperature thermoplastic composition. In another embodiment, the polyarylene
ether present in an amount less than or equal to about 40 wt%, based upon the weight

of the high temperature thermoplastic composition. In yet another embodiment, the
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The polyarylene sulfide has a melt index of about 10 grams to about 10,000 grams per
10 minutes when measured by ASTM D-1238-74 (315.6°C; load, 5 kg). In one
embodiment, the polyarylene sulfide will have an inherent viscosity of about 0.05 to
about 0.4, as determined at 206°C in 1-chloronaphthalene at a polymer concentration

of 0.4-g/ 100 mL solution. In another embodiment, the polyarylene sulfide will have
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another embodiment, the high temperature thermoplastic composition generally
comprises the thermoplastic blend in an amount of greater than or equal about 55
wt%, based upon the weight of the high temperature thermoplastic composition. In
yet another embodiment, the high temperature thermoplastic composition generally
comprises the thermoplastic blend in an amount of greater than or equal about 65
wt%, based upon the weight of the high temperature thermoplastic composition. In
one embodiment, the high temperature thermoplastic composition generally
comprises the thermoplastic blend in an amount of less than or equal about 85 wt%,

based upon the weight of the high temperature thermoplastic composition. In yet
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Weill tﬁ%ég}f?r%rg %{ﬁggern@faﬂ el ORHEP @&ﬂé% E{Beg?d;ﬂgés’ éifaﬁ)ﬂf&ludin nthose

esire rticualar use. ers C
fierieatde |glasces fafemat] té rasnfErglasdheriAzglabsy” (CaglassinEDeglassg “R-
gtl%g,z’ﬁaé)éi];‘l"&g{aéz’grjggg? lﬁ%%%_e té‘igfg(? rf{o%gﬁ-@p%:@sn%hglﬁ%sr%ﬁy also be

us&t. 9IMES reinfdrédfent inbR§ Soptidl Pask fib@NfEmdeEdm E-glass and are
e

derivatives may also b used. Most reinforcenent mats

ingngded e Hleadight itbreperatues nthernfopdastic- eorapesitions. ar @ommercially
TS TRE O GHFRLTEH s onr

egametoahbout i@ Rah Hel hskdeint thei gk tremperafurd tigaindplastic
than or equal to about 8 m croneters_can be used in

compopitigns. t & ipdasiieble & vireslarsdibast havingclolament dinmaters qftless than
dé.seggglsfor Ay 3? Q‘nildﬁ)%h&él@.s Sinfdtgeé’rﬁbéméﬁlg ithis| RASEMie to use glass

ianmeters of 'Tess than

fibers having filament diameters having diameters of less than or equal to about 15
micrometers. The glass fibers may also be sized or unsized. Sized glass fibers are
coated on at least a portion of their surfaces with a sizing composition selected for

compatibility with the thermoplastic polymers.

The amount of sizing employed is generally an amount effective to bind the glass
filaments into a continuous strand and is generally greater than or equal to about 0.1
wt% based on the total weight of the glass fibers in the strand. In one embodiment,

the amount of sizing is less than or equal to about 5 wt%, based upon the weight of
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or equal to about 35 mcroneters. In one enbodi nent,

it is desirable to use glass fibers having fil anent
wolc@sms@se havi ng di aneters of | ess than or egeal/Usm04/040630

about 15 mcronmeters. The glass fibers nay al so be

sized or unsized. Sized glass fibers are coated on at

tﬁ@@ﬁss o 1l AdtiRd ehibBiimen! thaamduid 3fiAn® isAbsiGhan or equal to
oRposi tion selected for conpatibility wth the

abhvetrzmp%abesed upon yhewsighrpeglasofibers.ofin yetzanethes epbedisaent the
s i B0ur TR ben 5 e Sebf B b eT

greater than or equal to about 0.1 vvt%based on the
Ih Ofedleraleitightglass filkes glrasgredenbeins thien highe teptipeatdre  thermoplastic
enbodi nment, the anpunt of sizing is_|less than or

ceamawl% iy By ginonnt goabopta Kb Wi ie bpWe’ Queri’gnbassd upen the weight
e? ﬁ%&xﬁéﬁﬁ)ep (rele R 260%3fhpoti Sn.gllﬂstﬁlefént?ﬁdﬁneﬂtn the glass
ano lp

nent e anoun sizing is less
fiberseayel @tesem 1nahamtouﬁt of gfeatornthad onpqualtth @bowti lghtrt%),fbased upon
tg% ass. L In l}/et anot her .enbodi nent the armur}t of
ZVeight © o sy g WERPERRRLE | thsFmepIastife cgmPOYHOR-he In another

eﬁlb%%fmédt b 5%la§s N8 8Fe@bresdrt §n Hn@Sfoddt RET SteAECtHAR &t ¥Yual to
In the hig eraturetherrmplastlc conposition in

aboutaikd uwt%ofbaa@b uuporl Othet weight atfothe Aighwteygperatured thepmaplastic

cbiBpEPE: s Sl e B AT T EFPGTRb o o RBpE of g than

oP! &fifilttol BbGR @mmm% Bhsedr @pdierthe hwBight cﬂ‘quﬁl high @Rpbrature
12 wt % based upon the wei ght of the h| h tenperature

theymoplgptic semposiderm osin inether |ambodimnenty th dfiibash presenfein an
a%lro%%g 8% Féﬁ? rtl‘?ana%re ecﬁ.{ Eg‘?\/\%%}lt A e‘ﬁ"g%%ﬁ n%g %\; htto?qﬂe high

térhperughtheengRdasaic compddigomopl asti ¢ con”p03| t | on
desi rable to have the glass fibers present in an

unt of | ess than ual . to abot 50 % . based
neh PARERERit TEYN rFé‘nh?I&FP“FQ}‘rp‘é"r e o, fher hight ictpecature

tRHRPRfE @Bmpbiltidk Ot EMm ek 8 ihBBMerict R8inS | tAStScdn Qﬁt'io?lally be
present in an anmount of |ess than or equal to about

ad@edmw/ahebh@bdempmtmh éhmoghlstl@ fcomnesmmg lare tl@npeplastm @sms
thertrm&?.glsti npgts 1tion. onal pol brrerlc [esi t
TBRACtIPYY B FRPTBES LSS % ‘ﬂ Of énfrar bR Cortprising a
183868t (RS foreg diTPSISinkFiOfesidsxanpl es of pol yneri c
resins that can optionally be added to the high

Aq%&pq%gftgéao%hagé%ﬁg%%siﬂa% ncigyn'%?s?)l {xle %gdgd to the high temperature
thermoplastic composition include polyacetal, polyacrylic, styrene acrylonitrile,
acrylonitrile-butadiene-styrene (ABS), polycarbonate, polystyrene, polyethylene,
polypropylene, polyethylene terephthalate, polybutylene terephthalate, nylons (nylon-
6, nylon-6/6, nylon-6/10, nylon-6/12, nylon-11 or nylon-12), polyamideimide,
polyarylate, polyurethane, ethylene propylene diene rubber (EPR), ethylene propylene
diene monomer (EPDM), polyarylsulfone, polyethersulfone, polyphenylene sulfide,
polyvinyl chloride, polysulfone, polyetherimide, polytetrafluoroethylene, fluorinated
ethylene propylene, perfluoroalkoxyethylene, polychlorotrifluoroethylene,

polyvinylidene fluoride, polyvinyl fluoride, polyetherketone, polyether etherketone,
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i mpact nodifiers, thernosetting resins, or the I|ike,
or a conbination conprising at |east one of the
wo ooegai2zeg pol ynmeric resins. Additional ther nOpdEE$1004/040630
resins that may al so be added to the high tenperature
t her nopl astic conposition include polyacetal

PR NRE EétonE kefong! KREceHAbiihRsHs donpRising at least one of the foregoing
acrylonitrile- but adi ene- styrene (ABS), polycarbonate,

thermpoplagtieme, pol yet hyl ene,  pol ypropyl ene,
pol yet hyl ene terephthal ate, pol ybutyl ene

"ltheer %ﬁg%lﬁﬁ%}attﬁerrx{%iagﬁq Zl(eg%l OQan (]SH n&’dd%@ % Gt]}ﬁ) ,high temperature

nIon nyl on

théﬁno@lﬁsde lcamﬂesltloxpﬂ{ mﬁmqloahmf mh&ﬂ ﬂmtwmualetdwuoan 6.1 wit%,
pr ylene di ene rubber, éEPR) eth ene propyl ene
ﬂ)@mgglg ﬁgapg;p@m ﬁlgoplastlc composmon In one

éﬂﬂ% i %ﬁrtﬁel &BS Qﬁ’éﬁfﬁgﬁ%&e feﬁﬁlsi%%ﬁ glé fa&ded B%hy Hfgﬂ%mperature

ysu one
tbﬁh;opmsnaﬁdmpmsmmmml annemount o tdss ttaadr equilytb abeut 20 wt%, based

‘E’r ﬁ%{; Bk of | i uﬁtggltal koxﬁg&hy%gi%lml RIRROS}tofo {7y @nother

eRfodithéht! tht |aH&i’hszﬁ ’th&ﬁio}ﬁfatsf@feiﬁﬁfs QAR be RAASHEIHLNRE hlgh temperature
et her ket one, 066260 PCT/ US2004/ 04063

thempptasae cmpqm@ommtmmnom af lﬁ@ﬁﬁianalrieqnd te ahputi 1S \M@’o, based

BB i 51 2 LR APPSR ook S TREL R4 R, Theyet another

dﬁhtﬁhnﬁﬁﬂpﬂié @H&ih@nal&ﬁ@fﬂ@ﬁ's@@fdsms CaNBeSHddd00 thélh?fi temperature
amount of greater than or equal to about 0.1 W%

thermeplagiio pompesitis] igran asrount of feisg thanmsanaltto about 1 r? wt%, based
RN i R A e bl TaccB EBAGLTRGR, 1T

hi gh tenperature thernoplastic conposition in an
Impactn tmafifi¢re smay halso obe eatplahtl too thd oh:itth&mﬁe%tuxkeasslmﬂmoplastic

on t.he ht of th erat u t her nppl asti c
CORRIELPE1 AcSH FuPaFt SR HGFers A Motk CORODEnSIa A B example,
AJBRATRB] d%ﬁtcbﬁolz%fsnaﬁldcm Bﬁl&ﬁ%ﬂoiyﬁle}:h eThé 40B-A and A- B type

t enper ature ernopl astic Con€08| tion in an anmobunt of

HI@!%(SCQHW@T memkael thevne}kiwtc b eus%onhmsedl ofugnenot heo alkenyl

ht of th hte ur e
LpiBhish Vil 8 eeSHRT, SvHehg S HBR o Sdsfomeric block, e.., 2
b@dﬁhdﬂemk thitgs pRithBe hi@rop&fitdils Moitule oﬁﬂl@@eﬁdlblbck lAgd triblock
igh tenperature thernoplastic conposition in an
n%umerSoare legresiallynseinl. Eqamples of switable rupagt modiigseef the A-B

0 s f h
HITABIR, e Block cbfifubi] iAGHRC B e OB BR8N [sBR)
ﬂ@ﬂgﬁréﬁﬁﬂy@mﬂ@etﬂ?@pm ast i Cpolystyrene-polyisoprene, poly(c-
methylstyrene)-polybutadiene, polystyrene-polybutadiene-polystyrene (SBR),

polystyrene-poly(ethylene-propylene)-polystyrene, polystyrene-polyisoprene-
polystyrene and poly(a-methylstyrene)-polybutadiene-poly(a-methylstyrene), as well
as the selectively hydrogenated versions thereof, or the like, or a combination
comprising at least one of the foregoing impact modifiers. Mixtures of the

aforementioned block copolymers are also useful.

10



conposition. These inpact nodifiers include bl ock

copol ynmers such as, for exanple, A-B-A triblock
weopshyirer s and A-B di bl ock copol yners. The A-BeHUSI004/040630

A-B type Dbl ock copolyner nmay be thernoplastic rubbers

conprised of one or two al kenyl aromatic bl ocks,

THRHASseRINg BSME @AY ikt ¥E adged e akié salder meeé@ﬁ;sdmmhl C These
bl ock, e.g., a butadiene block that, is partially

thayoosRiGRE: Fesins #any be)addeds fort puspesesioh| iBwRCtamadificatipr ik desired.

ESGRRIeY ", B iele SRR, SRS ety W SRR, AP b,

sothetic/ fubber, iepatyy phemaicy polyeaeas; p@&a&bmlbachﬂmm{, IBMe like, or a
polystyrene pal y(et hyl ene- propyl e
by@flyg EPBPTIYNG it spsteans of Sbe ﬁrggm%ﬂqunosettmg resins. Where it

1§’3 ?/3[% Eg& p&q{ﬁ@ﬁ'tl g‘%?xgﬂ%lasr}bcl (ilr é,t%l?/r}né)r%eem{l%éﬁﬁs or combinations of
tlpmhxoplayme remdp dhey(netdmh@ nesips ofoy Itha d)ighp oteygeyatena e thermoplastic

I I
Byt Br e by AN gorubes a8 bE Shout AR esss upon
% eigh©St th€high taﬁpér&%ré@lkﬁﬁ&mysﬁwoﬂmsglas@nat ed
ver5|ons thereof, or the |iKe, or a conbination

conprising at Ieast one of the foregoing inpact
Otbeti gddigives mayxalse be opfiomalky acbilﬁ@ te ienhigh rfempératiek thermoplastic

ners are al $Q sefu 0
<BRRRGT g0 Mt rtapble. el SR "R iugs. dubricans,
sadgeshtd, Gntibatic ageirs, flove eomalgents, Dew pfdnﬁsters 1mpact modlﬁers
thernnsettlng resins can, be added for purpose

npelsating agsaiss faupling Agents, é@@lerré@rdan&an%ﬂ@shl@f %mll@am gdldition
o RS 8, LRt: S LB ALy Eipey ot

poXy;
pol yesters, polyam des, silicones, or the I i ke, or a

The niniighate'rrmeratmﬂpﬂiesrhmgasﬁc btaapdpsitime cefh beh enaﬁmfwguém by melt

&@grnose t|n Yy % is desirtable H ? £ th
& of “OP B&ag’E ¥ SmbIRAoRS sSATPRIRYNg &L lFRst gne of the
6108 FdREHE (ﬁf bleddi®g. "MRlI8BIehdind ek JIVIRE RS Bfokdréhtioned forces
resins to the high tenperature thernoplastic

maynbo spadusied ichmachings Bechaa single oar:mdﬁpl@nscrw exbyders,1 Buss

0 h h e
R RS SRR ik Byl S, agines
stely a8l idfectien apéldingaklaghings] edhcuomt fermtihg imichinee) dldw emolding

t hernopl asti ¢ conpositign including, for exanple
machwegor fthen ke, oraﬁ?mbs@aa%rm gompramg @adwt one of the foregoing

hiast anf §q Liafi a&és‘r‘ra fhaw d‘rog&hﬂbn EMife of the
nfEc gler hilng Yy

ow pr onot or nucl eat1 ng agent
compp:htlmg tagompast af bpm:eﬁcr ehenggIanf sa,boatn@ (lheo labloet 10 kilowatt-

r}l](lﬁogrelmx (kv?/}uqut) o? rt}le composition.

The high temperature thermoplastic compositions can be manufactured by a number
of methods. In one exemplary process, the thermoplastic polymers, the glass fibers,
and additional ingredients are compounded in an extruder and extruded to produce
pellets. During the extrusion, the glass fibers and other ingredient are dispersed in the
thermoplastic polymeric matrix. In another exemplary process, the glass fibers along

with the other ingredients are compounded with the thermoplastic polymers in a dry
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of pignments and dyes (inorganic and organic) may al so
be used. The high tenperature thernoplastic
W@ 000p066260 on can be manufactured by nmelt bl enelimygs$2004/040630
sol ution bl endi ng, or by conbi nati ons conprising at
| east one of the foregoing nethods of blending. Melt

bRh&REI fr6cdss . Ving H&RclR GhiREE Ninidothes efmaélc Bfixed BN Dfill and
conduct ed i n nachi nes such as, S|ngle mul tiple

ceypmawtesk tqru girededpand clm@a@er ,Thee dfmperefure othegnoplastic
ué 1t10nxcean als%aﬁ%bﬁi{x%d in, {;neh(#]uci% gﬁ)‘%legsj 4 J]Pg{l;}z Hl%?ded e.g., by

jection ol d vacuum

inj@tibh rﬂlﬁﬂdlﬂ@'@WﬂWﬂﬁHr @Gltabm&hndf&, moldirighechdige, It Qi desuable to
combi nat i ons conprising_ at | east one of the foregoing

hawgcll abthe gampanepis iy the highytempegatyte thermaplastie (cpmppsition free

I I %15@1 osition to inpart a
ﬁgg‘e‘}g%t ﬁoé:hcgr%(grggy 0 1{3&1) %}tﬁn(g‘&%pto about 10 kil owatt -
hour/ ki | ogram (kwhr/kg) of the conposition. The high

It empberagxemplarhenctbepd af manutetping ﬂh'edringl teampelpature thermoplastic

CFRLLES, "B TS, o R e
(25}?’1 e'tﬁe,' 9&95ryléﬁgre$§éreﬁfdﬁ)rath€ WﬁPﬂb‘&d e@lfil® ahe masterbatch

and extruded to roduce tg | ets. During the
may thendiedat dqmwghaddltmndm@ymidnm erranidfigyrthelpeltierykane sulfide

oS30 iy BT B T T Bl ehprr

thetthépladiie cohdpekitiongr edi ents are conpounded with the
thernopl astic polyners in a dry 11 WO 2005/ 066260

PCT/ US2004/.040630 bl endlr@? process e, d.
WheR SOMPOURIRE OcCULs dn aR EXIrederHis is gengxally ‘Eﬂ‘ifl'?ii Pﬁ‘tl 30 ag g ensure

thﬁpfﬂg' f&ﬁhgﬁjceoﬁ £%h &MFEQCBHQ i€ HRRPEEhe Té}ﬁpé}htq{% in thg extruder is

nperature t her mopl asti c conpositron can al
careﬁnHyI comtrdlecdqundkfnetnm hept parobe s’ehzuddndxartenhﬂl yvhntd tdeeksure that

o Iy b lenb LT ¢ 56 G i e herRRYBSHF Fiait il do cases

wibre fictibha Héyﬁﬂgnﬁnﬁtﬂlz@a ihhgart)i 98 feRARRRA A may be supplied
t her nopl asti c con&msml on freé fromwater priof to

ﬂmgh@mmcaé heating bandd inrapntadromthethamelseofehe extrydene Qibheating
op%ﬁﬁnatm{e%%&%l%ﬁgdyt S%bly h tenperat ure thernopl astic
osl

ass ers can be masterbat ched
into a resin conp03|t|on conpri sing the polyaryl ene
Eeéhigitrya¢ntfusiont temppraturey sreeibeuts18(F todgboud HE0ITAS The bampbunded
th be | et th addit I I th
mgﬁd?%ngwe%e Ci%vt\@rf\grrgqu%lioa Ié:a1|1 %2 aextru(?edy 1%{oygr%1r1]§1ese or Ie)éllets

cut into sheets or shaped into briquettes for further downstream processing. The
composition can then be molded in equipment generally employed for processing
thermoplastic compositions, e.g., a Newbury type injection molding machine with
cylinder temperatures of about 220 to about 400°C, and mold temperatures of about
75 to about 140°C.

Use of polyarylene ethers that have a low intrinsic viscosity permits ease of
processing. The ease of processing results in a better dispersion of the glass fibers

resulting in reduced flaws and/or defects in manufactured articles. This promotes
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during the extrusion process or the nolding process to

formthe high tenperature thernoplastic conposition
w®bms/oeepoundi ng occurs in an extruder, it i SPCT/US2004/040630

generally carried out so as to ensure that the

residence tinme in the machine is short. The

inPRIved phyical bfopefifes 8¥eH akdBipaktSproSeMi®y dil deverm@pldrif Notshed I1zod

and friction heat can be ufilized in part or in whole
tests enducted: [#ht roogh temperaire BPERH ofn tane gmhedinfenpethe high
wth the,th I o i X . ' . dn

W AR A5 6 B b Pl B g P38 or cna

t6 edpduNi INgt-Ibgiath Ay a beotchydp [20dd test Fvoadadted|a8c23°0cal In  another
heat i ng bands nounted on the barrels of the extruder.
embodimsat.i thg high temperature (hemoplistie cempasitian digs 7o npished Izod
. exs r.usi e e - 180
RGN A VARSI SRR 12 vt ancte
ehfbediint,athei kigh asipperature nthearmoplastie xbmpdsidon riae a notched Izod

.granules or pellets, cut into sheets or shaped jnto

iBpAc seREl of e ey iR pr R &2 ?‘@%3&-32/% 2@% brg temperature
B IRy BRI PCRLaED BF Bt than
oe.equal ta denbdf§°Q.yde dnejepdiodomentpibei igh reropératrartiemonplastic
cylinder t.enperatures, of about 220 to about 400C, d

<P SSERY adiesh o R e ARty el ongaugo abou
280t ary! Slehcdtdnodlithfia! tHaMihaemP¥ratité fthétfloplasii® €Bmbbitions

permts ease of processiqg. The ease of processing
dispiayl a keat distortien tempatatypseeisgreaienothan e cqial 4 aboysey76°C. In yet

[ti . d | / y i .. .
R R R PR A Epblions iy e
d2081560 Ehaedathite UFgreidt4hAdetaegal tb AP6W\28d°@hysi ca

properties such as inpact properties as determned in

Nat ched | zod sts_conducted at roomtenperature,

Artigley maphfzaswée ﬁﬁ'@&bﬁg‘fﬂq‘ tempErahiTg FerPeR{gEiGEqEpResition can also
bk TR k.C Tﬁ%"ﬁ&?ﬁ% fetRBard§ TatBe 'a?R@fébd ﬁtﬁ&&%ﬁﬁi{g@fmy flame

greater than or equa to about 1 ft-IDb/inch
retatdahteadlditned. {menhe embhddiotest] agticlS@vingna thacknkey of 1.6 millimeter

nbodi nent, the high te rat yr her.nopl asti c .
VERpEST o 1 Hi5 BRShS of Ondistcrs Fabayfigry Bulletin 94
cHfiG&t €lestshRP FRImBabialy 6OPlRQRUMatkerialsf UT1oR” | Rgh: flAie Y&Ardancy

anot her enbodi nent, the high tenperature

ratingr o Plla4 i\&2c ohp esotheropmbedimgnip gritiesd having a fhigkaess of 1.6
f f_ oreat . e 0 .

n?c’llluﬁ%?rlt E%\% a %ﬁ%‘%h‘.%gaﬁ&{}’gﬂﬁgtﬁn gf ?L-&P Va-lP Ultn zg‘lother embodiment,

articles having a thickness of 1.6 millimeter have a flame retardancy rating of UL-94

V-0.

Molded samples can have a smooth surface. In one embodiment, articles
manufactured from the high temperature thermoplastic composition can have a Class

A surface finish.

The high temperature thermoplastic compositions can be advantageously used for a
wide variety of applications where high temperature stability is desired. Examples of

such applications are electronic applications where the high temperature thermoplastic
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t her nopl astic conpositions al so display a heat

distortion tenperature of greater than or equal to
W@abwene260C. | n one enbodi nent, the high tenperat/usmo4/040630

t hernopl astic conpositions display a heat distortion

tenperature of greater than or equal to about 260C.

cbfh BRAbAE Earf BB QlivERAcoubyCuddl Ofdr RIP Péshitatic@ to lead free solder.
hernopl astic conpositions display a heat distortion

thnmpacajmes @fcllgieeaamnott\i@aappbcat@q& suchtas daglobeards @gteripnbody

et her e the high tenperature
F%‘H ?ﬁp JaNe %roﬁ%!}getl ons display a heat distortion
tenperature of greater than or equal to about 280C.

Thet follb@ngnaauipdes] witch hreomiehrietobedxengst@g| ablititing, illustrate
t hermopl astic conposition can also _be flane
compgsitiany andrppethedsafar manyfpetarieg the Mg teppsratiey) thermoplastic

%ggﬂgma%q&md% jlame retardant additives. In one

articles having a thickness of 1.6
mllimeter when tested according to the procedure of
BXoaleiPMESt er ' s Laboratory Bulletin 94 entitled "Tests
for Flammability of Plastic Materials, UL94 has a

| tard t f U-94 V-2
TR GHENES “GRitharie he hefianabions andaged o 8 J T g—
tmdﬂobﬁ@ﬁ@éod?ﬁdﬁﬂlcﬁl dd iREPpGSAFRAY ethdf hﬁﬂn@fan WhtriBdic viscosity

V-1. I n another enbodi nent, “articles having a
belove eréscél/gaf Smlem'l |dontainsed lowintriasic| visosite tpelxpherylene ether
S .
P} 98k 0 00 2 00 00 S8, 8 £ PR

ef(ﬁlﬁmetdbﬁtaimg@ a {PPIpRAva g a1 uithﬁdﬁcfmﬁb@m}rl of (DDHHQS iBoitlo Samples of
can have a Class. A surface finish. The

I
Pgnﬁ@feamnéfapwé?%pﬂ Gkt Pl@sfe‘zﬁnpgélmqsy@eeaﬁnwulﬁde (PPS) was
Fmﬁgf?%‘m ]ﬁ lgha\%ﬂaWedﬁoMlarI'l&ﬁM e rporatloél The flow

applications tenperature stability
pu@sotoe d(lutizicany)| ws opentwyﬂmacpplsiematel ABETS) eawlilebler andar the

R iob S CUAER” BCR LebBonr 016 80 BRASHL VHa Ba T elass

fibRrs2 B¥afHeA IROMS TohrdS Mhnb ke, t MBer gla8S ifeANh8d L difRder of 13
free solder. Oher applicati ons i ncl ude autonotive

rmpmmatqs ok g length ofsbetshmbbmetss, Takleek belowishays details of the
BB ToBbr SRR TIFE SpaB PSRy e f o1 ot 0
limting, illustrate conpositions and nethods for
Thervohpohetits fig dable 1dadofee silgee ifendle sihplenmgt @xtruded in a 40mm
twin-screw extruder (ZSK-40) manufactured by Krupp, Werner and Pfleiderer. The
extruder had 5 barrels or heating zones set at temperatures of 293°C, 293°C, 293°C,
298°C, and 298°C. The die temperature was set at 298°C. The extruder was run at
250 rpm. The extrusion rate was 175 pounds per hour. The strand emanating from
the extruder was pelletized, dried and subjected to injection molding to manufacture
the test parts. The molding machine was a Cincinnati 220T. The amounts of each

component employed in the various compositions are shown in Table 1. All

ingredients were added directly in the extruder during extrusion.
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conpositions described herein. EXAMPLES These

exanpl es denonstrate the advantageous properties of a
whe@b/os@eper at ure thernopl astic conposition CRPOPUSBNHNE0630

pol yaryl ene ether having an intrinsic viscosity below

0.15 dug. Sanple 1 contains a low intrinsic viscosity

TRliNebEsymeIded Simiples wel ¥ebted 81 tREir &lechatfi¢dl pedperties and thermal
VISCOSIt of 0.12 dug while Sanple 2 is a conparative

Pémse (SEBIPIESYeere sWipECtedity tapsilgriesthnay PaTsA STV 13 638; Notched

I%gfél cq | ﬁrgp r&h {eégtﬁo%n‘g%]en )%mglj) |6}A%é§ }%Elgggs?&{lgﬁ qgmgéﬁ'ature

(H@ﬂﬁ@i Blper ASTM DE4S: | Bivt yanipled Werdeltestdd fofreddhaiesta
Corporation. The flow pronotor (lubricant) was

The deanis s Mo suBELH oraféPETS 5 et per MGPE < Th Frobabitity
off i DR tlﬁpcesgzr F\‘ié %Mﬁ’%l ~0p §5ﬂanfn'1%9'it§ 10418l ssfeﬁoi'ﬁ‘ fgrms of

ns Man |bers i ane
p(ﬁ EP)o nixiresamphes clhza che aghibveoV-Giboa firss pass} therpz(F@P) vﬂlab isel or as

bel M/sho ils of the conpositio
clish Sesd s S Blen SiBOE SrpBles toF gL RUNIBHUR O aF HiEVIBaRYD in a first
ﬂaﬁ‘salﬁ’ervfe raeﬁFq?b J8lue fthdt € @h@rﬁfﬁﬁﬁf&’ RsyBlaf lexﬁxrdtﬁﬁdwbﬂals Sthe closer
tw n-screw extrudér (ZSK-40) manufactured

by

tMr p@ff P) vélue é togln therteitter ﬂl@rf@me retaedangy prapgeies & thescomposition.

arre r es S t nperatures of 293C,

<ot 55 (‘Z‘lﬂgi&'ﬁ%g“%%@%‘éﬁ %t%} l e tenperature was
set at 298C. The extruder was run at 250 rpm The
extrusion rate was 175 pounds per hour. The strand
emanating from the extruder was pelletized, dried and
subjected to injection nolding to manufacture the
test parts. The nol ding machine was a G ncinnati 220T.
The anobunts of each conponent enployed in the various
conpositions are shown in Table 1. Al ingredients
were added directly in the extruder during extrusion.
14 WO 2005/ 066260 PCT/ US2004/ 040630 The injection
nol ded sanples were tested for their nechanica
properties and thermal properties. The sanples were
subjected to tensile tests as per ASTM D 638, Notched
| zod i npact property tests as per ASTM D 256, and heat
distortion tenperature (HDT) tests as per ASTM D 648.
Fi ve sanples were tested for each test.
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The sanples were al so subjected to a flammability test

as per

w@ ammsioeszsmg V-0) in
terms of p(FTP).
a first pass,

TaBlebossi bl e,
achieving V-0 in a

UL-94. The probability

a flanmmability test

the p(FTP) value is 1 or as
whil e sanples that are not capable of
pass have a p(FTP) val ue

first

of a first tine pass
I S expPEEESI04/040630
For sanples that can achieve V-0 in

close to 1

that is significantly less than 1. In other words, the
cl oselCompaigntp( FTP) [val ue i ¥mPK 11, the better tH@PFRane
retardancy propertifes of th%to/corrpositi bn.  The resgults
for all the tests dre showt™® the Table 1. 15¢

g £US2004/-040630—Fabl-e—1+-Conpenent <
f%ﬁ?ygmig@ée )ﬁeg)z (W% (W% Pol yphepyl ene sutts de

PPS) 64.5 64.5 resin 0.12 IV polyphepyl ene ether 10
O.(IERE;SOI Ee?llyfénegth'gr Hpotyphenyjene—etherT0——(PPE—resin
(PP Rsik G ass Fiber |748 25 25 Pentaerythritol
tetrastearate 0.5 (.5 |lubricant (PETS) Properties
ohaupbivhenyichediigt N (Kg/ cmy 1139 1090  TepsiTe Efongatlon
@#P)redind 1. 44 Tensi|l e Modul us (kg/cnm) 94,211 89, 992
Fl exural Mdul us (kg/cm 90,696 88, 586| Fl exural
TeperEGlgs Ribérnag® cn) 1996 1771 Mot ched 1zpd 1 npact 25
strength 1.26 0.2 [(ft-1b/inch)
Pentaerythritol tetrastearate 0.5 0.5
lubricant (PETS)
Properties

Tensile Strength (kg/cm?) 1139 1090
Tensile Elongation (%) 1.4 1.44
Tensile Modulus (kg/cm®) 94211 89,992
Flexural Modulus (kg/cm?) 90,696 88,586
Flexural Strength (kg/cm®) 1996 1771
Notched Izod impact strength 1.26 0.2
(ft-Ib/inch)
Unnotched Izod impact strength 5.6 4.1
(ft-Ib/inch)
UL-94 Flammability Rating (1.5 V-0 V-0
mm)
p(FTP)* 0.9 0.85
HDT (°C) 272 257

* determined from 5 samples

As illustrated above in Table 1, it can be seen that the sample manufactured from the

low intrinsic viscosity PPO has superior mechanical, thermal and flammability

properties. For example, the tensile strength and the impact properties of the Sample

1 is superior to the properties of the Sample 2.
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Similarly when flammability




Unnot ched | zod inpact strength 5.6 4.1 (ft-1b/inch)

UL-94 Flammability Rating (1.5 V-0 V-0 mm) p(FTP)*
wW@®289/06:286 HDT (C) 272 257 * determ ned fronP&I/US2004/040630

sanples As illustrated above in Table 1, it can be

seen that the sanple manufactured fromthe | ow

. o . : BEbTRC e ek )

PRSP, o ST S AR ASDIEEIRIER e b o

suparir |t Sat efidtampin@. t bes ishpamtin ghopkable ds the highe temperature
R R oo SRR B 2B T a L D00k HRE B, e high
&R OBMAREEO coMpesies tasShave @ ptPTPRsfad, the Sanple

1 shows a probability of a first time pass that is

superior_to that of Sanple 2. As shown in the Table 2,
AsqHusiraigd abovpdhe samples maapigstyredvith ap inipinss visspsityLf lgss than
FTR). 0 { h 9. [ "
of S 1ol RSl B3R g el 3Ehed Mk fpoptafic Yofhbositions
hatihg Pyupetiod . méchanicalys theahald aab oflemntabditg apgopesies.  The high

manufactured with an intrinsic¢c viscosity of Jess t
IIRPLRYER tﬂ?@‘%@%&? CWPBSIHP?SQ}*‘V&%&L}EE‘EN H}téPP"E ¥ﬁﬁ%ﬁ‘té(t1’3’%£°an be

aHl?ﬁ{tafgéBhﬁf kaétﬂhéé%{rr‘%l‘?&éétﬁ%s‘??%ng I%lg%d fa létRhldpplications, The high
témpgratutee nthemadplaséict ltempogitiasy | canc aiywoshe | wHzed aom gnumerous

mechani ca 111ty properties. Th

the l.ow intrinsic Viscosi PPO can b dvant ageousl
apBifcatigts i b6 plGrore RERGh e rp et shiian BELHREPTeRt sih as
12R&Y, k& inBViRg edilipnizhe br tHealeer at ure thernopl astic
conpositions can also be utilized for nunerous
applications in the autonotive sector, the appliances
sector, heavy equi pnent such as |athes, earth noving

equi pnent, or the like. 17 WD 2005/ 066260

PCT/ US2004/ 040630 What is clained is: 1. A high
tenperature thernoplastic conposition conprising:

17



a polyarylene ether consisting essentially of

plurality of structural units of the formula (1): QL
WaR00806aR0 QL (1) wherein for each structural uPCT/USBaLM0630
QL and @ are independently a hal ogen, a primary or
secondary | ower al kyl, a phenyl, a hal oal kyl, an
whth9abiyddisa hydrocarbonoxy, a hal ohydrocar bonoxy
wherein at | east two carbon atons separate the

hal ogen and oxygen atons, and wherein the pol yaryl ene
ether has an intrinsic viscosity of less than or

equal to about 0.15 deciliters per gram a polyaryl ene

sul fi de: Qtluf’estﬁ i : d:ti.on of

9 ai rf"?%gh%%m er{g a g%%&g;gs@tcgréwgﬁﬁ?g%@?%tﬁ ‘e val ue of
greater than or equal to about 250C, a notched I|zod
aipopacylend ethergionsistfingyessadtily toff phurality of quradtutabumiksoeftthd formula
Ipt-l b/inch and a UL-94 flammbility rating of V-1. 3.

Bhe conposition of Claim1, having an unnotched |zod

I mpact strength of greater than or equal to about 5
ft>1b/inch and a UL-94 flammbility rating of V-0. 4.

[

ima pass in a UL- 94 V-0 test of greater than
°®o» aOhkeat distortion tenperature value of greater
t hag—6r equal to about 250C. 18 WD 2005/ 066260
RGT/ US3004/ 040630 5. The conpgsition of Caiml,

herei n“the pol yaryl ene ether (Ds a pol yphenyl ene
et her having an intrinsic viscosity of 0.08 to about

Yo 3 i
vs%g%'?% %‘gl‘: leadd Struddal GhAMERD pg%%ﬁ;gl fafé 3 2@&@&9&9&9 "Ah&lbgen, a

erein the polyary
ppialayyp hemskemdaryulléwere .allg/l, Bhephenylpositalaatkydf a@l aimmmdalkyl, a

I DRy 2dHD 5o T SABITE 3b bt G EpT plamshgeparate
t1ef hi1Bger bt ok PoERCAtSMYS Shd WREFERP BBy Sy RAB RS tHaS hindétinsic

wherern the glass fibers are E—gll_ ass, A-glass,
vscsitysaf less than or equal to about 0.15 deciliters per gram;

a polyarylene sulfide; and
glass fibers.

2. The composition of Claim 1, having a heat distortion temperature value of
greater than or equal to about 250°C, a notched Izod impact strength of greater than or

equal to about 1 ft-1b/inch and a UL-94 flammability rating of V-1.

3. The composition of Claim 1, having an unnotched Izod impact strength of

greater than or equal to about 5 ft-1b/inch and a UL-94 flammability rating of V-0.

4, The composition of Claim 1, having a probability of a first time pass in a UL-
94 V-0 test of greater than 0.9 and a heat distortion temperature value of greater than
or equal to about 250°C.

18



D-gl ass, R-glass, S-glass or a conbination conprising
at |l east one of the foregoing glasses. 7. The
W@ o0up6d2t0 on of Claim 1, further conprising anPCTPsmD4/040630
nodi fier in an anmount of about 1 to about 20 wt %
based upon the wei ght of the high tenperature

5t her raRlBipoSiti6R BP CHif 0 Rvhefein theolyhrileAPEthad idaSolyphenylene
t her nopl asti c conp05|t|on conpri sing: a_pol yphenyl'ene

ethten l;avmgu AR umlnsig visgesitytof QLQSyto @boys| Ok adcilitergper gram as measured

B A a0 ol SRt SR o v

are |ndependently a halogen, a primary or secondary

6. one l'l'ha|d9)ﬂp031&oﬂ bé @ydlm 13 Wt kieydlassalbessars tpaésklytl m aﬁ amount
hydr ocar bonoxy, | ohydr ocar bonoxy wherejn at

of \abowtak( m abauy A9 ‘é’b{ﬂa‘a"ﬁ‘?@ uppp dhe, ntelgwerghh et Eb?ylg‘é}h temperature
Wlasﬁ@ g add % nytﬁE %La@? fibEshee Ef saﬂ*ﬁ)lass C-glass,

nsic v SCOSIty o ess an or equa
D glkss, dRogldss, tghspeor a gombination canmubmgra}llease osel bf itlbeforegoing
g\(f,herel n the conposition has a heat distortion
BipPerature value of greater than or equal to about
250C, a notched Izod inpact strength of greater than

01 equRl cdnhRfrmt otidéim| b/ ftﬁ‘@x@r @&ﬂ}z)ﬁm a%41m act modifier in an
flammabi ity rating of V- 005 6260

apORhUsDaemt 0406kout 20 wWitse b@ﬁ@dpwn tthe Wetﬁht of thenhigh temperature
aV|ng?@n unnog hed | zod inpact strength of greater

Ra aor%ﬁ’os Oabout 5 ft-1b/inch and a UL-94
flammability rating of V-0. 10. The conposition of

8Cl ai m Bighhentpergtuse themhapdastic icympbsitioh comprisingre pass in
a UL- 94 V-0 test of greater than 0.9 and a heat

o B Al D8 I PR ST RLRUAALY 1 HEegifel S of the
fefnbhidi&£ {1§: conprising: bl ending a conposition conprising
. a polyaryl ene ether consisting essentially of

plurality of structural units of the formula
Q

(02 Q' )

wherein for each structural unit, each Q' and Q? are independently a halogen, a
primary or secondary lower alkyl, a phenyl, a haloalkyl, an aminoalkyl, a
hydrocarbonoxy, a halohydrocarbonoxy wherein at least two carbon atoms separate
the halogen and oxygen atoms, and wherein the polyarylene ether has an intrinsic

viscosity of less than or equal to about 0.15 deciliters per gram; and

a polyarylene sulfide, wherein the composition has a heat distortion temperature value
of greater than or equal to about 250°C, a notched Izod impact strength of greater than

or equal to about 1 ft-1b/inch and a UL-94 flammability rating of V-1.
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(1): @@ QR OO0 QL (I) wherein for each structura

unit, each QL and 2 are independently a hal ogen, a
w@roosmesze®r secondary | ower al kyl, a phenyl, apCT/US2004/040630

hal oal kyl , an am noal kyl, a hydrocarbonoxy, a

hal ohydr ocar bonoxy wherein at |east two carbon atons

gS eparmyeeonptRitidal FOCRIANE MXHPCin ahftehedaEd IHPRE& strength of
t he pol yaryl ene ether has an intrinsic viscosity of

greater thaveor egpaldqabouttSolt-diineh aod 23/1e+8¢ iflammability aatingrefry-0.

a polyarylene sulfide; and glass fibers. 12. The

5!l ) A, W AR R ma -

Suhe-oaestd girdatedthal 0.01aad @ heat distbrtioNtemiptiatire valugifigsdatg than
the conposition of Gaim8. 15. An article
opfanAl Jeahpub dSh-t he nethod of Claim 11 20

11. A method of manufacturing an article comprising;:
blending a composition comprising :

a polyarylene ether consisting essentially of plurality of structural units of the formula

O:

(02 Q' )

wherein for each structural unit, each Q' and Q* are independently a halogen, a
primary or secondary lower alkyl, a phenyl, a haloalkyl, an aminoalkyl, a
hydrocarbonoxy, a halohydrocarbonoxy wherein at least two carbon atoms separate
the halogen and oxygen atoms, and wherein the polyarylene ether has an intrinsic
viscosity of less than or equal to about 0.15 deciliters per gram; a polyarylene sulfide;

and glass fibers.

12. The method of Claim 11, further comprising injection molding the

composition.
13.  An article comprising the composition of Claim 1.
14.  An article comprising the composition of Claim 8.

15.  Anarticle manufactured by the method of Claim 11
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