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| nventi on This invention relates to bl ends of poly(phenyl ene

et her) and "poly(aryl ene sul fide) resjns which exhibit enhanced
properties such as flame retardancy and ductility. 10

Brief Description of the Related Art Bl ends of pol y(phenyl ene
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Al t hough 1ol y(phenyl ene et hggidf 1S @x“gfﬁiﬂkéﬁié'dﬁ% sul fide) resins

bl ends of 1 he two eBdaCEO(EhATa TS, oD TenitaADd crEGrbiene SuARRk or
appl i cati ons r&siﬁhr@%thefﬂly\/mm,t butrmhtbléﬁ&mﬁertypwanyrbrmleeﬁﬁenaﬁ ly in
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methods generally involve functionalizing the poly(phenylene ether)
resin, the poly(arylene sulflde) resin, or both presumably in order to make
copolymers between the two resins. The copolymers then serve as
compatibilizers for the remaining poly(phenylene ether) resin and
- 20 poly(arylene sulfide) resin. Examples of various compatibilized blends of
poly(phenylene ether) resins and poly(arylene sulfide) resins can be found
in U.S. Patent Nos 5,290,881, 5,122,578, 5,292,789, and 4,528,346 as well as
EP-341422-A, EP—368413-A EP-491884-A, JP 03121159-A, and JP 04213357-
A; all of which are incorporated herein by reference.

25 Although poly(phenylene ether) resins and poly(arylene sulfide)
resins individually have low flammabilities, the flame characteristics of
blends of the two are unacceptable for use in many electronic connector
applications which require very stringent flame retardancy, especially in
very thin wall sections. Improved flame retardant compositions of blends

30 of poly(phenylene ether) resins and poly(phenylene sulfide) resins
utilizing flame retarding agents of halogen or phosphorus-containing
compounds have been disciosed in JP 03265661-A. However, halogen and
phosphorus-containing flame retardants are undesirable for many of these



2 same applications due to the toxic and corrosive funmes that can
be emtted when the conpositions are ignited.

Accordingly, there is a need to provide conpositions of

pol y(phenyl ene ether) resins and poly(arylene sulfide) resins which 5
denonstrate enhanced properties such as gl ane retardancy, chem cal

resi stance and ductility and which do not contain hal ogen or phosphorous
flame retardants. SUMMARY OF THE | NVENTI ON

The needs discussed above have been generally satisfied by the 10
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poly(aryl ene smhénﬂe)cqmmmome ignited. c) a sil oxane copol yner
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this invention. TAI LED DESCRI PT ENI TI ON
The pol y( phenyreistange apd ductilifhand which damot Fondat asen PP TeHdI oyed
I n the presentflaniy esthidantar e known pol yrrers conprising a plurality
of structural units of the f I E N

[err] wherein e hal ogen, primry or

secondary | ower The needsyHiscussed, aladveyhavobeen rgengrally satisfieduby thear bon
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hal ohydr ocar bonoxy ons separ ate t he
hal ogen and oxygen &tadsempatibilizingpalyphenylene ether) resindependent | y hydr ogen,

hal ogen, primary orbysgpeRfaFlensifidd fedin; and
c) a siloxane copolymer resin.
In preferred embodiments, the compositions may additionally
15 comprise impact modifiers, fillers, and metal salts to further enhance the
overall properties of the final composition. The description which follows
will provide additional details regarding this invention.
DETAILED DESCRIPTION OF THE INVENTION
The poly(phenylene ether) resins (hereinafter known as "PPE")
- 20 employed in the present invention are known polymers comprising a
plurality of structural units of the formula (I):
Q2 at

® o

wherein each Q! is independently halogen, primary or secondary lower
alkyl (i.e., alkyl containing up to about 7 carbon atoms), phenyl, haloalkyl,
aminoalkyl, hydrocarbonoxy, or halohydrocarbonoxy wherein at least two
25 carbon atoms separate the halogen and oxygen atoms; and each Q?is
independently hydrogen, halogen, primary or secondary lower.alkyl,
phenyl, haloalkyl, hydrocarbonoxy or halohydrocarbonoxy as defined for
" QL Most often, each Q1 is alkyl or phenyl, especially C1.4 alkyl, and each

Q2 is hydrogen.



phenyl , hal oal kyl, hydrocarbonoxy or hal ohydrocarbonoxy as defined for
Qerr]. Mst often, each Qerr] is alkyl or phenyl, especially Cerr]

al kyl, and each Q err] is hydrogen.

3 Bot h honopol yner and copol yner PPE are included. The
preferred honopol yners are those contai mng 2, 6-di nmet hyl -1, 4- phenyl ene
ether units. Suitable copolyners include random copol yners cont ai ni ng,
for exanple, such units in conmbination with 2,3,6-trinethyl-1, 4-phenyl ene
5 ether units. Also included are PPE containing noi eti es prepared by
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reaction m xture. AhedRE axgtypically prepaned hyr thespxidative coupling of at least

one monohydroxyaromatic compound such as 2,6-xylenol or 2,3,6-

trimethylphenol. Catalyst systems are generally employed for such

coupling; they typically contain at least one heavy metal compound such

* 20  as a copper, manganese or cobalt compound, usually in combination with

various other materials.

Particularly useful PPE for many purposes are those which

comprise molecules having at least one aminoalkyl-containing end grdup.

The aminoalkyl radical is typically located in an ortho position to the

25 hydroxy group. Products containing such end groups may be obtained by

incorporating an appropriate primary or secondary monoamine such as

di-n-butylamine or dimethylamine as one of the constituents of the

oxidative coupling reaction mixture. Also frequently present are 4-

hydroxybiphenyl end groups, typically obtained from reaction mixtures-

30 in which a by-product diphenoquinone is present, especially in a copper-

halide-secondary or tertiary amine system. A substantial proportion of

the polymer molecules, typically constituting as much as about 9% by

weight of the polymer, may contain at least one of said aminoalkyl-
containing and 4-hydroxybiphenyl end groups.




hydr oxybi phenyl end groups, typically obtained fromreaction m xtures 3 0
in which a by-product di phenoqui none is present, especially in a copper-
hal i de- secondary or tertiary am ne system A substantial proportion of

t he pol yner nol ecules, typically constituting as much as about 90% by

wei ght of the polyner, may contain at | ehst one of said am noal kyl -
cont ai ni ng and 4- hydr oxybi phenyl end groups. It will
be apparent to those skilled in the art fromthe foregoing that t he
PPE contenpl ated for use in the present invention include all those
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limting exannhgg @&T @& conpounds |nclude 2-chl oro- 4, 6-di gl yci doxy- 15
1,3,5-triazine; oro 4- n butoxy) 6- gl yci doxy-1, 3,5-tri azine;, and 2-

chi or o- 4- (2, 4, 6-tr IR& sefyl rea 9 ﬂ?ﬂ@&? 4Pt 15 €pXFe, Annaefuk nown

as nmesitylogl weétsll ﬁﬁl bRt da-Rasts compatibildirg (PRE €
conpounds and .functional.i z PE re5| ns can égf 0Lr1d in U S. Pajent
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"ortho ester omis attached
to another by lmmngeexamplebmf thesebcompounids innfude 2chlororhb-alighygidaxdr car bon
oo T SR IR g Sk e 0 i eaer o

oro-4-(2 4,6-trimethylphenoxy)-6-glycidoxy-1,3,5-triazine, also known
as mesityl glycidyl chlorocyanurate (MGCC.). Methods to prepare these
compounds and functionalized PPE resins can be found in U.S. Patent
Nos. 4,895,945; 5,041,504; 5,089,566; 5,096,979, and 5,132,373 all of which
- 20 areincorporated herein by reference.

Another PPE useful for the present invention is orthoester
functional PPE. The term "ortho ester" is meant a compound in which one
carbon atom is attached to another by a direct carbon-carbon bond, and to
three further carbon atoms through oxygen. Such compounds can be

25 considered to be esters of the hypothetical orthoacids R-C(OH)3, wherein
R is an organic radical. The existence of such orthoacids is for the most
part unknown, since they immediately dehydrate to conventional
carboxylic acids. However, esters of such acids are known and the
compositions of this invention include certain polymer substituted esters
30 of this type.

The orthoester functional PPE preferably contain orthoester

moieties repreéenhed by the formula (II):




R is an organic radical. The existence of such orthoacids is for the nost
part unknown, since they inmmedi ately dehydrate to conventi onal

carboxylic acids. However, esters of such acids are known and the
conpositions of this invention include certain polynmer substituted esters 3

0O of this type. The orthoesser functional PPE preferably
contain orthoester noi eties represented by the forrmula (11):

[err] where Rlerr] is a (Jerr] primary or secondary al kyl radical or
is an al kyl ene radi cal formng a second 5- or 6-nenbered ring with Ct,
and Rlerr] is a (err] primry J(:_gqgndarﬁsal kyl or Clerr] aromatic
radical, or Rerr] and R err] e \C\pﬁ)R the atons connecting them

¥
forma 5-, 6- or 7-nenbered 5 rlﬁg; A Rlerr] is hydrogen or
Clerr] primary or secondary a(IRl%k, (CHY)k—O R14K is 0 or 1; J
Is from1l or 2; an Is 0 when Rlerr] and C- forma ring and
Is otherwwse 1. 10 . The R err] radical be ,a err] _prinmary or
secondary al kWhﬁ?r&(Rlésals aCi4 Bﬂ%rﬁé’rﬁﬁ?%ﬁmﬁlﬁadﬁﬁﬁ%ﬁ%‘,‘ qli&rs%P%pyl ,
nh but yl ] : SObéth&iclapfor&ﬁﬁgﬂcééé(?&}d 5-or @uténil]ger&ﬂ iﬂgﬁrwﬂxm aaﬂsR14 Irisia;éélgglci ally
the nmethyl radical are genera referred. . | so
possi bl e for HTEPRYY £5 sgf)‘?’ﬁ{aiys%g%ﬂr @H} a@%%é?%ﬁall’ior{gkw atn\% ?(h ot her
portions of t tegetherwitle th&atombicenpectings them formf a tShe 6 ar fomembered at ons

in the ort oesr%‘gé; ring is designated C* to indicate its role as part of
rimnge

sai d secon . The R err] value nmay be Clerr] primary or
secondary al kyl racﬁchathéfﬁlmgenOTGMima%%"\/%’CPBaa@[’éﬁyl} or a CJerr]
aromatic (preferablyipgergtic

Jis from 1 or 2; and
pis 0 when R and C* form a ring and is otherwise 1.

10 The RY® radical may be a C1-4 primary or secondary alkyl radical
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl or secondary
butyl. Primary radicals and especially the methyl radical are generally
preferred.

It is also possible for R1® to form a second 5- or 6-membered ring

15  with other portions of the molecule. For this purpose, one of the carbon
atoms in the orthoester ring is designated C* to indicate its role as part of
said second ring.

The R14 value may be a C1-4 primary or secondary alkyl radical as
defined above for RY or a C6-10 aromatic (preferably aromatic

20  hydrocarbon) radical. Finally, it is possible for R!4 and R1® together to
form a 5-, 6- or 7-membered ring with the atoms connecting them. Thus,
the invention includes certain spiro orthoester-functionalized PPE.

The R1® radical may be hydrogen or an alkyl radical similar to RM4
and R1. Itis preferably hydrogen.

25 The values of J and K depend on whether the cyclic orthoester
moiety is a 5-membered or 6-membered ring. In general, 5-membered
rings are preferred; that is, K is 0 and ] is 1. However, the invention also
includes compositions in which a 6-membered ring is present, which
requires either that ] and K both be 1 or that K be 0 and J be 2.

30 The value of the subscript p also depends on the cyclic structure of

the orthoester moiety. If C* is part of a ring structure with R13, all four



20 hydrocarbon) radical. Finally, it is possible for Rerr] and R err]

together to forma 5-, 6- or 7-nmenbered ring with the atons
connecting them Thus, the invention includes certain spiro

ort hoester-functionalized PPE. The R err] radical nmay be
hydrogen or an alkyl radical simlar to ®err] and Rlerr]. It is
preferably hydrogen. 25 The values of J and K depend on whet her the
cyclic orthoester noiety is a 5-nmenbered or 6-nmenbered ring. In
general , 5-nenbered rings are preferred; that is, Kis 0 and J is 1.
However, the i t the \ths< b will

6- rrenbered ri r@r@g&%g&&%@e %ﬁ%ﬁ%ﬁhﬁ?pﬁgﬁgﬁ%%ﬁottﬁat J Iz’}abnd K both
be 1 or that P& 0 and J be 2 30 The val ue of the subscript p al so
depends on the cyclThe followihg i€ aﬁflllush'atlvé B?th%éé@ﬂ%dléty () &vlyich lthag* i s
part of a rlngFftructurﬁhgnt al | é#l val ences

t hereof are s h°??lt ‘s is not the case, p wll

be 1. The follomnng S aqigttpstratlve orthoester nmoiety (I11)
whi ch may be present in the orthpestherOCHictional PPE:

[err] 5 and which may al so be refeFre o.as a

4- ( 2- met hoxy- 2- net -1, 3- di exCHay| ) CHudical and is usual |y
preferred. Inter. tes for preparation of such conpounds incl ude

4- hydr oxymst hydnd?-whighhmay- 2lso be refetrbg! tol a3- di be(b-hmthquﬁ«rmhﬂuyb—l 3-

obt ai nable b t cero hyl

|rrprl)ved met%odlg? ﬁ?ﬁ Ix%am%ar H(oﬁg o{ls‘?agg' %reéer%& gt P&%t urgaﬁy rerat ed
conpounds in qmpamﬁqnaof wqiuc@npoumls include¢-hydroxpmethydts methoxpt?-ai ned
are discl osed ﬁ\@tﬂ}l-sl;?;-ﬁﬁ;x?ghén %15 kggbtam'b 5‘l:he reachbﬂctffr ?E&b?gnﬂer ein

by reference. ort unctlon Hgletles IS
pref erabl y me&yépmcmwn “@?f‘? Qprepasation of this and
graf tabl e 1@t hydtAfitaallyY related compounds in substantlally pure form and the

products thus obtained are disclosed in U.S. Patent 5,231,197, which is
incorporated herein by reference.
The PPE having orthoester functional moieties is preferably
prepared by melt extrusion of PPE with at least one graftable ethylenically
15 unsaturated orthoester monomer. The functional orthoester monomer
may be represented by the general formula (IV):

W0 :(CHZ)]—O\C,ORls

wiof IO R

wherein the R14, Rls, R16, Z, ], K, p and C* are as previously defined, R13
is a Cy.g alkylene radical and W is a graftable unsaturated group
represented by the following formula (V)

R11 R11
\
c=c\’
R‘H’ (R12)m__

™
20  wherein each Rl may independently be hydrogen, or a C1.g radical, or

substituted derivatives thereof; or an aryl radical, or substituted
derivative thereof. Each R11 can also be other groups, provided that the
group is inert to the orthoester. The value of m may be 1 or greater. R12
can be one of the following formulae (VI):



15 unsat urated orthoester nononer. The functional orthoester npnoner
may be represented by the general forrmula (I1V):

[err] wherein the Rerr], Rerr], Rerr], Z J, K p and C* are as
previ ously defined, R13 is a (Jerr] alkylene radical and Wis a
graftabl e unsaturated group represemted by the followng forrmula (V)

2 0 wherein each R err] may independently be hydrogen, or a (err]

radi cal, or substituted derivatives thereof; or an aryl radical, or
substituted derivative thereof. Each R err] can also be other groups,
provi ded that the grgup is inert to the orthoester. . lhe value of m my
be 1 or greater. R[err]__é can be o of the foll %rrml ae (Vl):

7 n&err] Strateve exa of nmonomers which
may be enployed i fMlhe - pr esent i nvention |ncI u

4-acryl oyl oxynet hyhr&uqaw %&Xw@l&%ﬂ%hnﬁq@rs which f gxﬂé @ﬁ%loyed in the

4- met hacr yl oyl oxynet hyl - 2- net y- - net
4- acryl oyl oxyREssEpl JQV%%W QX)GFQQWF a theﬂﬁﬂﬂe% c 5
m xture of 4- ﬂmdépxﬁ-ﬁeﬂﬁt @néqum-mma 2 lyéthyl-ngldieRalahe,

u Uh PPE can Bac rtheﬁw%ﬁﬁeﬁé‘wﬁée S%%‘i‘%%%éla'sf&d Giigmerc

5,212, 255,5 V\hxmhtmee of nc(methey-2arethyl-h3-dietalanylymethyl vinylbenzyl
Preferabl y t Ngughd!Vhdhid (2L pREp{ISRSH BE tRAElerlats 8hd théir Hactldy ™! @

VI |
( ) with PPE can be found in U.S. Patent Nos. 5,171,866, 5,153,290 and
5,212,255, which are incorporated herein by reference. |
Preferably the vinyl functional orthoester monomer is of the

10 formula (VII):
' % OCH3
H2C=CH-—C—O-CH2—[O CH
) ?

Another preferred vinyl functional orthoester monomer is
represented by the formula (VIII):
_-[O OCH;
VI HyC=CH—CH,—O—CH; o CH,
It is sometimes advantageous to use an initiator in the preparation
of the functionalized PPE with the olefinic compound. Suitable initiators
15 for use in the current invention include free radical initiators generally
known in the art Specific initiators include various peroxides and
hydroperoxides. Specific examples include benzoyl peroxide, dicumyl
peroxide, 25-dimethyl-2,5-di(t-butylperoxy)hexyne-3 and cumene
peroxide, with 2,5,-dimethyl-2,5-di(t-butylperoxy)hexyne-3  being
20 preferred. When it is used, the amount of initiator used can vary from
about 0.05 weight percent to about 0.5 weight percent relative to the
weight of the PPE.
Ortho ester derivatives of chlorotriazine compounds, as previously
noted for epoxy groups, are also useful including 2-chloro-4-(2-methoxy-
25 2-methyl-1,3-dioxolanyl)methoxy-6-phenoxy-1,3,5-triazine, for example.



[err] Anot her preferred vinyl functional orthoester nononer is
represented by the fornula (VII): [err]

It is sonetinmes advantageous to use an initiator in.the preparation of
the functionalized PPE with the ol efinic conpound. Suitable initiators 15
for use in the current invention include8ree radical initiators generally
known in the art Specific initiators include various peroxi des and

hydr oper oxi des. Specific exanpl es include benzoyl peroxide, dicunyl

per oxi de, 2,5-dinethyl-2,5-di(t-but¥l peroxy)hexyne-3 and cunene

peroxide, w't &gg,g.g%( b 0
preferred. V%eﬂa;]efﬁ%n?ggus irezap}rghﬁ%te WQ“Q"? 8%“&?% (I:‘ glr)]e \?‘g‘?mflrﬁom
about 0.05 wei §i$ Patant 5132883 anbich inirsonprgtad hereireby referenceve to t he

wei ght of the PPE. The amount of hé QBO h’i‘éntﬁﬁfeﬁvﬁ:tdcﬁSﬁalﬁmgmg%Pttﬁdtaﬁ' ne

d ful
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in p?ﬂ “}?gﬁ'g effence.
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required to ap%émr '79%2{‘?6%{3?\90 g@@“&g k%g var| Sox 'co M&Qn{&tﬁ ffICI ent

5 to inprove t corrp weenP dnents 1n t
conposi ti on. ne@walmmgmt isindhel range fromaabeuti0.0% toraboupd% by
general |y 1yp t %séf/e,}gmé/\@mgght Ehd ppE. preferably from about 0.05%to
about 4% by vvel gh he nost prejerre embodi nent s, .the amupt, of

It is a so sometimes advantageous to employ at least one lubricant

which is substantially inert to the functionalizing agent and other
ingredients in the preparation of a functionalized PPE. The presence of
the lubricant decreases the required melt processing temperature to

15 produce the functionalized PPE, as well as the compatibilized blends
prepared therefrom. As a result, gel formation is minimized.

Suitable lubricants will be apparent to those skilled in the art; in
general, they are solids with high lubricity or relatively low melting solids
or oils. Examples include poly-tetrafluoroethylene, fatty acid amides as

© 20 disclosed and claimed in copending, commonly owned application Ser.

No. 07/815211 (abandoned), aluminum alkylphosphonates as disclosed

and claimed in copending, commonly owned application Ser. No.

07/816629, and hydrogenated poly(a-olefins) as disclosed and claimed in

copending, commonly owned application Ser No. 07/816430 (abandoned)

25 and commonly owned U.S. Patent Nos. 5,214,099 and 5,281,667, which are
incorporated herein by reference.

The hydrogenated poly(a-olefins) are often preferred They may
be obtained by the catalytic polymerization of c-olefins followed by
hydrogenation to remove residual unsaturation. The catalysts which may

30  beemployed in their preparation include cationic and metathetic catalysts.
Methods for preparing hydrogenated poly(a-olefins) are disclosed, for
example, in U.S. Patent Nos. 4,225,739, 4,282,392, 4,311,864, 4,319,065,
4,334,113 and 4,409,415, all of which are incorporated herein by reference.



the functionalizing agent is in the range fromabout 0.1%to about 3% by 10
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exanple, in U. Bl‘e ?bNé% 402 92, 4,311,864, 4,319, 065,

4,334,113 and 4, 409, The, oajrda Ené\/@unme%esmgmf@eécm@uemﬁm 4y"FRSTpT ence.

The products co i,se,pol yne of various e hts, | udi ng

ol i goners. uskd 'in ﬂf%h ¥?§6 ?’m'eeﬁt@rnr ate 68 h \gﬁﬁg’r ‘gﬂnﬁﬁ are

t hose having contakiingnatyl oxpss séperated :blyomlﬁﬁ- afbmsant'i'he qirefersedt

especially 1 t er a

procedure {5145%0?%13}‘&;?‘%1@ %lﬁfﬁd g%?rgil I §/r]caﬁ§/%el I grgﬁgh? (;B (ﬁg@'ﬁx @ﬁmanl es as

Henkel Cor por atsulfxdegs, for example, poly(p-phenylene sulfide) and substituted
poly(phenylene sulfide)s. Typical PPS polymers comprise at least 70
molar %, preferably at least 90 molar %, of recurring units of the following
structural formula (IX):

5

20  When the amount of the recurring units of formula (J) is less than 70 molar
%, the heat resistance may be is insufficient.
The remaining 30 molar %, and preferably 10 molar % or less, of
the recurring units of PPS can be those of the following structural
formulae (X):



under the tradenane EMERY fl ui ds. The hydr ogenat ed .
poly([err]-olefins) are generally used in a | ubricating anmount. The

| ubricati ng anount, based on the weight of the 10 PPE, is generally in the
range of about 1% to about 5% by wei ght and preferably about 2%to
about 4% by wei ght The pol yferyl ene sulfide) resins (referred
to hereinafter. as "PPS") used in the present invention are derived
fromthe known pol yners cont ai ni ng aryl ene groups separated by sul fur
atons. The preferred 25 poly(phenylene sulfide) resins include various
pol y( p- phenyl ene sul fide)s, for exanple, poly(p-phenylene sulfide) and

substituted pol y{phenyl ene sul fide)s. Typical PPS_polyners conprise at
| east 70 nol preferably at | east ;ﬁ‘ Dl ar AR _recurring units
of the follow ng structural formula @ ‘

[err] r] 20 When the amunt o he recurring units

of formula (1) is |les$ nol ar % heat resistance may be is
i nsuf fici ent e remaining 30 nolar % and preferably 10 nol ar
% or |ess, t he recurr| ng units of PPS can be those of the follow ng

structural nul ae (X)
w0~ -0to~

*x)

wherein R21, R22, R23 and R24 are independently selected from the group

consisting of hydrogen, halogen, alkyl, phenyl, alkoxy, aryloxy, nitro,
5 amino and carboxy groups.

The PPS of the present invention may be linear, branched or cured
polymers or mixtures of the same. Linear PPS of relatively low molecular
weight may be prepared by, for example, a process disclosed in the
specification of U.S. Patent No. 3,354,129, which is incorporated herein by

10 reference. Linear PPS having a relatively high molecular weight may be
prepared by, for example, the process disclosed in the specification of U.S.
Patent No. 3,919,177, which is incorporated herein by reference, Branched
PPS may be prepared by the use of a branching agent, for example, 1,3,5-
trichlorbenzene, which is disclosed in U.S. Patent 4,749,163, which is

15 incorporated herein by reference. The degree of polymerization of the
polymers prepared by the processes of US. Patent Nos. 3,354,129,
3,919,177 and 4,749,163 can be further increased by curing with heating
the same in an oxygen atmosphere or in the presence of a crosslinking
agent such as a peroxide after polymerization. '

20 The PPS may be functionalized or unfunctionalized. If the PPS is
functionalized, the functional groups include all functional groups that
are capable of reacting with the functional groups on the PPE or with the
PPE itself. Examples of appropriate functional groups may include, but



[err] wherein R err], Rerr], Rerr] and R err] are independently
sel ected fromthe group consi sting of hydrogen, hal ogen, alkyl,

phenyl , al koxy, aryloxy, nitro, 5 amno and carboxy groups.

The PPS of the present invention may be |inear, branched or cured
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wei ght may be prepared by, for exanple, a process disclosed in the
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10 reference. Linear PPS having a relatively high nolecular weight nay be
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Though the melt viscosity of PPS used in the present invention is
not particularly limited so far as the blends which can be obtained, a melt
viscosity of at least about 100 Poise is preferred from the viewpoint of the

15  toughness of PPS per se and that of about 10,000 Poise or less is preferred
from the viewpoint of the injection moldability.

The PPS in this invention may also be freated to remove
unwanted contaminating ions by immersing the resin in deionized water
or by treatment with an acid, typically hydrochloric acid, sulfuric acid,

- 20  phosphoric acid or acetic acid as found in Japanese Kokai Nos. 3,236,930-
A, 1,774,562-A, 1,299,872-A and 3,236,931-A, all of which are incorporated
herein by reference. For some product applications, it is preferred to have
a very low impurity level in the PPS. The impurity level is generally
represented as the percent by weight ash remaining after burning a PPS

25 sample. Typically ash contents of the PPS of less than about 1% by weight
are desirable, with ash numbers less than about 0.5% by weight preferred
and ash numbers less than about 0.1% by weight most preferred.
The compositions of the present invention also comprise at least
one siloxane copolymer resin. Examples of appropriate siloxane
30 copolymer resins include those comprising the formula (XI):
R
—U—(%i——'om—

XD R



One nethod for incorporation of functional groups into PPS can be
found in U S. Patent No. 4,769,424, which is incorporated herein by 5
ref erence, which discloses incorporation of substituted thiophenols into
hal ogen substituted PPS. Another nethod invol ves incorporation of

chl orosubstituted aromati ¢ conpounds conti@ ni ng the desired
functionality reacted wwth an alkali netal sulfide and chloroaromatic
conpounds. A third nethod involves reaction of PPS with a disulfide 10
contai ning the desired functi onal groups typically in the nelt or in a

sui tabl e high ilin oIve t suc | or,pnapht hal en
Though the. el 5a o 1B BPOLE forsiniing of Belyimides, o,
particularly | |pd¥&thenm1dew psl)tchtbdﬁamsdspnly(phumd)eethbt)s,l npolyestersp| t

The 75 ttyoﬁghﬁesé‘?%?&*sﬁ*%%‘r‘%@d o PlEnR TolphEthdleTpolfaciRkE o O
preferred the like;iaach K is\afc] 6114 anonawaléntjhydrocarbon radinal, asybstituted
The PPS in ghi i:%'-]@{‘g R drival@it 18/diBcdiBoh rEdical aee{anc;ige Smatic raawrﬁreﬂ

contaminating io rsing the resin_in wat er r by

y
treatment with T3 Qf geingy and dris apjinteger Hemyl t%%ﬁ’?‘lfrzog °£é‘?§§ 20
phosphoric acid or ﬁ yéthiefintide fsdloRhd fo maﬁsesﬂ@mhcmqﬁe usefdBén 930-

A 1,774,562-A,,.1.299 nd 36@3?‘59 éﬁ f%alclfmgamvrhr CE are J!ncgaﬁé)(r)aagse

her ei n by referﬂe ?
a very low i rrprformglal(é(\lbi in the PPS. The inpurity |evel |s general |y

represent edgas the gﬁﬁzent by wei ght ash remaining after burning a PPS 25
sanpl e. Typl cally a ontents of the PPS of |ess than about 1% by wei ght
are desirable, with ash $unbers | ess tKan about 0.5% by wei ght preferred

and ash nunbers less th ut O. obyc wei ght r;gt eraf erred

The conpositions of Mm@h 0 _ak@.g)n one

si | oxane copol yner resixn appr opri at&e Si Ié)gane 3 0 copol yner
resins include those co rrsrngtheforcrrula(XI)
[err] 0 12

and of the formula (XIII)

o

g z

c]@r-@\—m_

wherein T is - O - or a group of the formula -O-Z-O- wherein the divalent
bonds of the -O- or the -O-Z-O- group are in the 3,3', 4,3, or the 4,4'
positions; Z is a divalent radical selected from the group consisting of
formulae (XIV):

(XTI
15



wherein Uis a polymer selected fromthe group consisting of polyimdes,
pol yet heri m des, pol ycarbonates, poly(phenylene ether)s, polyesters,
copol yesters, polyam des, polyol efins, polyurethanes, polyacrylates and
the like; each Ris a (Jerr]-(err] nonoval ent hydrocarbon radical, a
substituted 5 d({err]-Cerr] nonoval enti®ydrocarbon radical, a

Cerr]-Cerr] aromatic radical, or a m xture of the foregoing, and d
is an integer from1l to about 200 or |ess. The pol yet heri m de
si | oxane copol yner resins which are useful in t he present bl end
conpositions preferably contain repeating units _of the formula (XI1):
10 f t he a (Xill)
[err] 15 wherein T is - or a p of th mJIa O Z-0- wherein
t he di val ent bonds of e -0 or i are in the 3,3
4,3, or the 4,4 positions; Zis a d| vaI ent rad| cal selected fromthe
group consi sting of formulae (XIV):
) —H @)
HaC
BrBr,
erBr CH,

Pctf. -

OO

wherein M is a member selected from the group consisting of divalent
radicals of formulae (XV):

—(CH)y— —— ., —§— . —0— and —s—
(XV)

5 wherein y is an integer from 1 to about 5, and p is 0 or 1; n and m
independently are integers from 1 to about 10; g is an integer from 1 to
about 40; R is a C1-C14 monovalent hydrocarbon radical, a substituted Cy-.
C14 monovalent hydrocarbon radical, a C¢-Cpp aromatic radical, or a
mixture of the foregoing; and Rl is a divalent organic radical selected

10 from the group consisting of (a) aromatic hydrocarbon radicals having
from 6 to about 20 carbon atoms and halogenated derivatives thereof, (b)



Br r [err] wherein Mis a

henber selected fromthe group consisting of divalent radi cal s of
formul ae (XV): [err]

[err] 5 whereiny is an integer from1l to about 5 and pis 0 or 1; n and
m I ndependently are integers from1_to about 10; g is an integer froml
to about 40; Ris a (Jerr]-(err] m}ﬁ‘oval ent hydrocarbon radical, a
substituted CJerr]- Cl14 nonoval ent hydrocarbon radical, a Cerr]-Cerr]
aromatic radical, or a m xture of the foregoing; and R[err] Is a

di val ent organic radical selected
alkylene radicals having from 2 to about 20 carbon atoms, (c)

cycloalkylene radicals having from 3 to about 20 carbon atoms, and (d)
divalent radicals of the general formula (XVI)

o OO

5 where Q is a member selected from the group consisting of formulae

XvIy:
xviy
Q ?H3
—(CH)y—. —C— , —§— . —0—, —cI:— , and —g—
o
CH,

and y is as described above. In a preferred embodiment of formula (XII),

10 each R is a methyl group, g is 10, n and m are each three, and the siloxane
is about 35% by weight of the polyetherimide-siloxane copolymer.
Suitable polyetherimide-siloxane copolymers and their methods of
preparation are disclosed in U.S. Patent Nos. 4,690,997, 4,808,686 and
4,816,527, all of which are incorporated herein by reference.

15 Another useful class of siloxane copolymers is the sﬂoxane—
polycarbonate block copolymer resins. In general, these siloxane
copolymers comprise a class of thermoplastic elastomers which exhibit
low temperature ductility and are self-extinguishing. Such copolymers
.

can be represented by the average formula (XVIII):
@s
$|
ot
@ “T
(XVID)

)4 @

wherein n is at least 1, and preferably n is an integer equal to from 1 to

about 1000, a is equal to from 1 to about 200; and b is from about 1 to 100

and, preferably, has an average value of from about 15 to about 90, while
25 the ratio of a to b can vary from about 0.05 to about 3, and when b has an

average value of from about 15 to about 90, the ratio of a to b is preferably

from about 0.067 to about 0.45; d is 1 or more; Y is a member of the

formula (XIX):

A—-0—x
—)—A

20



10 fromthe group consisting of (a) aromati c hydrocarbon radical s having
from6 to about 20 carbon atons and hal ogenat ed derivatives thereof, (b)
14 al kyl ene radicals having from2 to about 20 carbon atons, (c)
cycl oal kyl ene radicals having from3 to about 20 carbon atons, and (d)
di val ent radicals of the general fornulas(Xvl) 5 where Qis a nmenber
sel ected fromthe group consisting of formnul ae (XVI):
CH3 [err] and y is as described
above. In a preferred enbodi ment of formula (XIl1), 10 each Ris a nethyl
group, g is 10, n and mare each three, gpd the sil gxane I s about 35%
by wei ght of the pol yetherimde-sil oxane Bpolyner 4 Sui tabl e

' ' heir MR ho f preparation

are disclosed in U S. Patent Nos. 4,690/8% 4,1808 an% 4,816, 527,
all of which are incorporated heréri ence. —  Anot her
useful class of siloxane copolyners is t\e-Ai an pol ycar bonat e

bl ock copol vner re@ﬂ?ﬁ‘). I n general, these sil oxane copol yNers
conprise a cl aggréth ALE goabmk%eféc@% 165 8K Nydirbeen and B4
tenperature duycti are sel r-extinguishing. Such cop ymers can
be represent e&'ﬁ}“?l&,\x verage formul a (XVI I1): [err]

I
- Lo

5 and wherein R is a member selected from the class of hydrogen,
monovalent hydrocarbon radicals and halogenated monovalent

- hydrocarbon radicals, R' is a member selected from the class of
monovalent hydrocarbon radicals and cyanoalkyl radicals, R" is a member
selected from the class consisting of monovalent hydrocarbon radicals and

10 halogenated hydrocarbon radicals, and Z is a member selected from the
class of hydrogen, lower alkyl radicals and halogen radicals and mixtures
thereof. :
Included within the radicals represented by R of Formula (XVIII)

are aryl radicals and halogenated aryl radicals such as phenyl,

" 15 chlorophenyl, xylyl, tolyl, etc.; aralkyl radicals such as phenylethyl,
benzyl, etc., aliphatic, haloaliphatic and cycloaliphatic radicals such as
alkyl, alkenyl, cycloalkyl, haloalkyl including methyl, ethyl, propyl,
chlorobutyl, cyclohexyl, etc.; R can be all the same radical or any two or

more of the aforementioned radicals, while R is preferably methyl, R

20  includes all radicals included by R above except hydrogen, where R' can
be all the same radical or any two or more of the aforementioned R
radicals except hydrogen, and R' is preferaf)ly methyl. R' also includes, in
addition to all the radicals included by R, except hydrogen, cyanoalkyl
radicals such as cyanoethyl, cyanobutyl, etc., radicals. Radicals that are

- 25 ‘included within the definition of Z of Formula (XIII) are hydrogen,
methyl, ethyl, propyl, chloro, bromo, iodo, etc. and combinations thereof ,

and Z is preferably hydrogen.
The copolymers useful in the present invention can be further
described as comprising recurring copolymeric units of a



wherein n is at least 1, and preferably nis an integer equal to from1l to
about 1000, a is equal to from1l to about 200; and b is fromabout 1 to 100
and, preferably, has an average val ue of from about 15 to about 90, while

25 the ratio of a to b can vary fromabout 0.05 to about 3, and when b has

an average value of from about 15 1® about 90, the ratio of ato b is
preferably fromabout 0.067 to about 0.45; dis 1 or nore; Yis a
menber of the formula (Xl X):

15 err]
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al ogenat ed hygdrocarbon radicals, a is a er_sgl ect ed. e
cl ass of hydr o%ég&%f A\ °P“§F\?§‘?°4S5aa‘f°2‘£ss f%ﬁaﬁg&%éﬁfﬁﬁflﬁmagt ures
t her eof . Nos. 3,18%662 ateti4,879,546) which arstincatporated levein byirdfgreRcef

s phemyl 15 ) o IRBERNRE b el pabe A cabBoRAE BRI BoymE PR & 0} €T
phenyl et hyl , LR-%B@nbgaipec}éf@n,t é&f’l’lpms‘» This matenialghastd spegific gsavity=0fi phat i ¢
radical s sych R32, a tensile strength of about 2500 to about 3900 psi, an elongation of
about 230 to about 430% and a brittleness temperature below -76°F.
Another example of a siloxane-polycarbonate block copolymer
resin is GE Plastics LR-5630 which has a specific gravity of 1.07, a tensile
sh'engﬂl of about 2200 to about 2500 psi, an elongation of about 500 to
15 about700% and a brittleness temperature below -76°F.
Other useful siloxane copolymers are the siloxane-poly(phenylene
ether) block copolymer resins. In general, these siloxane copolymers
comprise a class of thermoplastic elastomers which exhibit low
temperature ductility and are self-extinguishing. Examples of appropriate
- 20 siloxane-poly(phenylene ether) block copolymer resins include those
comprising formula (XXI):

O

O

!
—U-—(?i—O)d—-

0XD) R

wherein U is a poly(phenylene ether) resin and R and d are as previously
described for Formula (XI). ,

25 The polysiloxane-poly(phenylene ether) block copolymer resins are
per se well known in the art and numerous methods have been used to .
prepare various architectures, as well as utilizing various linkages
between U and the polyorganosiloxane portion. Polysiloxane-
poly(phenylene ether) block copolymer resins have been prepared, for

30 example, by the reaction between hydroxy terminated poly(phenylene
ether) segments and amine terminated polyorganosiloxane segments as
demonstrated in U.S. Patent 3,668,273, which is incorporated herein by



al kyl , al kenyl, cycl oal kyl, hal oal kyl including nethyl, ethyl, propyl,

chl orobutyl, cycl ohexyls, etc.; R can be all the sane radical or any two or
nore of the aforenmentioned radicals, while Ris preferably nethyl, R 2 0
includes all radicals included by R above except hydrogen, where R can

be all the same radical or any two or nol1® of the aforenmentioned R

radi cal s except hydrogen, and R is preferably nethyl. R also includes, in
addition to all the radicals included by R except hydrogen, cyanoal kyl

radi cal s such as cyanoethyl cyanobutyl, etc., radicals. Radicals that are
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whi ch exhibit LoMdimethylsiloxane of about 30 siloxane repeat units. The overall
siloxane content is about 20% by weight of the weight of the polysiloxane-
poly(phenylene ether) block copolymer resin.
© 20 The invention also includes compositions containing elastomeric
impact modifiers compatible with either or both the PPE and the PPS.

Impact modifiers for PPE and PPS are typically derived from one
or more monomers selected from the group consisting of olefins, vinyl
aromatic monomers, acrylic and alkylacrylic acids and their ester

25 derivatives as well as conjugated dienes. Especially preferred impact
modifiers are the rubbery high molecular weight materials including
natural and synthetic polymeric materials showing elasticity at room
temperature.  They include both homopolymers and copolymers,
including random, block, radial block, graft and core-shell copolymers as

30  well as combinations thereof. The impact modifier may be functionalized
or may not be functionalized.

Olefin polymers and copolymers employable in the invention
include low density polyethylene (LDPE), high density polyethylene

| (HDPE), linear low density polyethylene (LLDPE), isotactic



tenperature ductility and are sel f-extinguishing. Exanples of appropriate

20 sil oxane-pol y(phenyl ene ether) bl ock copol yner resins include those

conprising formula (XXI): R

[err] wherein U is a poly(phenylene ether) resin and R and d are as
previously described for Fornmula (8. 25 The

pol ysi | oxane- pol y(phenyl ene et her) bl ock copolyner resins are per se
wel | known in the art and nunerous net hods have been used to prepare
various architectures, as vvel I as utilizing various |inkages bet ween U
and the poly a I | ene

et her) bl ock 3; Y &éﬁrée %eﬂﬂ%‘%ﬁ%&g?% ega#(pﬁo ﬂ&%’y t he
reaction betwﬁ rércl‘PPﬁf deh eopolymers Of Oaﬂl@r)n@@gﬂents and
amne term nat@éﬁ @ﬂmy nt%?lza BRives u. S.
Pat ent 3, 668, 273, V\:hl h i,s 1nco orat ed ble mGf mﬁdlﬂg

17 - eff6F BXEBPleAYIRVIACeRth, AcTylia acids aaaygﬁybxaﬂ@ aidy aprresll pene

ether) bl osk the es:apdmuvées&eréwsﬂhﬁﬁﬂn BRI @nples Ryl idesy lhﬁﬁ

reein and an ppacyic acid IR o %%’ﬁ%#%%ﬂ%é?ﬁk&"' AL AR et ) oc oo

by U.S. Patention@mer reins, ?Jﬂﬁch\lm)c be ivehdllycor partiaflydnéutratizedbyithahetabnce.

third nmethod figne preparing useful polysiloxane-poly(phenylene ether)
bl ock copolyner reS|ns co ri ses copolymerizing a phenol -sil oxane
macromer as a mCtelh;tQmedasefublrc&qupmgn&wcnhgn ageed to
manuf act uge PRBpol mersw ﬁnf&‘-bm wmias ferlo {ihsatudiidd 438,
which is |nco&g rat d 1Q her észserfu aBI ock architectures
i ncl ude, for g?ﬂﬁy ¢ acid abr genarme@tsas thylenre PIPYISRE s and

al so include linﬂaéhéll,bétoClAmon tl@éiﬂ ot Iénhh féi‘r"eblCtmee lycidyl esters of

REACE ST e?@r\ﬁ%?ﬁé b bR TR oo, 1
N
H2C=C|?—(”Z—O—CH2—CI/1—\CH2

35
(XX R

wherein R3% represents a hydrogen atom or a lower alkyl group.

15  Examples of the glycidyl esters of ,B-unsaturated acids include glycidyl
) acrylate, glycidyl methacrylate and glycidyl ethacrylate. The epoxy
functional olefinic elastomer is preferably an olefinic copolymer
containing from about 60% to about 99.5% by weight of an «-olefin and

from about 0.5% to about 40% by weight of a glycidyl ester of an a,B-

20  unsaturated carboxylic acid, preferably from about 3% to about 30% by
weight; based on the weight of the elastomer's composition. When this
amount is less than about 0.5% by weight, no intended effects can be
obtained and when it exceeds about 40% by weight, gelation occurs
during melt-blending resulting in degradation of the extrusion stability,

25 moldability and mechanical properties of the product. Suitable epoxy
functional o-olefin elastomers include: ethylene-glycidyl acrylate
copolymers, ethylene-glycidyl methacrylate copolymers, ethylene-
glycidyl methacrylate-vinyl acetate terpolymers, ethylene-glycidyl
methacrylate-methyl acrylate terpolymers, ethylene-ethyl acrylate-

30 glycidyl methacrylate terpolymers. The preferred epoxy functional



15 pol y(phenyl ene ether) segnments with an intrinsic viscosity of about
0.41 dl /gm neasured in chloroformat 25[err]C. and the B block is a
pol ydi met hyl si | oxane of about 30 sil oxane repeat units. The overall

sil oxane content is about 20% by wei ght of the weight of the polysil oxane-

pol y(phenyl ene ether) block copol yner resin. 20 The invention al so
I ncl udes conpositions containing elastoneric | npact nodifiers
conpatible with either or both the PPE and t he PPS. | mpact

nodi fiers for PPE and PPS are typically derived from one or nore

nononers sele fromthe nsi n, efi.n ny| romatic
nononers, acr%ﬁt Fgmé‘fﬁi Sf%y?‘g‘é%% gé-’ ? n%’g%m?h%# “b‘g d ¥m &Fi va ives as
wel | as conj ugademadksaIQETAB@‘éBl aarid WEFAST gohd frpacElf Atochnndunder s are
the rubbery hiyah ol 26 t materials including natural and

synthetic pol yrrerlc ma errals showing elasticity at room t enperature.
They include both Hoparisulanly sisefwd dassorfyimpact modifersnarethasg deri

tcjlo(r)rtc)'k’na{agiﬁlal e ggfe vib Etﬁﬁgh&%&l i fi elr ?H&ﬁ-' f(&cfﬁsoﬁnla A‘gﬂ or nm
| i ons . | u | i Z 4 y
not be functi M]%i‘r and rhdial bl“gc Bf"‘}fé%/%&”é“ RICRHEICORiMeated

enpl oyabl e i ndidg ddw-ehélllgi’aﬁcopolvmiwde | ow density poI yet hyl ene ( LDPE),

hi gh density pol yet

hyl t hyl
(LT Bes ™! L P ey el SpSeially prefcPhid S obe, SRV, arOHRARE | thonBiper 1! "
pol y(4- met hyl denpedtmnﬁs isathet bloek| ddpelymers cdkdprlslt@mtomﬂfeny ca:pm yners

| ncl ude C?BO' Yl Zaag*yoéc ) BlockPasid Lonju atedodlsixéfv gbsg,B&fa%ﬂ'xé}w o nyf&‘nﬁ)" ene,

W th COpO I’S I NC acet at e,
acrylic acids Oandﬂ%fllky(%gv y ethylens-propylengs | bﬁaéen%bum%@@stléwlﬁera%t i ves

thereof includbpsedtedl &*APhRd &Bhybl&ﬁrad iners. Thwdwa»tédcmaﬁéd
met hyl met hacr, te and the llkﬁg SO su 3}[‘ are |ono r

resins, which! b@‘%o‘?‘# yparHaly, o jentire OB%R t‘Hh i ons.
One type of olpit) ekaghgmrtoméléﬁnlmoém polpmers. i nvention are 10

ggfgl)i;r}elr g](‘:l 3n [%rm%‘a‘o Rb tr}gg Wi .t,h aFg?%m est er of an &er r%ﬁgfat ur at ed

U.S. Patent Nos. 3,078,254, 3,402,159, 3, 297 793 3 265 765 and 3 504,452
and U.K. Patent 1,264,741, all incorporated herein by reference. Examples
of typical species of AB block copolymers include polystyrene-
polybutadiene (SBR), polystyrene-poly(ethylenepropylene} (S-EP),

" 20  polystyrene-polyisoprene and poly(a-methylstyrene)-polybutadiene.
Such AB block copolymers are available commercially from a number of
sources, including Phillips Petroleum under the trademark SOLPRENE,
from the Shell Chemical Co. under the trademark KRATON, and from
Kurary under the trademark SEPTON.

25 Additionally, ABA triblock copolymers and processes for their
production as well as hydrogenation, if desired, are disclosed in U.S.
Patent Nos. 3,149,182, 3,231,635, 3,462,162, 3,287,333, 3,595,942, 3,694,523
and 3,842,029, which are all incorporated herein by reference.

Examples of triblock copolymers incilude polystyrene-

30 polybutadiene-polystyrene (SBS), polystyrene-polyisoprene-polystyrene
(SIS), poly(a-methyl-styrene)-polybutadiene-poly(a~-methylstyrene) and
poly(a-methylstyrene)-polyisoprene-poly(a-methylstyrene). Particularly
preferred triblock copolymers are available commercially from Shell
Chemical Co. under the trademarks CARIFLEX and KRATON.

SoN




butenel, etc. Among them ethylene is preferred. The glycidyl esters of
the [err]-unsaturated acids are conpounds of the general formula (XXl 1):

0 0 [err] [err]

wherein R35 represents a hydrogen atom or a |ower al kyl group. 15
Exanpl es of the glycidyl esters of [errdpunsaturated acids include glycidyl
acrylate, glycidyl nmethacrylate and-glycidyl ethacrylate. The epoxy
functional olefinic elastoner is preferably an ol efinic copol yner
cont ai ning from about 60%to about 99. 5% by wei ght of an a-olefin and

from about 0.5%to, ahput 40% t .of ag f.a rr] 20
unsat ur at ed car boXJH9hen Fiass ¥ f‘é"F | yIRagH, ﬁ%’gff?grgo/l? ogﬁﬁgﬁﬂ
wei ght; bas ed:onjugal:ed dizingt Wiillet inang lcapolymeers sontanpngmbnprga%dmmehl s

anmount i s Ie ffor GRL pe
obt ai ned and en | excegggsa?gom %@%&al Q&l’hﬁ%@adﬁ a§| on occurs
during nel t - ihdudendor smnpimghqmogdgnmatar&q cgpolo'mrem rOBe G BYOXBi [ ity,

'25 ol dagi | 'CBY' M%@ﬁ& qaauef@egﬁr %§arﬂ§alé héolgbﬁfiidﬁénesubﬁﬁ@né\eepoxy

functi onal stoners 1n E‘ﬁyl acryl ate
copol yners, W@n@@ | isprengdsQl ‘&Y "SOERR‘;}HE‘F Rietutadiene
gl ycidyl net f}&ﬂymleiﬁ mdmheae &ihitrileqdoip smmm(ireme agidy thiediyke.

oyt ayl ?rtete e gﬂ*sfa”éi o terEﬁ) 5 ”Erswbiaeef U Ry RerEhied.
19 rtgpified @\con priding predofinuintlyrathyleneunits, mOdgmter the
adomr [ HIGERRGL B G, M, 3 P 8 408 J0Ee o
nodi fers are Wmmmwommbhm@ayalmmnmm SI'O‘IHﬁese
i nclude AB ang,chBf saiaeoxazolmw eﬁh&éseéaee &ﬂa%{nadbalanhyaﬁuecomhyrrers and
vinyl aromat 'EPDOMY an% processes folr the p(i'gtrigctxone ltllxergofa %loﬁfo in°U.S.

Patent Nos. 2,933,480, 3,000,866, 3,407,158, 3,093,621 and 3,379,701, which

15 are all incorporated herein by reference.

Other suitable impact modifiers are the core-shell type graft
copolymers. In general, these have a predominantly conjugated diene
rubbery core or a predominantly cross-linked acrylate rubbery core and
one or more shells polymerized thereon and derived from

- 20 monoalkylarene and/or acrylic monomers alone or, preferably, in
combination with other vinyl monomers. The shells of these impact
modifiers may also contain reactive groups, for example, acid, epoxy,
oxazoline, ortho-ester, amine, or anhydride groups. The core-shell
copolymers are widely available commercially in pellet and powder

25 forms, for example, from Rohm and Haas Company as grades including
EXL-3330, EXL-3691, EXL-2600, EXL-2607, EXL-2647, EXL-3386, and EXL-
3607, and are described in U.S. Patent Nos. 3,808,180, 4,034,013, 4,096,202,
4,180,494 and 4,292,233. .
Also useful are the coreshell copolymers wherein an
30 interpenetrating network of the resins employed characterizes the
interface between the core and shell. Especially preferred in this regard
are the ASA type copolymers available from GE Plastics under the
trademark GELOY, and described in U.S. Patent No. 3,944,631, which is
incorporated herein by reference.




An especially preferred subclass of vinyl aromatic nononer - derived
resins is the bl ock copol ynmers conprisi ng nonoal kenyl arene 10 (usually
styrene) bl ocks and conjugated diene (e.g., butadiene or i'soprene) or
olefin (e.g., ethylene-propyl ene, ethylene-butylene) blocks and
represented as AB and ABA bl ock copol ypgrs. The conjugated di ene

bl ocks may be partially or entirely hydrogenated, whereupon the

properties are simlar to the olefin block copol yners. 15 Sui t abl e
AB type bl ock copolyners are disclosed in, for exanple, U. S. Patent

No 3, 078, 254, 59, .3 297 . 793 65 dUK
Patent. 1. 264 741 h‘a?‘?d'ijfﬂ?é‘oﬂb%? é’%%g%SF‘é’lWﬁ/Z'} %Q%}%%égéié%}vmem o
typi cal specamd cﬁpol\ﬁnbi'a)diavmg)cdopniymemm ublerepdtly sary grafted thereon

ol ybut adi en t r e 0

Bol zsgyrelne' ﬁ“{ﬂgggi%prene gaﬁ{ﬁﬁgb‘gp @é{%l“a?%& y{r‘e&%)):‘b d| ene
Such AB bl oc lr@iﬁyal pthers suitabley simpss em,Qs-'riﬁQ?ScHaF udes

sour ces, s’anu Hspgiddi k-ﬁw»% PﬁBféer@ﬂthH“%bbéﬂ”'eﬁdl gRr KuﬁgrPF@\E

f the Sh Ch Co. d df

KL??ry ﬁnderepPBﬁ’f’t?’fr’nﬁffgﬁa?’fé stmm y drfn e”g{’% ﬂalaﬁg RERERES bl ock
ﬁO(F;O' ymer tS aﬁﬁsﬂ);m%iﬂ&géﬁﬂophghé (elther-eslﬁért) dhd t(ester-anide) dlastomers.

rogenation, i esired, . are.disc

3y149g182 3, 231, 698 Propgition &5 1 ﬂsmf@ e’?‘s‘é@%&ﬁs‘ﬁg“gg"i 'Egél 5 and
3,842, 029, V\/st'xbjacalte wide ivaciatipnr afFhe hevoeint oy impack anedifier used is

Ex | '
po?;/ntgufs & eng%&{ ?g’t yrgﬁgﬁi?gggssmﬁeﬂge <;r)gnﬁe{?{'o eslngxgpftg}]cgh ol st yreene
(SI'S), pol y(f:emnosm“yllnmﬁt@quﬁpm stmitemdéﬂeclperﬂl plock] YHEES: yr ene)
and PolvKdreintilizat tpw st P ?éseﬂ@iﬂhﬁ%ﬂ{&ﬂﬁnﬂpw“&w% pest yrene) .

P 05 e e o koS M RSB G 1
20 as an MRpadiahodifits Saref usifallyUbresafitaint aﬂfﬁdtd‘umhfp ks ablont 5@d from
have boenSd: SRBEHEN D BPES CATTT RARET oAt DA e A pieset S0
i ncl ude, for exanplThe hpolypert yme(tarearmtcnmhngytmrtheoinmmonr may calso
comprise a non-elastomeric metal salt having a melting temperature lower
than the compounding temperature of the polymer mixture with the
exception of metal salts of dihydrocarbyldithiophosphinic acid. It is of
- 20 importance for the meiting temperature of the metal salt to be lower than
the compounding temperaturé of the polymer mixture; when the melting
temperature is equal to or higher than the compounding temperature, the
metal salt is less effective for improving the mechanical properties. The
compounding temperature is the temperature at which the constituents of
25 the polymer mixture according to the invention are mixed to a more or
less homogeneous mass in the melted condition or a similar condition.
The compounding temperature generally is above about 285°C, usually
between approximately 300° and 350°C.
Suitable metal salts are inorganic or organic salts, more preferably
30 metal salts of organic acids. Suitable organic acids are saturated and
unsaturated aliphatic carboxylic acids, aromatic carboxylic acids, aliphatic
and aromatic sulphonic or phosphonic acids and salts of alkyl hydrogen
sulphates. The organic part of the salts preferably has a molecular weight
below about 500, more preferably below about 300.




5 conjugated dienes including, for exanple, polybutadi ene, butadiene-
styrene copol yners, isoprene-isobutyl ene copol yners, chl orobutadi ene

pol ymers, butadi ene-acrylonitrile copolyners, polyisoprene, and the |ike.

Et hyl ene- pr opyl ene-di ene nononer rubbers (EPDM s) may al so be used.

They are typified as conprising predomamant|y ethylene units, a noderate 10
anount of propylene units and up to about 20 nol e percent of non-

conj ugat ed di ene nononer units. They may al so contain reactive groups

such as acid, oxazoline, ortho-ester, epoxy, am ne, or anhydride. Mny

EPDM s and process r t he pro cIr t hereof a
Patent Nos. 2,933, %QGC 1§ QFEBNIS ! %“‘&B‘Feié’é‘t axe g8 g %‘g‘i‘&ﬁﬁgﬁ %@“’%1 whi ch
15 are all ipulsithoraueid, lagetic, nstegric,eghicenixe . as well as dodeyhcbensene abl e

I npact nodifiek core-shell type graft copolynmers. In general,
t hese have a g’?@&%ﬁ?ﬁéﬁ 1y conjugat ed diene rubbery core_or a

pr edoni nant |y cros$Suitablecthetalrspltatmay bietieken frame aahrpad rangenef metats, e
shel I's polsy fozrrd%ﬁﬁm@smﬁ rs;dggmquf&ﬁme?&umaﬂmnaﬂ@ 19ﬂrékor

acrylic rmno ne or mbi naj i, on \gith ot her vi nyl

nonomers. Themixtare ompPoun %ﬁmﬂ re. Mgials sueh as calriums glymipum
reactive grouggi nfr@rar@wmh%d Bt thhis @6XNot reclud@xlﬁé&ﬂs sch &y sodiuast er

, d Th - I
e Tabl e oorMAme PR yAsp P Pk g GRC SPpey %@wﬂﬁ from
Rohm and Haasiréanfrapyrtizalay; adés salts bfisteardc acid arEpteféﬁ@d, Thelamesott of
EXL- 2600, EXL 3 7
descri be&‘ %q A%Pgﬁlo‘ghh%o’g %@F'ﬂ%ﬁ%’?ﬁy fgo mf%@% 82 na’em
4,180, 494 andper;cmzm:s’(bout 5 welght peradréob@gdf on ﬂ\eetqth]e%*ﬁg ht oficthe

copol yners V\h@&ﬁe@sﬁgnS I nterpenetrating network of the resins enpl oyed
characterizes

interface between the core and shell pecially
preferred in this Fagaddition of W@W@gﬁﬂlﬁsy'ﬁea Bpﬁﬂ g“'ﬁ@af ﬁﬁee from
<N3§ P|3a3 A LCZBliﬂﬂﬁmgoélﬁéns of thelp @g?rtgrdvregtﬁbm saﬁﬂbrdemnriﬁg?gflg Infglléi'sSarePat ent
21 those| Rﬁhdﬂcf‘@ﬁe tk‘ Q i Egheeﬁ’é)?'ld)éax} SO, | LB e
pol ymers these, fibrous materials are preferred in particular glass fibers made from
low alkali E-glass, having a fiber diameter from about 8 um to about 14 p
m. The length of the glass fibers in the finished molded part is typically,
for example, from about 0.01 mm to about 0.5 mm. The glass fibers may
© 20 be émployed as rovings or as chopped or milled glass fibers, and may be
provided with a suitable finish and an adhesion promoter or promoter
system based on silanes. The amount of reinforcing fillers is
advantageously from about 5 weight percent to about 60 weight percent,
especially from about 10 weight percent to about 40 weight percent based
25 on the total weight of the composition.

Other fibrous reinforcing materials, e.g. carbon fibers, potassium
titanate single-crystal fibers, wollastonite, gypsum fibers, aluminum oxide
fibers or asbestos may also be utilized. Non-fibrous fillers, e.g. glass
beads, hollow glass beads, talcs, micas, chalks, quartzes and natural or

30 calcined kaolins are further preferred fillers, as are combinations of these
materials with glass fibers. Like the glass fibers, these latter fillers may be
provided with a finish and/or an adhesion promoter or adhesion
promoter system. The combination of a non-fibrous filler that also has a
platey structure, e.g. talcs, micas and platey kaolins, with glass fibers is



and copol yners having copol ynerized therewith or grafted thereon
mononer s havi ng functional groups and/or polar or active groups.
Finally, other suitable inpact nodifiers include Thiokol rubber, 5

pol ysul fi de rubber, polyurethane rubber, polyether rubber (e.g.,

pol ypr opyl ene oxi de), epichlorohydrin rgber, thernoplastic pol yester

el astoners and thernoplastic (ether-ester) and (ester-am de) el astoners.
The proportion of inpact nodifier or other resinous material is

subject to wde variation. The anount of inpact nodifier used is 10
general Iy an amount, sufficient to inprove the ductil.t f the .
conposi tions. esm% ]ty ﬁ’ﬁ&ﬁ ' 3%&8?’({3;?!’855?%?}? ? rteﬁ“ﬁ%/o@f 88’68%9%9 S,
when uti | i zedprepertias obthe\final esmpositionatuetomalignmenttof thé glass fibepwiths per

100 ts of . honal ini ilized
2s ah i mpact Dijebto B Ye HULE AIRRS i pilcksdthEs THESIopllE0nb! ()7 0C
parts per 100fibaeusfiler mang:ﬁ&mogp@mbonb&mwgrei&t based opdhe tataknt .

The pol yneg %ﬁ%&ﬁﬁ@@f‘m ﬁoﬁﬁ@n.i nvention may al so conprise a ’
non- el ast oneri c ‘al salt havi a nelting tenperature | ower t han t he
conpoundi ng t enper 408 cempositions of thepresgn inyeptign may also contain at least on of

][ret alt hsa.l t Ist pbnéitﬁaﬂﬁheﬁ taf bulau'# hﬁbﬁﬁﬁ@:ﬂoﬂi;ﬁtﬁ?. d%"ihfblé :;mfxﬂaﬁ of thi® [ L ance
or e nelting tenperature o e al, sa Q ower n e
compoundi ng « SRR 1% BreRared i garhods Kneven TneBR S cnpiding pulk

t enper at ur e | susppraiornt andemhilsjbr polymerizdtiorc oThew generglly eoptainatileast t he
nmetal salf{,is f | fQr.,i | i Les. The
Compoundi 13 ¢ bEAF2F% VP eleht o stouChiral il WERVER SRR S UBROREIAGE | ("0
t he pol yner mmmmela@fcfbedmguladxﬁb invention are nixed to a nore or

| ess honpbgeneous nmass in the nelt Sc_oggé on or a simlar condition.
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The conpoundi ng tenperature gener dve about 285[err]C, usually
bet ween approxi mately 300[err] and 35QQkgrr] C Sui t abl e net al

salts are inorganic or organic saltsf/myje preferably 30 netal salts of
organi c acids. Suitable organic aci & salfirated and unsat ur at ed
arDoxylic acids, aliphatic and

al i phatic carboxyli cids, aromatic
aromati ¢ sul phoni c_or Qhosphoni c acids and salts of al‘k)‘llg hydr ogen
sul phat es. Th&¥ R s hydrrgenn lowen alkyporhalogeny ¥ds hydregen, Byl wei ght

bel ow about S5Galogea 8r HoRepraAkyY 4l Fvisafromi (3¢9.5. These resins include
22 homopolymers of styrene, chlorostyrene and vinyltoluene, random
. 15 copolymers of styrene with one or more monomers illustrated by
acrylonitrile, butadiene, a-methylstyrene, ethylvinylbenzene,
divinylbenzene and maleic anhydride, and rubber-modified polystyrenes
comprising blends and grafts, wherein the rubber is a polybutadiene or a
rubbery copolymer of about 98-65% styrene and about 2-35% diene
20 monomer. These rubber modified polystyrenes include high impact
polystyrene (commonly referred to as HIPS). Non-elastomeric block
copolymer compositions of styrene and butadiene can also be used that
have linear block, radial block and tapered block copolymer architectures.
They are commercially available from such companies as Fina Oil under -
25 the trademark FINACLEAR resins and from Phillips Engineering Resins
under the trademark K-RESINS,

The alkenylaromatic compound when present is generally used in
the range from about 1% to about 25% by weight and preferably from
about 5% to about 15% by weight; based on the weight of the total

30 composition.




Specific organic acids include, but are not restricted to: benzoic,
palmtic, lauric, acetic, stearic, gluconic, as well as dodecyl benzene

sul phoni ¢ aci ds. Suitable netal salts may be taken froma
broad range of netals 5 provided that the salt has a nelting tenperature
| ower than the polyner m xture conpundi ng tenperature. Metals such as
cal cium alum num and zinc are preferred but this does not preclude
nmetal s such as sodi um lithium potassium barium beryllium
magnesi um copper, cobalt, and iron. In particular, metal salts of

stearic acid are preferred. .The nt 1 .Sal m%gp I 1 zed,
I s advant ageousl y ff%?nc%gﬂflgﬁ.anr%? aﬁ?ﬂe p%se%gf?‘}:,gh'f—l&?'q%lgagout ﬁ‘g ght
percent basedexpressed a0 peatcentigghtbyoweighd of the totalrompesition, can range The

addi tion of 1 gl Riidi%edh bbessh fo Abo\R 959 bF WRgESE PBE rési about 5%

conposi tions or resent 1nvention. el nf or ci fillers are 15
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]Ehese, fi b§r°U§il rd %rﬁéﬁre@%@faﬁarfﬁﬁh]gf goﬂaffsé%'twawu@s% by s hﬂade]
rom ow ali  E-dl ass avl n | | ane; rom abpout. errjum
to about 14 [8?\"‘ nctio M%OSPO‘E@%?’XS%QS&B%EP?W Bﬂghf’ ﬂ{shed
nol deﬂ palrt i§¥atswii1€@|0| fv, about 20%0bya\|xagmdef elastomerizobiiock cOpolymerp 0%bout 0. 5
mm The gl ass, fi ber 20 . .he e oyed as,. ' C r
miled glass £9 BB?%*,SZ‘%?PYWW‘HS& of alken P&Wé%é%ﬁ&a&g%?tstgbﬁwﬁg?‘gh and
an adhesi on pbymeeight of thermetal sait. system based on sil anes. The
anount of ., gei nforci fi - . gei ght
16 %e.cbh’{pﬁ%gardgg%eferablya&ﬁ@ﬁp&gm T ata fevelleRpfiidbeda

percent t0 about 60 weig ¢ ec y from ut 10 i ght
percent to ab@ercentagesibyhweightcefrtheatad soppositinn, frem ahopt itﬁi‘#"’l}rﬂt he

conposi tion. g5% by weightOnltie }Héﬁ&ﬂb&? Wlefll bdit 26% etol absut 40% . b ar bon
fibers, potassiy esCr

tit t ' ll fib ; I e,
gypsum fi ber s,W%ighﬁiangﬁ‘Bé@iRangem li’lﬁr']‘?%l?@!"gygdfﬁg Bb@ﬁ)@% ‘&‘Fai?o‘eggﬁ &
;Jt: l'i zed. NOﬂ-cBh{;ids'h I ftforl i;h‘efifrsblyeccmpgis%&lhe PPSOhbmjlevdoléxpmbdl dses beads,
al cs, micas, chalks, quartz atyral_or. are
further pigf erﬂeé‘ée"lf(}‘?msg?% w eégﬁta%;%&?&qncgﬂ%oﬁé o f{ﬁ‘gsgﬁ&ﬁ%%qﬁadt%ﬁtal s
with glass fi 95% by wéight, meorgl preferablydrem ahbous 40%atotahouti6bkeby wrighhe
rovided with Il i ' [PTalgse 1 9f=T¢ a '
Bro\r/rloter \émystea%df ﬁ%ﬁtk)%gélyﬁa ig}rzlmggigﬁlrt\?r?ﬁitgrous tf?l”l‘e???hgityhgl ghEas a
pl at ey struct wompesition preferably cemprisesithe siloxpne sepelymer tesin af) aa@?" i bers

s - expressed as percentages by weight of the total composition, from about
- 20 0.1% to about 10% by weight, more preferably from about 0.1% to about

5% by weight, and most preferably from about 0.5% to about 2% by

weight. The composition preferably comprises the functionalizing agent

at a level, expressed as percentages by weight of the PPE, from about 0.1%

to about 8% by weight, more preferably from about 0.25% to about 3% by

25 weight, and most preferably from about 0.5% to about 1.5% by weight.

When the epoxy functional elastomer is utilized as an impact modifier,

either in addition to another epox.y compound or alone, it is preferably
present at a level, expressed as percentages by weight of the total
composition, of about 2% to about 18% by weight, more preferably from
30 about 5% to about 15% by weight, and most preferably from about 7% to
about 12% by weight The composition preferably comprises the
elastomeric block copolymer at a level, expressed as percentages by
weight of the total composition, from about 2% to about 18% by weight,
more preferably from about 3% to about 10% by weight, and most



23 especially preferred for sone applications-to reduce the

ani sotropic properties of the final conposition due to alignnment of
the glass fiber with the direction of the nold filling during
processi ng. The anmount of non- fibrous filler can range from0%to
about 50% by wei ght based on the total 2% weight of the entire

conposi tion. The conpositions of the present invention may al so
contain at |east one polyner of an al kenyl aromati ¢ conpound. Suitable
pol ymers of this type may be prepared by nethods known in the art

I ncl udi bul ' d l, S4 | V. I zat 1 on., . h . |1
contain at | deferadly BERFABALEALE Sl P RvaiRE , P el 38K HE"T 1 01 Y
an al kenyl ar qpreferably presemthatnedevs, expressednad perctages by weight of thier ei n

is h | e Yol V3
et ogn or | ool CGmpRinSicioth Rbodl 038Rt Yabdut 8Y WP veikhb more
honopol yner s peferablycpresentat s lovel fremeabont 0/1% o abpubh®, by weight, and
copol yner s of masey préterablly predéhtOdt AUEGel"RBAMabSut 01195 itbaditP0.3% b

PRI e 0 ol i o
CUDbery Copol sy ol ghou R Soh et e an B SR Cae A
rononer . ThoslRhoRts U  PAewBl, ASsFERRC APl % 2GR B 625
pol ystyrene (EreferablyyPPEfnadrthe fanctiomalitzing) conMpourel art presentuintd weight
copoly T o bf 988 ShAIF9S I YA SOF ok, SRy OB
They are commirautx5 and Aboub98:1; apdh mosthprefenshhy betweenmabput§6:4 ander 25
the tradennr kihdWOBIEAR F@RhESthe Mok HihdHitiral bRStdReH ARE e WadBRicht
under t hga t raﬁgF rk K- RESI NSin the co iti The”%fnyl’ar ?%c co otund when
present is ge FPROlyTney are, mpRsitiona trsbaw B 25% by
wei ght and prE3:2rand 3bdut®i10, more pRFerabhy/befwaiioaboultSPZ:Pyndeitdiit; 6:ased on
the wei gty of i %lés(%tﬁefe?%gblycgewgéht abotit 10:6 and about 75. Preferably the
combined total weight percent, expressed as percentages by weight of the
total composition, of epoxy functional elastomer and elastomeric block
copolymer in the composition is between about 5% and about 21% by
weight, more preferably between about 8% and about 16% by weight, and
"20 most preferably between about 10% and about 14% by weight. Typically,
when reinforcing fillers are utilized the level of impact modifier is fairly
low, generally under 5% by weight based on the total weight of the
composition. Preferably the compositions are free of additional resin
materials such as polyesters, polyimides, polyamides and polycarbonate
25 resins. Determination of an exact ratio for a composition is, in part,
determined by the intended ultimate end-use application of the
composition and the necessary properties needed for the application.
The present compositions exhibit improvements in ductility and
flame retardancy free of halogen and phosphorous flame retardants, two
30 properties which are critical for many electronic part applications. The
compositions further exhihit no flash characteristics and high chemical
resistance. Other advantageous properties exhibited by the present
compositions include low coefficient of thermal expansion, low moisture
absorption, high heat distortion temperature and long term heat stability.



24 The conpositional ratios of the present invention, all
of which are expressed as percentages by wei ght of the total
conposition, can range froma |level fromabout 5%to about 95% by

wei ght of PPE resin, about 5% to about 95% by wei ght of PPS, and
about 0.1%to about 15% by wei ght of 526si | oxane copol yner resin, and
further conprise up to about 8% by wei ght of a functionalizing agent;
0% to about 20% by wei ght of epoxy functional el astonmer, 0 to about
20% by wei ght of el astoneric bl ock copol yner, 0% to about 25% by

wei ght of alk tig p 10% t of
the netal sal M&wgﬁ the ﬁt@éﬂ% 8&‘ g1éé’ﬁsp$%’§ft T‘é conp ‘fﬁis/‘gges at a
| evel , expr essimpagt resistance gnd Uaprwdstehgnlemloggnhmfattbreak otal conposition,

from about 5%t o0 abord compositi ﬁq bé‘ﬁ?@ HeBheéitinal REMIGGR about
25% t o about 40% by omPol) ORE ndgmrmst pre eracF ‘%rom about 30%to

about 35% by \Aﬁ%‘é‘h?s‘lﬂésmmmr 3 tabilizess.t antioxidanis, &EYSFM?W‘ sucleands,pps at
a level, epreRieikaits, u{lﬁb;t&%[@ﬁd\hﬁgg%}l@x ioald, of the total conposition,

from about 5%to a 95% b nore preferably fro bout 40%
to about 65% by webgﬂ‘fm“s processea %ﬁg@a’%‘?éf‘é f}F%‘Fﬁ‘BBB%P%%@% about
60% by wei ght . piﬁsent mvenhcmrrp@sptefmecbrgfoeésbfqr poegurirge the herthodsterane
copol yrer reS| ev r a, ent t of

the total conposi gmﬂ f?i(;ﬁ/gg%ut cfg{PD%qi M&élow re
preferably frofunsbionalization tand:bsbsequent coﬂppny.dmg gwith athel t and

pr ef er abl I O @Rves on
pr ef er abl g?'d;on%a ses %ﬁgéﬁlﬁgﬁﬁéﬁm%@é}gstﬁp F&Eé)&maﬁlzhpﬁ’ﬁ%mmb Xpressed
as per cent ages®Bhogitery radigal ingHiatprand 1‘%‘6‘#13&56%}1 befqd/&oascmwgm%w 8% by

wei ght, nore pwdich &Hel ténipe? i&xﬁ@ﬁﬂ&n@i kR he BR6tIFow batkel fits and

0, 0,
poxy funct | ond® TR hist e ﬁg 45 oF AHISESHRE hematigmality & the 01 e,
in addition toPRBo{lherPRSand additives (sptivnatlydincthe iforrm of praheentvate) may
(F:)(r)ﬁ;ggltt?gnsa o?gﬁlélo ?@&gﬁ%eegﬁ%ﬁq&%ggﬁgg’gwn%dwgﬁ%referaBF&f 8m 30
about 5% to abextrudgnepijonaliygmay lwlwqmm-vmbﬂatmlfsegmeatﬁohe orethen
about 12% by V\gb% 1&(@@&%@@8&%&90 ﬁéﬁ&é&&d{z d S\fifidkTeed pogt or
el astoneric bl t?\ txona l(?t)l( r ?fh Psg pc(laé(t:lent age
y, a portion of the additives, or varidus
combmahons of the two may be throat fed with the PPE and orthoester
* 20 monomer.

The compositions may also be made by a two step process which
involves synthesizing the orthoester functional PPE in a separate reaction
step, and then melt mixing (preferably by extrusion) the orthoester
functional PPE with the polyarylene sulfide resin and any optional

25 additives including impact modifiers. ' |

A PPE to be functionalized preferably has an intrinsic viscosity
from about 0.19 di/g to about 0.80 di/g (measured in chloroform at 25°C),
and more preferably from about 0.25 dl/g to about 0.49 di/g. The
orthoester functionality incorporated into the PPE preferably ranges from

30 about 0.4% to about 3% by weight on the PPE as measured by proton
NMR spectroscopy.



wei ght of the total conposition, fromabout 2%to about 18% by wei ght,
nore preferably fromabout 3% to about 10% by wei ght, and nost

25 preferably from about 4%to about 7% by weight. The netal salt
S preferably present at a | evel, expressed as percentages by wei ght
of the total conposition, fromabar 0.05%to about 5% by weight, nore

preferably present at a |l evel fromabout 0.1%to about 1% by weight, and 5
nost preferably present at a |level fromabout 0.1%to about 0.3% by
wei ght Preferably PPS and PPE are in a weight ratio of between about

75:25 and about 30: 70, nore preferawen about 70: 30 and about
50: 50, and nost preferably between 33 and about 62: 38.

Preferably PPE and Theecémpositional ofz Tables chthroughaite W@s@ﬁ@dﬁd aM\adi ght 10
ratio of bet %gg%rzw?ﬁga% éﬁtn?c?er]at ﬁ%ﬁ‘gp)é?&t%@ﬁ?hbb’umw

about 95:5 an nost erab t ween about, 9 and

about 98: 2. FfF-eWeﬂ!al@I yacnieme o W'i@ﬂﬂhﬁﬁéﬁgeﬁmk%P they melt 8P§§Someri c
bl ock copgl y%ﬁ&ﬁ\dxﬂ t'l‘ﬂe(i@im&i\'t%b @obi&oﬁs%xﬁlﬁolﬂéﬂltﬁx 1 a bah Bran about
3

15: 2 and about f er abl, t ween aboug é%ﬂtﬁg‘.ﬁ?@%a{‘ﬁ 6, 15

and nost . pref‘éﬁﬁBP? WaQSBﬁt“si
combi ned totad meldd)émperaterd of@h@luCSmGUSQSCperﬁdbrﬂ\agﬂnnpqslhenghvem t he

copol yer i n SHHistesh, @ﬁe%wa%@%eéﬁ%ﬁ 4o afEad ‘%out Giakock
wei ght, nore ba}n'fmtmy mlm\mewmmm&mnaa@m aveRge amgnt d 20
hen Pei q{a s bl?&! e abgyﬁlt?‘%%‘)ii *’%vef{ e b

when re|n orcing rs are I zed t | act l\é |

fairly | measuremant of yn mpwéuwgb‘h%@f g Rt éﬁe’ﬂ ght of
f,ggi i Corrpfﬁ‘l#l'o?ﬂl E%ﬁ&?@?ﬂz& it ots iReR bgrrm%?lf grech)f Dgdatup onal

pol ycar bonat e(ePSTgY é%?‘f% r&f’@ﬁﬂgrﬁfﬂﬂ Eﬁ?t)o&%étg‘fﬁﬁqfdﬁ& %%ﬂ& ?& osition

I's, in part, (usingd¢hed dianestebby 01105iin¢ledibks), flexurd tmodulisend figpirakat i on
g];)plt |h§at ih. Coggngsthtalcggr R&&WW@X&@Q&&%}%Sgefﬁ%@?qﬁf;‘g{ 8%/\e nts in
ductility and0.5 inchbydn25 ineh}riah deflection whders tnadrof264 pri aseMEingi$o £ | ane
retardants, tWarM Deds (employing a sample size of 6 inch by 0.5 inch by 0.25 inch)
and tensile yield and tensile elongation at break according to AST M Dé38.
The actual extrusion conditions employed may affect the physical
20 properties of the resultant blend. In an embodiment of the present
invention it is advantageous to premix the PPE with the functionalizing
agent to form a functionalized PPE that serves as a compatibilizing PPE.
The functionalized PPE can then be mixed with the remaining ingredients
to form the final composition. By functionalizing the PPE before adding
25 the PPS it is thought that reaction of the functionalizing agent with the
" PPS can be avoided until after the desired reaction between the
functionalizing agent and the PPE can be achieved. Premixing the PPE
with the functionalizing agent before mixing with the PPS also maximizes
the utilization of the functionalizing agent to functionalize the PPE. In
30 another embodiment, a single extruder that has at least two ports for
introduction of ingredients is utilized. The PPE and the functionalizing
agent are introduced into the throat of the extruder (first port) and
compounded. Simultaneously, additional ingredients are introduced into
ports downstream of the first port and the compounding continued. Each



30 properties which are critical for many el ectronic part applications.

The conpositions further exhihit no flash characteristics and high
chem cal resi stance. Ot her advantageous properties exhibited by the

pr esent conpositions include | ow coefficient of thermal expansion, |ow
noi sture absorption, high heat digigortion tenperature and long term
heat stability. 26
Furthernore, the present conpositions exhibit enhanced falling dart

| npact resistance and i nproved tensile el ongation at break. The

conpositions ne con%ai n or be free of%fglg entional additjves lsuch as

pl asti ci zer s POERRIh; Pf 2 Hhes extpdery g, By Y sVarYi R at Y& ucl G¥Rical "5

lubricants, icolhpounding tanperatirds afd fotie raggeiof about 290°C to aboudi3i8Us
processes can.be utilized to prepare the conpositions of the pr esent

I nvention. Apreferred process for preparing the orthoester functi onal
PPE/ PPS  conposi-Thensaterialsoisedsin theofdlowing comgreitions wenepstfpBowsi zat i on

and subseguent corpgyg | 2(@ H egp,@;% I Rd VRS ann&rigdi®gl e nmelt
conpoundi %g step._ For gé(%ﬂ%) e, ﬂgéé?lﬂgfa ta _Iéetger) I‘agk(f)lrtho;%aer: r,ag:i:cal
initiator andiscepity ofmbouhf.46cdlygm meagured inchiorafarm ati 27°C, obfajpedh t he
tenperature FpsnGRPHMIteegdi ne in the first few barrel segnents are

the - C BPE - The THSERAS Aol BECHORSAT TG RFPIRE Torioren e ¥ |©
concentrate) wiath hbout b fveslght péreentindchbors-de@s, Girimettapphenmiyibe
down-str m:‘ged §Or~|El T#ﬁ%. ine ( ger optionally may be vacuum vented at
barrel s gma gcxg % e3' azine ﬁ%ﬁo#?‘ iryl ene sulfide feed port or after the
pol yaryl ene sul f | RPE-©Kdisporarthe ester fungtionalized BRE prepared byrexguding, a
portion of t SR i i OMUNPPEADE wis dHedt wo nay
be throat fegmw%?ﬁwfﬁgwlg@%%fﬁﬁ%ggg??ah P}r)gngir?ler. The
conposi tions Wut%@°§@lh%@ We. a two step process which i nvolves

synt hesi zi ng the opdipess BhedtPR3.i ONal PPE in a separate reaction

step, and then nel ), X ng %ﬁirabl y by extrusion) the orthoester
functiondP PPE wit & oL ne sulfide resin and any optional 25

addi tives incl udi rREF-Spas anpdiyetterimide siloxane block &ipelymebebtained
functionali zeﬁi_oglr &fhe i’?a%t%s Ql% %naw&tr 35% i§y %&gﬂé .k)to)&siloxane by weight
based on the entire polymer.
X SIL-PC is a siloxane-polycarbonate block copolymer resin obtained
- 20 from GE Plastics and is about 43% by weight polysiloxane by weight
based on the entire polymer.

PPE-SIL is a poly(phenylene ether)-siloxane block copolymer resin
obtained from GE Plastics and is about 20% by weight polysiloxane by
weight based on the entire polymer. '

25 Glass fiber is G-type chopped glass fiber having an average length
of 1/8 inch and an average diameter of 10pM. The glass fiber was
obtained from Owens-Corning Co. and was grade 187A-AA.

BE-E is (polyethylene-co-12% glycidyl methacrylate) obtained
under the trademark BONDFAST E from the Sumitomo Chemical Co.,

30 Ltd.

IM is a styrene-(ethylene-butylene)-styrene type impact modifier
obtained from the Shell Chemical Co. under the trademark KRATON
G1651.



fromabout 0.19 dl/g to about 0.80 dl/g (neasured in chloroform at

25[err] O, and nore preferably fromabout 0.25 dl/g to about 0.49
dl/g. The orthoester functionality incorporated into the PPE
preferably ranges from 30 about 0.4%to about 3% by wei ght on the PPE as
measured by proton NVR spect r oscopy.

27 - EXAMPLES The

conpositions of Tables 1 through 6 were extruded on a
Werner-Pfleiderer twin-screw extruder at a tenperature of about 290 340

Cwth a vacuum of 750-igQid@bsratd Bb@RR fEm Aldriich TRkiiéil'Td1@nd has a

conmpoundi ng. The resultant .co s were nol ded using a van Dorn
i nj ection nol dﬁ‘%& nzfé!l:%dsﬁgerature set of about 300-320[err]C

and a nol d teﬂlabl@tvr&m&mbweramﬂlﬁafaavé]@xan%plestrw mﬂmdetl ons

Labor at ory Bulfiaraanaiies, FRE IEPEOH 0 bife & Bt ool elpribiet ' 207

was neasur ed. sﬂemescoqﬁolyﬂ\er O@PERSEL) | blesdsefuether s comphising exh timpact

f
(orml oying. a SR Blasé Bbels B “%t ré&%5°5“§§fgﬁ’rfd‘*’“9’%"%§’s/%§% E‘%natup
(energy to fra'empie 1 fliwgtrates Mtthee ux)n M%ﬁ@ﬂbeﬁ@cwﬁm ©3763
(using 4 inch 44 %rfthasﬁo%ée Kﬁbﬁ’f&ém Mtﬁ%%wmw&su@dﬂ&exural

15 strength according to ASTM D/ oyi n ze of nch by
0.5 inch by OPIS’SF%EHPP‘%B% %él‘l”@c”t ﬁﬁ‘?&é‘i‘g'éfq‘@ii@' S?I‘ESA“‘EﬁV%‘cbﬁrdl ng

to ADM [¥hé hddation @ iandinfpacd Mbdifier mmfreﬁnuaﬁtbfbaxcen&w lmh Huyno 25

ASTM Dozg, | timés:” Safhple, ﬂe?%%*esiﬁ Y ighomoaai PPEZLPS AT Iear ot
t he physical 2fiaderthatestill davefburhetimes thatate Qhﬁachutstnndmgaﬂ’essdﬂ?mnﬁ of the
present i ot (USRI Sablnde BENOILAGCAUPC APPRIT IS FITED Y kil

functional i zi ng or m a unc serves as a
conpati bi | i zi rnglthmtshndmgmslltamct i onal i zed PPE can then be m xed with the

r emai ni ng 4igngr edi e
func!t | l)ngl : Z|gng ![ h?%&’e 2¢ P})@gg ggﬁrbmf&h%e %gg@ig{é m Table 1
reaction of t @Cﬁﬂh’é@blsr?am lilpﬁgatag%ﬁ? eppx¥ funetional EF(i?g e é%’HF’ de d

until after thgvdlappésaf TS, tdr abpbyRe eriniRle-siloxane copolymer (PEI-SIL)
further comprising an impact modifier, glass fibers or both. As shown by
the data in Table 2, the PPE-EP can also be used to prepare flame resistant

- 20 PPE/PPS compositions utilizing a siloxane copolymer resin.

The samples in Tables 3 and 4 further illustrate, in part, the wide
compositional variations that are possible with the present components
depending on the ultimate end-use application requirements. The
samples in Table 3 utilize the ortho ester functionalized PPE (PPE-OE) and

25 the samples in Table 4 illustrate an epoxy modified PPE (PPE-EP). The
samples in these two tables utilize approximately a 10:1 weight to weight
ratio of PPS to PPE and also demonstrate the use of a polyetherimide-
siloxane copolymer (PEI-SIL). '

Tables 5 and 6 contain illustrative samples utilizing a siloxane-

30 polyphenylene ether block copolymer resin (PPE-SIL) or a siloxane-
polycarbonate block copolymer resin (SIL-PC) as the siloxane copolymer
resin with two different types of compatibilizing PPE (PPE-OE in Table 5
and PPE-EP in Table 6). The data in these tables illustrate high impact
PPE/PPS compositions utilizing a styrenic-based elastomer and an epoxy



functionalizing agent and the PPE can be achi eved. Prem xing the PPE

with the functionalizing agent before mxing with the PPS al so naxi m zes
the utilization of the functionalizing agent to functionalize the PPE. In
30 anot her enbodi ment, a single extruder that has at |east two ports for
introduction of ingredients is utilizedggThe PPE and the functionalizing
agent are introduced into the throat of the extruder (first port) and
conpounded. Sinultaneously, additional ingredients are introduced into
ports downstream of the first port and the conpoundi ng conti nued. Each _
28 portjon. of the extruder is preferaply vacuum vented. Typi cal
conmpoundi ng t ed @Pg?q%tﬁ"é ?W’{‘H@trlﬂfgfg"ﬁm"'ﬁ 0 Pﬁ@(ﬂ‘g}’}‘f?:%esaﬁrgut
340[err] obfained witll'l Ieither amgxmﬂeid:&l go yd\drnrlrds?tzs févig_i csigiﬁigianth |
conposi tions re.as ; . I's poly(2,6-dinmethyl phenyl ene
ether) resin %r%ﬁ“?ﬁf‘g 8\e %?h&'i‘!e*‘“‘ Propefiigtosi ty of about 0.46 di /gm
measur ed i n chl or oThroughou5akkr of Gheolilastrative samplés; oanlGEhcements cin,

PPE- EP i of i anal | P . i nge RPE; i th
Bbout 4 veb ghPRESal, BSdrBR? caffle ltaiieP A eh dfibbhIr & 5“"@“‘" "
gl yci doxy-, 3, Gopalymer mesinMocompatibilized PPE/ PPSppompysitiansan Itoshawld &g er
functi onal i zedoREARHAL BRAERANPIEs GFd MEélgdllustrative’dt Bie ddthpbditions vl die

orthoester (VI1) wth PPE. e PPE-CE Wwas, . dried, ._at” about 110[err]C
prior to use.lnventionand in ngpay Are megn %]é‘é‘ﬂttgpg.“’e n. PPS-2 is a
cured PPS. PEI-SIL is a polyetherimde siloxane bl ock

copol ysrer obt ai ned fromGE Plastics and i s about 35% by wei ght

pol ysi | oxane by wei ght based on the entire polyner.

SIL-PC is a sil oxane-pol ycarbonate bl ock copolyner resin obtained 20 from
GE Plastics and is about 43% by wei ght pol ysil oxane by wei ght based
on the entire polyner. PPE-SIL is a pol y(phenyl ene

et her)-sil oxane bl ock copol ynmer resin obtained from GE Pl astics and

i's about 20% by wei ght polysiloxane by



wei ght based on the entire polyner.
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conposi ti onal

The

variations that are possible with the present conponents
depending on the ultimte end-use application requirenents.

sanples in Table 3 utilize the ortho ester functionalized PPE (PPE-OE) and

25

the sanples in Table 4 illustrate an epoxy nodified PPE (PPE-EP).

The

sanples in these two tables utilize appré®imtely a 10:1 weight to wei ght
ratio of PPS to PPE and al so denonstrate the use of a pol yetherim de-
si | oxane copol ynmer (PEI-SIL).

illustrative sanples utilizing a siloxane- 30
copolynmer resin (PPE-SIL) or a sil oxanggple?2

Tables 5 and 6 contain
pol yphenyl ene et her bl ock
pol ycar bonat e bl ock

copol ynmer resif (SL-PC) —TNe 5[ OXane._to TTET Lesin T T
different typed BR8mparli®hilizihg pAAY PPEHE inl#2hie 43 4nd PPE- EP
in Table 6). THeppgita in (tdggese {t580l esl 59 | usf4qmt e higgh i mpact 0 PPE/ PPS
conposi ti ons utf Mg a [S{ YT ent C- basgd et astomer fand—amf _¢pox
30 nodi fi Inl\fmlcﬂiaf 1opatt oY ovengt | npe8ved hs{;caL nmes
are obt ai nddPPE-FP ei tih@y of| 3dhe slidgpxanergopol|pger 1nagi ns g4 h
sigificant rerention (g (Nne Cal properti ¢s.
Thr oughout al | ﬁt_h.egLI Jbt v at . ﬁnhnn nent <%i NS ,61\;9 cal
properties can {Glagbfibendgd) Wi t h N3@f a|spl oxame g@opol yner
resin to conpati ed PP TT 3noul d|QRe ot ed} t hat
t he exarrp| ersrpar% VA il ||cf;§' gnrrnrgd i“ i nr\drz:\f Lhél
I nvention and i{fHDT way . dr2s38ne [ 401 | Ny 3881 01).243 246
31 NI 0.22 102 106 |022 [o047

Flex. Mod. | 443.8 1515 1334 4528 |3894

Flex Str. 16.7 25.9 25.5 12.9 15.1

Ten, Str. 8.4 19.3 17.9 6.7 9.1

Ten. elg, 6.6 4.3 4.7 5.7 8.3

Burn time | 3.3 1.3 2.7 5.1 1 18.3 4 2.7

HDT in °F; NI in ft-Ib/in; Flex. Mod. in Kpsi; Flex. Str. in Kpsi; Ten. Str. in
Kpsi; Ten. Elg. in %; burn time in seconds.



Table 1 sanple 1 2 3 4 5 6 7 PPS1

60 59 58 40 37 0 0 PPS2 0 0 0
0 0 59 58 PPE- CE 40 39 34 28 25

39 34 |IM 0 0 6 -0 6 0 6

dass fiber O 0 0 30 33 30 0 0 PEI-SIL 0

2 2 2 2 2 2 HDT 241 246 236

371 359 298 258 NI 0.22 0.21° 0.78 0. 96 1.08

0.21 0.25 Flex. Md. 435 430 380 1324 1136 440 382

gl gx. Stgr. 151.8¢ 15.43 ) 14.? n21'§1'@blgé;_8_, }_2;6 I12.5 Ten. St7r;1

7 e 7, 1O~ —7 ref—erog——T7
9.7 4.2 gample 5 515 5 BuflWtind8 3189 l% 214 5.2
1.5 '

bur ns SPf‘Si"DT in b@rr] Fgg NI g}*_ft- Iﬁii/i n; 5§I ex Ol\/bd. ion Kpsi; Fl ex.
Str. in KpSI . Fefr—Str- 1 Kpa —Tefr |_=T_Zj, Bttt re—tr-seconds.

32 PPS2 - 0 0 Thble 20 sanpPe 9% 89 9 10
11 12 | PP 60 L) 0 37

0 0 PPF?E-OE f;io —Po 18 4 7 §§ 58 58
PPE- EP 40 |IM 39 034 [0 2815 29 40 {0 3410wV 0
0 6 @lass fiber®| 0__ Do 06 @ass fhper |8 ® 0

30 30 O — O PE—=5t —B 2 2 2 2

2 2 HDT|PEISIL 288 32 232 11401]1 3880 242 46 N1
0.22 0.21  Qp8y 1 Okgos 1|9 Dog2 |[488 47476 eXg3dbd.[ 20843. 8 437.9
383.9 1515 33435218 S38p74——Fex—St 6T i 25.9

— 7159150 25.
25.5 12.9 NI Tepn |62 (0814 |04 60971906 1821 |01% |6 7
9.1 Flex. Mod. |506 |504 433 |1573 |1433 [522 509

Flex. Str. 126 |14.3 163 264 253 115 10.7
Ten.St. |72 |79 {90 |175 |192 |43 |58
Ten.elg. |52 [5.6 10.1 |4 47 |37 4.6
{burntime |burn [{burn {burn |13 24 burn |13
HDT in °F; N1 in ft-1b/in; Flex. Mod. in Kpsi; Flex. Str. in Kpsi; Ten. Str. in
Kpsi; Ten. Elg. in %; burn time in seconds.




Ten. elg. 6.6 6.7 7.8 4.3 4.7 5.7 8.3 Burn tine 3.3
1.3 2.7 5.1 18.3 4 2.7 HDT in'F, N in ft-1b/in; Flex.
Mod. in Kpsi; Flex. Str. in Kpsi; Ten. Str. in Kpsi; Ten. Elg. in % burn
time in seconds. 33

Table 3 sanple 15 16 17 348 19 20 21 PFS1
90 89 84 61 59 0 0 PPS2 0 0 0
0 0 90 89 PPE- CE 10 9 9 8 7 10
9 | M 0 0 5 0 3 0 0O dass fiber O
0 0 30 30 O 0 TREhaSIL O 2 2 1
1 0 2—HDT 295 228" 23 r 485 i@g ﬁéé P28 N
0.22 0.21 |spmpie o p? 1|85 b1 |25 18|26 ox d 6 504
433 1573 14pp51 522 | o509 |[Bbex.|g¥r. [e2l2. 60l4. 0 16.3026.4 |25.3
11.5 10. 7 [en——StT T. 2 79 90 17 o1 _ 4.3 5.8 | Ten.
elg. 5.2 5 2 10.110 4 0 4 3y Dea %0 +il8 hurh burn
burn 1.3 2] ppE-Epurni10l1. 3|bDT ingF; N7in flig-1 b/ijrg Fl ep@ Mod. |[in Kpsi;
Flex. Str, infRpsT, Ten St 11T RpsL;Ten, Erg.. | 0. purn time 1n
seconds. M 0 0 9 0 WO 6
' Glass fiber | 0 0 0 30 30 0 0

PEL-SIL 0 2 2 1 1 0 2

HDT 226 222 223 485 [483 208 219

NI 0.18 015 (053 099 |[1.12 0.19 0.21

Flex. Mod. | 511 499 1442 1508 |1458 | 506 494
Flex. Str. 13.0 150 167 [278 |271 146 . |15.3
Ten. Str., 6.5 6.4 9.8 19.0 |20.1 74 7.3
Ten. elg. 4.8 6.4 133 |45 6 6.6 5.4
Burntime |burn |[burn {burm |15 24 burn | burn
HDT in °F; NI in ft-1b/in; Flex. Mod. in Kpsi; Flex. Str. in Kpsi; Ten. Str. in
Kpsi; Ten. Elg. in %; burn time in seconds.




Table 4 sanple

24

22 23 25 26 27 28 PPSL

90 89 85 62 60 0 0 PPS2 0 0 0
0 0 90 89 PPE-EP 10 9 8 7 6 10
9 | M 0 0 5 0 3 0 O dass fiber O
0 0 30 30 0 0 PEI-SIL 0 2 2 1
1 0 2 HDOT 226 222 223 485 483 208 219
NI 0.18 0. 15 0.53 0.99 1.12 0.19 0.21 Flex. Mbd.
511 499 442 1508 1458 506 494 Flex. Str. 13.0 15.0 16.7
27.8 27.1 14.6 . 15.3 Ten. Str. TaBles 6.4 9.8 19.0 20.1 7.4
7.3 Ten. elg. 4.8 6.4 13.3 4.5 6 6.6 5.4 Burn tine
burn burn burn 1.5 2 4 urn burn HDT in Nl inft-Ib/in;
Flex. Mod. in Kpsi; Fle saﬁble in{Bpsi; jBgn. Stjrag in Kpsi; Ten. Elg. in %
burn tine in seconds. 35
Table 5 PEE e 559 |53 3053 41 PPS1
55 53 53 PPE-OE BYE- Ok3p5 32425 33.5 32.5
| M 5 5 5 BRF 7.5 7.5
7.5 pPE-SIM__ - 15  o|5 > PC-SI L 0
0 2 : BHEHCH 75 25475 25175 257 NI
3.1 1.9 3.4 PPE-SIL, ol-l €X. 2|vo(1. d&tﬂ 310 318

PC-SIL 0 0 2

HDT 254 251 257

NI 31 1.9 34

Flex. Mod. | 328 310 318

Flex. Str. 12.8 12.1 12.6

Ten. Str. 7.5 75 74

Ten. elg. 394 21.8 43.9

burn time | 10.6 4.2 7.6

HDT in °F; Nl in ft-Ib/in; Flex. Mod. in Kpsi; Flex. Str. in Kpsi; Ten. Str. in
Kpsi; Ten. Elg. in %; burn time in seconds.



Flex."Sir. 12.8 12.1 12.6 ' Ten. Str. 7.5 7.5

7.4 Ten. elg. 39.4 21.8 43. 9 burn tine
10.6 4.2 7.6 HDT in [err]F, NIl in ft-1b/in; Flex. Md. in Kpsi;
Flex. Str. in Kpsi; Ten. Str. in Kpsi; Ten. Elg. in % burn tine in
seconds. 36 36
Tabl e 6 sanpl e 32 33 34 PPS1
55 53 53 PPE- EP 32.5 32.5 32.5
I M 5 5 5 BF- E 7.5 7.5 7.5
PPE- SI L 0 2 0 Table6 PC- SIL 0 0 2
HDT 240 254 35 1.69 2.24
2.6 Flox. MmPleags [32 250138 50334 Flex. Str.
12. 4 13.2 12.8 PPS1 8. 53 8133 719 7.8
Ten. elg. 15.7 22.1 PDULR L1 NP 5.6 6.6
4.4 HDT in [err]F;, NI inPPé‘f%ﬁin; 3—2294.. — 3 - Flex. Str. in Kpsi;
Ten. Str. in Kpsi; Ten. EIM. in %|%urn {Snme in}{Seconds.
37 BF-E 75 |75 |75

PPE-SIL 0 2 0

PC-SIL 0 - 0 2

HDT 240 254 235

NI 1.69 2.24 2.6

Flex. Mod. {361 | 330 322

Flex. Str. 124 13.2 12.8

Ten. Str. 8.2 7.9 7.8

Ten. elg. 15.7 21 19.9

burn time | 5.6 6.6 44

HDT in °F; NI in ft-Ib/in; Flex. Mod. in Kpsi; Flex. Str. in Kpsi; Ten. Str. in
Kpsi; Ten. Elg. in %; burn time in seconds.



CLAI MS: 1. A conposition conprising: (a) a conpatibilizing

pol y( phenyl ene et her) resin; (b) a poly(arylene sulfide) resin; and
(c) a siloxane copolynmer resin. 2. The conposition of Claim 1, wherein
the conpati bilizing pol y(phenyl ene ether) sinis present at a | evel of
from about 5% to about 95% by wei ght; the %2I y(arylene sulfide) resin is
present at a | evel of fromabout 5% to about 95% by wei ght; and the

si |l oxane copolynmer resin is present at a |l evel of from about 0.1%to about
15% by wei ght all weights based on the total weight of the conposition. 3.
The conposition of Caim1, wherein tE?AsIMQ.xane copol ymer resin conprises
conpounds of the fornula —— R

[err] wher eila U iA camposijioarcosgirisingzd f rom t he group consi sting of

pol yi m des, . pol yet LI . : | ene et hers),

pol yesters, copol ygg é?gm&b@%%g?gm&gﬁﬂeg??ﬁ?w%%%w et hanes, and

pol yacryl ates; R i ibha(R‘dY&F}' sulfidedmesiniand hydr ocarbon radical, a
substituted Cerr] -(g Q%ﬂbx&@@}ﬁﬂhﬁ%ﬂ{.ocar bon radical, a (Jerr]-Cerr]

aromatic radical, a mxture of” t he_foregoing, a.nd'gP is an integer from1l

to about 200. %. conpesition o0f oClaimyi & 3Wheraine the rempatibilizing
copol yner resipolg iy Réhelcther) rédif isPrelséntodt d Roel 6ff fidmaabout 5% to about

38 and of t&?f% Orwngilgﬁt; the poly(arylene sulfide) resin is present at a level of from
about 5% to about 95% by weight; and the siloxane copolymer resin is
present at a level of from about 0.1% to about 15% by weight; all weights
based on the total weight of the composition.

3. The composition of Claim 1, wherein the siloxane copolymer resin
comprises compounds of the formula
R
—U—Gi—O)—

wherein U is a polymer selected from the group consisting of polyimides,
polyetherimides, polycarbonates, poly(phenylene ethers), polyesters,
copolyesters, polyamides, polyolefins, polyurethanes, and polyacrylates;
R is a C1-C14 monovalent hydrocarbon radical, a substituted C1-Cy4
monovalent hydrocarbon radical, a C4-Cpg aromatic radical, or a mixture
of the foregoing, and d is an integer from 1 to about 200.

4. The composition of Claim 3, wherein the siloxane copolymer resin
coniains repeating units of the formula

¢ ?
C C R R
—( :©—p©: N—(CHo)—S(O—Slg—CHolm—
N ¢’ R R
i i

RRR AR



wherein Tis - O- or a group of the fornula -O Z-0 wherein the dival ent
bonds of the -0- or the -O-Z-0- group are inthe 3,3, 4,3, or the 4,4
positions; Zis a divalent radical selected fromthe group consisting of
formul ae Br

r Br 38 Br wherein Mis a
menber selected fromthe group consisting of divalent radicals of fornulae

and of the formula

? 1
ptCuctan
o

wherein T is - O - or a group of the formula -O-Z-O- wherein the divalent
bonds of the -O- or the -O-Z-O- group are in the 3,3, 4,3, or the 4,4'
positions; Z is a divalent radical selected from the group consisting of

T ool ot
—C}(D—'
o

BrBr
BrBr
ér
{CHy, and
Br

OO~

wherein M is a member selected from the group consisting of divalent
radicals of formulae

G



39 [err] whereiny is an integer from1 to about 5,
1, n and mindependently are integers from1 to about 10; g

and pis 0 or
IS an integer

from1l to about 40; Ris a (Jerr]-Cerr] nonoval ent hydrocarbon radical or

a substituted Cferr]-Clerr] nonoval ent hydrocarbon radical;

di val ent organic radical selected from8Re group consisting
hydr ocarbon radi cals having from6 to about 20 carbon atons
derivatives thereof, (b) alkylene radicals having from2 to

and Rlerr] is a
of (a) aromatic
and hal ogenat ed
about 20 carbon

atons, (c) cycloal kyl ene radi cal s havi ng from3 to about 20 carbon atons,

and (d) divalent radicals of tde gener formul a wherein Qis a nmenber
sel ected fromth consi sting of gormjl %
[err] and ¥y is an i g'er frontl t'o abput 5 The corrpomﬁon of Claim

4, wherein each Ris a methyl group, is 10 and n and mare each 3. 6.
The conposi ti the |y, ny] ene
ether) resin g}g‘rrg%ll s%%r%n ?n é\gegrﬁéprleg)cﬁgg‘gpsunc{i é)é%lrwa?glﬂ '{ an ﬁle group
consi sting ofi mdgyﬂﬁra@eantegetsrﬁ;omsléqo abput 10;Tpds anriptrger |fmm|1f tag ai m 2,

further conprhpbRQURIR (€2E & hydrbdar rmféﬂewaaabeuduﬁe@' of
from about 2%t o_about SOA) ased aqn t otal weight of the
conposi tion. §1-Ciqrmonealent |\‘Y GlbeQI Eﬁ eal; a%ﬁeR it & Hivalent, prgamicg

]{! Ibl er is |S|e| eadiesl M@é&?ff%ﬁrﬂiéf ; t nidtRGh dr&cafw

i bers, wollas e, pota | a e e cr ers num
oxi de fi bers, %‘ﬁ&glté ha n% Sﬁg Hg'b"f‘af’ ‘tdag‘

quart zes, derivatives thereof (b) alkylene radicals having from 2 to about 20 carbon

atoms, (c) cycloalkylene radicals having from 3 to about 20 carbon atoms,
and (d) divalent radicals of the general formula

OO

‘wherein Q is a member selected from the group consisting of formulae
—(CH)yy— —C— . —§— . —O0— and —s—

and y is an integer from 1 to about 5.

5. The composition of Claim 4, wherein each R is a methyl group, g is
10 and n and m are each 3.

6. The composition of Claim 1, wherein the compatibilizing
‘poly(phenylene ether) resin comprises at least one reactive functional
group of the group consisting of an epoxy and an ortho ester.

7. The composition if Claim 2, further comprising at least one
reinforcing filler present at a level of from about 2% to about 50% by
weight based on the total weight of the composition.

8. The composition of Claim 7, wherein the reinforcing filler is
selected from the group consisting of glass fibers, carbon fibers,
wollastonite, potassium titanate single crystal fibers, aluminum oxide
fibers, glass beads, hollow glass beads, talcs, micas, chalks, quartzes,
natural kaolins, caicined kaolins, and mixtures of the foregoing.

9. The compoéition according to Claim 2, further comprising an
impact modifier present at a level of from about 2% to about 20% by
weight based on the total weight of the composition.

]



natural kaolins, calcined kaolins, and m xtures of the foregoing. 9. The
conposition according to Claim2, further conprising an inpact nodifier
present at a level of fromabout 2% to about 20% by wei ght based on the
total weight of the conposition.

40 10. The conposition of Claim9, whergin the inpact nodifier is

sel ected fromthe group consisting of: (i) bl ock copol yners of
al kenyl aromatic conpounds and di enes; (1) epoxy
functional [err]-olefin elastoners; and (iii) a mxture of (i) and

ii). 11. Th t f., O bl k

'Elr:%)l ock copol ggr. 2 Ig‘%ﬁ’gh@ 3 g‘?“'{%iugn rﬁf ?Lll,n?ﬁ?icetr CH;{Q%FHB: gc?
copol yner _conmele;c@ ﬂnoiny&re)greupcemﬂiﬁxtg:k& and a selectively hydrogenat ed
di ene- derived m dipock. alﬂ}% q‘ﬂ@qﬁi?%?%'lﬁéx}%a%m%@k&\k ouhdf§ b

conprising at |east ‘one t1c po n article made from
a composition conpr idiengs; (a) a conpatibilizing poly(phenyl ene
ether) resin; (ii) (D) e%oi??'fﬂﬁél{o‘ﬂaﬁ&f‘oléﬁhk Eiad@méxesa:{a and (c) a
si | oxane copolyner r.esin. for making a conposition
conprising: intimat@f a(fn‘i“k’ftﬂﬁe (1i)bi li zi ng pol y(phenyl ene ether)
resin, a poly(Eryl eTle sothpositibnr F5Chiman0, wherdinxthecblook dopolymerts a. 16.
A conposition ¢ SI sti n essenti ally of. (a) a conpatibilizing
pol y(phenyl ene (b) a poly(arylene sulfide) resin; and
(c) a sil oxanélz:opo'l'hmmom ition 1af. (laimonphs mtheveinc dhei btqckgcepelgmeral ly
of . (a) A [ (b) a
pol y(aryl ene S5 ﬁﬁ?xg%aé&lgktk}é{&gnmuﬁsogﬁa a gé‘igctﬁ;etl‘f Hyd’i-@ééx{&ted diene-
derived midblock.

13.  The composition of Claim 1, further comprising at least one alkenyl
aromatic polymer.
14.  An article made from a composition comprising:
(@) a compatibilizing poly(phenylene ether) resin;
(b) a poly(arylene sulfide) resin; and
(c) asiloxane copolymer resin.
15. A method for making a composition comprising:
intimately admixing a compatibilizing poly(phenylene ether) resin,
. a poly(arylene sulfide) resin, and a siloxane copolymer resin.
16. A composition consisting essentially of:
(a) a compatibilizing poly(phenylene ether) resin;
(b) a poly(arylene sulfide) resin; and
{c) a siloxane copolymer resin.
17. A composition consisting essentially of:
(a) a compatibilizing poly(phenylene ether) resin;
(b) a poly(arylene sulfide) resin;
(c) asiloxane copolymer resin; and
(d) atleast one reinforcing filler.

ST



(c) =& silwexane copol ymer resin; and (d) at |east one reinforcing
filler. '

41

FLAME RETARDED COMPOSITIONS OF POLY{ PHENYLENE ETHER)
AND POLY(ARYLENE SULFIDE) RESINS

ABSTRACT OF THE DISCLOSURE:

Non-halogen flame retarded compositions are provided which
comprise a compatibilizing poly(phenylene ether) resin, a poly(arylene
sulfide) resin and a siloxane copolymer resin. The compositions can
further comprise reinforcing fillers, lubricants, metal salts and other

5 additives to provide compositions with enhanced physical properties.
Articles molded from these compositions are useful in the electrical
connector industry.




