Thermally stabilized polyarylene compositions REFERENCE TO RELATED APPLICATIONS  This
application claims the benefit under 35 U.S.C. 119(e) of U.S. provisional application no. 61/092,866
filed August 29, 2008, and U.S. 5provisional application -no. 61/092,870 filed August 29, 2008, the
whole conte?ﬁ%?%)é@éngplications being herein incorporated by referent?&W%%?'f?ﬂm&%s.
BACKGROUND OF THE INVENTION FIELD OF THE INVENTION The invention relates to a
polyarylene composition containing a sterically 10hingered phenolic stabilizer. The polyarylene
composition has improved physical properties such as improved color consistency, toughness, surface
appearance and flow characteristics. The invention further relates to articles such as injection
moldings made from the polyaryldfers siahibred mdlipenderseeaninpsiiitiing articles from the
polyarylene composition. 15 DESCRIPTION OF THE RELATED ART  Rigid rod polymers such as
polyarylenes and polyphenylenes are often referred to as self-reinforced polymers (SRPs).
Polyarylene polymers have the desirable properties of engineering thermoplastics while concurrently
offering the advantages of reinforced thermoplastic materials. Self-reinforced 20polyarylenes may

avoid problems asgpeiatgdawithisyface finishand fromeganeity which are often encountered with
conventional reinforced polymers. Self-reinforced palyarylen re inherentl le to provide improved
mechanical properties%i‘&%\ ‘fﬂﬂ%ﬁl?&ﬁtwg%eﬁﬁ?gw&ﬁmgi&&b%wg %&ﬁ? some respects,
mimics a fibrous réfefcseing apeliratiBSenfd OPtheoprolsériiagusinckelitiOh puijaylene materials, e.g.,
the polyarylerse's sevieinforapigipiopenties] ace avieait paitiaty2respotsiniedar desitahle physical
proper:!es such a%?‘{ﬂ_&?ﬂﬂﬁéﬁoﬁmﬁ%‘ﬁ@%ﬁtfﬁg&ﬂ%@%gs?(Ptgféf’éﬁglg @&Iséﬁl ﬁ?ﬁp%k%s(?:her_ hand, these
properties may m | I ylene undér typical molding and extrusion
conditions. 30Pro%§§g&ﬁ%ﬁl @%@s@ﬁﬁ%ﬁmﬁompression molding and/or extrusion molding
the polyarytene tof8frihedidedpByistantfeiNstock parts. During injection molding, the polyarylene
polymer is subjected toTighniesmper atlies @nchbighpcessdrasobitian ssmaspheistthghinay contain

oxygen - 2 -1gnd/gf,common. AMOSPRENC cANIAMINAPIS UIHNG REBRESS GBS BolARdge is both at
high temperature and in molteﬂ form. Un%F

_ | d i ! r such co.n_tditlons Qlo%\arylenzs m%bre_‘susceptible to
undesirable discolBiRBAEITER Y JEREVHG S0 CARERRGY SRS RO NI S BRTERNEhe materials may

be susceptible to distratioreaibasicmdEiysimenbrocessivig Rt dsamiples pulyatylenes containing
structural units basgdctinhenkiiphenatefromytisediendurngprasassing defermsantutitially
purple-colored maﬁ?ﬂ&ﬁg"ﬁ}@ﬁe@ﬁ%&%@&i%@?éf?é"’é@ﬁfﬁ%@“&‘{‘! appearance after exposure to air and/or
aging. Such Pgoceﬁﬂggﬂg}lﬁlﬁoelga[chtgﬁﬁ ﬁ@ﬁtjg Tof 10streaks of dark brown coloration.

Rigid rod polymers such as polyarylenes and polyphenylenes are often

ayals

referred to as self-reinforced polymers (SRPs). Polyarylene polymers have the
desirable properties of engineering thermoplastics while concurrently offering
the advantages of reinforced thermoplastic materials. Self-reinforced

20 polyarylencs may avoid problems associated with surface finish and
homogeneity which are often encountered with conventional reinforced
polymers. Self-reinforced polyarylenes are inherently able to provide improved
mechanical properties because of their relatively rigid polymer backbone which,
in some respects, mimics a fibrous reinforcing agent.

25 Some of the properties inherent in polyarylene materials, e.g., the
polyarylene’s self-reinforcing properties, are at least partially responsible for
desirable physical properties such as high modulus, high tensile strength and
good toughness. On the other hand, these properties may make it difficult to
process a polyarylene under typical molding and extrusion conditions,

30 Processing includes mjection molding, compression molding and/or
extrusion molding the polyarylene to form molded parts and/or stock parts.
During injection molding, the polyarylene polymer is subjected to high
temperatures and high pressures in an atmosphere that may contain oxygen



SUMMARY OF THE INVENTION One embodiment of the present disclosure is a polyarylene
composition that includes one or more polyarylenes (P1) and one or more sterically hindered phenolic
stabilizers (HPS). 15Another embodiment of the present disclosure is a polyarylene composition that
exhibits improved color consistency, improved physical properties and/or improved processability.
Another embodiment of the present disclosure is a polyarylene composition containing a sterically
hindered phenolic compound having 20improved color consistency and processability. ~ Another
embodiment of the present disclosure is a polyarylene composition having improved processability,
melt flow rate anadrsteainmapbrsalesphenpstmstraimpvslinkaning Phecpresanbeldisstlensia process for

making a moldingdipm Bigolaivena-campasiioneaoptaininthenesasHrerisiesically 25hindered phenol
stabllizers. = Another embodiment of.ihe Bresent disclasiira e Jelated 10 arigles mads of the invented
polyarylene comBonﬁI n fh_at hcludes one or more polyarylenes E’I? and one or more sf%ncally
hindered phenolianstdpilsarag piEky nelBRE aspect, there is provided a polyarylene composition,
consisting essentially ot1389naonmerapalyarplenssdRiblsvoetBivokaidipolyaeylene (P1) is a polymer

of which more the 50, A0 IR [ECUHINGURISAISISEUTING OB ahans armpce fonnulae

consisting of an opti I bstituted arylene group, provided said optionally substituted arylene

S : )

group is linked b?@ﬁéﬁ%%ﬁ%zf\’/ﬁ’geé‘t‘?ﬂg SR GHth RIS BRE A TeE8dUps via a direct
C-C linkage, whereinlsaid orcan aeyie nehipiotykés arhy drolcroomidivadinvgrpppaconsistiteg of one core
composed of one.benzenis HRg.QLof ?gﬁldg'.rglﬁ%%k)@é}éﬁ@%é‘?gﬁsﬂ%%ﬁ tegetherhyhasing two or

more neighgqorin ring carhon atoms, and of two ends, and one or more sterically hindered phenolic
stabilizers. 5in a%gﬁ?gf aﬁgéﬁi, &8 £9\9786dkd a polyarylene composition consisting essentially of:
one or more polyaBAéNESR B O, BE BY Mord ¥iYically hindered phenolic stabilizers, and a flow
modifier.I Iln still anqm@rcﬁﬁﬂﬁglglgﬁfi@{gﬁ@g@}ﬁ@@@é@@&sﬁ%ﬁmkmg@ eoalgingisamprising o“e or
more polyarylen omprising: 10melting the ar es in.the presence of ane .or,more sterica
hindered phenolets?t%%ﬁ]l%]g#se?n an %"rrr?ooﬁﬁﬁ giyéi{ ?gz% s&%g%néyo%%?g%%rgsée gﬁﬁtﬁzu&)d[gﬁe\éveight of thye
polyarylene compashidis; HbHirsENRE e molding from the molten polyarylene composition; then
cooling and solidifying Arethelehitgh diflény ef argirseasfiecvdners is wividéchan article made from the

composition that exhibits improved color consistency, improved physical
properties and/or improved processability.
| Another embodiment of the present disclosure is a polyarylene
composition containing a sterically hindered phenolic compound having
20 improved color consistency and processability.
Another embodiment of the present disclosure is a polyarylene composition
having improved processability, melt flow rate and/or strain at break.
Another embodiment of the present disclosure is a process for making a
molding from a polyarylene composition containing one or more sterically
25  hindered phenol stabilizers.
Another embodiment of the present disclosure is related to articles made of
the invented polyarylene composition that includes one or more polyarylenes
(P1) and one or more sterically hindered phenolic stabilizers (HPS).
In one aspect, there is provided a polyarylene composition, consisting essentially oft
30  one or more polyarylenes (P1) wherein said polyarylene (P1) is a polymer of
which more than 50 wt. % of the recurring units are recurring units (R1) of one
or more formulae consisting of an optionally substituted arylene group, provided

said optionally substituted arylene group is linked by each of its two ends to two

other optionally substituted arylene groups via a direct C-C linkage, wherein said



polyarylene composition as defined above. BRIEF DESCRIPTION OF THE DRAWING FIG. 1
shows a UV-Vis trace of the yellow and purple areas of a compression molded polyarylene plaque. 20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS A polyarylene (P1) such as a
polyphenylene polymer may have properties that prd®dde good toughness. Some of these properties
may be at least in part a consequence of the rigid polymer backbone characteristics of some
polyarylene - 3 - compounds. The rigid polyarylene polymer mimics a fiber reinforcing agent and
thereby provides self-reinforcing characteristics to a polyarylene composition.  The toughness and
self-reinforcing ciatentegistips of hplyacgibneslivalyrhaveus densividraal effe soohapraisrtstessability of
compositions coptaining.the, RPoly %}J%@% A5l FRLEXADRIG - PAINAINISNESMAY RN RJow melt flow
characteristics and may be susceptible to degradation under process conditions in which the
polyarylene is mekedmamdrsulsjebtedite igh préssuronthend ehavacidistied may require that higher
than normal tem gga&yrrgsrggt%@&ﬂ?ﬁﬁw (ﬁﬁﬁéﬁ% %ss%ggyﬁ'%%(der to injection mold ar_lc_:I/or othgrwise
process some 1 polyary?ene materials. Subjecting the underlying polyarylene composition to higher
temperatures and/or pressuffes piace's hreqslpravdad daodreatsnswesd e pPasiiRty result in
greater susceptiilty.fo decompesiian andinriseploraiony seagtionuih.aimasiesic components
such as oxygen. Suc processing conditions may result in a yellowing and darkening of the
polyarylene 15carhpesitictabilidite andenibey mewd&idiscovered that the cause of discoloration in
polyarylene compositigns sl as tigse i na Raxaene (P gseribegifierein) s due to
the formation of a radical specie that imparts a deep purple color to the polyarylene and can undergo
further reaction tequrpdeice otteerr20orsdediyabilsewsictosffaeiiieT he inventors have further discovered
that the inclysiongfsier g VadsicesRhenob(ehaneliok slebiigers (RRShRURsANLall reduces the
tendency of polyarylene polymers to undergo discoloration during processing and, further, reduces the
degree of degrad#tionltstablipol/aryenagolyafat lewdeddis By nrtighidassding hsSEhe polyarylene
polymers underg&&r‘%&r&mn%g%ﬁ%?&m i sq{il(g{{?ﬁ%pcessing such as injection molding.

ticedable chan

Discoloration may involve a e of color, perceptible by the human eye, so that an
undyed and unpifmente thpohpddyerfeoso thp oaititsn rakear Pistacssdopiiipne tsigen, yellow-green,
yellow, dark blue c%gﬁ{%r Hgg&ﬁi%%@gﬁ%@éﬂé@p has been observed 30 in other thermoplastic

materials and is typicalfly a resu etallic impurities present in the polymer compositions.
Polyarylend Tompositibngatrenpthenitipecic heisdorieatioer ever s tha adssepeetst any significant

amount of metall oi%#féﬂ%%o%iﬂi’&%@r&elﬁ%ﬁ fugher discovered that benzophenone-containing

35polyarylenes are especially susceptible to color degradation. During processing, the benzophenone
moiety of a polyapjt¢pe DRYCGRIItIOrdEal HEMRISH/ENGIVN

FIG. 1 shows a UV-Vis trace of the yellow and purple areas of a
compression molded polyarylene plague.
20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A polyarylene (P1) such as a polyphenylene polymer may have properties
that provide good toughness. Some of these properties may be at least in part a

consequence of the rigid polymer backbone characteristics of some polyarylene



=4 - as a ketyl. Although benzophenone and benzophenone-functionalized polyarylencs are typically
colorless, a benzophenone structural unit of the polyarylene in ketyl faun takes on a deep blue-purple
color. This color is due to the foimation of a ketyl radical which has an absorption in a visible spectrum

at 5about 54W?iﬁ%.ﬂ§ﬁéﬁsketyl radical species are thought to be responsib]fg G?Pﬁ?ﬂ%%ﬁlrﬁe

discoloration but, prior to the inventors' work, had not been shown to directly contribute to yellowing.
Ketyl radicals are known to be reactive under normal3atmospheric conditions. For example, ketyl
radicals may react with any of water, oxygen or 10other components and air to form other chemical
species. The formation of other chemical species such as phenolic compounds may lead to problems

later when the phéRBIROER PR EEE PRINRGRR KARAShE B K3 80 %8 isrotessry. 2ad already
mentioned above,tbendbg peoaissicifrthgpolyarpkene dsshcaiolteppipamlchbheomoltengqoolyarylcne is in
constant contact with the, atmesphares DifferentrdRaompanents el ibe AMesphesensyich as oxygen
subject the polyarylene o, anoxidizing eqvianment. e oxdation, alihendlle hycrgx aroups at high
temperature leads to dlsco%raﬁon, artlcularT')P{He Simation of ah undesirable yeftow and/or light
brown color. Phe RVSATBIO RIS EPRSEBPET RPIHEY EBR% BIHENSA & RERA S faBies can 20couple to
form a pinacol. A pirasotis s inddrexbeonspeuiidewhiciredatide ydeateasasierohitjhicienperature
molding condition {farmdgublesnerds ~Hhisiiteras deubls heRd.can ke apsgurce of crosslinking
under conditions offieat andier,fressiues 6 whsnI e Relyanlens, comppsitans, i motten form
during processing SUCh as In tsneaﬁrarr% o?a mo]l Ing machine. S uebjectlhg po(fygryféne”compositions
including a ponarﬂF@ﬁE???éWng%ﬂ{?&b%}%?ﬁfg’ﬁ@?ﬂ?@&‘#&ﬁ%@@ﬁ‘%ﬁﬁ&?&?@%nomer unit to injection
molding at tdithperptlyeylehabetar880F phpvitesthsjectionymeglpsgapgmscavingsaiputple color. The

purple color is attripgkeshtentieafoisatianofkefyldagicalsdn e pely et Aaing thegolded parts in an
ambient atmosphe‘{%ig%rigt%eriod ofedal¥$ 30results in .gﬁﬁw %h(%rclge froq}drr)lurlg) m’;o yellowish.

..f? M R
Reducing the temperature at which the mdide lp%lrs’[cie ormgoll by m;%lgﬁ%n mo Ing leads to a

consequent reducfiBRAlHOU Y FSEcHPRIRES BIARIeTE CHUPBRSHIESB ALSH SR BIding and yellow
discoloration afterpginsiung toedhiokicdqyars:Fuorthelldecne asihdathienpro of §sing temperature to
around 620F togethefipwithigh concurrent reduction in 35residence time (e.g., the time during which the

polyarylene material is %Jlb'ecteg - 9- to.elevateg mperature :h as 690'!:)3, leads to further
s . egnveﬂ 018 AVC QISCOVITT d C caL}se Gl G18CO ﬁi‘ d(]:]()fl ]t .
reductions in the purple and yellow discolorations observed for the molded article sample.  Further

lowering the proce¥¥irEERTSEraRard ARyt TeaidRpice iR hBe besilenR Cdrplete elimination of
the purple and/or yelovbdideotoratichicEy ére thentitise of arminarl gasibthaketrsucsh dsepitrogen may not
be sufficient for olf@ipiegodor to the polyarylene and can undergo further reaction to produce other
20 undesirable color effects. The inventors have further discovered that the
inclusion of sterically hindered phenol (phenolic) stabilizers (HPS) substantially
reduces the tendency of polyarylene polymers to undergo discoloration during
processing and, further, reduces the degree of degradation that a polyarylene
polymer undergoes during processing.
25 Some polyarylene polymers undergo color changes upon melting and/or
processing such as injection molding. Discoloration may involve a noticeable
change of color, perceptible by the human eye, so that an undyed and
unpigmented polyarylene composition takes on hues of purple, green, vellow-
green, vellow, dark blue and/or black. Similar discoloration has been observed
30 inother thermoplastic materials and is typically a result of metallic impurities
present in the polymer compositions. Polyarylene compositions may exhibit
such discoloration even 1n the absence of any significant amount of metallic
Impurities.
The inventors have further discovered that benzophenone-containing
35  polyarylenes are especially susceptible to color degradation. During processing,
the benzophenone moiety of a polyarylene may adopt a radical form also known



further reduction in color.  Based on the inventors' discovery that the formation of kety1 radicals
during processing leads to color formation, the inventors sought a method of mitigating discoloration in
polyarylene materials, The inventors further 10discovered that the inclusign_of stericall¥4g1indered

WO 201023281 » . : i PCTER2B00M06114s
phenol stabilizers in polyarylene compositions is an effective means to improve ‘color consistency,
color stability and concurrently improve physical properties in polyarylene materials. A first

aspect of the present invention is thus related to a palyarylene 15composition, comprising: one or
more polyarylenes (P1) , and one or more sterically hindered phenolic stabilizers. Including a sterically
hindered phenolic stabilizer in polyarylene compositions provides thermoplastic compositions that
have significantly 3DfBRavet AP ST RATIRE ARt SHTBRYGRePEIIICSRIBMET hind significantly
improved color conslsteyieyssaad optishaltpienissonebepiaplicad ropestivsl sudrohthstrain at break and
modulus. Surprisinglyagniycariainisiailizres oparely stesigaliyhinderethphenslis gtabiizers, were
highly useful for i ' ; il gnor ISl stabili i / Iso
substantially the rr?? tqgé%%tv%qgg'?eaa s%r%? g(lagflﬁi:dsfﬁ{igrt? r%%%ggﬁaagr%slﬁgggﬂgg?g@%ﬁ%@%@ositions. Other
stabilizers such asa%%ép“ﬁifgﬂtya e} ﬁﬁ#féﬁé%lé;}%é@%ﬁ&h%@%ﬁ%ﬁﬁfsﬂ?ﬁas o other
theimoplastic complsitiorpeslisesleiatstabiliz eraioec dovaotoprovids. thesl sigjrificastimprovements in
color, melt flow ratg, tredulusnsiviace feishviand strain at break associated with the sterically hindered

phenolic SOStabiIizer-cqeé@mg@i&@&p@ﬁ%%l% g%qég&gggmer ndgﬁpgﬁg}ﬁgg&i{pent of the invention

the polyarylene composition shows an improvement in yellowness index of at least 10% in comparison

to the yellowness RIEL 8% RS CEMPUsItBN (AACLRH LA AT e L AL HFdeted phenolic
stabilizer. Thidimppoues ererpdnopss iowiase g ibahd:3Bdetreagesin Ml iBwnessinbesselative to the
yellowness index ehthasamecpelyialyesheamposiipnidines thel stesicalbnRingeraddphenolic

stabilizer. - 6 - Prefer he . impr in: I S, 9%.:-30%,.40%, 50%, 60%,
70%, 80%, 90%, fﬂtl % Y0, 1@%%?%2?5%%%5%%%%%2&&?%&65 %%%890@1 s

lyarylené composition of the invention may
exhibit improved stfEEde RSP Wéd%’%%.%“r@&%ﬁ'E Pﬂ]ﬁéaﬁ‘gwgﬁélh@@%‘?ﬂ }J&ftion of the
The molten polyarylene is in constant contact with the atmosphere. Different

15 components of the atmosphere such as oxygen subject the polyarylene to an
oxidizing environment. The oxidation of phenolic hydroxyl groups at high
temperature leads to discoloration, particularly the formation of an undesirable
yellow and/or light brown color.

The inventors have further discovered that benzophenone ketyl species can

20 couple to form a pinacol. A pinacol is a dihydroxy compound which can
dehydrate under high temperature molding condition to form double bonds. This
internal double bond can be a source of crosslinking under conditions of heat
and/or pressure, ¢.g., when in the polyarylene composition is in molten form
during processing such as in the barrel of a molding machine.

25 Subjecting polyarylene compositions including a polyarylene having
structural units derived from a benzophenone-monomer unit to mjection molding
at temperatures of about 680°F provides injection molded parts having a purple
color. The purple color is attributed to the formation of kety! radicals in the
polymer. Aging the molded parts in an ambient atmosphere for a period of days

30 results in a color change from purple to yellowish. Reducing the temperature at
which the molded part is formed by injection molding leads to a consequent
reduction in the degree of discoloration (i.e., purple discoloration after molding
and yellow discoloration after aging) in the molded parts. Further decreasing the
processing temperature to around 620°F together with a cencurrent reduction in

35  residence time (¢.g., the time during which the polyarylene material is subjected



5invention may show much less splay, tiger stripes, blush, flow lines and/or other undesirable surface
effects in comparison to the polyarylenc compositions that do not contain the sterically hindered

phenolic stabilizer. In one embodiment of the invention the polyarylene composition undergoes less
than 1 mol%*of Fo&&iii&hg during processing, e.g., during an 10injectionfEARY E6Mbtession
molding or extrusion molding. Preferably, less than 0.5 mol% of the polyarylene composition

undergoes crosslinking during processing, more prefarably less than 0.25 mol%, 0.1 rnol%, 0.05
mol%, 0.01 mol%, 0.005 mol%, 0.001 mol%, 0.0005 mol%, 0.0001 mol%, 0.00005 mol%, or less than
0.00001 mol%. 15In an embodiment of the invention the modulus of the polyarylene composition is

improved, e.g., inclealSE¥cHjCENEARE 254 5h B diiskid thBrheuiatic P e dbRRIKAENe composition
without the stericaliydhyatleredigpblenaimsidiitizerl Brebenablyetdhetiviedutnsiés improved by at least 3%,
4%, 5%, 10%, 15%, 20%,-@lleashe B paliRan.eobrdinentRdhe.inyentionhe.siraip at break of
the polyarylene COI':Q%?tSiiltli%Qnilslie glt\rlﬁg,t% ﬂ creases Il];)?\? art Iel?st ]%9% inrgtomp riso%&o the strain at
break of the ponaryFene composition wi Sutt e's_Pth):aI?y' in eereCBNp %_(“hoo IC Sl%lbl_lg%r}‘. referably, the
strain at break is irhsreled By aaehen o chawnigoesn 40es nsbbs sBHwcroby, BvsInDes, 100%,
150%, or at least 200%r RFttwpaivargiene (fl1) For the purpose of the present inventionLaln arylene

group is a hydrocarbon glivalent @FAHPARAFIHAG QP AR COREGRMRGS ¢ IiANagnzenic ring or of a
plurality of benzenH: riings fused toge ner bXISh rn twotgr more nei hb%rin riﬁﬁ]é:afbon atoms, and
y

g DrOCESsin or formation, the mvenfors sought a Ing
of two ends. 30Non imitatve exémbales 0 aryﬁene groups are phenylenes, nap fenes, anthrylenes,

phenanthrylenes, f@ﬁ%@ﬂ?l@ﬁ%ﬁﬁﬁﬁb&%ﬂéﬁ@é??ﬁyﬁﬁ%@ﬁe&%‘6@?9@rﬁ%@ﬁés. The arylene
groups (espéddiallydiseonurmbibring ofttesimgparyaalgtdmsgwe phaahsebili-accardance with the
recommendations gfithg, GRGiandkeak LE bamisiaad R ysise e 4l R dilinnpages C1-C44,
especially 35p. CI él(; orlzag)?‘g orgq%%g%%ug%rﬁw 11%3{ E%L%regc&%a- 76 7 rtfé%lgngl ronfgn% present usually a
certain level of aromaticity; 5¥ IS reason, they are often rep&ﬁe%cas ardmatic’ groups. The level of
aromaticity of the &teh&Sgroups depends on the nature of the arylene group ; as thoroughly explained
in Chem. Rev. 2003, 108 f3449:8608F, 1A ronseticity aftigo igcicl cctCahju g atdga-yctocarbons”, the level
of aromaticity of a golyexalicnarematisfpydrocarbon can be notably quantified by the "index of benzene

character" B, as def;ilg%gfggrg. g@gl fg%tsgﬁ%m%gaper; values of B for a large set of polycyclic
aromatic hydrocarBon are rep}jor cd’on table 4’0% Same page, incorporated herein by reference. 10An

end of an arylene §F65 ROEREEAREHENTrA Risidis Sad%ie8htained in a (or the) benzenic ring of the
arylene group, wherein bmlhyideogearatoy himkeddpbaidl carbbiiatom fudgabdem:removed. Each end of

an arylene group i%&ﬁﬁ&%@@fﬁﬁmﬁwﬁeﬂ%ﬁ%ﬂ%rx@f,%‘ih%ﬁé?ﬁﬁ{'ﬂ%é SEReANend of an arylene
group, or mogg Pregisely e IiRgR CRRANR AIREING IR e % RRIR § 1u GaR R anay
improved color consistency, and optionally improved physical properties such as
strain at break and modulus. Surprisingly, only certain stabilizers, namely
sterically hindered phenolic stabilizers, were highly useful for improving color,
and still more surprisingly, these stabilizers improved also substantially the melt
25 flow rate and surface finish in molded parts i polyarylene compositions. Other
stabilizers such as phosphite-type stabilizers may be effective for improving
color in other thermoplastic compositions but such stabilizers alone do not
provide the significant improvements in color, melt flow rate, modulus, surface
finish, and strain at break associated with the sterically hindered phenolic
30  stabilizer-containing composition of the invention,

In one embodiment of the invention the polyarylene composition shows an
mnprovement in yeliowness index of at least 10% in comparison to the
yellowness mdex of a like composition that does not contain the sterically
hindered phenolic stabilizer. The improvement in yellowness index is the

35  decrease in yellowness index relative to the yellowness index of the same

polyarylene composition without the sterically hindered phenolic stabilizer.



15characterized by a direction and by a sense; to the purpose of the present invention, the sense of
the end of an arylene group is defined as going from the inside of the core of the arylene group to the
outside of said core. As concerns more precisely arylene groups the ends of which have the same

direction, suliPEiH%H  be either of the same or opposite sense; also, &P ERAYUAN HE in the

20straight foregoing of each other, or not (otherwise said, they can be disjoint). A polyarylene is
intended to denote a polymer of which more than 5Q @it. % of the recurring units are recurring units
(R1) of one or more formulae consisting of an optionally substituted arylene group, provided said
optionally substituted arylene group is linked by each of its two ends to two other 25optionally
substituted arylen&'§feiapy s HmeQEIt ykiige redpdse BtdiatyBaniietdefarylene group is
linked by each of it§twoBadate, Widoties,dpidnallisubstitutest abPlene groups via a direct C-C
linkage, is an essential feathgg a5 1B IREMFHNE INHSHR B e HRYS RN AABNEFREMFERNY unit which is
linked by at least on a%fe i%s tS Q e&gﬁiéa a aé}trogl %t}paer t%aﬁﬁogxlegeesgc%og&%%chf s phenylene
recurring units pi, y2 and hn-}r elow -2 (Si % - - 511-3 92 o recutprlng uni S%ﬂl) in the sense
of the present invéRTBRIOTRRE NN EWFSURYS SPiRhiSRIHE Rt M- uitR Ra dxristsn be
35unsubstituted. Alvdesativielyyitfaey déavthenswstitited foytiat pehst daecrmompygtantssbifgstituting group.

- 8- The monovglegt sibatifwingoroun isieuallynabpoiparicdn nature ; its molecular weight is

preferably below 500, more Epref{)ar II nt%%lp%f{e%ggé %glclllnr%%re rgfelg%lé)lg belogllvti%go and most preferably

b
below 150. The monovalent su sﬁ%g group Is advanta _o{lsrt‘{/ a SQ?[IJIERﬁZIn group. 5A solubilizing
group is one increB&isEERse Sehibaty Bl PoRpiriidRe Ay 18 HORSEERSreSorBEHIE &Blvent, in
particular in &t leastjerinhdiltiet yotrassiceNkanet vy lpyrslidinosiéinge Rarfiethidphssphoric triamide,
benzene, tetrahydyeft@n %@@mﬂmy%@&&%&%@&%@&g@& @%&@iﬂ%ﬂ@&%@g _the synthe_sis of
the polyarylene (Plf)ogé/S Samscaalﬁjlgoan gﬁ&l%%?nfeasgwaﬁr& 5_5501‘370 illﬁ%? g}g}p%v@enr}mt S bstltu.tlng group is
also advantageoug a grotp which'increases the fusi ity oF thie Po drylene (P1), i.e. it lowers its
glass transition tefhBératlre Qr%?ﬁt@%‘@ﬂ%%@%’%&-ﬁ%ﬁ%@%ﬁ@%%‘iﬁe polyarylene (P1)
suitable for thermd0eessints, or lesPiwhe abdpOthmationovalent substituting group is chosen from : 15-

Eygrocargy:q such as ai@ﬁ,eﬁ{m@%mlalm}% gﬂ@@[&duqml@mdlaalag@m% 5?1513@1&@', -Br, ;\F and -;
yarocarbyl groups partially or complet substitute tleastone halogen atom such as
nalogenoakots, Tt SHIRIEE Yy IRV BY S0 AT e e

modulus of the polyarylene composition without the Steric-a){ly hindered phenolic
stabilizer. Preferably, the modulus is improved by at least 3%, 4%, 5%, 10%,
15%, 20%, or at least 25%.

20 In an embodiment of the invention the strain at break of the polyarylene
composition 18 improved, e.g., increases, by at least 10% in comparison to the
strain at break of the polyarylene composition without the sterically hindered
phenolic stabilizer. Preferably, the strain at break is improved by at least 15%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, or at least 200%.

25  The polyarylene (P1)

For the purpose of the present invention,{:én arylene group is a hydrocarbon
divalent group consisting of one core composed of one benzenic ring or of a
plurality of benzenic rings fused together by sharing two or more neighboring
ring carbon atoms, and of two ends.

30 Non limitative examples of arylene groups are phenylenes, naphthylenes,
anthrylenes, phenanthrylenes, tetracenylenes, triphenylylenes, pyrenylenes, and
perylenylenes. The arylene groups (especially the numbering of the ring carbon
atoms) were named in accordance with the recommendations of the CRC
Handbook of Chemistry and Physics, 64" edition, pages C1-C44, cspecially

35 p.CH1-C12, incorporated herein by reference.



20hydroxyl ; hydrocarbyl groups substituted by at least one hydroxyl group, such as hydroxyalkyls,
hydroxyaryls, hydroxyalkylaryls and hydroxyaralkyls ; hydrocarbyloxys [-O-R, where R is a
hydrocarbyl rou , such as alkoxys, aryloxys, ancylaryloxys and arallcyloxys ; 25- amino (-NH2) ;
hydrocarbyl gwghtuted by at least one amino group, such as amif W@%’Wé%ﬁ’ﬁmoaryls
hydrocarbylamlnes [-NHR or -NR2, where R is a hydrocarbyl group] such as alkylamines and
arylamines ; 30- carboxylic acids and their metal or apumonium salts, carboxylic acid halides,
carboxylic anhydrides ; hydrocarbyl groups substituted by at least one of carboxylic acids, metals or
ammonium salts thereof; carboxylic acid halides and carboxylic anhydrides, such as -R-C(=0)OH

where R is an alkyl or dﬁrﬁﬁﬂ%%ﬁﬁs @BSW&%&%YW@%PSITY@@@?@W%W@ &R, where R is a
hydrocarbyl groupiessmh ﬁs;aﬂxyle&bar&par;déstéfaoaik;até?gkestsrs%&demétb@mﬂmscﬁyQf amido

[-C(= O)NHZ][2¥de§§f9MhQ@HQ§s stitdteddhy alleast are. At Mﬁ@ﬁ[ﬁzl?midg
monoesters ac ch as alkylamides,
ez( ﬁai %mw Bara gﬂwyi%ﬁﬁde h%/é(/ﬁicégb %aml grg &( 0)NR2 or

arylarnides, alkylaéy amides and. ylami
-N-C(=0)R2, wher& TEtAY GRAEamIYd Hﬁ@ﬁéﬁ e?é%‘&ﬁk?}f‘é(rﬂfd’e@ bj armaties ; sulfinic acid
(-S02H), sulfonic dgidr¢<808k Fathleimotebdal graminedriiythesalischylbeoachydulfanes BS{s0)2-R, where

R is the hydrocarhydgaupl j51eh psraHodsmiangss: a«@ﬂ@glmﬁnadk%@é}é@tﬂ%ﬁ@kylsulfones

10aldehyde [-C(=Q)H] a loformyls % X Whe s al halo gen atom drocarbylketones
[-C(---0)-R, Where%}]’sja{:%y‘é%rocarg%grou stc as% 'ketol é’ arﬂﬁo né?gﬁﬁﬁarylketones and

aralkylketones ; h ﬁ%%xyhydrocarbylketones [-C(= 0) RI-0- R2 where Rl is a divalent
15hydrocarbidh group stotreas driaticylemegminraiy/tefie; ancalby lafl yterrboorattnmaralikyilerienpreferably a

Ci-Cis atkylene, a@@W&%@nﬁrﬁb%@%ﬂ%@ﬁ@y@@’é&%ﬁ%@%%&@&d%@}% ¥l wreep, or an alkylene
group substituted P(}’ at dIea%t a?ogl nsyb qro i%’ﬁ’( e?cfi Eac (%rg{g:aarqﬁgrou g %uc%ga%%an alkyl, aryl,
e etone

alkylaryl or aralkyl roup suc as a yloxya ones

alkyloxyalkylarylketb RSB 1B 1E3kpee W@M%@C%}@&b&mwefah@@y HPToRy Y@ Hes,
aryloxyalkylarylketorresrandcangioxyatalkytieatardse; cdivgiof thenabidwesgrbaps contprising at least one
hydrocarby! gsoupfeadéyaent hydiecathomdmupBlswhereinsaichysnacaryhgroup or said Rl is

mvention, the sense of the end of an arylene group is defined as going from the
inside of the core of the arylene group to the outside of said core. As concerns
more precisely arylene groups the ends of which have the same direction, such
ends can be either of the same or opposite sense; also, their ends can be in the
20 straight foregoing of cach other, or not (ctherwise said, they can be disjoint),
A polyarylene is intended to denote a polymer of which more than
50 wt. % of the recurring units are recurring units (R1) of one or more formulae
consisting of an optionally substituted arylene group, provided said optionally
substituted arylene group 1s linked by each of its two ends to two other
25 optionally substituted arylene groups via a direct C-C linkage. That the
optionally substituted arylene group is linked by each of its two ends to two
other optionally substituted arylene groups via a direct C-C linkage, is an
essential feature of the recurring units (R1) ; thus, an arylene recurring unit
which is linked by at least one of its two ends to a group other than an arylene
30 group such as phenylene recurring units ¢1, @2 and ¢ below :
-0-¢1-S(=0); -,
cO-Qa2-0r-0-
are not recurring units (R1) in the sense of the present invention.
The arylene groups of which the recurring untts (R1) consist can be
35  unsubstituted. Alternatively, they can be substituted by at least one monovalent
substituting group.



25itself substituted by at least one of the above listed monovalent substituting groups, e.g. an
arylketone -C(=0)-R, where R is an aryl group substituted by one hydroxyl group ; where : - the
hydrocarbyl groups contain preferably from 1 and 30 carbon atoms, more 30preferably from 1 to 12
carbon atom%%ﬁ@‘gﬁ?f’ﬁ%re preferably from Ito 6 carbon atoms ; the aIkyF 5?&?&'986%% preferably
from 1 to 18 carbon atoms, and more preferably from 1 to 6 carbon atoms ; very preferably, they are
chosen from methyl, ethyl, n-propyl, isopropyl, n-butyd,-isobutyl and tert-butyl ; 35the aryl groups are
defined as monovalent groups consisting of one end and one core composed of one benzenic ring
(such the phenyl group) or of a - 10 - plurality of benzenic rings directly linked to each other via a
carbon-carbon linkage AOYREHiHSHH B a8 Ty to Bt ARY By ShHr v iR e 6T more
neighboring ring caxddes:ktomsgigus prastiigyrizghinthid @ noapspreiachviphbetin I, ratd) canlson atoms are
possibly substitutgﬁ@yr@ggﬁ@ggm@gﬁgg%9mggdglgm§§5,wq5@tom ; preferably, in the aryl groups, no

ring carbon atom is sublsﬁié%%gl d'vetlpe% ta\Sr lg%&“é)s gglrlltalisna%r]ef%agg St%roertr]; (g z}f))i quncarp%n atoms more
preferably, they are phenyl groups;  ~ the al I?gro' p whic ,|sgcon ined n %’he %I%)ﬂa‘tr)yl groups

meets the 10prefefetftlBGFHSSEIRD 1§ RHERCEE PRI exlyiubsel tharPRRIV GRS WAH is contained in
the aralkyl groups!raseisdhegprefertrogsopitiednyligrm lgstamabbuenestpléssednideMore preferably,
thh% monot:/eltlent Sqbﬁﬂ&ﬁ?lﬁy%f&%ﬁﬂ%n@b9&%’%@@5}1&%}6?;5%@6%'&%9&?)%;{z@;(eg))'R, \r/]vhere Ris ad |

ydrocarbyl group] and 15hydrocarbyto recar etones [-C(-0)-RLO-R2, where Rl is a divalent
Pycocarben arous L B A B e e e ea s T
hydrocarbytoxyhydY8tisiy Mdhsiedssikguldi betanleror Lobeneed By APIesst one of the above
listed monovidlent substifttimggroups.sgtkiimone prafpiablyy tie anepovalent sabptititihg group is
chosgn fromd20aryﬂgeé@g1@e‘g%rfds@r|m%%@@Wﬁﬁa@;}e}m@ﬁq@a@a@ﬁ@ gaay;k%z%mu@tones being
unsubstituted or substituted by at least one of the abqve, listed monovalent,substituting groups.  Most
preferably, the moﬁ%ﬂ?ﬁfé‘ﬁ rg(j‘égﬁ%ﬂ m%t 5}%88 ’3%a(sl?r?s%l‘ft§lsﬁg|'%¥elgf frﬁl%&(gxae{y?ﬁnga% ularitis
phenylketone [-C (SR &R fgrmoprocessing.

Preferably, the monovalent substituting group is chosen from :
15 - hydrocarbyls such as alkyls, aryls, alkylaryls and aralkyls ;

— halogenos such as ~Cl, -Br, -F and -1 ;

— hydrocarbyl groups partially or completely substituted by at least one halogen
atom such as halogenoalkyls, halogenoaryls, halogenoalkylaryls and
halogenoaralkyls ;

20 — hydroxyl;

— hydrocarbyl groups substituted by at least one hydroxyl group, such as
hydroxyalkyls, hydroxyaryls, hydroxyalkylaryls and hydroxyaralkyls ;

— hydrocarbyloxys [-O-R, where R is a hydrocarby! group], such as alkoxys,
aryloxys, alkylaryloxys and aralkyloxys ;

25 - amino (-NHy);

— hydrocarbyl groups substituted by at least one amino group, such as
aminoalkyls and aminoaryls ;

- hydrocarbylamines [-NHR or —-NR,, where R is a hydrocarbyl group] such as
alkylamines and arylamines ,

30~ carboxylic acids and their metal or ammonium salts, carboxylic acid halides,
carboxylic anhydrides ;

~ hydrocarbyl groups substituted by at least one of carboxylic acids, metals or
ammonium salts thereof, carboxylic acid halides and carboxylic anhydrides,
such as -R-C(=0)OH where R is an alkyl or an aryl group ;

35  — hydrocarbylesters [-C(=0)OR or —O-C{=O)R, where R is a hydrocarbyl
group] such as alkylesters, arylesters, alkylarylesters and aralkylesters ;



25The core of the optionally substituted arylene group of the recurring units (RI) is composed of

preferably at most 3, more preferably at most 2, and still more preferably at most one benzenic ring.

Then, when the care of the optionally substituted arylene group of the recurring units iRI is composed
%ﬁs‘?

of one benz%?czﬂhaéqzﬂ%glrecurring units (RI) are of one or more formulae’ szﬁfﬁgégg '30an optionally

substituted phenylene group, provided said optionally substituted phenylene group is linked by each of
its two ends to two other optionally substituted arylere-groups via a direct C-C linkage. As above
explained, the optionally substituted arylene group of the recurring units (RI) is linked by each of its
two ends to two other optionally 35substituted arytene groups via a direct C-C linkage. Preferably, it is
linked by each of ts3HELHGS TR biher optionally substituted phenylene groups via a direct C-C
linkage.  As also dydumakpl inads bdtibnebtof thisasptionathydeudsstiuted arylene group of the
recurring units (R1) caareaehasacitrsaetopatab|ytiy@NIgCciomand bhy)arsengee R ib\dfirst set of

recurring units Suitaq{?ﬁioﬁ?ﬁg'l;gg%#pgfcﬁ%@aﬁ?y‘fﬁﬁ?ﬁ’&?@%ﬁkﬁ@&% | %glgﬁﬂgége%grylene groups,

the ends of which have the s ection, are of opposite sense, a are In the straight
foregoing of each otﬁé?lméar'@éf}f’ér?ﬁ%W?B%?B?Wﬁﬁﬁdﬁmg%ﬁém@ﬁﬁﬁﬁf WURBRimitative
examples of such optibneif susostituendtahdenpgrougsandledizlamidep hetilendataides named
p-phenylene) a 1,4-naphihylene( abddphenantuyiensend) 2i-pheranthalensiam salts,

— hydrocarbylsulfones [-S{=0);-R, where R is the hydrocarbyl group], such as
alkylsulfones, arylsulfones, alkylarylsulfbnes, aralkylsulfones ;

10— aldehyde [-C(=0)H] and haloformyls [-C(=0)X, wherein X is a halogen
atom] ;

- hydrocarbylketones [-C(=0)-R, where R is a hydrocarbyl group], such as
alkylketones, arylketones, alkylarylketones and aralkylketones ;

— hydrocarbyloxyhydrocarbylketones [-C(=0)-R'-O-R%, where R’ is a divalent

15 hydrocarbon group such as an alkylene, an arylene, an alkvylarylene or an
aralkylene, preferably a C;-Cisalkylene, a phenylene, a phenylene group
substituted by at least one alkyl group, or an alkylene group substituted by at
least one phenyl group ; and R*is a hydrocarbyl group, such as an alkyl, aryl,
alkylaryl or aralkyi group], such as alkyloxyalkylketones,

20 alkyloxyarylketones, alkyloxyalkylarylketones, alkyloxyaralkylketones,
aryloxyalkylketones, aryloxyarylketones, aryloxyalkylarylketones and
aryloxyaralkylketones ;

— any of the above groups comprising at least one hydrocarbyl group or a
divalent hydrocarbon group R', wherein said hydrocarbyl group or said R is

25 itself substituted by at least one of the above listed monovalent substituting
groups, ¢.g. an arylketone -C(=0)-R, where R is an aryl group substituted by
one hydroxyl group ;

where :

— the hydrocarbyl groups contain preferably from 1 and 30 carbon atoms, more

30 preferably from 1 to 12 carbon atoms and still more preferably from 1 to
6 carbon atoms ;

— the alkyl groups contain preferably from | to 18 carbon atoms, and more
preferably from 1 to 6 carbon atoms ; very preferably, they are chosen from
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl and tert-butyl ;

35  — the aryl groups are defined as monovalent groups consisting of one end and
one core composed of one benzenic ring (such the phenyl group) orofa



aaa a llir and 1,4-anthrylene and 9,10-anthrylene aa 4111* a and a 2,7-pyrenylene Si.| we
1,4-naphthacenylene and 5,12-naphthacenylene Sa aa aa a and a 1,4-chrysenylene S an INI a

1,4-triphenylylene and 2,7-triphenylylene aa alla and 11,* 1,4-pentacenylene, 5,14-pentacenylene and
6,13-pentacehYIEHYEE#Y aa PCT/EP2009/061145
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plurality of benzenic rings directly linked to each other via a carbon-carbon
linkage (such as the biphenyl group) or fused together by sharing two or more
neighboring ring carbon atoms (such as the naphthyl groups), and wherein the
ring carbon atoms are possibly substituted by at least one nitrogen, oxygen or
sulfur atom ; preferably, in the aryl groups, no ring carbon atom is
substituted ;

— the aryl groups contain preferably from 6 to 30 carbon atoms ; more
preferably, they are phenyl groups ;

— the alkyl group which is contained in the alkylaryl groups meets the
preferences of the alkyl groups as above expressed ;

~ the aryl group which is contained in the aralkyl groups meets the preferences
of the aryl groups as above expressed.

More preferably, the monovalent substituting group is chosen from
hydrocarbylketones [-C(=0)-R, where R is a hydrocarbyl group] and
hydrocarbyloxyhydrocarbylketones [-C(=0)-R'-0-R?, where R' is a divalent
hydrocarbon group and R*is a hydrocarbyl group], said hydrocarbylketones and
hydrocarbyloxyhydrocarbylketones being unsubstituted or substituted by at least
one of the above listed monovalent substituting groups.

Still more preferably, the monovalent substituting group is chosen from
arylketones and aryloxyarylketones, said arylketones and aryloxyarylketones
being unsubstituted or substituted by at least one of the above listed monovalent
substituting groups.

Most preferably, the monovalent substituting group is an {unsubstituted)
arylketone, in particular it is phenylketone [ -C(=0)-phenyl 1.

The core of the optionally substituted arylene group of the recurring units (R1) is
composed of preferably at most 3, more preferably at most 2, and still more
preferably at most one benzenic ring. Then, when the core of the optionally
substituted arylene group of the recurring units (R1) is composed of one
benzenic ring, the recurring units (R1) are of one or more formulae consisting of
an optionally substituted phenylene group, provided said optionally substituted
phenylene group is linked by each of its two ends to two other optionally
substituted arylene groups via a direct C-C linkage.

As above explained, the optionally substituted arylene group of the
recurring units (R1) is linked by each of its two ends to two other optionally
substituted arylene groups via a direct C-C linkage. Preferably, it s linked by



aaaaaaa,aanda -13-1,6-coronenylene 044 4.6.. -- 1,4-trinaphthylenylene,
2,9-trinaphthylenylene and 5,18-trinaphthylenylene 111 It eat* ? .

WO 2010/023281 PCE/EPZ009/061145
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each of its two ends to two other optionally substituted phenylene groups via a
direct C-C linkage.

As also above explained, both ends of the optionally substituted arylene
group of the recurring units (R1) can be characterized notably by a direction and
by a sense.

A first set of recurring units suitable as recurring units (R1) is composed of
optionally substituted arylene groups, the ends of which
- have the same direction,

— are of opposite sense, and
— are in the straight foregoing of each other
[hereafter, rigid rod-forming arylene units (R1-a)].



and ele and any of these groups substituted by at least one monovalent substituting group, as
above defined, in particular by a phenylketone group. Good results were obtained when recurring units
(R1 -a) are &'io%%%ﬁ#sk%stituted p-phenylenes. 5Recurring units (Rl -a), when contained in the
polyarylene(ﬁ’ )2 resultin straight polymer chains exhibiting an outstandiﬁﬁﬂﬁr&ﬂgﬁl?—%}%is reason,
such polyarylenes (PIl) are commonly referred to as "rigid-rod polymers”. A second set of recurring
units suitable as recurring (R1) is composed of optiehaHly substituted arylene groups, the ends of
which 10- either have a different direction, folming thus together an angle between 0 and 1800, said
angle being possibly acute or obtuse, or have the same direction and the same sense, or have the

same direction, ar&'9t Bppatie SaREles Rl R 8igienb HYtshieiee Srisgneraregaintidt each other)
15[globally hereaququg;gg;ggg @s&inkniQrming arylene units (Rlij. Then, aTirst subseét of recurring

units (Ri-b) suitable as recurring units (R1) isjcomposed of optio ubstituted arylene groups, the
ends of which have’® ﬁ?@l‘a}?ﬁdirection, forming together an acute angle [recurring units (R1-b1)]. Non
limitative examples of optionally substituted arylene groups 20t%s of which have a direction

h

different from each ptherphrictuge : - 14 - 1,2:phenylene (or o-p lene) a 1,2-, 2,3-and 1
7-naphthylenes

14-phenanthrylene and

-0

2,7-phenanthrylene

o
faa
[= 9

1,4-anthrylene and
9,10-anthrylene

ooy &Y

oo

w
]
O,

2, 7-pyrenylenc

CL |
‘OO

1,4-naphthacenylene and
5,12-naphthacenylene

QOOOO

w
=

1,4-chrysenylene

OOOO

1,4-triphenylylene and

¢
O’O
J
k0

2,7-triphenylylene

I, 4-pentacenylene,
5,14-pentacenylene and

6,13-pentacenylene

QL
20 &




Ollaaaand 1,2-, 1,8-, 1,9-, 2,3-, 2,5- and 2,10- phenanthrylenes aa aaa aa SaWmaaaaa*
and41 and 1,7-anthrylenes al,2- aa a a * and and any of these groups substituted by at least one
monovalent substituting group, as above defined, in particular by a phenylketone group. A second
subset of re&ﬁ?rﬁ%gﬁ'ﬁ' %Ri-b) suitable as recurring units (R1) is composg o ﬁgiwssubstituted
arylene groups, the ends of which have a 5different direction, forming together an obtuse angle
[recurring units (R1-b2)]. Non limitative examples of optionally substituted arylene groups the ends of
which have a direction different from each other, include : - 15 - 1,3-phenylene (or m-phenylene)

1,6-coronenylene 098

1, 4-trinaphthylenylene,
2,9-trinaphthylenylene and ’
5,18-trinaphthylenylene O

and

and any of these groups substituted by at least one monovalent substituting
group, as above defined, in particular by a phenylketone group.

Good results were obtained when recurring units (R1-a} are optionally
substituted p-phenylenes.

5 Recurring units (R1-a), when contained in the polyarylene (P1), result in
straight polymer chains exhibiting an ouistanding rigidity. For this reason, such
polyarylenes (P1) are commonly referred to as “rigid-rod polymers”.

A second set of recurring units suitable as recurring (R1) is composed of
optionally substituted arylene groups, the ends of which
10 — either have a different direction, forming thus together an angle between 0 and
180°, said angie being possibly acute or obtuse,
— or have the same direction and the same sense,
— or have the same direction, are of opposite sense and are disjoint (i.c. not in
the straight foregoing of each other)
15 [globally hereafter referred to as kink-forming arylene units (R1-b)].
Then, a first subset of recurring units (R1-b) suitable as recurring
units (R1) is composed of optionally substituted arylene groups, the ends of
which have a different direction, forming together an acute angle [recurring
units (R1-b1)]. Non limitative examples of optionally substituted arylene groups
20 the ends of which have a direction different from esach other, include :



a 1,3 - and 1,6-naphtylenes aaaaand1,3-,1,5-, 1,7-, 2,4-, 2,9- and 3,10- phenanthrylenes a aft - a
all Wa aa aa. W aa Oaaia and and 1,6-anthrylenes al,3- aa a a aand and any of these groups

substituted by at least one monovalent substituting group, as above defined, in particular by a
phenylketong 3281 PCT/EP2089/061145

- 14 -

1,2-phenylene (or o-phenylene) ,D

’
1,2-, 2,3~ and 1,7-naphthylenes O O
O
, and
1,2-, 1.8-,1,9-, 2,3, 2,5- and 2,10- Q , \ Q ,
phenanthrylenes
‘.
OQ QQ and QQ

g
1,2- and 1,7-anthrylenes O ’
Q and

and any of these groups substituted by at least one monovalent substituting

group, as above defined, n particular by a phenylketone group.
A second subset of recurring units (R1-b) suitable as recurring units (R1) is
composed of optionally substituted arylene groups, the ends of which have a
5  different direction, forming together an obtuse angle {recurring units (R1-b2)].
Non limitative examples of optionally substituted arylene groups the ends of
which have a direction different from each other, include :



A third subset of recurring units (Ri-b) is composed of optionally substituted arylene groups, the ends
of which have the same direction and the 5 same sense [recurring units (R1-b3)]. Non limitative
examples of optionally substituted arylene groups the ends of which the same direction and the same
sense includ® 28 %fthylene a a 1,10- and 3,5-phenanthrylenes a aa HridEE2q0%/0g1145
and9-anthrylenes a a Land a a a and any of these groups substituted by at least one monovalent
substituting group, as above defined, in particular bya phenylketone group. - 16 - A fourth subset of
recurring units (Ri-b) is composed of optionally

1,3-phenylene (or ;
m-phenylene)

()
1,3 - and 1,6-naphtylenes ¢ 0 ¢

193'9 195'9 137'3 234'3 2a9' and
3,10- phenanthrylenes

1,3- and 1,6-anthrylenes @

and any of these groups substituted by at least one monovalent substituting
group, as above defined, in particular by a phenylketone group.
A third subset of recurring units (R1-b) is composed of optionally
substituted arylene groups, the ends of which have the same direction and the
5 same sense [recurring units (R1-b3)]. Non limitative examples of optionally
substituted arylene groups the ends of which the same direction and the same
sense include :

1,8-naphthylene

1,10~ and 3,5-phenanthrylenes

1,8- and 1,9-anthrylenes

o] &

and

and any of these groups substituted by at least one monovalent substituting
group, as above defined, m particular by a phenylketone group.



substituted arylene groups, the ends of which have the same direction, are of opposite sense and are
disjoint [recurring units (R1-b4)]. Non limitative examples of such optionally substituted arylenc groups

include : 1,5- ano{l}12,6-na htylenes 0 ea * andr 1,6-, 3,9- and 110 11011
W-. . 1145%4 %?? -, 1,10- and 2,6-anthrylenes 111 O*a *Wa, a a

-16 -

04.10

B

henanthrylenes 4110a
009/061145

A fourth subset of recurring units (R1-b) is composed of optionally

substituted arylene groups, the ends of which have the same direction, are of

opposite sense and are disjoint [recurring units (R1-b4}]. Non limitative

examples of such optionally substituted arylene groups include :

1,5~ and 2,6-naphtylenes i

1,6-, 3,9- and 0 O O
4,10-phenanthrylenes OQ QQ and QQ
. an.

@ @
1,5-, 1,10- and 2,6-anthrylenes Y Y
& | & and w,

5 and any of these groups substituted by at [east one monovalent substituting

group, as above defined, in particular by a phenylketone group. Preferably,

recurring units (R1-b) are chosen from recurring units (R1-b1), recurring units

(R1-b2) and recurring units (R1-b4). More preferably, recurring units (R1-b) are

chosen from recurring units (R1-b1) and recurring units (R1-b2). Still more

16 preferably, recurring units (R1-b) are chosen from recurring units (R1-b1). Good

results were obtained when recurring units (R1-b) are optionally substituted m-

phenylencs.

Recurring units (R1-b), when contained in the polyarylene (P1), result in

more or less kinked polymer chains, exhibiting a higher solubility and fusibility

15 than straight polymer chains. For this reason, such polyarylenes (P1) are

commonly referred to as “kinked polymers”,
Recurring units (R1) are preferably chosen from :

— recurring units (R1-a) which are substituted by at ieast one monovalent

substituting group [choice (A)] ; and

20~ mixes of recurring units (R1-a), which can be substituted or not by at least one

monovalent substituting group, with recurring units (R1-b), which can be

substituted or not by at east one monovalent substituting group [choice (B)].

Choice (B) is generally more preferred than choice A,

Choice (A)

25 Recurring units of choice (A) are recurring units (R1-a) which are

substituted by at least one monovalent substituting group.



5and any of these groups substituted by at least one monovalent substituting group, as above defined,
in particular by a phenylketone group. Preferably, recurring units (RI-b) are chosen from recurring units
(R1-b1), recurring units %{Flil-bZ) and recurring units (R1-b4). More preferably, recurring units (RI-b) are
chosen fromWQ&%r‘l‘fF?ﬁ% its (R1-b1) and recurring units (RI-b2). Still moreF $BFTeREAHI Fecurring units
(R1-b) are chosen from recurring units (RI -bl). Good results were obtained when recurring units (Ri-b)
are optionally substituted mphenylenes.  Recurringunits (RI-b), when contained in the polyarylene
(P1), result in more or less kinked polymer chains, exhibiting a higher solubility and fusibility 15than
straight polymer chains. For this reason, such polyarylenes (PI) are commonly referred to as "kinked
polymers". Recurring URRE (RIVHAE Bréferaancisioblm by lonet sihisiy wiedtby R1cas) Wiich are
substituted by at leasiconEmearisvialént sudgtituting group [choice (A)] ; and 20mixes of recurring units

(R1-a), which can be supstityied, pRolRy atIpaHAPRINCARVAIeRLSHRstIINg,group, with recurring
units (RI-b), which_can bq Sl{lb tit %etd ornotb hat-leert ope mon%v lent surltzﬁ LLE#? group [choice (B)].
Choice (B) is generpgﬁl;(l)“%glrlesures erfedrthan cholce A Ch |(d,léof2\r) PERESm g“ its’ of choice (A) are
recurring units (RIMrhicH Svdsgpduteserpl 2t lexkeerbissbydiere dylbstramg group. - 17 -
Said recurring ufni@@ﬁf%@wépﬁ&@aeﬁ%%@yﬁtm mmeﬂ%i@ramllalent Eub_stit_uting
group. Very preferghly, SR PRERYIeASS SHPRUILLES at least one monovalent substituting
group chosen fromﬁ%fggo%aﬁ%;lliggnes g%g:%g%%vq%r% Riis a rrlyd{;of(::?rtbgl %group] and
hydrocarbyloxyhy(?lyocarﬁy ketones EE?(T:%S _ﬁ? RS \%hesre_ Mg a Thvalen %y rocarbon group and R2
isa hydrocarby! grévisHisRs 1y ahrbRar By ke aHb e BRIy Ay liteabyIRéBbs being
themselves ufisubstitut8dlbmsubstitfeted! pytiateash-phengions walewnitsub $itutirgsgoadp as those above
listed. 10Still more pyeiesabbxthex @i RBhE IRRS & SHbSURR LY.l 6381008 nanalent
substituting group g@&)gerﬁkfert%@ g@éﬁ(?ﬁ%g{lzqge 5%(!:0%/3&1:% kgto (ﬁd Eg]ilﬁ?a{ﬁige%ong%and
aryloxyarylketones‘abeinré unsubsttuted or urﬁs tuteq )} ES Solnl_%ae hoCAIERES s?lituting group as
those above listed!¢ast onqieRit el SBRFtiHEY PR IR diie Reav s disistuted by an arylketone group,
Most preferably, they are p-phenylenes substituted by an arylketone group,

I5  inparticular by the phenylketone group.
Choice (B)

Recurring units of choice (B) are a mix of recurring units (R1-a), which
can be substituted or not by at least one monovalent substituting group, with
recurring units (R1-b), which can be substituted or not by at least one

20  monovalent substituting group. When such a mix of recurring units is contained
in the polyarylene (P1), said polyarylene (P1) is commonly referred to as “a
kinked rigid-rod polymer”.

The recurring units of choice (B) are preferably a mix (MB) of recurring
units (R1-a) chosen from optionalty substituted p-phenylenes, with recurring

25 units (R1-b) chosen from (1) optionally substituted m-phenylenes and (ii) mixes
of optionally substituted m-phenylenes with optionally substituted o-phenylenes.

The recurring units (R1-a) of the mix (MB) are preferably p-phenylene
units substituted by at least one substituting group. More preferably, the
recurring umts (R1-a) of the mix (MB) are p-phenylenes substituted by at least

30 one monovalent substituting group chosen from hydrocarbylketones [-C(=0)-R,
where R is a hydrocarbyl group] and hydrocarbyloxyhydrocarbylkeiones
[-C(=0)-R'-0O-R?, where R' is a divalent hydrocarbon group and R%is a
hydrocarbyl group], said hydrocarbylketones and
hydrocarbyloxyhydrocarbylketones being themselves unsubstituted or

35  substituted by at least one monovalent substituting group as those above listed.
Still more preferably, the recurring units (R1-a) of the mix (MB) are



15in particular by the phenylketone group. Choice (B) Recurring units of choice (B) are a mix of
recurring units (RI-a), which can be substituted or not by at least one monovalent substituting group,
with recurnn&gqﬁo@gﬁ, which can be substituted or not by at least oneP?F(;)r{monO\ﬁlent substituting

group. When such a mix of recurring units is contained in the polyarylene ?%%ﬁg 661§/%1rylene (P1)is

commonly referred to as "a kinked rigid-rod polymer”.  The recurring units of choice (B) are
preferably a mix (MB) of recurring units (R1-a) chosel# from optionally substituted p-phenylenes, with
recurring 25units (R1-b) chosen from (i) optionally substituted m-phenylenes and (i) mixes of

optionally substituted m-phenylenes with optionally substituted o-phenylenes.  The recurring units
(RI -a)of the mix (rl?r@dﬁ‘ eﬁfél‘@%ﬁ‘ﬁﬁ&?’eﬁ %ﬁ%@%ﬁi?&ogﬁﬁg%fﬁt PR S BB stituting group.
More preferably, th@wesiittieignennsd Reyley siylieionssviB) andkstprsrafidnes substituted by at least

30one monovalentsustititingoges tieishaserbiamdydratatylketongsd: ¢ csR)rnvhere R is a

hydrocarbyl group.and:ydracaipylomdiydracaiylie onss G lERRIIRL. Wik Rhis a divalent
hydrocarbon >3rou§}l§nd R2 I%? hydrocarbyl group], said h roca{bﬁ keto es and

Yy
hydrocarbylosyhydP3earEsTk At E?F?&? ﬂ‘l‘é’ef\‘}e"s@r&ﬁg{%@ﬁt & EBSHINEY by at least one
monovalent substitutind-éfais hsahasaci by Buisted Bamr& prefefdbpymikd Yebumerg-units (R1-a) of
the mix (MB) are pH&iylpaphenylgnes dubstiieddpatleast one snoaaualgpicskitsiing group

chosen from arylk oA I , Sal ( es being
unsubstituted or sgt)gs%i%ﬁgggsg%% Ieast%ﬁpﬁ%mlaogr?’o?g%%%ﬁ %%?tﬂ%(g’g%)ﬁ%?&@%ve listed. Most
u

preferably, they aré p PR A& SBE B RS WP S TRRSHES PuE, i 8Rfcular by the
phenyiketonélgrouponovelssbpkaiubingramashatie fevniirgosatty iRidice - HebR(MB) are
mphenytene units wiierallyaSulastitkied byoapleasthoincibsliuingemupiMasepreferably, essentially
all, if not all, the reﬁ@ﬁﬂ@ﬂ-ﬂﬂi@?—ﬁﬁ,ii@&é ﬁ‘%’ﬁ%@ﬂ@ﬁ%&%ﬂ%@ﬁ‘%&%ﬂﬁ ynitg mehich are optionally
substituted by at Iéaér on Qmon vSaI.%rg SlfIbStrI u b??% %%irou 8_chosen from hydrocarbylketones
[-C(=0)-R, where NS AVAr By 5]1;%8 EX}‘ %?E xyhydrocarbylketoncs [-C(=0)-R1-0-R2,
where Rl is a divalsieespbslertongesty kawrs siagtparschinterduplusdigthydrocarbylketones and
hydrocarbyld¥yhydubeatinytkesonés:heingrthamnstivesibnsubistipiac as tbsubbsiytedddy at least one
monovalent _Substiﬁﬁﬁm&é%ggaﬁﬁrgégsaﬁm ligtancttih QY e PEEiGEARIYS ersantialyall. if not all., the
recurring un!ts (Rl-b ‘f gﬁ mix r% %ay{e gn§L#1bst| ute.d m-phenylene u i'Ys !ﬁo preferably, aII'the
recurring units (Rf?tl)% ﬁ\rde airﬁhuél ‘31/ én%uﬁﬂl%. % G%WB&?H{@I’?%I‘ a{%’ id* f&ﬁe recurring units
(Ri-b), based on 20HEtBENHIHbEPORIRBled oftifadER#ring units (R1-a) and (RI-b), is usually of
In the mix (MB), the mole ratio of the recurring units (R1-b), based on
20 the total number of moles of the recurring units (R1-a) and (R1-b), is usually of
at least 1 %, preferably at least 5 %, more preferably at least 20 %, still more
preferably at least 30 % and most preferably at least 40 %. On the other hand, in
the mix (MB), the mole ratio of the recurring units (R1-b), based on the total
number of moles of the recurring units (R1-a) and (R1-b), is usually of at most
25 99 %, preferably at most 95 %, more preferably at most 80 %, still more
preferably at most 70 % and most preferably at most 60 %.
Good results were obtained when the recurring units of choice (B) were a
mix of p-phenylene substituted by a phenylketone group with unsubstituted
m-phenylene, in a mole ratio of about 50:30.
30 The polyarylene (P1) may be notably a homopolymer, a random,
alternating or block copolymer.
Optionaliy, the polyarylene (P1) may further comprise recurring
units (R1*), different from recurring units (R1).
Recurring units (R1%) may contain or not at least one strong divalent
35  electron withdrawing group linked on each of its ends to an arylene group. Non



at least 1 %, preferably at least 5 %, more preferably at least 20 %, still more preferably at least 30 %
and most preferably at least 40 %. On the other hand, in the mix (MB), the mole ratio of the recurring
units (Ri-b), based on the total number of moles of the recurring units (R1-a) and (RI-b), is usually of at
most 2599 8" BrefdfaRF at most 95 %, more preferably at most 80 %, stif aloFB2pYeReEabiy at most 70
% and most preferably at most 60 %. Good results were obtained when the recurring units of choice
(B) were a mix of p-phcnylcne substituted by a phenytietone group with unsubstituted m-phenylenc, in
a mole ratio of about 50:50. 30The polyarylene (P1) may be notably a homopolymer, a random,
alternating or block copolymer.  Optionally, the polyarylene (P1) may further comprise recurring
units (R1%), differeHiieHyssaamme ohierpRMeRats (i d rresofRush srepedivalimionemttoat least one
strong divalent 35el¢btdan,tihasaping :group linked on each of its ends to an arylenc group. Non - 19
- imitative examples of regerring units=(RI +) free of such strong divalent electron withdrawing group
are : Recurring @i @ préferably at least one strong divalent electron withdrawing
group linked on each of its'ends to an-rylene group, in particular a p-phenylene group(iYhe divalent
electron withdrawing . group is preferably chosen from the sulfone group [ - S(-0)2-], the carbonyl group
10[- C(=0) - ], the vinylene group [ -CH-CH- ], the sulfoxide group [ -S(-0)- ] the azo group [ -N=N-],
saturated fluorocarbon grgupy like -C(CF3)2-, organic phosphine oxide groups [- P(=0)(=Rh) -, where
Rhis a hydrocarbyrﬁpoﬁe_ethylidene group [-C (=CA2) -, where A can be hydrogen or
halogen ]. More preferably, the divalent electron withdrawing group is chosen from the #sulfone

group and the carbony! gEaupi 5l e Y elarahrAREMTNG HASAR LrbArachRsen from : ()

recurring units of fofrnul.a . . : . ,
g efectron withdrawing group linked on each of its ends to an arylene group, in

particular a p-phenylene group. The divalent electron withdrawing group is
preferably chosen from the sulfone group [ — S(=0),- ], the carbony! group

10 [- C(=0) - |, the vinyiene group [ -CH=CH- ], the sulfoxide group [ -S{=0)-1],
the azo group [ -N=N- ], saturated fluorocarbon groups like ~C(CF3),—, organic
phosphine oxide groups [- P(=0}=R;) —, where Ry, is a hydrocarbyl group] and
the ethylidene group [- C (=CA;) —, where A can be hydrogen or halogen ].
More preferably, the divalent electron withdrawing group is chosen from the

15 sulfone group and the carbonyl group. Stili more preferably, recurring

units (R1%) are chosen from :
(i} recurring units of formula

(l? —
(3)
(11) recurring units of formula
o O
il 1]
< > T < >
20 c © (4)
wherein Q 1s a group chosen from
/f““““\z\ /\'\'\T{-T'\x J!f‘ﬁﬂ“\ . ff‘.‘.'.‘.‘.‘.‘:.'\ss—— ;"‘-1‘.‘::::\&
et/ W { - - J— Ot S
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jj‘:.'l\'}l‘&"\
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0 0 (ii) recurring units of formula 0 0 (1 11 S-Q-S 11 11 0 0 wherein Q is a group chosen from r\ with n
being an integer from 1 to 6 and n' being an integer from 2 to 6, Q being preferably chosen from 4/\

5and (iii) recurring units of formula -Ov-a (iv) recurring units of formula 0 Q__ 10wherein (; is the group
as above deﬁ’ned%ﬁm 281 PCT/EP2009/06114

-20 -

- (CHZ)H, T
with n being an integer from 1 to 6 and n’ being an integer from 2 to 6,
Q being preferably chosen from

\ -m “’b\
<’5’ - zf—\\

5 and ,

(iil) recurring units of formula

OO

(iv) recurring units of formula
O O
L0

10 wherein Q is the group as above defined.

&)

(6)

Preferably more than 25 wt. %, more preferably more than 50 wt. %, and
still more preferably more than 90 wt. % of the recurring units of the
polyarylene (P1) are recurring units (R1). Most preferably, essentially all, if not
all, the recurring units of the polyarylene (P1) are recurring units (R1).

15 Excellent results were obtained when the polyarylene (P1) was a
polyphenylene copolymer, essentially all, if not all, the recurring units of which
consisted of a mix of p-phenylene substituted by a phenylketone group with
unsubstituted m-phenylene in a mole ratio p-phenylene:m-phenylene of from
5:95 to 95:5, preferably of from 70:30 to 30:70, more preferably of from 60:40 to



Preferably more than 25 wt. %, more preferably more than 50 wt. %, and still more preferably more
than 90 wt. % of the recurring units of the polyarylene (P1) are recurring units (R1). Most preferably,
essentially all, if not all, the recurring units of the polyarylene (P1) are recur units (R1). 15Excellent
results were SBEIMEERIREN the polyarylene (P1) was a polyphenylene copy T{ﬁ%’%ﬁ“}%‘%@éi’ﬂlally all, if not
all, the recurring units of which consisted of a mix of p-phcnylene substituted by a phenylkctone group
with unsubstituted m-phenylcne in a mole ratio p-phenylerie:m-phenylene of from 5:95 to 95:5,
preferably of from 70:30 to 30:70, more preferably of from 60:40 to 40:60, and still more preferably of
about 50:50. Such a polyphenylene copolymer is commercially available from Solvay Advanced
Polymers, L.L.C. d¥PHnBSHiempsRIsrpaIoh kel apie omrrbr B nehmbanalemARMAX(r) 1500. Good
results were also abtailyedmihemthepalyaaypiaid (Pi)waslaakidksdhaigidivacdpolypiemdene

copolymer, essentalhlhitnpkals iR KAHIIATIR ALHARGPASISIEd LRGN of p-phenylene
substituted by a phenyl%e

Wlt bstl ted phe lene in ote rati
p-phenylene:m- phenylene (()pfr ?r%rigs e qo@ 8116%1 %’ré’feragf’ }8?“3 (}%g‘ﬁso g%%e%ore preferably
of from 82:18%0 9@&@4&6@%@@@%@%%}5@%&&%@%azl%/ isialh HpKReITTORg Bl
polyphenylene copdhwinel i©cosnhefcialiy &vailatfle-flomy BalvaybAdved ded Bhdymikessy: L C. as
PrimoSpire(r) PR- g&ﬁpwxﬂaﬁmgﬁ@té@fmﬁ%mﬁm @%BQRM@M% mmgﬁk@lﬁeﬁéarylene (P1)

has usually an abs te ight ayer molec t r OOO ef greater than
5,000, more preferqj%l vr\tt)a%a% tiééh@%%égou%%%éﬁ gt§ m%re pré eraol §/g?léa§! an 15,000. On
the other hand, th@%s%dt%tﬁlg jH a‘@ér%?&b@ﬁ?ﬂé%ﬁfﬁ}iaW&QHWéély%}?}%@ﬁﬁ) is usually below
100,000, and {preferablyodgiowrEndBe koprdyarinscenairicasbsathdl ghddyhoyedvanay have a high

absolute weight a\@@d{mm@ @fsw@ught ef FramoRPiRB0R. LD AANRRS {sraby-fram, 60,000 to
90,000, or for 70 OknO to 20 tain embodiment, the absolute weight average molecular

weight of the polyary ene |s al ove ,000, preferably between 25,000 and 50,000. In another
embodiment, it is at moSE3E: W%E%%d@ﬁﬂ%ﬁ?%@%@ﬂ@%t%%mwaﬁﬂ sometimes of at

most 20,000. All valughtlymeethmé Stitaulefaliids areexpressiPlitciudepasitinsiterent, for

example, in the rapge 20,000 &%@@@m@gw& x221000; 28080151 24,000 absolute

weight average m Ie%ut%] \/\g)eli% eavr‘%efxlpgggr sl e'ndfjc %r erelgt Tﬂﬁ ab O|UtF %e taverage
the T determined as desct

molecular weight for 64 aforementioried values Is determined SCri herein. The

polyarylene (P1) cAHE driFp L0 @it PsErdinbriviy PORRY JIoscaenin saybaIRatESi.e. it has a
melting point). It istiprgfdraiicammorpheusa highl hesplolymyiehea(Rirhakglisswahsition temperature

of advantageouslysal¥e,56iCo RigfelRbbrabave, O sanshmerepiefesahly APOXEd 50C. The

polyarylene QT)l) cgh 62)% pfgpare a[lgy agé&neégtoﬂle agso %I% erpﬁfth()d for prep arlﬂg the golyarylene (P1)

comprises po ymerlz’ng preferably f/ reductive coupling. atleast orms dnaloarylen folecular
compound consistifd fm%*aﬁf&{& 9%@8§ﬁﬁﬁé&%@y%?@r§?&|betbv?ﬁ’8@%qm o @¥h of its two

ends In another embodiment, it is at most 35,000; in this embodiment, it 1s often of at
most 25,000 and sometimes of at most 20,000, All values between the stated
values are expressly included as if written out, for example, in the range 20,000-
25 25,000, the values 21,000, 22,000, 23,000 and 24,000 absolute weight average
molecular weight are expressly included herein. The absolute weight average
molecular weight for each of the aforementioned values is determined as
described herein.
The pelyarylene (P1) can be amorphous (i.e. it has no melting point) or
30 semi-crystalline (i.c. it has a melting point). It is preferably amorphous.
The polyarylene (P1) has a glass transition temperature of advantageously
above 50°C, preferably above 120°C and more preferably above 150°C,
The polyarylene (P1) can be prepared by any method. A suitable method
for preparing the polyarylene (P1) comprises polymerizing, preferably by
35  reductive coupling, at least one dihaloarylene molecular compound consisting of
one optionally substituted arylene group, which is linked on each of its two ends



- 22 - to one halogen atom, such as chlorine, bromine and iodine. The elimination of both halogen
atoms from a dihaloarylene molecular compound results in the foi[nation of an optionally substituted
arylene group, suitable as a recurring unit (R1) of the polyarylene (P1). 5Thus, for exa
elimination 6@ &{H Wiithe atoms from one molecule of p- d|chIorobenzeﬁ&rﬁﬂg%ﬂ?&%ﬂfghenyl and
their homologous of general founula C1-(9):\--C1, N being an integer from 3 to 10, results in the
formation of respectively 1, 2 or N adjacent p-phenylghe units ; thus, p-dichlorobenzene,
10p-dichlorobiphenyl and their homologous of general formula Cl-(y)N-C1, N as above defined, can be
polymerized, so as to form p-ph.enylene units ; 2,5-dichlorobenzophenonc Sp dichlorobenzophenone)
can be polymerlzéa 086 BrlegerpiAt: &“@@ﬁﬁ%ﬁﬁé@l@ﬁé}e%ﬁs"? ine. The elimination of
2,5-dichloro-4'-phéntxybe paopleendnecadibdpojjemerirde sar astpdondresults in the
151,4-(4-phenoxyhenzayipbenylprshiiisibsMiritishigiehepaane saauieRalyiparizedinse as to form
m-phenylene unlt i] rf(%glll I—1||nd red B enolic Stabilizer  As mentioned, the composition in
accordance with t venti gorrvmrlsé t least one sterically hindered phenol stabilizer (e.g., the
sterically hindered 2%%%1.@&%5}}?2& ‘described herein as HPS) and at least one polyarylene (e.g.,
the polyarylene (P1) itlestribedihedinpth ci8eenealyrkidensthphenahdtaldilizers are well known to
those skilled in the aﬁ.d]'ép@o%gﬁi@ggﬂhé @@@mmgpﬁ@mgﬁoﬁﬁ@ggg@maﬁn the polyarylene
composition of the |niyent1|l NAS. &gte&c%lg hindere oI| hiliz r in Eﬁ ébroa st conventional
Y

C1g nie ET mm Tes
meaning of the term. It can be viewed as an pﬁeno erlvatlve iarom th roxy v Substituent of the

phenol cycle is stericlikFMsriRRAY by 8f Raasrt Btﬂﬁ%?“@ﬂﬁ%%d ook Eéﬂ’ﬁ@‘r?@&ﬁ?’?ﬁﬁl%osmon ortho

to the carbodtatom bedritdptiobiplyeindand tbeip lafithé phend] wycie (R ukdUatagédusiys the hydroxy
substituent of the phenelCysirdg sm{ig@gmg’&é}i@@@r@phpyo%}gaﬁtmﬂwmﬁq@ups at least one first

bulky group being f|x§g EP?%le? é)réoa e@oir?c'ﬁa ?1‘ ortho to he cggbon atorgf bearln the hydroxy

group of the phenol cycle east orie 0 %bellﬁ OJrgﬂ%n e?ﬁa ixBaelther | td the other carbon
atom in position orthBSt@tﬁ’é‘%érﬁéhea%B?ﬂpﬁé’éY H’é“h%/droxy group of the phenol cycle (Rh), or to the
carbon atom in positibh- m&bthMMmzamm@mhMQmaptarﬁm position para to

the first bulkygroup ﬁ%)(ﬁrﬁ{gﬁa%mﬂm@w@yggﬁwent of the phenol cycle is sterically - 23 -
hindered by two bulk %h_%rgﬁl% oﬁQ&Q&%&E’H@/ H%ro nz S 01%'1 carbgenalt(:om in posmon ortho to the
g)a

¢ U
carbon atom bearlng roup 0 ) eno cyc e Ifll<y group being fixed
to the other carboR &5 ; tofeledrbon atom bearlng the hydroxy group of the phenol
cycle 5 (Rh). Any bulky@mmméfmostensaw hirdesidgnitevhidtoxipsuttstitcempofthe phenol
cycle is in p”nClp|atSua@%fQ6m@§l?§1§hﬁr’@&|kk%ﬁ@b%@ﬁlﬁ@r l%hgaﬂ% Rbras1ongnas:ii$ chemical nature
does not affeg de pgﬁ%%r&g ldne rereries ALANG RAMSDSTELMRASIUAN RHY Rrapg suitable for use

as the bulky groups |nc
he po’[yary cnc (P1) described herein).

Sterically hindered phenol stabilizers are well known to those skilled in the
art. The sterically hindered phenolic stabilizer (HPS) contained in the
polyarylene composition of the invention is a sterically hindered phenolic

25  stabilizer in the broadest conventional meaning of the term. It can be viewed as
any phenol derivative wherein the hydroxy substituent of the phenol cycle is
sterically hindered by at least one bulky group fixed to a carbon atom in position
ortho to the carbon atom bearing the hydroxy group of the phenol cycle (R,).
Advantageously, the hydroxy substituent of the phenol cycle is sterically

30 hindered by at least two bulky groups, at least one first bulky group being fixed
to a carbon atom in position ortho to the carbon atom bearing the hydroxy group
of the phenol cycle (R} and at Jeast one other bulky group being fixed either to
the other carbon atom in position ortho to the carbon atom bearing the hydroxy
group of the phenol cycle (Ry), or to the carbon atom in position meta to the

35 carbon atom bearing the hydroxy group and in position para to the first bulky
group (R;). Preferably, the hydroxy substituent of the phenol cycle is sterically



10advantageously C1-C30 hydrocarbyls, acyclic C2-C30 monovalent groups comprising at least one
heteroatom (such as -CH2-0CH3 and-CI-12- C(=0)0CI-13) and C0_30 monovalent groups comprising
at least one heterocycle such thiophene and pyridine cycles). Non limitative examples thereof include :
C2-C30 hydrseam fhes [-C(=0)-R, where R is a hydrocarbyl group], S&GEHEBAEALEL 30
alkylketones (in particular, phenylketone)> C7-C30 arylketones, C8-C30 allcylarylketones and C3-C30
aralkylketones ; C3-C30hydrocarbyloxyhydrocarbyllfg%o_nes [-C(=0)-121-0-R2, where R1 is a divalent
hydrocarbon group], such as aryloxyarylketones (in pdrticular, phenyloxyphenylketone) ; and 20-
monovalent mono- or polycyclic groups comprising at least one cycle including one or more nitrogen

atoms, such as :_afhdeked by Bulky 860, RG advary 2 51530 bydacadhy!. Similarly,
the bulky group Rh, when, greS%rc‘;ttﬁha

nta rocarb}g 53‘ milarly, the bulky

 group Rg when pre’é‘e‘ﬁ’t | aé)vantageous %% :E yﬁgy&%&éarﬁdﬁ&&éggf it rocgrbyl groups
suitable for use as tiel®(He) B RE ‘R’H‘&rﬁ@m} 'i’teé&ﬁ?fédd?e‘ée 0@?@%@%@?@ Yuch as methyl,
ethyl and C3-C[0 alydiica®rh6C 8¢ antensuah beaphethyd, hEBeCBEralivytéfspismoh @sltolyl), and - 24
- - C6-C30 aralkyls gUC A g;%)% BaMsr e ihis RSN Eth? lyu@gmﬁtwe" as Rh and
R, when present, a end rom e gh ottq% fncrlus?esacs) ore Erﬁfe'ﬁ‘ ﬁey are
selected from the g ??‘ é %Yr é?wlélop gﬁlglp sultd

as long as its chemical nature does not affect demmenta}ly the properties of the

polymer composition.

Bulky groups suitable for use as the bulky groups Rg, Ry and R; include
10 advantageously C;-Cjp hydrocarbyls, acyclic C-Cyo monovalent groups

comprising at least one heteroatom (such as —CH,~OCHj; and-CHj--

C(=0)OCHj3) and Cy.30 monovalent groups comprising at least one heterocycle

such thiophene and pyridine cycles). Non limitative examples thereof include :

— (»-C3p hydrocarbylketones [~C(=0)-R, where R is a hydrocarbyl group], such

O

15 as Cp-Csp alkylketones (in particular, phenylketone ), C-Cao
arylketones, Cg-Csg alkylarylketones and Cg-Cag aralkylketones ;
~ (3-Cso hydrocarbyloxyhydrocarbylketones [-C(=0)-R'-O-R?, where R' is a
divalent hydrocarbon group], such as aryloxyarylketones (in particular,
phenyloxyphenylketone) ; and
20— monovalent mono- or polycyclic groups comprising at least one cycle

including one or more nitrogen atoms, such as :

N
/N\ =N _
N— ~— /N
o~ 7 ‘ N
N g Cl

The bulky group R, is advantageously a C;-Csp hydrocarbyl. Similarly, the
vulky group Ry, when present, is advantageously a Ci-Csp hydrocarbyl.
25 Similarly, the bulky group R;, when present, is advantageously a C1-Csp
hydrocarbyl.
As Cy-Cag hydrocarbyl groups suitable for use as the bulky groups R, Ry
and R;, it can be cited :
— C-Csp alkyls, such as methyl, ethyl and C3-Cyp alkyls,
30— CgCsparyls, such as phenyl,
- Cg-Cyp alkylaryls (such as tolyl), and



5groups of from 3 to 30 carbon atoms and a-branched aralkyl groups of from 6 to 30 carbon atoms. By
the term "a-branched alkyl group" is intended one in which the carbon atom of the alkyl group which is

bound to a ngg%%é?&g@&?f the phenol cycle is also bound to at least two gther carbon atoms of the

alkyl group erm "a-branched aralalkyl group” is intended one in which TRe ¢athon 10atom of

the aralalkyl group which is bound to a carbon atom of the phenol cycle is also bound to at least two
other carbon atoms of the aralkyl group. Still more pi&ferably, they are a-branched alkyl groups of from
3 to 10 carbon atoms. Examples thereof include : isopropyl, sec-butyl, tert-butyl, 1- methyl-pentyl and

tert-pentyl. 15The mast preferably, Rg, as (@H{}g R ar&%Ri when present, are tert-butyl [-C(CH3)3].
Excellent results V\Ter(és(’b(g’fa?ﬁaé ¥ h%"r&l’f{ag‘\T\\//é 5;5153”, Frivad prelehtand Rh was also tert-butyl,
and R was absent. Preférissrbindbrett phbroRetabdlikerdi¢h PSjcatcasslodraieshgim class of 20
alkylated monophengis@se the'clags,of esterified hindered phenol substituted acid stabilizers (the

latter being disclosed ”MB‘?efH}Qfé&Hé'ﬁéfa?égsr’el%g’écﬁ}grﬁ)ﬁé’%‘ &ééf&' {ihe grhilﬁlcontent of each
being also expressly incorporated here irl)o by Wayé)J r?ﬁerence . Examples o ated monophenols
are 2,6-di-tertzbut Qﬁ%ﬁprﬁ%ﬂ‘-nzegﬁﬁéﬁa P RSB SREARSS 8%@%989T&ﬁ%%éﬁqethylphenol;
2,6-di-tertbuty1-4-Albutpphiasis. 2 drademb Uey branpsBaliip esoen’” 2séngingedopenty 1-4- methylphenol;
2,6-dioctadecyl-4whethyiphenol 2¢hbotricycithexdphencth2stodhtad-Degtod apetbexymethylphenol
aaters of 13-(3.5. 0 e B L Blsahols, .
with methanol, eth%% f:6%%%&%5%?8%&?&%{@?@%@(%é%tfg’lfkfﬁﬁ’?dﬁéﬂg ISttA&he glycol,
1,2-propanedibl, ndepertiiapydelihigeiahyhehd gipuod Wietbatereatsiyrol tMetyiehe ¢lycol,
pentaerythritol, trigghydrosyetiyhisacyancrater bhlohigtydeoxyeinily3bo¥alamide and the like; - 25
- esters of f3'(5'tert'bUtgliﬂ'l%fy%%‘é@‘e%am?mﬂ?Q@&%Eﬂ&ﬁ%@i&l%ﬁigrg‘ﬂ JPRRQ--O),Polyhydric alcohols,

e.g. with methanol, ethanol, octangl, octadecanol, 1,6-hexanediol,”1,9-nonanedjol, ethylene glycol, 1,2-
propanediot, neop%%f)?ﬁé‘fﬁc%‘l’,%i?&‘iﬂf?ﬁé ﬁé%%i%’ﬁ%i’&ﬁﬁ%?f@ 1@[&!@8?@???@%%@5’ iycol,
pentaerythritol, tris{siataxgErh gnddeéysatifate, N,N'- bis(hydroxyethyl)-oxalamide and the like; esters
off3-(3,5-dicyslohexyl-AysiaxypifenpiprpwveReaikRyidhd RO hRabydec.alcahals, e.g. with
methanol, ethanol g« tage I1 octadecanol, 1,6- hexanediol, 1,9-nonanediol, ethylene glycaol,
1,2-propanediol, neopeﬂ%eﬁglg(l¥col thiodieth IenéaW I)e/g%gdleth Iggg@gl}y}%?&glethylene lycol,

esufts were obtaine was tert present an
Ry, was also tert-butyl, and R; was absent.
Preferred hindered phenol stabilizers (HPS) are selected among the class of

20 alkylated monophenols and the class of esterified hindered phenol substituted
acid stabilizers (the latter being disclosed more fully in US-A- 3,285,855 and
US-A-3,644,482 (the entire content of each being also expressly incorporated
hereinto by way of reference).

Examples of alkylated monophenols are 2,6-di-tert-butyl-4-methyl-

25 phenol; 2-butyl-4,6-dimethylphenol; 2,6-di-tert-butyl-4-ethylphenol; 2,6-di-tert-
butyl-4-n-butylphenol; 2,6-di-tert-butyl-4-isobutylphenol; 2,6-dicyclopentyl-4-
methylphenol; 2,6-dioctadecyl-4-methylphenol; 2.4,6-tricyclohexylphenol; 2,6-
di-tert-butyl-4-methoxymethylphenol and mixtures thereof.

Examples of esterified hindered phenol substituted acid stabilizers are:

30 - esters of B-(3.5-di-tert-butyi-4-hydroxyphenylpropienic acid with mono- or
polyhydric alcohols, ¢.g. with methanol, ethanol, octanol, octadecanol, 1,6-
hexanediol, 1,9-nonanediol, ethylene glycol, 1,2-propanediol, neopentyl
glycol, thiodiethylene glycol, diethylene glycol, triethylene glycol,
pentaerythritol, fris(thydroxyethyl) isocyanurate, N,N'-bis(thydroxyethyl)-

35 oxalamide and the hike;



pentaerythritol, tris(hydroxyethyl) isocyanurate, N,N-bis(hydroxyethyl)- oxalamide and the like; esters
of 3,5-di-tert-buty1-4-hydroxyphenylacetic acid with mono- or polyhydric alcohols, e.g. with methanol,
ethanol, octanol, octadecanol, 1,6- 15hexanediol, 1,9-nonanediol, ethylene glycol, 1,2-propancdiol,
neopentyl glj%gl Wga‘"ié%ylene glycol, diethylene glycol, triethylenc glycoﬁ' é%ﬁﬁ@

tris(hydroxyethyl) isocyanurate, N,Nr-bis(hydroxyethyl)- oxalamide and the like. Among these hindered
phenol stabilizers (HPS), those belonging to the 20class of csterified hindered phenol substituted acid
stabilizers are preferred. Among these, the esters of 13-(3,5-di-tert-buty1-4-hydroxyphenyl)propionic
acid with polyhydric alcohols are espec:|al referred. The most preferred hindered phenol stabilized

(HPS) which may be SHEBYPbPARF SrRELErIN RS TneLBriisSiioR STitmeciEntidh is pentaerythritol
tetrakis [3-(3,5-di-t-bubykd- @Sivyehekyphoybregionatehcommk rtiatipavaitable from Ciba Specialty

CthgrrlcaI?HuFr;g)erb the%é@qefm? 'fgﬁeﬁ%ﬂlcﬂloil@monﬂk%%\ﬁ@Q%l@ﬁé%ﬁ%&ftfl@ htmdggedt@enol .
stapllizer ased on al we 1on eas WL. 70, preterably
e e R A R P G B

of at least 0,1 wt.%. §e§3cpes eno ifizer O(HPS) based on
the total Welgﬁt of th é%ﬁﬁ‘é"r %Jé’ﬁ?bdﬁﬁ@ﬁ%@éﬂe%ﬁ@ﬂ%ﬁﬁ%%k‘%ﬁ%m&“ﬁﬁ preferably of at most
2.5 wt.%. In some enbixdiditrexysthyd-oicedaredepheniod Biabilizer is present in amounts of at least 0.15

Wt.%, at least 0.2 wt. %t é@@S(tst?eﬁ F)@ldﬁeﬂll-@ﬁ%d?eﬁﬁﬁeﬁy J@@%ﬁ@: B Abigast 0.4 wt.%, at
least 0.45 wt.%, at Iea W a( ast 03[? WwWit, % least 350 %5 wt.%, at least

at
0.7 wt.%, at least 0. 7%0\/?; X (Ca%s 16 g%vt %132?1 3@3{\}\% ‘%Cta{l?e 5 T /6 at least 0.95 wt.%,
at least 1.0 wt.%, at Iﬁ%ﬁ’tﬂ?d@@zvll i%nﬁfldn%ohlé@é’tl@?)g}\)‘lc% b?é’ﬁ?@é@’f’@!@ \Rﬁ%cﬁfh’él at most 0.2 wt.%,
preferably atlfhost 0.25wt, %atictiode: 3iwtcdhhdathmest @l3&oWwtdéthatamostydod, wt.%, at most 0.45

wt.%, at most 0.5 wt.fenatmast; %smty%@o@gm%tl%@yaﬂu@a@t NIRSLA @MY tRYfDOSt 0.7 wt.%, at
most 0.75 wt.%, atmost08wt / ost 50.85 wt.%, at most 0.9 wt.%, at most 0.95 wt.%, at most

l
1.0 wt.%, at most 2.0 Wi ?ua mos B(Wt %, or at most 4.0 wt.%. All values and ranges between the

stated values and/or ?%Fﬁ@e%f é%@%ﬁi%@éwlﬁ&&i@@&%‘fmﬁﬁéﬁ atift Withmanes@ain preferred
embodiment, the polyaiylede cdoupobitiop. efitheniriventiortieonbistsaob the pdbpanglend-and the sterically

hindered phenolic 10gtahiliaey, ite)- Ho%@ﬁ&iﬂ@téiﬁﬂ@iél Wopthgfﬂ@fﬁ%ei HRA8 Qt!rflef preferred
embodiment of the mvent o&o lyﬁglgary r&gicgrqgogjltlo cc%nstlgg essent allg of the polyarylene and
t

the sterically hlndereé r‘%eno ic sta e it may be 1 {?f ottier redlent or it may comprise
one or more further iRGREGTRIHIERY Arburtostab WS?R%W%IIV’& @&(WWBY&Dpertles of the
polyarytene 15compasiiemjdaciutithglike tensile strength, tensile modulus, tensile elongation at break,

melt flow rate and coloqagn{@@tidjl@gaqﬂﬁglgfpﬁ;gg@qj &gg}p@g}gmﬁgf thednem E{ﬂg thenRolyarylenc

composiion sgnsisia esseNAI ST e RENRIT U R SIPISE bRt esRerial sabilzer and one
Among these the esters of B~(3,5-di-tert-butyl-4-hydroxyphenylpropionic acid

with polyhydric alcohols are especially preferred. The most preferred hindered
phenol stabilized (HPS) which may be incorporated successfully into the
composition of the invention is pentaerythritol tetrakis {3-(3,5-di-t-butyl-4-

25 hydroxyphenyl)propionate] commercially available from Ciba Specialty
Chemicals under the trade name Irganox® 1010.

The weight percent of the hindered phenol stabilizer (HPS) based on the
total weight of the composition is generally at least 0.05 wt.%, preferably of at
least 0.1 wt.%. Besides, the weight percent of the hindered phenol stabilizer

30 (HPS) based on the total weight of the polymer composition is generally of at
most 5 wt.%., and preferably of at most 2.5 wt.%. In some embodiments the
hindered phenol stabilizer is present in amounts of at least 0.15 wt.%, at least 0.2
wt.%, at least 0.25 wt.%, at least 0.3 wt.%, at least 0.35 wt.%, at least 0.4 wt.9%,
at lcast 0.45 wt.%, at Ieast 0.5 wt.%, at least 0.55 wt.%, at least 0.6 wt.%, at least

35 0.65 wt.%, at lcast 0.7 wt.%, at least 0.75 wt.%, at least 0.8 wt.%, at least 0.83
wt. %, at least 0.9 wt.%, at least 0.95 wt.%, at least 1.0 wt.%, at least 2.0 wt.%, at



In other embodiments the polyarylene composition of the invention 20contains one or more of fibrous,
lamellar or particulate fillers and/or reinforcements. Fibrous fillers and/or reinforcements include glass
fiber, silica-alumina fiber, alumina fiber, carbon fiber and aramid fiber. Examﬁ)les of lamellar or

particulate fiNePS WG einforcements may include talc, mica, graphite, Woldhras Cafcium

carbonate, dolomite, clay, glass flake, grass beads, barium 25 sulfate and titanium oxide. Particulate
fillers having a high thermal conductivity are preferregk Preferable compositions include mixtures of
materials in which the polyarylene composition of the invention is the only organic thermoplastic
material and is present in amounts of at least 50% by weight based on the total weight of the

composition. 30THEMHAS Mkt réilirstcefnshte Hid st invdompasiiehly ¢t Msholyarylene
composition of thedi@fentidnamantduhtst 66 GlaRB0NHT te il \weighd, (defarabht &<t 00 parts by weight
phef 128093”5 b%/ “@@Wﬁ@% ;HQ%Y oy :\%ﬂ%f 'iﬁtﬁﬁ@@!l@_y Wt%l,tﬁﬁnfimﬁr@@%ﬁ%[ é_?_iﬂl‘)@{cedmem; is more
than parts by ihe ro ity of the re yaryle omposition tends to be
decreased or 35th@{%%§ti3haéﬁ%sgsc§:ivﬁ¥jg’f 3tr e %@?f?e%%’daﬁné%g@i‘ge“ftén/gdggt%l%sé increased. - 27 -

The polyaryletie c8ipdditioridrepelidventiont mag fifhet erideosne by orat Bitives, which are
conventionally uset(fert thesmopiasicradii positions, 4fidesiFe dABorlexampleampal distg dabricant such as

higher aliphatic acjg, tighet aliebatic asial:dighanalinbatic anide.hishekaliphatic acid metal salt
(wherein, 5the term "hiqger" means }Q 10,25 ca&fonnﬁgggngg%%l)[siloxane argd flgpﬁci)ecarbon resin;
nt, tapitiz

colorant such as dyes and B?Er%‘%ﬁfé’;%’“r’?ﬂox*? ant thermal's eenr? v %%Sslé%ent; antistatic agent;

and surface active'B\58APHEPPERifisealyrhdse aaditveter el paipdessbprtis polyarylene

composition 4f thestavdiation éniadpemotindroi@. @dbeihpantgrbyisveighinpteferadiy®01-0.5 parts by

weight per 10100 payisdamamelaih Of the:Raly aly (&6 1erl\él@t£ﬂjﬁﬁs!%ﬂ%ﬁﬁs%t@ae%§dii%?r aliphatic
aci, higher aliaje esier, igher glphate a6 mete st o fluorocarbon-ype sufacant may be
added to the polyar gné’cigmposllltlon o%f &imention %S)g ore suBJegﬁng the perﬁe s’to processing, so
that the agent adn@ré&t8tise Betet SifpaderamtisepRs: Cthtionark eshse weeiFidmatic

LCP-containing compuositiomcdntaeinsanealy aftre thewh d statpkzers pivhiteoéradeaptical brighteners.

Optical brighteners dnglulgdaishenamazelrss phemnyicaymasinsang hissteandbiphemys «in particular

p_henylcoumar_in, zglrga%artgyﬁg% &e[i%ri?gl t&gfin%i?ge‘or}gg%our?arir co%ﬁ}erci%}z t%\E{ailable as

TinopalTm (Ciba- elgy,n@as e, Switzer ar?é{?, or 20HoStaLUXTM RS (Elaran , Germany), or

EastobriteTM OB-I'{EH &) PRVATHERS AOBRAFHERSWE e srvraHabr th&pBRIEMI& S composition

comprises one or therecadditidnal drrerpheptdstitapdiyenensl dieroexanmpiesthenpolydnydene composition of

the invention may incluge @Ry epeefimate f anelyplsfinapolysarenate, apalyphenylsulfone, a

polysulfone, 2 contains one or mote of fibrous, lamellar or particulate fillers and/or

reinforcements. Fibrous fillers and/or reinforcements include glass fiber, silica-
alumina fiber, alumina fiber, carbon fiber and aramid fiber. Examples of lamellar
or particulate fillers and/or reinforcements may include talc, mica, graphite,
wollastonite, calcium carbonate, dolomite, clay, glass flake, glass beads, barium

25  sulfate and titanium oxide. Particulate fillers having a high thermal conductivity
are preferred. Preferable compositions include mixtures of materials in which
the polyarylene composition of the invention 1s the only organic thermoplastic
material and is present in amounts of at least 50% by weight based on the total
weight of the composition.

30 The fillers and/or reinforcements are present in compositions of the
polyarylene composition of the mvention in amounts of 0.1-200 parts by weight,
preferably 10-100 parts by weight per 100 parts by weight of the polyarylene. If
the amount of the fillers and/or reinforcements is more than 200 parts by weight,
the moldability of the resulting polyarylene composttion tends to be decreased or

35  the ablation of the cylinder or die of the molding device tends to be increased.



25polyaryletherketone and/or a polyetherimide, such as, for example, Radel R, Radel(r) A, Ultem(r),
Udel(r) and/or Makrolon(r) polymers.  Such blends of the polyarylene composition of the invention
and one or more additional thermoplastic polymers may contain the polyarylene as a major (e.g., more
than 50 Wt%‘}fgrz%%&sfgl.g., less than 50 wt%) amount. The blends 30ma ggfﬁ%ﬂ?%ﬁélﬂ lyarylene
composition in an amount of 5 wt%, 10 wt%, 20 wt%, 30 wt%, 40 wt%, 50 wt%, 60 wt%, 70 wt%, 80
wt%, 90 wt% or 95 wt% based on the total weight of 2iie blend.  In another embodiment of the
invention, the polyarylene composition comprises at least one flow modifier. The flow modifier is
advantageously an 35organic substance having a molecular weight of from 100 to 1,000 g/mol, and
may be one or more of'S%ﬁé’f%hiﬁﬁ,’iﬁ?éfﬁ??&%ﬂﬂ%i@%%ﬁ%ﬁ&ﬁ?yafmﬁf%dg 98 Cicyclic
carboxylic acid, acyetic askithoxylichadiduesteryauyoiid g arsdXyl thavitb plisil c mretgbsalonsptionally
alkoxylated acycligalisehdanrdepiionabidalkoxyiaied alkybphrpnet alibR.atoanc isghstance preferably
has & hyarocarb o AR SUPIIG/OM 810, Seihan e, et RIET Ay, lom2 (0 24 Scarbon
atoms. In a certain preferred sub-embodiment the’poﬁlaryei'e e composition qf the invention consists of

the polyarylene, tHBSSRALARPHNJBFaE JRASHCETap FarshdME B mERfEtOiraR8ther preferred

sub-embodiment ofshe inlgemtionshihe polyanergroompotitiodatnistsdssentiadly Givthe polyarylene,

the sterically hindegerphenalicssiabilizar. and ihediewcmedifien Huy 10 shk-anatheipseferred

embodiment of theygnlon. e RNAIYIAE SATROSIION. ANSIA SPsRNTAL R e olvarylene, the
llizer, the flow modif

sterically hindered phenolic sta odifier and one or more pigments or dyes. The

invention includes® AR IPfairhint Motsiehbmsitebyd:- Ohi8idiptys) BowrelidSarylene in a manner
that reducesléliscol6feiats bf theldiBwiolainglyariienenethod of the invention a polyarylene is melted in
the presence of the stexgaithnbindeked:pbemolichsiabilizphdesetiaerifieieiny AR palyarylene may be
mixed with the sterically hi nok iN t.of the It] [ the rylene may
already contain thé%%e%?iégﬁg%[i%}%ﬁé;%e%g%%ﬁg ﬂ?agéﬁ?zgég(%(e%éée bt%@%%%%ng 36 %haéB %ér}ﬁ:%ss of the
invention is carriecﬁhﬁ@Elﬁé‘ﬁ‘%?@%?émiﬂmﬁ%%‘b‘ﬁéﬁwé’%ﬁ%ﬁiﬁ‘i@F?&”ﬂﬁé@%ﬁ?fﬂﬁtfHB molten
polyarylene in an amoensingfecthas dor datnbitihgrisdd drenationsuifkat il thdipelistafgtomiilan amount
effective for impping andior gusacbingrBykaihadsalsiosmeshduring dhe melting:eidhe polyarylene.
The amount of the, > ically -i lered phenoli Il yato, be e {ve can be readily
determined 25by \ﬁ%nfé}%ﬁgp&?%ﬁggsf ?ﬁggn{%éo%ﬁ)rﬁ gﬁ%ﬁ%ﬁ%ﬁ%i@%%%ﬁfﬁégﬁé%ndered

bisbenzoxazoles, phenylcoumaring and bisstearylbiphenyls, 1n particular

phenylcoumarin, and particularly preferably triazine phenylcoumarin,

commercially available as Tinopal™ (Ciba-Geigy, Basle, Switzerland), or
26 Hostalux™ KS (Clartant, Germany), or Eastobrite™ OB-1 (Eastman).

In other embodiments of the invention the polyarylene composition
comprises one or more additional thermoplastic polymers. For example the
polyarylene composition of the invention may include any one or more of a
polyolefin, a polycarbonate, a polyphenylsulfone, a polysulfone, a

25  polyaryletherketone and/or a polyetherimide, such as, for example, Radel® R,
Radel® A, Ultem®, Udel® and/or Makrolon®™ polymers.

Such blends of the polyarylene composition of the invention and one or
more additional thermoplastic polymers may contain the polyarylenc as a major
(e.g., more than 50 wt%) or minor {¢.g., less than 50 wt%) amount. The blends

30 may contain the polyarylene composition in an amount of 5 wt%, 10 wt%,
20 wt%, 30 wt%, 40 wt%, 50 wt%, 60 wt%, 70 wt%s, 80 wt%, 90 wi% or 95 wt%
based on the total weight of the blend.

In another embodiment of the invention, the polyarylene composition
comprises at least one flow modifier. The flow modifier is advantageously an

35 organic substance having a molecular weight of from 100 to 1,000 g/mol, and

may be one or more of a paraffin, olefin, olefin oligomer, optionally alkoxylated



phenolic stabilizer can be adjusted until an acceptably colored molding is obtained. The amounts may
be within the ranges of the amount of the sterically hindered phenolic stabilizer that may be present in
the polyarylene composition of the invention described herein. 30The melting may be carried out by
subjecting t%%ﬁ?)llgﬁ}%ﬁ]a and/or a polyarylene composition to a molding% 55%@%9’?‘&3 injection
molding, extrusion molding and/or compression molding. In the process of the invention melting may
include heating the polyarylene or the polyarylene carpposition to a temperature that is greater than
the glass transition temperature of the 35polyarylene or to a temperature that is sufficient to permit the
molding of the polyarylene under the pressure conditions of injections molding. -29 -  In another
embodiment of théProeXERFHE rdRSRI G SsmsInr HiRtsretr yshe faneostAkiRgEt is present in an
amount effective telkahibitetesslinkingdfthi@olmatdlene! i ratetabhnthetivatding comprises less than
0.1 mol% of crosslinkegipelyanyepnafinothsiasrestohilRe prasenijnuentiguiiseiated to articles
comprising at Ieasé one part.com ré,%[i1 t;[’ iga\éanﬁegdpoc!y% ren}ee{c%[gpo%itio%rtla includes one or
more polyarylenes ?I%B ancilon_egor more sterically Rindere ‘phenolic stabi |zers? S). Such article
may be made’by VETIRTSHABhJBE RAGHIMDTS Fiecd tulrembrdimend, tshaly sa isde by extrusion,
injection molding, compressiort Grmoldingn imjestitrn émpoéssidanm didingrimntiusiodsfesed deposition
modeling or selectiyedasesisintetnsanptmitachninyes knows (ndhese skiledipdhsArt. The invented
composition is espo(ﬁ'%l% Well oS-rEiH?éj f&r ;[lfljﬁ manufacture of a wide ran eépf &rH}cAes, and in particular of

. . Ve CNC COMPOSItION CONSISIS C8SCITia
films, fibers, rods, sheets, slabs. coatinygs; membranes, cables. tubes an )foams..15 EXAMPLES

Yellowness index WAXRERE IR isECa A {5 abnhonpiq sbbilizepyad Gestingravddigedmccording to
ASTM D-1928 coletiithipsh e ipickeress aof théi mrolded isolov ahips thapdybhiviehe(@obperifioAbsolute

weight average melggui@rweishts, Gdw): apdipinsiandseasitiny RANAWEIS Mmeasiad.at 65C on a
Viscotek TDA BOZtHéqll%“q?ﬁggtprre%g%in line with.a P%cﬁy?tem using NMP/0.5% LiBr as the eluent
' P

haG ,
with Viscotek I-series columns1 z?-,guardr,lﬁl\%ﬂ%?ﬁ-l%l?gt up 99%x104 PS), and I-MBHMW-3078 (up to
106 g/mol PS) in series] "F i ratiaRiRdutiasthehd fooripe melspiebistHisduent, dn/de = 0.240,
was used for all cateuthtion $r@6 348 gytapolyandere thowdduet dikiolothgorectititing units consist

essentially of sinsuhstifiiednmphemdang waitsanddPhsRviens dnits SKbastiteegdby.aphenylketone
group and (commegially avalehle from Solvay Advanced Romers.as Prmospie) PR-120) was
compression molded to foon 4 x 2 plaques. Fl_e p aqueseha & noticeable purple’ color over the
majority of their flaP3oks g sdrmdtedienistembioncredinbendin Happiectoy e wigheen. Compression
molding at a moldimg!tempetiatprdyef 80yt iresifenotinies thatitiglboedrdb rninadicheat up and 45
min of cool down reswiliee iFetbe: iarmation; o campiRtadurpleisveaca colakinadr X 4" plaque.
Reducing thegold tempgraire i, S0F fepHiaT iR s RIAtSRDRYIRY A 3Rapigure of both purple and
yellow-green surfaces. A further reduction | _ o )
polyarylene in an amount effective for inhibiting the formation of ketyl radicals
and/or in an amount effective for trapping and/or quenching any ketyl radicals
formed during the melting of the polyarylene. The amount of the sterically
hindered phenolic stabilizer necessary to be effective can be readily determined
25 by visual inspection of the molding. The amount of the sterically hindered
phenolic stabilizer can be adjusted until an acceptably colored molding is
obtained. The amounts may be within the ranges of the amount of the sterically
hindered phenolic stabilizer that may be present in the polyarylene composition
of the invention described herein,
30 The melting may be carried out by subjecting the polyarylene and/or a
polyarylene composition to a molding process such as injection molding,
extrusion molding and/or compression molding. In the process of the invention
melting may mclude heating the polyarylene or the polyarylene composition to a
temnperature that is greater than the glass transition temperature of the
35  polyarylene or to a temperature that is sufficient to permit the moiding of the
polyarylene under the pressure conditions of injections molding.



--30 - compression molding temperature to 620F and a reduction in residence ti C to 15 min provided
yellow colored plagues. The UV-Vis spectra of the discolored surfaces were measured. The purple
regions had a peak at 540 nm characteristic of the benzophenone ketyl radical 5species. This peak
was observel Al 28 purple color region of the plaque and not in the YERGRALGUN6F the plaque
indicating that a benzophenone ketyl radical species was at least temporarily trapped in the polymer
matrix or purple regions of the plague. Figure 1 showga UV-Vis spectrum for a test plaque with
measurements taken at purple and yellow regions. All of the polymers were 10analyzed for metals and
found to be within the set specification of less than 10 ppm Nickel and Zinc.  Similar purple coloration

was observed in a secofdMRRARIENd BsHRERSaIY Waribie Femtosivay wairalzed Polymers as
PrimoSpireg PR-2bidefed/hichdhe stetilizends pniterann essentialy HEdie: samaibivo 15types as the

above tested Primg}gg,iﬁggigé%-g%g,pg%@{&{e{rp%mggr R PREAHE RS VRE PralReyene mole ratio).
Purple dlscolorathp IS Bq%dlyc?g%ﬁ%%%%&th thf—:‘nréuman eye. Compression molding at resulted in test

plaques having a go den ye? OW color. n?’ﬁtfgs%lo‘n molding at 620F PrimoSpireg PR-250 pellets

under normalcondition$-PEHE 4HEF RS BiaRRsEor RyTtErelidelatad shaeisiss pomRHEIE0plaque with
streaks of purple itethieopolymeomatiiig thd hereffetpolfythelsterkoalpphitivdeted iptiadalierstabilizer was
measured by detepminingdheyeiauwness indexofmeldedprtisy Ausriissategmpounding experiments
incorporating vari%gsngﬁzegggﬁ@b(ggg{%wc S x;ﬂjzgrf%n&%ge%s S{Qlown in atg:gl. The ct%mpounded pellets
from the experimen?s were molded 1 to color Z5chips as e.r,&lgﬂsl\ﬁl hf %E’?%%%lc?(ness of these
color chips was 0.3 P eBlmare PR IHssE wigex Wastivieaslideg cRTBRGTsal-Macbeth
colorimeter. The amddimgangetyjpe ofstabilizermddivariethiadindusyhdegisiicoaffests|afzsiabilizers.
Certain stabilizersgavaJaRsevadicolar#ARRisieRm AR Measr AR R NEIQRE SR index. Table 1
shows specific res%ltsn%g,(f,o&igt&d 30with Pgé@ﬁSWéﬁ%ul?tga%gp lﬁ&lxr%{gl[g&erresfin: The same effects
were observed with PAM0S ,n%g ‘E&R,i‘“z?f%ofya yleneresin. é hefestiie &t 1scheown in Table 1
below: PrimoSpirer(ﬂ‘g@I@-f e AS tgpsiiseiar of films, fibers, rods, sheets, slabs, coatings,

membranes, cables, tubes and foams.

15 EXAMPLES
Yellowness index was measured according to ASTM D-1925,
Plaques were molded according to ASTM D-1925 color chips. Thickness
of the molded color chips was 0.1 inch (2.5 mm).
Absolute weight average molecular weights (M) and intrinsic viscosities

20 (IV) were measured at 65°C on a Viscotek TDA 302 triple detector array in line
with a GPC system using NMP/0.5% LiBr as the eluent with Viscotek I-series
columns (I-guard, IMBLMW-1078 (up to 2x104 PS), and I-MBHMW-3078 (up
to 106 g/mol PS) in series). The refractive index increment of PrimoSpire in this
eluent, dn/dc = 0.240, was used for all caiculations.

25 34.5 g of a polyarylene powder of which the recurring units consist
essentially of unsubstituted m-phenylene units and p-phenylene units substituted
by a phenylketone group and (commercially available from Solvay Advanced
Polymers as PrimoSpire® PR-120) was compression molded to form 47 x 47
piaques. The plaques had a noticeable purple color over the majority of their flat

30 large surfaces. Discoloration varied from purple to yellow-green. Compression
molding at a molding temperature of 670°F and residence times that included 45
min of heat up and 45 min of cool down resulted in the formation of complete
purple surface color in a 4” x 4” plaque.

Reducing the mold temperature to 650°F resulted in test plaques having a

35 mixture of both purple and yellow-green surfaces. A further reduction in



Yl MFR @ 380C 5 kg Tensile Strength (psi) Nominal Strain @ Break (T) Modulus (kpsi) VR40 No
stabilizer control 275 3 22000 6 800 1.1 0.5 wt% Irganox(r) 1010 124
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compression molding temperature to 620°F and a reduction in residence time to
15 min provided yellow colored plagues.

The UV-Vis spectra of the discolored surfaces were measured. The purple
regions had a peak at 540 nm characteristic of the benzophenone ketyl radical
species. This peak was observed only in the purple color region of the plague and
not in the yellow region of the plague indicating that a benzophenone ketyl
radical species was at least temporarily frapped in the polymer matrix or purple
regions of the plaque. Figure 1 shows a UV-Vis spectrum for a test plaque with
measurements taken at purple and yellow regions. All of the polymers were
analyzed for metals and found to be within the set specification of less than
10 ppm Nickel and Zinc.

Similar purple coloration was observed in a second polyarylene
commercially available from Solvay Advanced Polymers as
PrimoSpire® PR-250, of which the recurring units arc cssentially of the same two
types as the above tested PrimoSpire™ PR-120, however in a higher m-phenylene
over p-phenylene mole ratio). Purple discoloration is readily observed with the
human eye. Compression molding at resulted in test plaques having a golden
yellow color. Compression molding at 620°F PrimoSpire® PR-250 pellets under
normal conditions (620°F with no blanket of Ny), provided a low color polymer
plaque with streaks of purple in the polymer matrix.

The effect of the sterically hindered phenolic stabilizer was measured by
determining the yellowness index of molded parts. A series of compounding
experiments incorporating various thermal stabilizers was performed as shown in
Table 1. The compounded pellets from the experiments were molded in to color
chips as per ASTM D-1925. The thickness of these color chips was 0.1 inches
(2.5 mm). The yellowness index was measured on a Gretag-Macbeth
colorimeter. The amount and type of stabilizer was varied to find synergistic
effects of stabilizers. Certain stabilizers gave improved color consistency as
measured by the yellowness index. Table 1 shows specific results associated
with PrimoSpire® PR-250 polyarylene resin. The same effects were observed
with PrimoSpire® PR-120 polyarylene resin.



12.1 22100 9.54 796 1.09 0.25 wt% Irganox(r) 1010 & 0.25 wt% Irgafos(r) 168 137 3.1 22400 13.1 787
1.08 x 0.25 wt% Irganox 1010 & 0.25w1% Irgafos(r) 12 181 3.01 22220 14.5 805 1.1 0.15 wt%
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The results are shown in Table 1 below:

MFR Tensile | Nominal | Medulus | VRy
PrimoSpire® PR- @ Strength | Strain @ (kpsi)
250 with 380°C (psi) Break

Stabilizers YI Skg (%)

No stabilizer contrel | 275 3 22000 6 800 1.1
0.5 wi% Irgam}xR 12.1 22160 9.54 796 1.09
1010 124
0.25 wt% Irganox " 3.1 22400 13.1 787 1.08
1010 & 0.25 wi%
Irgafos”® 168 137
0.25wt% Irganox 3.01 22220 14.5 805 1.1
1010 & 0.25wt%
Irgafos® 12 181
0.15 wt% Trgafos” 7.28 21800 11.1 812 1.12
12 & 0.1% Irganox®
MD1024 242
0.25 wt% Irganox™
1010 & 0.25 wi%
PEPQ >250

0.25 wt% (80%
Irganox™ 1010 &
2% PEPQ)) >250
0.25 wit% PEPG >250
PrimoSpire” PR-
120 w/ 0.25 wt %
PEPQ =250

As can be seen from Table 1 above, the inclusion of a sterically hindered

phenolic stabilizer (Irganox 1010) provides a composition having the lowest
yellowness mdex, more than a 50% reduction in yellowness index in comparison
5 to the base resin without stabilizer. Compositions containing a thermal stabilizer
that 1s not a sterically hindered phenolic stebilizer, ¢.g., conventional stabilizers
such as Irgafos™ 12 (i.e., 2-[[2,4,8,10-Tetrakis(1,1-
dimethylethyl)dibenzo{d,f][1,3,2]dioxaphosphepin- 6-ylloxy]-N,N-bis[2-
[12,4,8,10-tetrakis( 1,1 -dimethylethyl)dibenzo[d,f][1,3, 2]dioxaphosphepin-6-

10 ylloxyl-ethyl]ethanamine) and Irganox® MD 1024 (1,2-bis(3,5-di-tert-butyl-4-
hydroxyhydrocinnamoyl)hydrazine) provided molded parts having substantially
higher yellowness index. Irgafos® 12 is a hindered amine stabilizer that is not a
phenolic material.

Compositions containing only a phosphite stabilizer or a phosphite

15 stabilizer that is not a sterically hindered phenol did not provide improvement in

color consistency. For example, Table 1 shows that the mclusion of PEPQ



12 & 0.1% Irganox(r) MD1024 242 7.28 21800 11.1 812 1.12 0.25 wt% Irganox(r) 1010 & 0.25 wt%
PEPQ >250  0.25 wt% (80% Irganox(r) 1010 & 20% PEPQ) >250
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provides a polyarylene composition having increased yellowness index. The
same behavior was observed with Irgafos 168.

The tensile properties were tested according to ASTM D638 using 1/8 inch
thick test specimens ; 8.5 inch long Type I specimens were employed.

5 The melt flow ratio (MFR) was measured at 380 °C and under a load of
5.0 kg in accordance with ASTM method D1238.

Melt thermal stability testing is a melt rheological test performed to assess
the ability of a polymer material to experience exposure of the melt fo excessive
temperatures and/or for significant times without adverse effects on the polymer

10 material. The melt thermal stability test was performed in a Dynesco LCR
capillary rheometer capillary rheometer. The viscosity of the polymer material at
380 °C and 50 sec~! was measured initially after a 10 minute dwell time at
380 °C in the barrel of the rheometer. The molten polymer material was next
allowed to sit in the barrel of the rheometer for an additional 30 minutes (and a

15 total dwell time of 40 minutes) after which the viscosity was again measured and
recorded. The 40-min/10-min viscosity ratio was referred to as VRy4q 1 itisa
measure of melt stability. Obviously, the closer the VR4 number to unity, the
more stable the polymer material is.

In addition to effect on yellowness index, the inventive stabilizer-

20 containing compositions also showed unexpected effects on melt flow raie. For
example, the addition of the sterically hindered phenol Irganox® 1010 to a
polyarylene material having an MFR of 3 g/10 min resulied in an MFR
enhancement. In addition the same Trganox™ 1010-containing inventive
composition showed improved ductility as evidence by an increase in the

25  nominal strain at break. The tensile bar necked down before failure of the same
sample.

Irgafos™ 168 is a phosphite having the following structure:

30



0.25 wt% PEPQ >250  PrirnoSpire(r) PR- 120 w/0.25 wt% PEPQ >250 As can be seen from
Table 1 above, the inclusion of a sterically hindered phenolic stabilizer (Irganox 1010) provides a
composition having the lowest yellowness index, more than a 50% reduction in yellowness index in
comparison B8 fﬂgﬂﬂéigélresin without stabilizer. Compositions containind”a ¥H&t® &Hifizer that is

not a sterically hindered phenolic stabilizer, e.g., conventional stabilizers such as Irgafos 12 (i.e.,
21[2,4,8,10-Tetralcis(1,1- dimethylethyDdibenzold,fl[333,2]dioxaphosphepin- 6-ylloxypN,N-bis[2-
[[2,4,8,10-tetralcis(1,1-dimethylethyDdibenzo [d,f] [1,3, 2] dioxaphosphepin-6-
10yfloxypethyllethanamine) and Irganox(r) MD 1024 (1,2-bis(3,5-di-tert-butyl-4-
hydroxyhydrocinnamoy!) RF&@ ey Hrbrrie e ionisiprdsHAvir-tubbrariteignmiyhdi-yellowness
index. Irgafos 12 idighumdehesphonire(Btabilizes skat ishooitophenatidrngtariadials (Pep2,

Pep3 and Pep4) shown below,

10




Compositions containing only a phosphite stabilizer or a phosphite 15stabilizer that is not a sterically
hindered phenol did not provide improvement in color consistency. For example, Table 1 shows that
the inclusion of PEPQ - 32 - provides a polyarylene composition having increased yellowness index.
The same b&HAH gzsgbbserved with Irgafos 168.  The tensile propeﬁ%@%@??@l’éﬁ according to
ASTM D638 using 1/8 inch thick test specimens ; 8.5 inch long Type | specimens were employed.
5The melt flow ratio (MFR) was measured at 380 C-gad under a load of 5.0 kg in accordance with
ASTM method D1238.  Melt thermal stability testing is a melt rheological test perfoiiued to assess
the ability of a polymer material to experience exposure of the melt to excessive temperatures and/or
for significant times without adverse eﬁeg&s on the polymer 10material. The melt thermal stability test
was performed in a Dynesco LCR capillarysH&#ometer capillary rheometer. The viscosity of the
polymer material at 380 C and 50 seé& Was med initially after a 10 minute dwell time at 380 C in
the barrel of the rheometer. The molten oty pteral was next allowed to sit in the barrel of the
rheometer for an additighal*g( HinUy etal dwell time of 40 minutes) after which the
viscosity was again measu -min/10-min viscosity ratio was referred to as
VR40 ; it is a measure of melt stablllty | €®loser the VR40 number to unity, the more
stable the polymer material is. In additi¢¥- _‘effect‘%*n yellowness index, the inventive stabilizer-
20containing compositions also showed yeX@ected effects on melt flow rate. For example, the
addition of the sterically hindered phenol Irganox(r) 1010 to a polyarylene material having an MFR of 3
g/ 1 0 min resulted in an MFR enhancement. In addition the same Irganox(r) 1010-containing inventive
composition showed impf®sd ductility as evidence by an increase in the 25nominal strain at break.
The tensile bar necked down before failure of the same sample. Irgafos 168 is a phosphite having the

following structure: TRERQusa stdiiRieincoritairyleget etrakis: (k- dite b hethyd: phidnyly-4,4'-
biphenylphosphonite-{2ap hirREINLLPROSEDIILS-CORtaipRgNAREAIR(RepvPensdand Pepd)

shown below.

propertics of the polyarylene composition.

Obviously, numerous modifications and variations of the present invention
are possible in light of the above teachings. It is therefore to be understood that
within the scope of the appended claims, the invention may be practiced
10 otherwise than as specifically described herein.



(Pep2) (Pep 1) (Pep3)and - 34 - (Pep4) The inclusion of PEPQ in polyarylene compositions
even together with the 5sterically hindered phenolic stabilizer of the invention does not improve color
properties of the polyarylene composition.  Obviously, numerous modifications and variations of the
present invention are possible in light of the above teachings. It is therefore to be understood that
within the scope of the appended claims, the invention may be practiced 10otherwise than as
specifically described herein. 35 CLAIMS  1CAlpAlydiiene composition, consisting essentially of:
one or more polyarylenes (P1) wherein said polyarylene (P1) is a polymer of which more than 50 wt. %
of the recurring units are recurring units (R1) of one 5 or more formulae consisting of an optionally
substituted arylene group, psbxitleehsaishpptinnalycubstiytedatddperoup is linked by each of its
two ends to two other optiona slifjbstitttﬁi %riyelleergg é%tﬁgu DS \a(ialgng:i??é lCS:aC gpkagedémherein said
arylene group is PRyarSeEB8n dR/aRERt group consis mSpo One core domposed of one benzenic ring
or of a plurality ofhgihzesie fiagStuseddofdiherdoyrstyarint 26 neoiormporatnd@idhbdring ring carbon
atoms, and %f thren&%,{gpnqu?é’leelcgﬁgg%’le (S)%ea{lllc Fllt)folﬁ'{i%egﬁgsgg? &%’E“?ﬁb&l gﬁf;?provi%eé‘ p0|yary|ene
composition conS|s’ir|1ng essentially ot: oné or more polyarylenes (P1),”one or more sterically hindered
phenolic stabilizersd andcadlnsuheidified arylene group is linked by each of its two ends to two

other optionally substituted arylene groups via a direct C-C linkage, wherein said

arylene group is a hydrocarbon divalent group consisting of one core composed

of one benzenic ring or of a plurality of benzenic rings fused together by sharing

10 two or more neighboring ring carbon atoms, and of two ends, and

one or more sterically hindered phenolic stabilizers.

2. A polyarylene composition consisting essentially of:
one or more polyarylenes (P1), one or more sterically hindered phenolic

stabilizers, and a flow modifier.

15 3. The polyarylene composition of Claim 1 or 2, wherein the polyarylene is a
kinked rigid-rod polymer.
4. The polyarylene composition of Claim 1 or 2, wherein
said recurring units (R1) being a mix (MB) of recurring units (R1-a) chosen from
optionally substituted p-phenylenes, with recurring units (R1-b) chosen from (i}

20 optionally substituted m-phenylenes and (ii) mixes of optionally substituted m-
phenylenes with optionally substituted o-phenylenes.

5. The polyarylene composition of Claim 1 or 2, wherein the polyarylene is a
polyphenylene essentially all the recurring units of which consist of a mix of p-
phenylene substituted by a phenylketone group with unsubstituted m-phenylene

25  in amole ratio p-phenylene:m-phenylene of from 70:30 to 30:70.



153. The polyarylene composition of Claim 1 or 2, wherein the polyarylene is a kinked rigid-rod
polymer. 4. The polyarylene composition of Claim 1 or 2, wherein said recurring units (R1) being a mix
(MB) of recurring units (R1-a) chosen from optionally substituted p-phenylenes, with recurring units
(R1-b) chosen from (i) 20optionally substituted m-phggylenes and (ii) mixes of optionally substituted
m- phenylenes with optionally substituted o-phenylenes. 5. The polyarylene composition of Claim 1
or 2, wherein the polyérylékeivaplsyprenphsiion ssanimeaf fHamechiang WRRSBfihich consist of a
mix of pphenyleng. substited by Iﬁa@ﬂ@ﬂf&’é‘éﬁﬂ?ﬁ@rgg%ﬂ%yﬂé&@ﬂéﬂ%ﬁﬁé&m%@ldﬁbpﬂﬁﬁﬁm@l25 in a mole
ratio p-phenylene:m-phénylene of from 70:30 to 30:70. 36 6. The polyarylene composition of any
one of Claims 1 59, jgh8Eeth the sterically hindered phenolic stabilizer is an esterified hindered phenol
substituted acid stabilizer. 7. The polyarylene composition of any qQne of Iaimstﬁ to5, wherein the
5sterically hindered pHen8fi®StEHisaF ROTRRELE ﬁﬂﬁé‘%f’&ggaé%gig?#g% S8t of
p-(3,5-di-tertsbutydedchydigxype pybpstpiaiticiacid Vet meibomripoly dupdrinsktoigals. 8. The
polyarylene composition, of any one qf Claims 1 to5, wherein the sterically hindered phenolic stabilizer
is pentaerythritolE‘rﬂ‘?ﬁﬁlﬂ%é&%l %Y%%W%%ﬁ&?fw r%@ﬁﬁgﬁa%%gﬁlfgr%%g)@moé.o he polyarylene
composition of apylensafiCiaishel2 to 8, wherein the flow modifier is an organic substance having a
molecular weight of from 100 to 1,000 g/mol, said organic substances being selected from the group
consisting of a paraffirg. dfhelpfityaeieotefimpligsime o iz akexgfdiianacy dié. campsditeacid, an
Loalkoxylated acyli srhoxyli st amidganAnicliecakmia acitan asyeli kaiboxylic acid
ester, an acyclic carboxyllc acid alkall metal salt, an acyclic carboxylic acid amide, an alkoxylated
acyclic alcohdl, aputidytiivdtesymicenlakpigai®d alkyl phenol and an alkyl phenol.  10. The
polyarylene composition of any one of Claims 1 to 9, wherein the 20palyarylene is present in an
amount of at least 98%’-WWE@H%@@&WW&TWQWW%@BB%WIgﬂ‘é}% Bition, and the
sterically hinderegd phenqlie stabilizacis Rrasaninin anamalnbaatdeas B0k dy Weight based on the
total weight of the polyarylene composition. 36a  11. A! pr%? SS f% makin%a m Jdingf%omprising
one or more polyaASrERoloigesgc SHRTGThRRASISTSEE IR S PR rEs SRS St more
sterically hinderedpirenokstalbiizers ifcan eaotiet,aipdlleastAasy tcwaiht Haseddoarthe total
5we|ght of t?Se poill l?gly Qteedc 2595’1?5‘ gé?gdﬁg}bl?cnacid amide, an acyclic carboxylic acid, an acyclic

carboxylic acid ester, an acyclic carboxylic acid alkali metal salt, an acyclic

carboxylic acid amide, an alkoxylated acyclic alcohol, an acyclic alcohol, an

alkoxylated alkyl phenol and an alkyl phenol.

10. The polyarylene composition of any one of Claims 1 to 9, wherein the

20  polyarylene is present in an amount of at least 98% by weight based on the total
weight of the polyarylene composition, and the sterically hindered phenolic

stabilizer is present in an amount of at least 0.05% by weight based on the total

weight of the polyarylene composition.



forming the molding from the molten polyarylene composition; then cooling and solidifying the molding,”
12. An article made from the polyarylene composition according to anyone of Claims 1 to 9. 10

36a
11. A process for making a molding comprising one or more polyarylenes,
comprising:

melting the polyarylenes in the presence of one or more sterically hindered
phenol stabilizers in an amount of at least 0.05% by weight based on the total
5  weight of the polyarylene composition; then

forming the molding from the molten polyarylene composition; then
cooling and solidifving the molding,
12. An article made from the polyarylene composition according to anyone
of Claims 1 10 9.
10



