Pol yaryl ene conpositions having enhanced fl ow properti es REFERENCE TO
RELATED APPLI CATI ONS This application clains the benefit under 35 U S. C
119(e) ofw0.2810/028282i si onal application no. 61/092, 866 f PCEEP2IGO6114R9,
2008, and U. S. provisional application no. 61/092,870 filed August 29,
2008, the whole content of these applications belng herei n incorporated by
reference for all purposes. BACKGROUND ©OF-THE | NVENTI ON FI ELD OF THE

| NVENTI ON The invention relates to a pol yaryl ene conposition containing an
organi ¢ substance as a flow nodifier and optlonally one or more ot her
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advant ageous fl ow properties, inproved toughness and/or col or properties.
The pol yaryl ene conposition may further include a sterically hindered
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properties, improved toughness and/or color properties. The polyarylene
composition may further include a sterically hindered phenol. Articles made
from the polyarylene compositions are included in the invention.
DESCRIPTION OF THE RELATED ART
15 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
polyarylenes may avoid problems associated with surface finish and
20  homogeneity which are often encountered with conventional reinforced
polymers. Self-reinforced polyarylenes have relatively rigid polymer backbones
which, in some respects, mimic a fibrous reinforcing agent.
Some of the properties of polyarylene materials, e.g., the polyarylene’s
self-reinforcing properties, are at least partially responsible for desirable physical
25  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 certain conditions.
Processing includes injection molding, compression molding and/or
extrusion molding the polyarylene to form molded parts and/or stock parts.
30  During injection molding, the polyarylene polymer is subjected to high
temperatures and high pressures in an atmosphere that may contain oxygen

and/or common atmospheric contaminants. During processing the polyarylene is
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outer layers of a polyarylene composition present in an extrusion barrel.
Differences in the velocity of travel between the core and outer layers can cause

20  the outer layer to be subject to a longer and more intense heat history which may
lead to thermal decomposition and/or color changes in molten polyarylene
material. Further, the core and outer layers of polyarylene may have difficulty
mixing thereby tending to cause separation (e.g. cavitation) between the core and
outer layers.

25 Especially during extrusion, when a molten polyarylene composition is
allowed to flow, the surface of the flowing material may begin to take on a
rough, wave-like form. As the flow rate is increased the disruption to surface
uniformity increases and the amplitude of the wave-like effect on the surface of
the polymer becomes more severe. At sufficiently high flow rates the surface

30  irregularities may disrupt the flow of the molten polymer to such an extent that
the molten polymer no longer flows in an even, laminar manner but instead the
flow of the molten polymer breaks and the extruded, molten polymer flows in a
“spurt-flow” manner.

Melt fracture may severely limit the options for downstream processing of

35  extruded thermoplastic material. Molten polymeric material flowing in a “spurt-

flow” manner is not amenable to extrusion through a die. This makes it
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and separate from the polyarylene composition to form a non-homogeneous

uoropolymer stripes may delaminat
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20  aesthetics may occur.

Other polymeric additives such as low density polyethylene (LDPE) have
also been added to thermoplastic compositions as a means to reduce melt
fracture. As is the case for fluorinated additives, LDPE may be added to
polyarylene compositions to improve resistance to melt fracture. However, this

25  improvement comes at a significant cost with regard to the visual appearance,
color and transparency properties of the underlying polymeric material.

The inventors have addressed the problems of melt fracture and surface
appearance by including certain organic compounds optionally having one or
more hydrocarbon chains in polyarylene compositions.

30 WO 2007/101845, incorporated herein by reference in its entirety,
describes flame retardant compositions that contain one or more polyarylenes in
combination with other polymers such as polycarbonates. The compositions
exemplified in the publication contain polyarylenes in amounts less than 50% by

weight.
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15 Another aspect of the invention is a polyarylene composition that further
contains one or more organic substances having a molecular weight of from 100
to 1,000 g/mol and one or more sterically hindered phenols and exhibits
improved toughness and/or color properties.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG. 1 shows the change in viscosity of a polyarylene composition as the
amount of a process aid changes.

FIG. 2 shows the melt flow rate and elongation strength of polyarylene
compositions.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 The polyarylene composition of the invention includes an organic
substance that functions to improve the melt viscosity (e.g., melt flow rate) and
processability (e.g., resistance to melt fracture and ability to provide improved
surface finish) properties of polyarylene polymers. The inclusion of the organic
substance provides improvements in both melt viscosity and the processability of

30 the polyarylene without substantially negatively affecting the transparency
and/or surface characteristics of the polyarylene polymer as observed in molded
parts. The organic substance of the polyarylene composition of the invention is
preferably a flow modifier.

The term “organic substance” as it is used herein refers to chemical

35  compounds and/or compositions that are synthetically or naturally derived.

Naturally derived organic substances and compositions include materials that are
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18-36 carbon substance may have a functionality such as a phenyl group to which a
hydrocarbon chain is bonded. The total number of carbon atoms may be up to 85
thus such a phenyl group-containing organic substance may have a hydrocarbon
20  chain having up to 79 carbon atoms. The organic substance may also have a
greater number of carbon atoms in the functionality than in the hydrocarbon
chain. For example, the organic substance may have a biphenyl functional group
made from 12 carbon atoms. The biphenyl group may be substituted with one or
more hydrocarbon chains having less than 12 carbon atoms. Likewise the
25  functional group may be or contain one or more heteroatoms. For example the
functional group may be a heteroatom substituted phenyl group such as a phenol,
€.g., a phenol having a hydrocarbon chain. Examples include compounds such as
nonylphenol.
Organic substances substituted with more than one hydrocarbon chain and
30  having a total number of from 8 to 85 carbon atoms are also included in the
polyarylene composition of the invention. Examples of organic substances that
may be used in the polyarylene composition of the invention are described
below. For organically derived organic substances the hydrocarbon chain
preferably has an even number of carbon atoms. Organic substances having one
35 or more hydrocarbon chains containing 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29,
31,33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67 or 69
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1 to 7 carbon atoms and, in addition, may include a polymer additive such as an
impact modifier that includes a polymeric material having a carbon chain of
20  substantially greater than 85 carbon atoms in length.
In some especially preferred embodiments of the invention the organic
substance is a mixture of hydrocarbons having a number average of from 8 to 85
carbon atoms, preferably a number average of from 12 to 76 carbon atoms, from
24 to 36 carbon atoms. For example, the hydrocarbon chain may be a mineral oil
25  thatis saturated or unsaturated, linear or branched, aliphatic or aromatic
(preferably aliphatic), and which improves the flow properties of the polyarylene
composition.
The organic substance may be present in the polyarylene composition of
the invention in amounts of from 0.1 to 20% by weight. Preferably, the organic
30 substance is present in amounts of 0.2-19 wt.%, 0.3-18 wt.%, 0.4-17 wt.%, 0.5-
15 wt.%, 0.6-16 wt.%, 0.7-15 wt.%, 0.8-14 wt.%, 0.9-13 wt.%, 1.0-12 wt.%, 2-
11 wt.%, 3-10 wt.%, 4-9 wt.%, 5-8 wt.%, or 6-7 wt.%. Weight percent is based
on the total weight of the organic substance in comparison to the total weight of
the polyarylene composition. In the aforementioned preferred ranges, all values

35  and subranges between the stated values are expressly included herein as if



atons are included in the polyarylene conposition. In other enbodi nents of
the i nvention hydrocarbon chains having | ess than 8 or nore than 85 carbon
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When the organic substance is an acyclic carboxylic acid, it is preferably a
monoacid, i.e., an organic compound substituted with only a single acid

20  (-COOH) group.

When the organic substance is an esterified acyclic carboxylic acid, the
ester is preferably a monoester made by esterifying an acyclic monoacid.
Likewise, when the organic substance is an alcohol it is preferably a
monoalcohol, i.e., an alcohol having only a single hydroxyl group.

25 Especially preferred organic substances include paraffins, olefinic
oligomers, non-alkoxylated acyclic carboxylic acids and non-alkoxylated acyclic
carboxylic acid esters and mixtures thereof.

Paraffins arc alkane hydrocarbons with the general formula C,Hj, 1. The
organic substance may be a paraffin wax which is solid at room temperature with

30  amelting point in the range of 40-80°C. Paraffin waxes are generally known to
have more than 20 carbon atoms. The organic substance may also be a paraffin
that is liquid at room temperature. Such paraffins may have from 8 to 85 carbon
atoms. The paraffins may be straight chain, branched, cyclic, acyclic molecules
or mixtures thereof. The branched molecules may have comb-type branching,

35  graft type branching, and/or star type branching. In other embodiments the

paraffin is has a dendritic structure and/or forms a polymer network. The paraffin



and preferably conprises at |east 8 carbon atons and at nost 85 carbon
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olefins, olefin oligoners, optionally al koxylated acyclic carboxylic acids,
acyclic carboxylic acid esters, acyclic carboxylic acid alkali netal salts,
optional Iy al koxylated acyclic al cohol s- &nd optionally al koxyl ated al kyl
phenol s may be present in the polyaryl ene conposite of the invention.
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and linolenic acid.
Acids and esters of the group of monoacid including stearyl stearate, lauryl
stearate, lauryl laurate, are especially preferred.
In another embodiment of the invention the organic substance includes one
20  or more carboxylic diacids. Carboxylic diacids are like carboxylic acids except
with two acid groups (-COOH). Carboxylic diacids include hexanedioic acid,
heptanedioic acid, octanedioic acid, nonanedioic acid, and decanedioic acid.
The alcohols corresponding to any of the above carboxylic acids may also
be present in the organic substance, cither as a separate chemical compound or as
25  asubstituent of the organic substance such as the alcohol compound reacted with
a carboxylic acid to form an ester. Such a corresponding alcohol has the same
hydrocarbon backbone as the carboxylic acid but differs from the carboxylic acid
in that the acid group (-COOH) is replaced with a hydroxyl group (-OH). If
present in reacted form the alcohol moiety may be represented as an alkoxy
30  group (i.e., -OR).
Preferably any alcohol contained in the organic substance is a fatty alcohol,
e.g., a hydroxyl substituted aliphatic hydrocarbon. Saturated alcohols are
preferred although fatty alcohols containing one or more unsaturations may be
included. The fatty alcohol may be one or more of, for example, stearyl alcohol
35  (l-octadecanol), isostearyl alcohol (16-methylheptadecan-1-ol), elaidyl alcohol
(9E-octadecen-1-ol), oleyl alcohol (cis-9-octadecen-1-ol), linoleyl alcohol (9Z,



paraffin is has a dendritic structure and/or fornms a polymer network. The
paraffi nmay be described in terns of its nunber average of carbon atons
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nunber average nol ecul ar weight is from 100 to 1,000 g/nol, preferably from
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a single acid group (-COCH). The acid nmay be in an acid formin which the
acid has a hydroxyl group bonded to the CarbOXé noi ety and/or the carboxyl
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especially preferred. anot h of the I nvention the ‘organic
subst ance i ncradiedeskalethokpr e carboxylic diacids. Carboxylic diacids are
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group (i.e., ahdRbra Cs-Cs group. Examples of alkoxylated compounds include of
condensates of alkylene oxide with fatty acid, such as condensates of ethylene
oxide with lauric acid comprising 5 or comprising 10 mol of ethylene oxide;
condensates of alkylene oxide with fatty alcohol, such as condensates of ethylene
20  oxide with lauryl alcohol comprising 2, 4, 7, 10 or 12 mol of cthylene oxide and
condensates of propylene oxide with lauryl alcohol comprising 4 or 8 mol of
propylene oxide; condensates of alkylene oxide with alkylphenol, such as
condensates of ethylene oxide with nonylphenol or condensates of ethylene
oxide with octylphenol, and such as condensates of propylene oxide with
25  nonylphenol.

Alkoxylated organic substances suitable for use in the composition of the
invention include Disponil® materials that are commercially available from
Cognis. Especially preferred are Disponil® products LS 2, 4 and/or 10, which are
condensates of ethylene oxide units with lauric acid and/or myristic acid

30  comprising, respectively, 2, 4 or 10 mols of ethylene oxide. Disponil® TA and
Disponil® OC products which are a C14/C s ethoxylated alcohols having
polyoxyethylene substituents of different length are preferred. Disponil® OP and
Disponil® NP products which are ethoxylated octylphenols and nonylphenols
may also be included in the organic substance of the invention.

35 In a preferred embodiment the organic substance contains one or more
ethoxylated fatty acids of general formula R-C(=0)-(OCH,CH,),-OH where R



Preferably any al cohol contained in the organic substance is a fatty
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pentene, 1 hexene, 1 -heptene, 1-octene, 1-nonene, 1-decene, 1-undecene and 1-
dodecene.

20 The oligoolefins under consideration in the different aspects of the
invention can be selected in particular from homooligomers of the above-
mentioned monoolefins and from co-oligomers of these olefins, in particular co-
oligomers of propylene with one or more comonomers, and from blends of such
oligomers. The comonomers can be chosen in particular from the olefins

25  described above such as the linecar monoolefin described above, from styrene
monomers such as styrene and a-methylstyrene, from ethylenically unsaturated
carboxylic acids such as acrylic acid and methacrylic acid, and from
ethylenically unsaturated carboxylic acid esters such as methyl acrylate, butyl
acrylate and methyl methacrylate. The content by weight of units formed from

30  the comonomers in the oligoolefins is advantageously less than 30 %, preferably
less than 10 % by weight and more preferably less than 5 % by weight. It is
understood that the term “oligoolefin” is intended equally well to denote the
oligomers described above taken in isolation as their blends.

The oligoolefins can in particular be oligo-a-olefins.
35 The term “oligo-o-olefins” is understood to denote oligomers, more than

50 % by weight of the repeat units of which are derived from at least one o-
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their blends.
More particularly, the oligoolefins can be oligopropylenes.
The term “oligopropylenes” is understood to denote oligo-a-olefins, more
20  than 50% by weight of the repeat units of which are derived from propylene.
The oligopropylenes under consideration in the different aspects of the
invention can be sclected from propylene homo-oligomers and from co-
oligomers of propylene with one or more comonomers, and from blends of such
oligomers. The comonomers can be chosen in particular from the olefins
25  described above such as the linecar monoolefin described above, especially
ethylene, from styrene monomers such as styrene and a-methylstyrene, from
ethylenically unsaturated carboxylic acids such as acrylic acid and methacrylic
acid, and from ethylenically unsaturated carboxylic acid esters such as methyl
acrylate, butyl acrylate and methyl methacrylate. The content by weight of units
30  formed from the comonomers in the oligopropylenes is advantageously less than
30 % by weight, preferably less than 10 % by weight and more preferably less
than 5 % by weight. It is understood that the term “oligopropylene” is intended
equally well to denote the oligopropylenes as described above taken in isolation
as their blends.
35 The oligoolefins are preferably chosen from the group consisting of

oligoethylenes and oligopropylenes. More preferably, they are oligoethylenes.
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consi era on | e. dl erent aspects e i.nvention can ecte
from hom) I i éﬁlgﬂﬁr& %qmgﬂlyilenb‘iag% Saé?fﬁtegrca‘%hoéﬁlﬂ)‘i s) ﬁ%?ré S'ﬂﬁ gﬁgll efin wth

one or nore ceﬁ@mmﬂﬁnsdaamﬁuéMﬁhmbmghﬂsmm&yBM£hﬂmkmgwnebﬁwwI&eObmnmnoners
can be c hOSEﬂ 8 Otl’Ill ﬁlu'C%glonBI%reQS IH ?he%lf% {E&leﬂgf ]h Ppﬁgaﬁpﬂﬁﬁle@g ﬁﬁnas the

| i near nDnooIe €escri ove
mononers such 3&% ]S’c yeighte praficrably ress hlyqns]tq% bnev elgh,t mr@tpu‘@fp@hlyda?pﬂ ti}/

unsaturated ca W%f#@t At i A RHESd daBataRE ¥kh o ﬁgdéﬁlﬁé}@””@ﬁl%@lédlkdpfél@lc' d, and

IEHEEAE O R R YR T
units fo&UEd %kgﬁg:he copgnggfrs |nsoihgo i olefns is advantageously | ess
90, DY Y OB SHSLABLY, RS (R B Pl ST TRSE
"ol i go-a-olef im¢ludessyntht 8 AMERILUBE® materials that are commercially available from
American Synthol of Marietta, GA, for example Amerilube SFG, Amerilube
20  ATP-FG, Amerilube SGLX-LT-FG, Amerilube SFGL, and/or Amerilube
XL165K. Material having a viscosity of from 2-200 ¢St @ 40°C are preferred.
Even more preferably a viscosity of from 5-150, 10-125, 15-100, 20-90, 25-80,
30-70, 35-60, or 40-50cSt (@ 40°C. A viscosity at 100°C of from 2-200 ¢St @
100°C is also preferred. Even more preferably a viscosity of from 5-150, 10-125,
25  15-100, 20-90, 25-80, 30-70, 35-60, or 40-50cSt @ 100°C.
In preferable embodiments of the invention, the inclusion of 0.1 wt.%, 0.2
wt.%, 0.3 wt.%, or 0.5 wt.% of the organic substance increases the melt flow rate
of the polyarylene composition by at least 5%, preferably, 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, or 100% or more. The increase in melt flow rate is
30  in comparison to a polyarylene composition that is the same as that tested but
does not contain the organic substance of the invention. Even more preferably,
the inclusion of 0.1 wt.%, 0.2 wt.%, 0.3 wt.%, or 0.5 wt.% of the organic
substance leads to an increase in melt flow rate as discussed above without
diminishing the transparency and/or changing the color properties of the
35  polyarylene composition. For example, the inclusion of at least 0.2 wt.% of the

organic substance leads to a substantial increase in melt flow rate while



equally well to denote the oligo-a-olefins as described above taken in
isolation as their blends. Mdre particularly, the oligoolefins can be

ol i gopr opyPepd232BRe term "ol i gopropyl enes” i s under st o®CGTER2¢S/6116

ol i go-a-ol efins, nore than 50% by wei ght of the repeat units of which are
derived fron1propy|ene The ol i gopropyl enes under consideration in the
different aspects of the invention can-H8 -sel ected from propyl ene

hono- ol i gomers and from cool i goners of propylene with one or nore
conononers, and from bl ends of such oligoners. The conononers can be chosen
in particul ar concgrcnthereshlang irsa geanige itbealoa B @y e/ cHawness sndereof [pssdhgn

nonool ef i n desey iDEwPRANSIIMESR BF HRihYen8bh Yl SRSlusibh Gﬂhtslbé/slf gneyvimgmer s such
| eni cal | d carboxylic

as styrene an nmet hyl sty frometh aturate
aci ds” such as%&rﬁm“cs%faﬂc%ﬁad %wﬁa& Inggsage 1 %PWrﬁa@t"h@H %nically
unsat ur at ed ca@mmhulyareaﬁlmdgasa e]lieﬁlgs i€ bolas ergatyaubwﬁmymc&t;mflbuttydm acryl ate

and net hyl C ntent b h of. untt the
conmonormer |napﬁe5%(f%§%r mﬂ@? m@“&%%ﬁﬁ%ﬁ’eoﬁ@'no S ?hlfg@

wei ght, pref eurabkyvheegsleahé)lﬁ W% Ihe oﬁgﬁugh'su‘tmtm_cmrleclpdﬁlerﬂaﬂol y | ess t han 5
% by wei ght . #Blyg;}rl]ég@gs@ma tﬂ?ston{ ﬁo%ﬁrﬁ%ﬁtQéf&@%@B%ibﬁE% élﬁs1b1%?”d6d

equal ly wel | %@ﬁ enes as descr] above taken

i sol ation as ORevtanfdkrierganipsu 4@@6?@?48%%1@%&#@%@[’ V7% h@Se b for omthe
group conS|staog,Qg%gﬁmgg@thylenes and ol i gopropyl enes. Mre preferably,
they are ﬂ;lgoeth Ie ES The qj"o oeth Iengg% i s under st oo to denot e
oligomers:Y more t W’]‘%Bﬂf Fablgih IpHEsipR gEe ofeAnSUBPTafE S APk
derived fron1hwhmiﬁnsmnmhmrmkmgnebkyM&mmabmmﬂEMxmahspUﬁm@mpmmeﬁmsbﬁe

di fferent aspects of t he 0 r forom
et hyl ene hom%belpog%ar% ene cérglyq%r lon. 1t qu? Iglgle s¢l s%(f‘ f%gabLeqPthﬁé in%ruh?o Jf or more
conononers, afht ezewe ﬁmhsmnbft éwmobﬂe@@ﬂshﬂtﬂtﬁ@@@lmtrsngt ﬁéﬂﬁm@bﬁ@r{@res can be
chosen in par fcbﬁptﬁﬁoﬁ ymo&maﬁb%apr%f&@a%y%qn@f@%%z@%hs% 1obg | i near

nDnooIefln descr ove especi | ene, from st eF Monomer s
8

such as s @reé%ﬁéhﬁnﬁuﬁ%Pﬁﬁﬁéﬂyﬂgﬁ%m ﬂ%ﬁ?@ﬁh@ﬂ@ﬁ@?&FﬁVmﬁﬁ% at ed

carboxylic acipdsasiét gagmsh uforaiic HisRAG RS drasdiy bistaact of thand from
ethyl enically, varérsl 819 ' teelncrcegsreblg)%nlshg st?gnlg 1%Sptre rabfy eﬁrl]ea%ts S%Frtnro]ye
preferably at least 10%, 20%, 30%, 40% or 50% or more.

Phenolic Stabilizer

20 The polyarylene composition of the invention preferably includes a
sterically hindered phenolic stabilizer in addition to the organic substance. The
inclusion of a sterically hindered phenolic stabilizer in the polyarylene
composition of the invention provides a composition that exhibits not only
improved flow properties and processability but also provides significantly

25  superior color consistency and improved color properties.

The weight percent of the sterically 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
(HPS) based on the total weight of the polymer composition is generally of at

30  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.%,
at least 0.45 wt.%, at least 0.5 wt.%, at least 0.55 wt.%, at lcast 0.6 wt.%, at least
0.65 wt.%, at least 0.7 wt.%, at least 0.75 wt.%, at lcast 0.8 wt.%, at least 0.85

35 wt.%, at least 0.9 wt.%, at least 0.95 wt.%, at least 1.0 wt.%, at least 2.0 wt.%, at
least 3.0 wt.%, or at least 4.0 wt.% and at most 0.2 wt.%, preferably at most 0.25



acrylate, butyl acrylate and nmethyl nethacrylate. The content by wei ght of
units formed fromthe conononers in the oligoethylenes is advant ageously

| ess t harweQ9s02328ei ght, preferably | ess than 10% by wePGREP2099/061146
preferably | ess than 5% by weight. It is understood that the term

"ol i goethylene" is intended equally well to denote the oligoethyl enes as
descri bed above taken in isolation as tHéir bl ends. Organic substances
suitable for use in the conposition of the invention include synthetic
AVERI LUBE(r) materials that are connerC|aIIy avai | abl e from Aneri can

Synt hol of Mamit&b.tahmogta).3 P o.ek pst &3 AmibPh: |13t BOSSEEWE At MogHR4ATRIEG,
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havi ng a VISCOSIt% from 2- ﬁ?g 5; 400C ar e pre er égg /yen nor e
preferably a (19st@diwtyoqit Mashin/a w5 at psh &8 Wt15’-ai(§‘6)5t 6, 30- 70,
35- 6?, or 4]9 500t %@MADED. %Wﬂ%g:asnésylalwﬂ%owt(ﬁl@n‘tzf()r@nﬁ/OZatZrﬁﬂstGSI @1000C
is also pr erre Even e prefgraply._a, viscasit r 0, 10-125,
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enbodi nent s oﬁnd/herangsseam@ exmesstyhiacliuded asif omiteh o0t.1 wt. % 0.2 wt. % 0.3

w.% or 0.5 wt.% l; ate of
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preferabl {0t A@LHE] dhohrog esbc%vﬁftl%a Bresnifig © cagy, ed’lleV(FdSaS . % of
the organic subﬁpﬁﬁQEd&ﬁadSehmm&nrmampaasgstUH&htoﬁhaphﬂmﬂeydsuﬁlscussed

above i thout gLl NM0% DG LLANSPRNRDENATHLGT, §1808h Dbt HosRlo

properties of € CO 'usi on of at
| east 0.2 wt. %Mb@KIW@C@%gaﬁknnb@@@@éh@@%ﬂ@@ﬁgﬂvbOéﬂ@GbSWéNWﬂGKRQnCrease in

mel t flow rat %Ngﬁthg&%@@um%%g&lox @S iicnPEF thB ﬁexfbh@{]@@ls' Serf@lipr, e. 9.,

yel  owness_i ndex n 5 In other enb ne of the jnvention
the incl ubi on MoK yasdiesige RkgIRDPS ficloe LN %ESt ?H@é’tgé SR %’éedt 0 a
substantial imfcseaden at@nﬂﬁlﬁosﬁtlbﬁwmha&@thmwb@n@m@ uéarrﬁlrgttheo//hyc&g%}b gﬂzogg/ i 2 ooa/
change 11 <ol O ad o SEULIISES 95l bR SRR cPT 10%
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
20  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
hindered by two bulky groups, the 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 the other bulky group being fixed to the other carbon atom in
25  position ortho to the carbon atom bearing the hydroxy group of the phenol cycle
(Rp). Any bulky group capable of sterically hindering the hydroxy substituent of
the phenol cycle is in principle suitable for use as the bulky groups R,, Ry and R;,
as long as its chemical nature does not affect detrimentally the properties of the
polymer composition.
30 Bulky groups suitable for use as the bulky groups Rg, Ry, and R; include
advantageously C;-Czo hydrocarbyls, acyclic C,-C3y monovalent groups
comprising at least one heteroatom (such as -CH,—OCHj3 and—CH,—
C(=0)OCH3) and Cy-3p monovalent groups comprising at least one heterocycle

such thiophene and pyridine cycles). Non limitative examples thereof include:
35 C,-C30 hydrocarbylketones [-C(=0)-R, where R is a hydrocarbyl group],



i ndex when at |least 0.2 w% of the organic substance is included in the

pol yaryl ene conposition. In sonme enbodi nents of the invention the inclusion
of 0.2 wWwex20fo/@2Bas82or gani ¢ subst ance decreases yel | owne®STIRRA@L/0bM46% 10%
15% 20% 25%or nore. It is |likew se preferable that the inclusion of the
organi ¢ substance does not have a substantial or neasurabl e undesirable
affect on the physical properties of thd> pol yaryl ene conposition. For
exanple, it is preferable that the inclusion of the organi c substance does
not decrease the tensile strength of the polyaryl ene conposition by nore
than 25% preferably by no nore than 20% 15% 10% 5% JFE¥en nor&
preferably there is an increase in the tensile strength Jol yaryl ene
conposi tion upon inclusion of the organi ¢, subst ance of t\ nvenui The
i ncrease in tensi Pehswarfgp plkykke g?@%ﬂ“;?“ gndket8os npre pref eg’abl y at
| east 10% 20%-B09sy!ketomesrCS0 wﬂ@on%@tddw -€38realkylketanesthe

pol yaryl ene COWDO&IGSQ &BC&MOX)ﬂgﬁft{chﬂi?ll&E&feQ[-@*@) RO- Rgasttleae Rtlﬁfetl_ ﬁal ly
diition nl c stance e

hi nder ed phen

el ust onof - dhvefeaf HERPeBH waReb s g an P L SHPIEI B FrRERHe " boryar yi ene
conposi ti dn ophé¢rydoxyphantkamepr avd des a conposition that exhibits not only
i nproved flow pro . LY, gnlflcantly
super i o col o colarataagReies o By SRS gt%t%?”@%%@?eﬂggt e dkToh

percent of therloéudemg@@wncbruermmg@dam@mmc Asabi | i zer (HPS) based on t he
total weight of the clgrrposmlon IS ly at least 0.05 wt.% preferably
of at least O. % Besi des, thd ) ercent of the hindered phenol
stabilizer (ngd,’\bn t he tot ght/ of the pol ymer conposition is
general ly of atNpoSt™N wt preratNy of at nost 2.5 wt.% In sone
enbodi nents the hindered ph%nnol stabilizer is present in anmounts of at

| east 0.15 w. % % ty ._5 ok Wt .
at least 0.35 w. ae%§&?§a%% d)val@tdg eas é .h ] coarbS}[ §lﬁﬁ?ﬁy’g?§0 5
w.% at |Gasbubkymsoup Regvhen prasemss 1S@d8awgewslwa@ éésstlﬂbrosg ¥k.% at |east

0.7 wt.% at |S%ﬁ§z§rl39 tHPbME ﬁouﬁtRl,lV@lfbﬁt r&seht, tt,tao%n%edugt@r%tc QcgS wt. % at
| east 0.9 wt. | east 0y % at | east 1. % | east 2.0 wt. %
at ydrocarbyl

As C1-Csg hydrocarbyl groups suitable for use as the bulky groups Rg, Ry,
and R;, it can be cited:
15 - C;-Cy alkyls, such as methyl, ethyl and Cz-Cyg alkyls,
- C6-Cs aryls, such as phenyl,
- C6-Csp alkylaryls (such as tolyl), and
- C4-C5 aralkyls, such as —C(CH3z),—Phi, where Phi is phenyl.
Preferably, Rg, as well as Ry and R; when present, are, independently from
20  each other, C;-Csg alkyls.
More preferably, they are selected from the group of a-branched alkyl
groups 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 carbon atom of the
25  phenol cycle is also bound to at least two other carbon atoms of the alkyl group.
By the term “o-branched aralalkyl group” is intended one in which the carbon
atom 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 preferably, they are a-branched alkyl groups of from 3 to 10
30  carbon atoms. Examples thereof include: isopropyl, sec-butyl, tert-butyl, 1-
methyl-pentyl and tert-pentyl.



least 3.0 wt.% or at least 4.0 wt.%and at nost 0.2 w.% preferably at
nost 0.25wt.% at nost 0.3 wt.% at nost 0.35 w.% at nost 0.4 w.% at
nost 0. 45Vva209402a282nost 0.5 wt. % at nost 0.55 w. % at PRBSIP2@9I061AH6 % at
nost 0.65 w.% at nost 0.7 w.% at nost 0.75 w.% at nost 0.8 wm.% at
nost 0.85 w.% at nost 0.9 wt.% at nost 0.95 wt.% at nost 1.0 w.% at
most 2.0 wt.% at nmost 3.0 wt.% or at dst 4.0 wt.% Al values and ranges
between the stated values and/or ranges are expressly included as if
witten out. Sterically hindered phenol stabilizers are well known to those
skilled in the ar tThe most elritdalRayahivelbiay Reashinghanerateabiprd tgerbuplips)

contained in yaryl ene conp05|t|on of the invention is a sterically
hi nder ed phenollc 96gglllzer in tEe bro conveg ﬁg neani n of t he
term It can be vFEHRENEESHMWVTRE Binedavicy gu“(f’ét% RS IGHPERA
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bearing the hywtigighayebdi- d)tbcttad@}’bﬁémi yloheriod 3. RGytrievsdohenelpbenvds 2.6ul ky

group being f ke baykReRidiee ﬁlf%ﬁolaénﬁrﬁn&ﬂlr&otﬁbﬁebf)n ortho to the carbon

at om bear i ng t he gr.oup t.he phenol cle bul ky group
capabl e of steri calyEP‘9 %ﬁ&@?ﬁtﬁgﬁqdﬂﬁn‘llﬁ%ﬁWOEQ}%’%WFG@W Sééfblng?és ¥YRenol cycle

i's in principle sukitaRlog H(KS-@B%r@l%t?l%h?&lkapl@h?lPﬁﬁlﬁpB@w 43 @il nRdnp- as | ong
as its chem cal hy({r q S not agéect de[% ntall Cﬁ(f% 0 es of the
pol yner conpoSf PF'8 E?Lﬂ@ b 5&pY 8 ot © %Pnlug‘é %% WHEH ﬂfoli’yl %r oups Rg,
Rh and R1i ncl heeanediol, 1,9-nonanediol, ethylene glycol, 1,2-propanediol, neopentyl glycol,
thiodiethylene glycol, diethylene glycol, triethylene glycol, pentaerythritol,
20  tris(hydroxyethyl) isocyanurate, N,N'-bis(hydroxyethyl)- oxalamide and the like;
- esters of B-(5-tert-butyl-4-hydroxy-3-methylphenyl)propionic 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, dicthylene glycol, triethylene glycol,
25  pentaerythritol, tris(hydroxyethyl) isocyanurate, N,N'-bis(hydroxyethyl)-
oxalamide and the like;
- esters of B-(3,5-dicyclohexyl-4-hydroxyphenyl)propionic acid with
mono- or polyhydric alcohols, ¢.g. with methanol, ethanol, octanol, octadecanol,
1,6-hexanediol, 1,9-nonanediol, cthylene glycol, 1,2-propanediol, neopentyl
30  glycol, thiodiethylene glycol, dicthylene glycol, triethylene glycol,
pentaerythritol, tris(hydroxyethyl) isocyanurate, N,N'-bis(hydroxyethyl)-
oxalamide and the like;
- esters of 3,5-di-tert-butyl-4-hydroxyphenylacetic acid with mono- or
polyhydric alcohols, ¢.g. with methanol, ethanol, octanol, octadecanol, 1,6-

35  hexanediol, 1,9-nonanediol, ethylene glycol, 1,2-propanediol, neopentyl glycol,



advant ageously Cl1- C30 hydrocarbyls, acyclic C2-C30 nonoval ent groups
conprising at |east one heteroatom (such as -CH 2-0OCH 3 and-CH - C(=0) OCH
3) and CowveQorgnsasal ent groups conprising at | east one RET&APWObBH4GUCH

t hi ophene and pyridine cycles). Non limtative exanples thereof include:
C2- C30 hydrocarbyl ketones [-C(=0 -R, where R is a hydrocarbyl group], such
as C2-C30 al kyl ketones (in particul ar, -penyl ketone ), C7-C30 aryl ket ones,
C8- C30 al kyl aryl ket ones and C8- C30 ar al kyI ketones ; C3-C30

hydr ocar byl oxyhydr ocar byl ket ones % i‘ OR 2, where R is a divalent
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ethyl and G3- gﬂn% oRbts¥ilSer (HP@?W& 1%%9’ Bémc&tb%?ht@cfs&@@s@ﬂﬂlly 1nto%e C30

al kyl aryls (such as tOé such”as - C(CH 3) 2- Phi,
where Phi is BPEAGIOEihe inysnion igentaeryihsitel tﬁ’éa%[%@eﬁ ﬁ?lhh‘étﬁl fresent, are,
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sel ect ed d:iom A oup of a-Qkranched al groups of from3 to 30 carbon

atoms and %dﬁﬁbﬁltra f BUBS r&fqur to 30 carbon atoms. By the
term "a- branched atdfydablg'rmu@"olyasyleﬂet@nqg)dltlonef the inthdntion hhearcanpgrovedat om of

the alkyl gr OUR N io% stre %tBOolf‘gglegﬁ 5%, Om%{l@(ﬁrﬁ@p%lfl&atr?@n@&%g@dsg%%l e is also

bound to at | €as er carbon a he term
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the aral al kyl ;gr8teh Wiicfatly, (ROUBHeARNAHERIR PR Ichd CnRRRMARN oFY Cl €
15 the invention is increased by at least 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 100%, 200%, 300%, 400%, 500% or more in comparison to
polyarylene compositions that are the same except do not include the organic
substance.

The polyarylene

20 For the purpose of the present invention, an 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.

Non limitative examples of arylene groups are phenylenes, naphthylenes,

25  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, 64th edition, pages C1-C44, especially
p. C11-C12, incorporated herein by reference.

30 Arylene groups present usually a certain level of aromaticity; for this
reason, they are often reported as “aromatic” groups. The level of aromaticity of
the arylene groups depends on the nature of the arylene group; as thoroughly
explained in Chem. Rev. 2003, 103, 3449-3605, “Aromaticity of Polycyclic
Conjugated Hydrocarbons”, the level of aromaticity of a polycyclic aromatic

35  hydrocarbon can be notably quantified by the “index of benzene character” B, as

defined on p. 3531 of the same paper; values of B for a large set of polycyclic



is also bound to at |east two other carbon atons of the aral kyl group.

Still nore preferably, they are a-branched al kyl groups of from3 to 10

car bon at\uOR010/238p| es t hereof i nclude: isopropyl, sec-BaTEP00O6tI40UL I |

1- nmethyl-pentyl and tert-pentyl.The nost preferably, Rg, as well as Rh and
R, when present, are tert-butyl [- C(CHs)3] . Excellent results were
obt ai ned when Rg was tert-butyl, Rh was I¥resent and Rh was al so tert-butyl,
and R, was absent. Preferred hindered phenol stabilizers (HPS) are sel ected
anong the class of al kyl ated nonophenols and the class of esterified

hi nder ed phenatomatigdyiltogerden grs rgperteshin tabler4d, fameepagat ineqrpedfaddicis cl osed
nmore fully i np&fbrend. 285, 855 and US-A-3 644,482 (the entire content of

each being al so e pressl i ncor por at ed nto ref erence).
Exanpl es of al kyl &éﬁ%awmggowléa rog.c CtrPBP?XB%géPa@%‘Pﬁ%}P?}ﬁ@)nol

2-butyl - 4, 6- dlam@tthy) Mﬂ@ﬂﬁd: rlng oﬁthdlafﬁleﬂd grblllfo yﬂ'he‘ﬁelﬁhhyltl(dlhgﬁohtom linked

2 0o et by S Py RO o A Mt SR 0o
2,4,6-tricycl oﬁbrgrmrpgmhm{a;ge 2v161-andthet ehetmlb@ltgyd)um Ameembe@amrhlyn@g@nm and
m Xt ures ther gpﬁlorézé'@&pélg%he%rg&%s%%éﬂa{)fe%bgfn@w lﬁhézaﬂ%nds plsed tuted acid

stabilizers are: -te dr oxyphenyl ) pr opi oni ¢
acid with nonébragelizedra dirostien Aed By a senge; twﬂ@%p%@wméhle Préﬁéeﬁénol oct anol ,

2Ct2 adecanol , ¥ %}x@nu&%@@%ﬂs@éfthée& @pﬁﬁd??t i @he nougﬁméfﬁl@@ alglg&lggﬁéorr]n tlhe
propanedi 0 open i 0 co e ene

o yeor - eI et Rpidertd 1 Shewpt st yous 14 B VR SERYH e85, v pniems

i socyanur at e, nNermbisSl@hYﬂB@(glﬁhM}: endx]velitideavartbe samge dirdeeipn-suelst er s of

b- (5-tert-but %n S ﬁan)f)%re?[ﬁgr 0%‘[]5%&3%}/6 (ﬁ%ﬁ)ﬁ%ﬂl?e%rﬁ Qawo th%f‘r eqdﬂatnho ngca nol |,

pol yhydric al co anol, octa
1, 6- hexanedi olstralghtgomnmg@f icath otheingt eatdoGETpaist said, theypeopariésioint), neopent yl

glycol, thi odi et h)&}?‘(ﬂ 3 fe}i@%l 1nteﬁﬂ&ft|3ydeﬁ@t% aQiJoYﬁQér’ofWHlﬁfﬁMlleecﬁﬁl gy ycol,
pentaerythrltol droxyet hyl) isqcyanurate, N N - &h droxyethyl)

oxal anmi del%and Wfthé) qfj ﬂlp@gecuﬁl@gpg}tg argfrecurring units (R1) of on¢ or rnore ormulae
b- (3, 5-di cycl eb@iting4f AN dpoapReahdthied piytshe @rép, fromdeld 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. That the
optionally substituted arylene group is linked by each of its two ends to two

20  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 group
such as phenylene recurring units ¢, @2 and ¢, below:

-0-¢1—-S(=0); -,

25 -0-02-0r-0-

are not recurring units (R1) in the sense of the present invention.

The arylene groups of which the recurring units (R1) consist can be
unsubstituted. Alternatively, they can be substituted by at least one monovalent
substituting group. Preferably the arylene units are not substituted with any

30  sulfur-containing group, even more preferably the arylene is not substituted with
any sulfonic group.

The monovalent substituting group is usually not polymeric in nature; its
molecular weight is preferably below 500, more preferably below 300, still more
preferably below 200 and most preferably below 150.

35 The monovalent substituting group is advantageously a solubilizing group.

A solubilizing group is one increasing the solubility of the polyarylene in at least



nono- or pol yhydric al cohols, e.g. with nethanol, ethanol, octanol,

oct adecanol, 1, 6-hexanediol, 1,9-nonanediol, ethylene glycol,

1, 2- pr opanearwyo23rseopent yl gl ycol, thiodi et hyl ene gl ycolPCTdiPeaonipbHne
glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl)

i socyanurate, N, N -bis(hydroxyethyl)- oxalam de and the |like; - esters of
3,5-di-tert-butyl -4-hydroxyphenyl acetic !&cid with nono- or pol yhydric

al cohols, e.g. with nmethanol, ethanol, octanol, octadecanol, 1, 6-
hexanedi ol , 1, 9-nonanediol, ethylene glycol, 1,2-propanediol, neopentyl
gl ycol , t hi odi enhgigenie sgivgeloin pagilatanin ehlagope of dimathydfospraide, gl ycol |
pentaeryt hri t @men lp%z%lﬁ@fn@ﬁé’,_@fei@é’rhéthyl?ﬁ@sﬁf)ﬁaﬁé Blanide, benzene,

N, N' - bi s(hydr oxyet yI)-o§§g$n1 e an he Like. AWDQE thfse g@ndered phenol
stabilizers (Fﬁ@§¥mpﬁ6§%a grEomyethane, Which cae be gpedeasseentsslTIAg tifer ed
phenol substi kyiteshisastitbe pélgdniylonz & 3 salueiop pefyetareatioroogst hese, the esters
of b-(3,5-di-tert:butyl-4-hydroxyphenyl ) praopionic .acid. wt ol yhydric

al cohol s are espegpg °§°8¥%¥§Pﬁ%%ﬁl © g@”ﬁf@?@?%ﬁﬁuﬁyﬁ Q@%ﬁwpﬁénol
stabilizer (HES)ycasts thh fusshylityeofithciolpoykned.csudoeys ftsiglags irmsdianhe
conposition o javentd I S r i i

[3-(3, 5-di -t-Eﬁﬂ% Fahft aﬁ? ﬂrs%x%ypﬁ%%ﬁ%rsc%?%ﬁﬁ?ly??gﬁﬁ YIRS 2 1 abl e from
Ci ba Speci al t yu o0& H1cEmOPI@ESsSinge tr ade name |rganox(r) 1010. Preferably,

the pol yaryl ene copareasblyl #8 ntdnobhent gﬁwnhﬁ@grbaﬁimohmmed el ongati on
strength of at Lg@gt % 1n cogRarlsgﬂ t 3@0 ar Iﬁ@gﬂqonpositions that are
the same Hkcept PUGORBPY SR arelons bty ALREE 4 bf the present

i nvention. Pref ailabénos stitteasel@ngdiat iFbandsdy engt h of the pol yaryl ene
conposition of the inyventi I.S: hCT . 9 0 %,. 30%
200 50% 60% ISt gxqgr@%ﬂa%b%&;or%ﬁﬁ/gt%Sgésnhgg‘@éy Bl e ndibln, 50%
conpari son to pefoyasuchanbalogenodivis, balogerteatylahelogproatiatarylsxsdpt do not

i ncl ude the Orgﬁ@bgmﬁﬁgﬁﬁﬁgce. The pol yaryl ene For the purpose of the
present invention, "an arylene group is a hydrocarbon dival ent group

consi sti nkf of "oA¥IESYe conposed of one benzenic ring or of a plurality of
benzeni ¢ rings hygedarbpigabhiassubstiteleably nglchywone hydmkel geughbet ing ring

carbon atons, aﬂgdr%;yélms,%@(a?dxyaryls, hydroxyalkylaryls and hydroxyaralkyls;

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

20  — 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;

25  — 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 thercof, carboxylic acid halides and carboxylic anhydrides,
such as -R-C(=0)OH where R is an alkyl or an aryl group;

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

— amido [-C(=O)NH;];

— hydrocarbyl groups substituted by at least one amido group;

— hydrocarbylamide monoesters [-C(=O)NHR or -NH-C(=0)-R, where R is a

35 hydrocarbyl group], such as alkylamides, arylamides, alkylarylamides and



Non [imtative exanpl es of aryl ene groups are phenyl enes, naphthyl enes,

ant hryl enes, phenant hryl enes, tetracenyl enes, triphenylyl enes, pyrenylenes,

and peryl\EORheeE8282The aryl ene groups (especi ally the nkEH&EPRINYG/06f146¢ he ri ng

carbon atons) were naned in accordance with the recomendati ons of the CRC

Handbook of Chem stry and Physics, 64th edition, pages Cl-C44, especially

p. G 1-Cl12, incorporated herein by refélence. Arylene groups present

usually a certain level of aromaticity; for this reason, they are often

reported as "aromatic" groups. The level of aromaticity of the arylene

groups depends 8mlipnidat ape hpdrogarbylamjdecdiestyyp bGiTOMNRE lorNhddgAiPYR2xpl ai ned

lHyndChem bRev,-, 28@%@%@?&%&%@@@@?&&%& 'dFa!llE%Iarﬁfdef’_@dd’@iMﬁzlldr{ﬁ_d@ nj ugat ed
rocar bons”, eve 0 i.City pol ycycl.ic aromatic

hydr ocar bon can S‘an‘r‘f(ﬂc goqﬁirﬁgﬁ?m&amﬂﬁfg%gl)“&ﬁ%é‘iet%for BRI S5 act er

B, as defi ned-ofydrocab@lulinet MS(s@)YR patpes R ivelcugdraehrbBl foupp stdrage set of

pol ycycl i caromatj c, hydr ocar bon _are ont on_tahle .sane page,

i ncor por atid he?fés?'l"?u ?/neise?rgir%gﬁ%%e.s’ %Iﬁﬁg?}'(l]s ugtgn%sn a%?kﬁlseurllfeégast’oup is a free

el ectron of a—caldblydedt@mbiltad hddfarmyk [(Or=Q)KeWhbenr¥ns ¢ halogep of t he

aryl ene group, @%ﬁ{ ein an hydrogen atom|linked to said carbon atom has been

renoved. Each en Jf an arylene group is capable of formng a_|inkage with

anot her chemni cahygeeupylkpienesigCGTO)R ‘&h%FFBﬂéaé’b’éiPﬁ?rbéﬂfgrﬁBPgs isely the

| i nkage capabl e gf1KReInRY aflAk&BaesOMkSRHk@Bkhs a6 Bralg/lleigiedct eri zed by a

direction and b , to th f t i t th
Sense of he. snbGPc BBk GBS redrPhea-GeCgahT K FOMILABM nei de of
t he core of thehgadrpt@ben grooppudhoastdnenliopitrss, e aiylenspardalkylagylendoranncer ns nore
recisely arylen I Q f ' ' j,on, h

D ect oo oot L SRS ARE05-CL IS LpNE e daR s soticn, oue

ends can be eithe ' Ite sen , nds can be
in the straight silstisged bygatdeaseanhalbylrarpyp, or amalkylcoe Bequpisgbstieied by ehey can

be disjoint). Agpgl afé;@g%ﬁﬁ%r&ﬁ) 1 ilgrded hwmgsremﬁoap,@g%}gwn agﬁyomiygh mor e

than 50 wt. % of the urring units are recurfing uni (R t one or
more formd ae cakalayligsgradeylgrouicsughas pyloshaky ke ar yl ene gr oup,

provi ded sai d opikyRiRghlykctdiRs talltHb-eallaNal Re®NES, alkyldxsataikikiagordy, each of its
two ends to two otlherlko titonall | subsltkittut ed ar Iﬁn?rgl oups vida a direct
C C |i nkage. Tha19%ya etones, aryloxyarylketones, aryloxyalkylarylketones an

aryloxyaralkylketones;
— any of the above groups comprising at least one hydrocarbyl group or a
20 divalent hydrocarbon group R', wherein said hydrocarbyl group or said R'is
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:
25  — the hydrocarbyl groups contain preferably from 1 and 30 carbon atoms, more
preferably from 1 to 12 carbon atoms and still more preferably from 1 to
6 carbon atoms;
— the alkyl groups contain preferably from 1 to 18 carbon atoms, and more
preferably from 1 to 6 carbon atoms ; very preferably, they are chosen from
30 methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl and tert-butyl;
— the 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
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

35 neighboring ring carbon atoms (such as the naphthyl groups), and wherein the



optionally substituted arylene group is linked by each of its two ends to
two ot her optionally substituted arylene groups via a direct C C |inkage,
is an esswORow/o2Bzsat ure of the recurring units (R); thRET/ERR008/0¢11d01e
recurring unit which is linked by at | east one of its two ends to a group
ot her than an aryl ene group such as phen Iene recurring units fl f and f2
below - O- f i - §(=02 -, - O- f 22lfr - O- are not recurring units
(RI') in the sense of the present invention. The aryl ene groups of which the
recurring units (R) consist can be unsubstituted. Alternatively, they can
be substituted bygawbpeaomsaiepeisHbysbshitted ysatileast oneqritpepoOX FucaPEr abl y

the aryl ene uni Eaﬁﬁraeorﬂ%re%&aﬁ&lﬁl%@gymgﬂon @msrﬁl | hion Gesth & subfieu@Eoup,
even nore preferably the aryl ene is uted with an¥ sul foni ¢

group. The mnog%;?laé}ﬁltgrg‘ﬁm%maﬁﬁ PRET ?QPHQSE‘B %ﬁﬂi’?}l HOBS pBI%Sreric in
nature; its nol pmﬂéranslymeghlte phsnjarge&qisabl y beI ow 500, nore preferably bel ow

300, stil l mor e{}frqilfyqrﬁgobulé)y fns copl néeﬁtm the aﬁﬂgl&y@é%ﬁﬁ?%%ﬂ??ﬂ ow 150. The

nonovalent subs i Zing group. A
sol ubi l'i zi ng grpuﬁaﬁmxﬁnéﬂmn@ﬂégsnmga$H@N©®km@wwdty of the polyarylene in

at | eastone or ggrry S%grelylﬁ&thllyc ﬁéd:fﬂl tRE arfa gf‘ngliolﬁgf‘ﬁfeet@% R ferences

di met hyl f or mam pyrroli |none hex phosphoric triam de,
benzene, tetrah?ﬁﬂ@ﬁ%ﬁhﬁﬂ“&ﬁdﬂQP?KQQ¥B%§%ﬁhane whi ch can be used as sol vents

during the synt hesigre pfeféribly POk haimsk €186t sméstﬁuﬁﬂ% &bl dhebsnmérhzat i on

process noval ent sub t n r dvant ageously a grou
whi ch incygasgnmpﬁ@LYﬁgwﬂﬁiféb(g*ﬁ‘%@g %I éﬁvpgﬁ@%yfg@ugf?ghomerg |tg glgss
transition tehpﬁbairbylexmdirmdaﬂoykledtcbnes|[£(Z(e©|){&}-0-sﬁ aBert®'desidivalthy make t he

pol yaryl ene s H (tirogargon 1hou§ QE& ?{D Rl Oﬁfcﬁﬁéa@'@% §55r1§))1 egaﬁpﬂdydhoéa%lﬁ&?e\é ahgnt

substituting aryl s,
al kyl aryl s an y@maaltrbyﬂogyhydrmrb)@]eqi@@s@gmlg uasubs@futed (grsubst]:tutgﬁ@yat feast

hydr ocar byl QBHQQPthQ%BE)?@Mté’d ﬁBn&%[Hﬁ't E&tﬁhﬁﬁnﬁ %&@ut ed by at least one
hal ogen at om such enoal %1 hal ogenoaryl s, hal ogenoal yIaryIs and
15 Still more preferably, e rnonovalent substitliting group 1s 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)
20  arylketone, in particular it is phenylketone [-C(=O)-phenyl].
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
25  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
30  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 is linked by
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
35  group of the recurring units (R1) can be characterized notably by a direction and

by a sense.



hal ogenoar al kyl s; - hydroxyl; - hydrocarbyl groups substituted by at |east
one hydroxyl group, such as hydroxyal kyl s, hydroxyaryls, hydroxyal kyl aryl s
and hydr oXQ20a/R§183; - hydrocarbyl oxys [-O R where R i $CA/ERQUVOCHADY |
group], such as al koxys, aryloxys, alkylaryloxys and aral kyl oxys; - am no
(-NH2); - hydrocarbyl groups substituted by at |east one am no group, such
as am noal kyl s and aminoaryls; - hydroca&?byl amines [-NHR or -NR , where R
is a hydrocarbyl group] such as al kyl am nes and aryl am nes; - carboxylic
acids and their metal or ammonium salts, carboxylic acid halides,

carboxyl i ¢ anhydr Adst set ofeavisingripits syjfablegts reesang writsd® 1his emnosedsel one of
car boxyl i c acpfgonalf®labstit@ed m@igm%’ath@ sndshgvapén carboxylic acid halides
and carboxylic nh%tgri des,. such as -R-C(=O)OH where R is an al kyl or an
aryl group; -_hgﬁi‘F SPHYF dLRL8. [- (=0 OR or -O- C(=O R where Ris a
hydrocar byl grouR]ofopptsiescadckyidest ers, arylesters, al kylarylesters and
aral kyl esters; - _amdo |- NH 2]~ -. hydrocarbyl groups substituted by at
| east one ng' Hoaﬁrlgﬁ[be; St{alﬂ%&/@%%%{?%éf%ar%hg)éheﬁonoest ers [-C(=0O NHR or

-NH C(=0) - R, wher gheRafter, aighd chdefoamingl argewplits (Bdetl].as al kyl ami des,

aryl am des, al kyl aryl am des andar al kyl am des, and hydrocar byl am de di esters

[-C(=O NR2 or -N :ﬁl} . Where R are hydrocarbyl. gr as

di al kyl ami des . a d%flg fag%eﬁ’éas“?ﬁ?sguﬁuf%?ﬁg%% Hsbg%ﬁgﬁé)%zéﬁiefgﬁuﬁc aci d
(-SBH), thei M%¥¥al or amonium salts, - hydrocarbyl sul fones [-S(=0 2-R,
where R i) the hydrocarbyl group], such as al kyl sul fones, aryl sulfones,

al kyl aryl sul f om,qsphegylaﬂlé%all@uiamtieﬂ; - aldehyde [-C(=O H and hal of or nyl s
[-C(=O0 X, whefein X 1s a halogen atom; - hydro @ etones [-C(=0)-R,
where R is a hpdheeaemsyl group], such as al kyl ket ones, aryl ket ones,

al kyl aryl ket opes—and—arat Kyt ketones; O
1,4-naphthylene .

1,4-phenanthrylene and
i -

®

2,7-phenanthrylene

1,4-anthrylene and

ooy &
Soo

9,10-anthrylene
and

(D

2,7-pyrenylene Q

1,4-naphthacenylene and
5,12-naphthacenylene

2

o

o

an

1,4-chrysenylene

‘iPO




by at

al kyl, aryl,

hydr ocar byl oxyhydr ocar byl ketones [-C(=0) -R1-O- R2, where Rl is a dival ent
hydr ocar bon group such as an al kyl ene,
ar al kyl en®O 2p10¢R&B3bl y a Cl1-Cl al kyl ene,
substituted by at
| east one phenyl
al kyl aryl
al kyl oxyaryl ket ones,
aryl oxyal kyl ket ones,

an arylene, an al kylaryl ene or an
a phenyl ene, aPphdRYI8RE114¢ oup
| east one al kyl group, or an alkylene group substituted
group ; and R2 |s a hydr ocar byl group, such as an
or aral kyl groupj 3such as al kyl oxyal kyl ket ones,
aIkonxyaIkyIaryIketones, al kyl oxyar al kyl ket ones,

aryl oxyaryl ket ones, aryl oxyal kyl aryl ket ones and

aryloxyaralkylketones . - any of the above qroups conprising at |east one
hydr ocar byl gro or a dival ent hyjrocarbo fiexein said

hydr ocar byl grddb“@hm@QY@n¢ﬁmis its bf t he
above listed nm stituti =0 - R
where Ris an aryvﬁ d%@gﬁbstltut t he
hydr ocar byl gr Dr e
preferably fr0n11 to 12 carbon ato 1to6
car bon at ons; &JK%F groups c rbon
atons, and nDre p erably from1 y, they
are chosen fr(mlﬁqidnydcanﬁeﬂwdnd n- pt yl and
tert-butyl; - gﬁ oups are sting
of one end and® ﬁﬁbosed 0 Nyl
group) or of a plurallty of benzen ot her
via a carbon-c¢arbon |inkage (such hs the hiphenyl group) or fused get her
by sharing twp or nore nei ghboring|ring car bon such as the napht hyl
groups), and mg ein thering carbopn atons are p Y—substituted py at

| east one nitr ééﬂ“°%¥9§@ﬁ or sulfur atom; pre , in the aryl|groups,
no ring carbor atomis substituted] - the aryl )S¥ cont ai n prefe}ably
from6 to 30 ¢carbon atons ; nore preferably, they are phenyl groups| - the

al kyl group w

10

nich is contained in t

1,4-trinaphthylenylene,
‘ and
2,9-trinaphthylenylene and

5,18-trinaphthylenylene

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.

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

A second set of recurring units suitable as recurring (R1) is composed of
optionally substituted arylene groups, the ends of which
— ecither have a different direction, forming thus together an angle between 0 and

180°, said angle being possibly acute or obtuse,

— or have the same direction and the same sense,



preferences of the al kyl groups as above expressed; - the aryl group which
is contained in the aral kyl groups neets the preferences of the aryl groups
as above ¥QEPH438182 Nore preferably, the nonoval ent sub®CTER2AGHhoup i s
chosen from hydrocarbyl ketones [-C(=0 -R, where R is a hydrocarbyl group]
and hydrocar byl oxyhydrocar byl ketones [-C(=0 -R1-O-R2, where R1L is a

di val ent hydrocarbon group and R2 is a Tocar byl group], said

hydr ocar byl ket ones and hydr ocar byl oxyhydr ocar byl ket ones bei ng unsubstituted
or substituted by at |east one of the above |listed nonoval ent substituting
groups. Still mof Baysbe sprapfijectioneargwhenpasensensepad pegisiogt dol ifs chosen

fron1ary|ketonesh@gﬂngﬁyagﬁmﬁggf&Q%Qﬁ@§) said aryl ket ones and

aryl oxyaryl ket ones bei ng, unsubstitute r substjtuted | east one of
A A R T G A R e e My
nmonoval ent subst i tThieh ngfigt aibpetios’ redurfngnsniBBIRIl {) seidhbl@ssydekatiage, i n
particularcit | | 0 - C(=0),- phenyl T r ptionally
Pabst i turch arbeRRDY sROERE o amiorlly PRIt ol ieEfiubs She bE R o
preferably at wioet h@c anbiferept difastian fprmaing tegsthep an ande gngle [repwriegpr ef er abl y
at nost one bepzg Qk?-bﬁj]ﬂ@}oﬂﬂﬁ%bﬁv%%}n IE§0P6L]’Jt§>n91ﬁy LRtiRRL Rpidhd %rou%s

substi t ut ed argle e group of the recurring units (R ) I's conposed of one
benzeni ¢ ring,hg W@SPg@@efrh Hye atineetiqnegifferenpfram cgplyothier, ipsledet or mul ae
consisting of lan optionally substituted |phenyl ene gro provi ded said
optionally sub%é?@ﬁ?@@n%ﬁgﬁyp%ﬁ%kﬁ?bup ils l'inked by of its two|ends to
two ot her optionally substituted aryleng groups via a direct CC |inkage.

As above expl ai ned, the optionally subst|ituted ng grou f the
i %%g

aryl s
recurring units is |inked by each qgf its efds to t ot her
optional ly supztzi'ﬂu%'eadldajrtﬂ“@ﬁ@’lﬁgﬁups vila a d t
0

i nk . Preflerably,
it is linked by each of its two ends to [two ot ofi@l | y substituted

phenyl ene groups via a direct CC linkage As also above explained {both
ends of the optionally substituted aryl gne g
(R') can be characterized notably by a dire

QuUp 0 P recurring units
[ {ion ani%g <CF
O R0
1,2-,1,8-,1,9-, 2,3-, 2,5- and 2,10- , ,

2

phenanthrylenes
x
O O O
g
1,2- and 1,7-anthrylenes O .
O and

10 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 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 obtuse angle [recurring units (R1-b2)].
15  Non limitative examples of optionally substituted arylene groups the ends of

which have a direction different from each other, include:



by a sense. A first set of recurring units suitable as recurring units (R)
is conposed of optionally substituted aryl ene groups, the ends of which -
have t he wWare10di28282ti on, - are of opposite sense, and - PETEPRVIORH46L r ai ght
foregoi ng of each other [hereafter, rigid rod-formng arylene units (R
-a)]. Non limtative exanples of such optionally substituted aryl ene groups
i ncl ude: 1, 4-phenyl ene (al so naned p- phédyl ene) 1, 4- napht hyl ene

1, 4- phenant hryl ene and 2, 7- phenant hryl ene 1, 4-ant hryl ene and

9, 10-ant hryl ene 2, 7-pyrenyl ene 1, 4- napht hacenyl ene and 5, 12- napht hacenyl ene

1, 4- chr ysenyl ehd4phdnylcagpoenyl yl ene and 2, 7-tri phenyl ‘ene

1, 4- pent aceny| ene, %ﬁ % pent acenyl ene and 6, 13- pe nylene
1, 6- cor oneny| eHePHCEE) napht hyl enyllene, 2, 9-tri napht hyl enyl ene and|5, 1

8-trinapht hyl enyTene and any of thege groups subsgltute y at Teast one

nonoval ent supstituting group, as ahove defin n par ular by a
phenyl ket one gtdupnd phedeness werle obt ai ned en rec ing units| (R -a)
are optionally

by
Gy O SO
13-, 1,5-, 1,7-, 2,4-, 2,9- and , ,

3,10- phenanthrylenes

1,3- and 1,6-anthrylenes O

¢
&

and

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
5  substituted arylene groups, the ends of which have the same direction and the
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

Ay &
seefeN

and




substituted p-phenyl enes. Recurring units (R -a), when contained in the
pol yaryl ene, result in straight polynmer chains exhibiting an outstandi ng
rigidity. wBaeplyd@2s2s2r eason, such a pol yaryl ene i s comonlPgTHEPR@OHOEH46 0 as a
"rigid-rod polynmer”. A second set of recurring units suitable as recurring
(RI') is conposed of optionally substituted aryl ene groups, the ends of
which - either have a different directi-@®,- forming thus together an angle
between 0 and 180, said angle being possibly acute or obtuse, - or have the
same direction and the sane sense,- or have the sane direction, are of
opposi t e sensendpiy efrthesgigspuris ribstituted byiat lepsh oppmogeyaeny KubstigHegoi ng of each
ot her) [gl obaklyphgrfalt aéfideafl ﬁrﬂaﬁ%uﬂﬁb%%ﬂﬂeﬁiﬂlkét@ﬁg%ﬂﬂparw ene units (R
-b)]. Then, afirst %ubget of %ecur.rln .unjt iéRI - sui table as recurring
units (R) is conpOs®UrBrulste ﬁ‘é‘?rﬂ}gé‘g‘&%&lt'ﬁ)t GOIQPS#@QI? 05‘?‘81?@%’, t he ends
Ff whi ch have stﬂ)sd'tlflgfcﬁafrgll%he didupe,tthoendsfod whichthdve giet Jaete direcaentaee afhngl e
recurring units - . nJliptative ex I .1 onal |

substi t ut %d aPWOéS&S 58}583%)% alie%&%lﬁi[jge%wl%%lﬁs @g\%ﬁg 13{)1} gl‘g]{itﬁg\r]le di %lf er ent
from each ot hexgmplocofisgeh optichabpenbdtieried dnytenogphpayicduds) 1, 2-, 2, 3- and

1, 7-naphtylenges 1,2-, 1,8-, 1,9-, 2,3, 2,5- 2,10- phenanthryl enes 1, 2-
and 1, 7-ant hryh engsy 889, .8i¥yRhed hese |groups Egli tut -e@, at | east jone
monoval ent supstituting gr oﬁ as above defin in artlar by a

phenyl ket one group. A second subset of recurring uﬁ?‘?s (R -b) suitagble as
recurring units (R) 1s conposed of O A futed ar ne groups,
the ends of whi6h 3teeda different di ' t oget hen—dn obt use
angle [recurrjng,units -pb2)]. Non Ii i s of rqnal |
substituted ar?’ﬁgﬁgeﬁﬁn&%@s@n%e ends o , di r eghijon diN&fer en%/
fromeach other, include:1, 3-phenylene (or mphenylene) 1,3 - and

1, 6- naphtyl enges O O
1,5-, 1,10- and 2,6-anthrylenes
O O W

and any of these groups substituted by at least 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

10 (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
preferably, recurring units (R1-b) are chosen from recurring units (R1-bl). Good
results were obtained when recurring units (R1-b) are optionally substituted m-
phenylenes.

15 Recurring units (R1-b), when contained in the polyarylene, result in more
or less kinked polymer chains, exhibiting a higher solubility and fusibility than
straight polymer chains. For this reason, such a polyarylene is commonly
referred to as a “kinked polymer”.

Recurring units (R1) are preferably chosen from:
20  — recurring units (R1-a) which are substituted by at least one monovalent
substituting group [choice (A)]; and
— 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 least one monovalent substituting group [choice (B)].

25 Choice (B) is generally more preferred than choice (A).



1,3-, 1,5-, 1,7-, 2,4-, 2,9- and 3, 10- phenanthrylenes 1, 3- and

1, 6-ant hryl enes and any of these groups substituted by at |east one
nonoval erWwO019412828at i ng group, as above defined, in par PCEEP2A0IOY1146
phenyl ket one group. A third subset of recurring units (R -b) is conposed
of optionally substituted aryl ene groups, the ends of which have the sane
direction and the sane sense [recurrlngZJnlts (Rl -b3)]. Non limtative
exanpl es of optionally substituted aryl ene groups the ends of which the
sane direction and the sane sense include: 1,8-naphthylene 1,10- and

3, 5- phenant hr {heisedA) 8- and 1, 9-ant hryl enes andand any of these groups

substituted by atRk&ash QH@S M@%@'(R hre%aﬁhhguﬁm?mgé)wﬂch@@ above
defined, in parti.cul % urth subset of

henyl ket one gr.ou
recurring uni 84S 1Fﬂte‘g133’ ?‘tsle%B 8’&0" en&f)‘fh H’élggﬁr%“@bstl tuted aryl ene
gr gups é he ends ghidwbiwgtinghanies 4rb presanily prpieayicoss sudstéuetl bgpplasttoncsense
and are disjoin units (Rl -b4)]. Non limtative exanpl es of
such opti onal anlﬂ‘ggq i {)ﬁtm%m%%}r?%e groups include: and any of these groups
substituted by at Viegastfasigy, theyoaralpepienglabsstsubstititied byablepst oas above

defined, in pﬂ{o%@z#&ﬁrsup%t&lgg?wﬁ &fotsa{lﬁo&n% cafSyNlRERRIN-DERYN 11 NG uni ts

(RI-b) are chosen fromrecur currln ts (R -b2)
and recurri ng“{hlﬁf@t%ls(ﬁlydfﬁ‘zﬂfbyll%?@] a%hjédraﬁqrpylométyamam 1‘6’#?“{% (R-b) are

chosen from r egyeOhRI-OLRZ L ShdrRR N 2 didBknf BRMEdat s g#dif snd IR isk2) . Still nore
preferabl?/ I’ﬁéﬁl{lrlél L}I’ll tswsgh ‘B) au‘;e1 chgsen from recurring units (R -bl).
Good resuls Tecy Ay YFREATPYIKAGIGHY s (R -b) are optionally
substitut ed nhpﬁnyhb;nles;:h;lﬂmmrbylkngonﬁs !bbmg(tlﬂmsht)ves wharbsttortdairned i n t he
e e L T
reason, such a po Syblrnwre mch:rgbl(ygﬂnma ey~ pl@efnef ernéﬁsltb@tlwéedépy gtilesiieqnepol yer "
monovalent substituting group chosen from arylketones and aryloxyarylketones,
15  said arylketones and aryloxyarylketones being unsubstituted or substituted by at
least one monovalent substituting group as those above listed.
Most preferably, they are p-phenylenes substituted by an arylketone group,
in particular by the phenylketone group.
Choice (B)
20 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
monovalent substituting group. When such a mix of recurring units is contained
in the polyarylene, said polyarylene is commonly referred to as “a kinked rigid-
25  rod polymer”.
The recurring units of choice (B) are preferably a mix (MB) of recurring
units (R1-a) chosen from optionally substituted p-phenylenes, with recurring
units (R1-b) chosen from (i) optionally substituted m-phenylenes and (i1) mixes
of optionally substituted m-phenylenes with optionally substituted o-phenylenes.
30 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 units (R1-a) of the mix (MB) are p-phenylenes substituted by at least
one monovalent substituting group chosen from hydrocarbylketones [-C(=0O)-R,
where R is a hydrocarbyl group] and hydrocarbyloxyhydrocarbylketones
35  [-C(=0)-R'-O-R?, where R' is a divalent hydrocarbon group and R’is a
hydrocarbyl group], said hydrocarbylketones and



Recurring units (R) are preferably chosen from - recurring units (R -a)
whi ch are substituted by at |east one nonoval ent substituting group [choice
(A ]; andwo2momes28ef recurring units (R -a), which canPb@/EPoweistieé ed or
not by at | east one nonoval ent substituting group, with recurring units

(R -b), which can be substituted or not by at |east one nobnoval ent
substituting group [choice (B)]. Choice®B) is generally nore preferred

t han choice (A).Choice (A Recurring units of choice (A) are recurring
units (Rl -a) which are substituted bx at | east one nonoval ent substituting

group. Said r Bedieedrhglotidsocarty isterics baleyhgusshishyneRsdtuiadiost i t uted by at
| east one nongyatigRdd HHRIEdst Hid MEN@FRHP subYBRYin rgafu?ra@,teﬂldse abSRYIiAE

p- phenyl enes supstitut'ed py at | east one novalent. s tituting group
chosen from héﬂﬁé%oé? BW??@&%& rfc-“é"(“}%)‘mﬁ,(%rogﬂﬁ g (EP%? ocar byl group]
g_nd Ihydr oc a{j bplph)@%ﬁyﬂbrs@qwbmbédtey aniesst on Eaa)vaRdnt QubitutilgesreuRihdsen a
i val ent racar bo rou nd, R2 i hydr.acarbyl aroup], said

hydr ocar byl ke r8ﬁb?y%ﬁ%’nﬁ§/%lr(€%r§lpﬁ§}?r3§(§%§l %3%%3&9?‘%8?%&? bei ng t hensel ves
unsubst i t ut edagioxgahdkdtonss ddingynsubstiorst orgubstitoied balatlsastonb stanpualerig gr oup
as those abov ks . il r : = DA

guﬂs'tlﬁ{tlglg g&%p' ds!th§RMBo ¥ Bi&l. ngéftpréf*@%g’i‘g@ggé@g E)Héfﬂﬁé}{%%

substituted by at ne nonoval ent substitutin osen from

aryl ket ones afePsaFuechioy 2t iy etans @soups #1 RRTEFYRILN R BBCTA M8y ar y1 ket ones
bei ng unsubsti t ut gdscatialpis tifﬁdﬂaﬁﬂth@){e@hiﬂ%e@(ﬁis (RN&D) FPARMAIEMB BB Si-i t uti ng
group as those ab?ve |isted. ) st pr ef erab Ve & heg/ ar.e .p- henyl enes
substitut B by IGepnks OB yg Sty lt‘ftﬁ‘%)‘é?tt géﬁﬁ P SYhS tluﬂgg g‘f?élﬁy fone
group. Choi cepfdBrablgcessertiafly uflj if sondll, chwoiccarigBunas R labyoithomix @dByri ng
Subst t ot ng. Bl oWIER Pa PR PRt Bl ia Bl ol BRYon€)C COECYT U
or not by at Inwasvaloneubyitetied gravp shesen from hydgogriolipstonan & (SQeR.a ni x of
Lo 75 U Sl SOOI 9 Sy aru S Rl cne 1
15 [-C(=0)-R-O-R*, where R 1s a divalent hydrocarbon group and R”is a
hydrocarbyl group], said hydrocarbylketones and
hydrocarbyloxyhydrocarbylketones being themselves unsubstituted or
substituted by at least one monovalent substituting group as those above listed.
Still more preferably, essentially all, if not all, the recurring units (R1-b) of the
20  mix (MB) are unsubstituted m-phenylene units. Most preferably, all the
recurring units (R1-b) are m-phenylene units.
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
least 1 %, preferably at least 5 %, more preferably at least 20 %, still more
25  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
99 %, preferably at most 95 %, more preferably at most 80 %, still more
preferably at most 70 % and most preferably at most 60 %.
30 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 50:50.
The polyarylene may be notably a homopolymer, a random, alternating or
block copolymer.
35 Optionally, the polyarylene may further comprise recurring units (R1%),

different from recurring units (R1).



polymer". The recurring units of choice (B) are preferably a mx (M) of
recurring units (R -a) chosen fromoptionally substituted p-phenyl enes,

wi th recuwoinyp/aasises (R -b) chosen from (i) optional|yPSuTEPRIMOO6EH6

m phenyl enes and (ii) mxes of optionally substituted m phenylenes with
optionally substituted o-phenyl enes. The recurring units (R -a) of the mx
(MB) are preferably p-phenylene units s@stituted by at |east one
substituting group. More preferably, the recurring units (Ri-a) of the mx
(MB) are p-phenylenes substituted by at |east one nonoval ent substituting
group chosen fronRequring snisy(RAED sussontam aopt K legdh epestrrnggdiwlertdr ocar byl

group] and hyere@@@dQﬁh@mmgdg@ﬁ%gmédk&m@%f{ts HED 2Ry RR%roy1eNen RL is a
di val ent hydri),car hon gro gs(j%nd |Sw§§0é%gg?car£%‘llc grouié, saleﬁ

hydr ocar byl ke 18%@§V%WEPH§X§ APBYTB& Y calBg Pieh Ak divplgnt Aheston) ves
unsubst i t ut edwethdsawisg ptoupa@ek: by at | east one nonoval ent substituting group
as those above listed Stil pre preferably, the recurring units (R -a)
of the mx (MB)@rs esosubstituted by at | east one nonoval ent
substi t ut i5r19 group ? aryl ket ones and aryl oxyaryl ket ones, l)sai d
aryl ketones and aryl oxyaryl ket ones bei ng unsubstituted or substittgt ed by at
| east one nonawd&l ent substituting group as those above |isted. Most
preferably, they are p-phenyl enes substituted by an aryl ketone group, in
particul ar by the phenyl :é)e_tone group. Essentially all, if not all, the
recurring units C( R o the mx (MB) are nphenyl ene units opti orzg)l ly
substituted by at |east one substituting group. Mre preferably,

tiall I, if it all, urri i Rl - f.t ' VB
m phonyl ens uni ¢ s REFRBAE 4PES BB ShSFIv Bt Hitton R e B one
nonoval ent subktirdbrntvith. i aptislesd dir each oy ds codsrtb yh ketleresolfp, G{ =O) - R,
oo R ey o SRt BVl KDL 1001 Y a6l AR e, ones
[-C(=0 -Rl- O RZ, &%er 91}5 A 'aFen %yﬁ{roca%on groupg is a
hydr ocar byl gpeiphblyshpsenHyam desubiphk groun&sS@ERd—], the carbonyl group

hydr ocar byl OXy.f@(do?q?{hlewhﬂg@é&rﬁéuﬂngméf@qqﬁﬁlsﬁﬁtéxiu@ sHRBILS i8] Qhe
substituted by at [east one nonoval ent substitutj ngﬁgro§p as those above
listed. Still agpg@uplafaN-dbpafuragdJBiorecaraop gapups like =442 0898 recurri ng

units (R -b) @hodphthe oxide groups [-P(=0)(=Ry)—, where Ry, is a hydrocarbyl group] and
15  the ethylidene group [-C(=CA,)— , where A can be hydrogen or halogen]. More

preferably, the divalent electron withdrawing group is chosen from the sulfone
group and the carbonyl group. Still more preferably, recurring units (R1%*) are
chosen from :

(i) recurring units of formula

i
< > i < >
20 © 3)
(i1) recurring units of formula
0O 0O
[l [l
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m x (MB) are unsubstituted m phenylene units. Mdst preferably, all the
recurring units (R -b) are m phenylene units. In the mx (MB), the nole
rati o of wbeorwesaszi ng units (R -b), based on the total PREMAPRIOF1IHDI| es of
the recurring units (R -a) and (RI-b), is usually of at |east 1%
preferably at least 5 % nore preferably at least 20 % still nore
preferably at |least 30 % and npst preferd®ly at |east 40 % On the other
hand, in the mix (MB), the nole ratio of the recurring units (R -b), based
on the total nunber of noles of the recurring units (R-a) and (R -b), is
usual Iy of at nost 99..% preferafly at, nos;.Q5 % nore preferably at nost
80 % still rmre.‘.pr\JQI erphly aty.ndst! 70 % gnd lyost preferably at nost 60 %
Good results were obtained\whén the\‘:_r___e./éurr\if:\ngf'uni ts of choice (B) were a
m x of p-phenyl ene substituted by a phenyl ketone group with unsubstituted
m phenyl ene, in a e~y atio of /abgut 50: 50. The pol yaryl ene nmay be notably
a honopol yner, a rafdom—=a &t i pg—or bl ock copolyner. Optionally, the
pol yaryl ene nay furthef conprise-récurring units (R *), different from
recurring units (R).Recurring units (R *) may contain or not at |east one

strong dival ent el egtton withdrawi ng group |inked on each of its ends to an
aryl ene group. Non| N iy ath Vi b ex#ipl es of recurring units (R *) free of
such strong dival ent “ef'ect ron w't hdr assbhRgempeoup are: and Recurring units
(R *) contain prefgtablye-gt Ieast one strong dival ent electron w thdraw ng
group |inked on each’of ifs®end§ to an arylene group, in particular a

p- phenyl ene group. [The diVa T“eth‘iieﬂ'ectr!dp Wi tﬁdr avxgimE‘%ngg‘pup is preferably
chosen fromthe suléfne gebyp [ &S(=0.-2~], .the._carbonykngroup [-C(=0 -],
the vinylene group [-CH=CH ], the sulfoxide group [-S(=0Oy-] , the azo group
[-N=N-] saturg ed fluorocarbon groups like -C(CF 3)2- , organi c phosphi ne
oxi de groups r-( %’h-b)T:Rh)- , Wwhere Rh is a hydrocarbyl group] and the

hylid - C(=CA 2) - A he hyd hal . M
or ol or abl'y, ¢ KAl GhaRt riteet B it R kel Ay BGRS o AR P om the

sul f one Q being preferably chosen from

5 and ,

(iii)  recurring units of formula

{OrOr

(iv)  recurring units of formula
0O 0O
OO
(6)

10 wherein Q is as above defined.

()

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 are recurring units (R1). Most preferably, essentially all, if not all,
the recurring units of the polyarylene are recurring units (R1).

15 Excellent results were obtained when the polyarylene 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 40:60, and



group and the carbonyl group. Still nore preferably, recurring units (R *)
are chosen from: (i) recurring units of formula (ii) recurring units of
formul a vWereiw2@ses a group chosen fronbeitig : - (CH2YCI/EP2600/0m1146 bei ng
an integer froml to 6 and n' being an integer from2 to 6, Q being
preferably chosen from (iii) recurring units of formula (iv) recurring
units of fornula wherein Qis as above -ddfined. Preferably nore than 25 wt .
% nore preferably nore than 50 wt. % and still nore preferably nore than
90 wt. % of the recurring units of the polyarylene are recurring units
(R). Mbst premlémmmefeégﬁ%ﬁf plgur §0:301 Sugl a pefyplanyleng wepql@gr i8i ng units of

mgnpglhga[) z: 5 gfmﬁfe?cia[l%ﬁéifaﬂﬁmg lﬁ'éﬁihS&vzf;R‘\)ivatﬁé&Pbl&ﬁMs, Lasal %ssPr?f&lﬁB@piﬁ@t ali Ped :
yl ene was 0 enyl’ene c sentia all, if no

all, the recuPBi‘iﬂf Rﬂwm@@nia#g%ﬁ‘g‘%ﬁﬂé’dﬁ?@w&aé%ﬁm @@f p- phenil ene

substituted bly a m@ednyéhsklai ?fﬂfb agic?(bl?aimbd Wwhemgu pstyatyéredwaphlenyddengdi n a nol e

rati o p-phenyl epe.: nyl.ene of from5:.95 t ; refera f from
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obt ai ned when of FempI:3uioy9eti&- Onerseaalily Ak BBy 193 ldiodk 5 o1eFp REAGRRINOT
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Sol vay Advanced Pdhy pelystyldnelhagusuadly Rniahsodpe meight apRagomolsetlppieight ene,
formerly greater than 1,000, preferably greater than 5,000, more preferably greater than

15 about 10,000 and still more preferably greater than 15,000. On the other hand,
the absolute weight average molecular weight of the polyarylene is usually
below 100,000, and preferably below 70,000, however in certain cases the
polyarylene may have a high absolute weight average molecular weight of from
50,000 to 100,000, preferably from 60,000 to 90,000, or for 70,000 to 80,000. In

20  a certain embodiment, the absolute weight average molecular weight of the
polyarylene is above 35,000, preferably between 25,000 and 50,000. In another
embodiment, it is at most 35,000; in this embodiment, it is 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 20,000-25,000,

25 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.

In one embodiment of the invention the molecular weight of the

polyarylene of the polyarylene composition of the invention is an absolute

30  weight average molecular weight in the range of 35,000-50,000, preferably
36,000-49,000, 37,000-48,000, 37,000-48,000, 38,000-47,000, 39,000-46,000,
40,000-45,000, 41,000-44,000, or 42,000-43,000. Polyarylene compositions
based on a polyarylene having an absolute weight average molecular weight in
the preferred range, 35,000-40,000, provide polyarylene compositions that have

35  substantially improved strength when the polyarylene composition also contains

the organic substance and a sterically hindered phenol.
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- the elimination of both chlorine atoms from one molecule of

p-dichlorobenzene, p-dichlorobiphenyl and their homologous of general
20 formula Cl-(¢)x-Cl, N being an integer from 3 to 10, results in the formation
of respectively 1, 2 or N adjacent p-phenylene units; thus, p-dichlorobenzene,
p-dichlorobiphenyl and their homologous of general formula Cl-(¢)x-Cl, N as
above defined, can be polymerized, so as to form p-phenylene units;
— 2,5-dichlorobenzophenone (p-dichlorobenzophenone) can be polymerized, so
25 as to form 1,4-(benzoylphenylene) units;
— 2,5-dichloro-4’-phenoxybenzophenone can be polymerized, so as to form
1,4-(4’-phenoxybenzoylphenylene) units;
— m-dichlorobenzene can be polymerized, so as to form m-phenylene units.
The polyarylene composition of the invention may include other additives
30  and modifiers. By way of examples of such usual additives, mention may be
made of fibrous reinforcing agents, particulate fillers, antioxidants such as
lubricants, fillers, dyes, pigments, nucleating agents such as talc and silica,
compatibilizers, curing agents, dyes, flame retardants, tougheners, UV
stabilizers, antacids, agents for modifying crystallinity, such as copolymers of
35  ethylene and of n-butyl acrylate or ethyl acrylate, metal-deactivating agents,

antioxidants, adhesion promoters and antistatic agents.



5,227,457; 5,539, 048; 5, 565,543; 5,646, 231; 5, 654, 392; 5, 659, 005;

5, 668, 245; 5,670,564; 5,721, 335; 5,756,581; 5,760,131; 5,824, 744;

5,827, 92Av020B823822; 5, 886, 130; and 6, 087,467, each of PGRIEPROOOH61146
incorporated herein by reference in its entirety. A suitable nmethod for
preparing the polyarylene conprises polynerizing, preferably by reductive
coupl ing, at |east one dihal oaryl ene nol3cul ar conpound consi sting of one
optionally substituted arylene group, which is |inked on each of its two
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In other embodiments of the invention the polyarylene composition

comprises one or more additional thermoplastic polymers. For example the

20  polyarylene composition of the invention may include any one or more of a
polycarbonate, a polyphenylsulfone, a bisphenol A polysulfone, a
polyethersulfone, a polyetherethersulfone, a polyetheretherketone and/or a
polyetherimide, such as, for example, Radel® R, Radel® A, Ultem®, Udel®,
KETASPIRE®, AVASPIRE® and/or Makrolon® polymers. Such blends of the

25  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%) or minor (e.g., less than 50 wt%) amount. The blends 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%, 80 wt%, 90 wt% or 95 wt% based on the total

30  weight of the blend.

Another aspect of the present invention is related to articles comprising at
least one part comprising the invented polyarylene composition that includes one
or more polyarylenes and at least one organic substance having a molecular
weight of from 100 to 1,000g/mol and optionally one or more sterically hindered

35  phenolic stabilizers (HPS). Such article may be made by various methods known

in the art. For example, it may be made by extrusion, injection molding,



wei ght based on the total weight of the pol yarylene conposition. Even nore
preferably such additives are present in anmounts of |ess than 40% 30%
20% 10%WO2104123182ss t han 1% by wei ght. The pol yaryl en@CraEpgeogferiabpl y
present in an anmount of at |east 50% by wei ght of the total weight of the
pol yaryl ene conposition of the invention. Mre preferably the pol yaryl ene
is present in an anount of at |east 60%3470% 80% 90%or at |east 95% by
wei ght based on the total weight of the conposition. The polyarylene is
preferably present in an amount of at |east 50% by wei ght based on the
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the only instance "ﬂ (¥:/n| gh thgt?c.al CU|(£\'[I on | S hased op a ﬁgl ue %{rkher t han
the total wei gwe ofillehm 1By Aso e BT iFSCqrapasioads spscire Wattotiied Bf the

pol yaryl ene wniahufaespeet a wadctrimgpd aftadticlove bigdhin pekti@lldr of fidmsrdHeass tads, pol yner s.
Mor e preferabl h ol yaryl ene i s pref.grabl resent in an anount of at

| east 60%e§ 70&3%%05?9‘?96&/3%%%’0}31 %r}lbrfﬁg%ﬁnc%bges\i\g%b\éﬁgmgioggla' on the total weight
of all of theEXdegviRbpPastic polyners. In other enbodi nents of the invention
the polyarylene cipafild BoRARRNSERsRATON RAELAGK JdRNR23 highmop! astic
pol ymers. For exanpl e the palyaryl ene conposition of theinvention nmay

i ncl ude any o#facloASEM esopeainsas Yeing Bisdatlewing At Mapehodssandilolye, ing

bi sphenol A pelivei#dceins maddadpyahiassul fone, a pol yet heret hersul fone, a

pol yet her et her ket ghe .and/ or .a pol yet heri m de,. suc f exanpl e,
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Makr ol on(r) pol ynEtesurabpaipchice medse mbasihel qoobidargtb ARIMANGFNRI ti on of the

i nventi on and one,Qr, .nor Lt | I i . tain the
pol yaryl ene as a @déﬁgﬁé.rggga%gg&f %%ﬁ%%a%&%%c%?%%ﬁéstﬁgs t han
50 wt % anount. Thedohmpaeigesistgnasdne aptehl Wes medsyeadydceordingd: IMilbn in an
amount of 5 wy%,10 wt% 20 wt% 30 wt% 40 wt% 50 wt% 60 w% 70 wt% 80
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according to ASTM D-648.
Yellowness index was measured according to ASTM D-1925.
Melt flow rate was measured at 380°C with a five kilogram weight
according to ASTM D-1238.
20 Tensile strength was measured according to ASTM D-638.
Nominal strain at break was measured according to ASTM D-638.
Modulus was measured according to ASTM D-790.
VR4 was measured from a capillary rheometer at 380°C and calculated as
the ratio of the viscosity of the material at 40 minutes over the viscosity of the
25  material at 10 min at 380°C.
Melt viscosity (Pa-s) was measured from a capillary rheometer at 380°C.
Absolute weight average molecular weights (M) and intrinsic viscosities
(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
30  columns (I-guard, IMBLMW-1078 (up to 2x104 PS), and -MBHMW-3078 (up
to 106 g/mol PS) in series). The refractive index increment of the polyarylene in
this eluent, dn/dc = 0.240, was used for all calculations.
The physical properties and processability of a polyarylene composition
containing the organic substance were compared with the physical properties and
35  processability of polyarylene compositions containing conventional flow
modifiers such as fluorinated hydrocarbons and/or LDPE. The polyarylene used
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strength ﬁfs nmeasured according to ASTP%E—?38. Nom nal strain at break was
measur e cording to ASTM D 638 Modul 8 has neag ccording to ASTM
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(%)
No additive (control) 275 3 22000 6 800 1.1
0.5wt% Irganox® 1010 w/ 161 3.32 21800 11 794 1.09
0.25wt% LDPE
0.5wt% Irganox® 1010 w/ 143 3.5 21900 12.4 790 1.04
0.15wt% LDPE
0.5wt% Irganox® 1010 w/ 132 3.4 22000 12.2 816 1.1
0.2wt% MFA
0.5wt% Irganox® 1010 w/ 123 3.56 22300 13 792 1.1
0.1wt% MFA
0.25wt% Irganox® 1010 & 137 3.1 22400 13.1 787 1.08
0.25wt% Irgafos” 168
OJSvn96hganox®1010«& 122 2.93 22100 16 794 1.1
0.15wt% Irgafos” 168
0.25wt% Irganox® 1010 & 181 3.01 22200 14.5 805 1.1
0.25wt% Irgafos” 12
0.1wt% Irganox® 1010 & 162 2.76 22200 14.2 797 1.08
0.1wt% Irgafos”™ 12
0.5wt% Irganox" 1010 w/ 0.5 | 130 | 13.34 | 21800 9.65 799 1.13
% Stearic Acid
05Vn96hganox®1010vw 124 12.1 22100 9.54 796 1.09
0.25wt% Stearic Acid
(l25vn961rganox® 1010; 152 | 11.38 22100 14.1 813 1.08
0.25wt% Irganox® 168 w/
0.1wt% Stearic Acid
025vn96hganox®1010; 191 10.02 22000 18 806 1.11
0.25wt% Irganox® 168 w/
0.1wt% LDPE
0.15wt% hrgafos® 12 & 242 7.28 21800 11.1 812 1.12
0.1wt% Irganox”™ MD 2014
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substance. Results fgr t he tes{}bng are shown i Fi %jufre 1. A substanti al
decrease in né¥iction sEdeiampuntoldhe Breal Sy ﬁﬁncteh(%esul s for the testing arc

shown in Figure 1. A substantial decrease in melt viscosity is observed upon the

15 addition of at least 0.1 wt.% of the organic substance. The testing shown in
Figure 1 was carried out on a polyarylene composition containing a PrimoSpire”
PR 250 polyarylene and from 0.05to 0.5wt.% of an organic substance (an
purified mineral oil containing a mixture of hydrocarbon chains ranging from 18
to 30 carbon atoms in chain length). The same effect on viscosity was observed

20  when the same amounts of stearic acid were used in place of the mineral oil.

The substantial decrease in the viscosity of the polyarylene caused by the
inclusion of only 0.1wt.% of the organic substance (¢.g., a mineral oil including
C\s-30 hydrocarbon chains or stearic acid) without degradation of the color and/or
transparency properties of the polyarylene compositions is surprising.

25 A polyarylene composition containing the organic substance of the
invention and a sterically hindered phenolic stabilizer was prepared. The
inclusion of both the organic substance and the sterically hindered phenol
provided a polyarylene composition having substantially improved properties in
both strength and color. Figure 2 shows how polyarylene compositions

30  containing both the organic substance of the invention and a sterically hindered
phenol provided improved melt flow rate, relatively low yellowness index and
high elongation (e.g., strain at break in percent). The polyarylene compositions

were made by mixing PrimoSpire® PR-250 with a purified mineral oil containing

n-

. 5-di -t-butyl -4- hydroxyphenyl) propi onat e];



addition of at least 0.1 wt.% of the organic substance . The testing shown
in Figure 1 was carried out on a polyarylene conposition containing a

Pri noSpi r’OR0OPR23ZB2 pol yaryl ene and from 0. 05t o 0. 5wt . YPOA/ERRVI0GEIHG C
substance (an purified mneral oil containing a m xture of hydrocarbon
chains ranging from18 to 30 carbon atons in chain I ength). The sanme effect
on viscosity was observed when the sane 3dmunts of stearic acid were used
in place of the mneral oil. The substantial decrease in the viscosity of

t he pol yaryl ene caused by the inclusion of only 0.1w.% of the organic

subst ance (e. § mix@rgwitsidsgcagion dhaes glifram 1§ 8- 0 arhparday BohapHangh or

stearic acid) ayd :hstdk®degp.adation of the color and/or transparency

Composi 1 o cont af bl ot WE B RARITEICaLERTBMUOTS I e 0 Qi Mory S
conposition conta a
sterical |y hi pdeacat ihésned plecnst @i, ligassx Wk 0p uebs edt.% Fheerit ad usthen of bot h
t he organic substance and the, sterd cally,hinder.ed phenol ovi ded a

pol yaryl ene c8fﬁ518§c1 Stug%?incﬁé’\vﬁr%ée&se tfgrt Sgrne‘fl g%l(ﬁil%n%ar%%? %@rélgysbl%%;r Olnglggli n both
strength and stwdionrt bifhlguAehizhgtoasciiavw gghty drgpayrmylcoerpespasitoms cont ai ni ng
both the organi&; f ' [ 4 Y i red
phenol provi dggﬁll%gggbggﬁ%g?tloﬁ#gﬁb?%aﬁg% S?rglll%?%glleég Iglg\}vl(é@éeslkl %\%&ndggg i ndex
and hi gh el on@&tait@ﬁie(l@{'@.f,orf@tdld‘éilﬁb@@k%reak in percent). The polyaryl ene

conposi tions wer eSiRe sk¥ngth Xdshflg Rk 6RERH b8t dﬂﬂolﬁﬁy%ﬁ@c&h dsitorRykdtf i ed
m neral o contain

nga .m xture of hyd ar bon aln r 18 to 30
Car bon at Bhrs. S ERET A Sany b ac] AR RN TOe0! For o fepid B pramy
pol yaryl ene ceoupasict bdHihs prdsant ihvaitiod sTheQinBluwibn Yf dfe drgmnissubsiaced dnd hi nder ed
phenol (i.e., lr. X(f X % [ C r.gani c
subst ance wer gepgag[}gtaﬁg%?&g%e%)%g'ﬁo} gﬁ@ﬁ%éafolr%ﬁésggoérsrghaagﬁlrcglﬁ Edyé Opbgdrtr? Ral strain
at break. At haghgenablobgeMaighheyggemelseulpoivgighyindhepistmsdshndeda gpr ovi ded

substantial ly € ik bha@BghibiesshsPhntibily £RAGESeAS shown by a
tendency to fg?g@gg@@%@gﬁgﬁbﬁg@n{%r aste%leltr)llg?ﬁost eslt i%%?r\ﬁ ePcarri ed out

on pol yar A enéloagapusiticngiils Thnathe Bstusioned the aganis suisfape ed phenol
0. 5wt . % of | r geAexlylKAGE] ?1@@1@1 o @frgland corbpdasichn eitat 0bnthingopyagpends

phenol in” pol SEFITBAD CaNEaur e TR e e iR g g s noer e
composition.
Obviously, numerous modifications and variations of the present invention
20  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

otherwise than as specifically described herein.



havi ng an absol ute wei ght average nol ecul ar weight in the preferred range
(e.g., 35,000-50,000), provide conpositions that exhibit substantially

i nproved WDeAWARBI3A strength. Thus, the inclusion of theCHERaOcHUbSt ance
and the sterically hindered phenol in polyaryl ene conpositions that contain
pol yaryl enes of relatively higher nolecul ar weight increases the strength
of the pol yaryl ene conposition. Obviousl3$,- nunerous nodifications and
variations of the present invention are possible in |ight of the above
teachings. It is therefore to be understood that within the scope of the
appended claims, the invention may b&lpAdMiSed ot herwi se than as
specifically described herein.CL Al MS 1. A polyaryl ene conposition,
conprising: one or nore polyarylene polynmers, and at |east one organic

substance having a. Mcﬂfwaﬁewhg&ﬁﬁ@f, cbmpmid@0 to |, 0009/ nol, wherein said
organi ¢ substance is selected fromthe group consisting of a paraffin, an

olefin, an oleflnomimg@ﬁﬁﬁxﬂﬁmyﬁﬁ$@xymaﬁgduﬁcycIic carboxylic acid, an
al koxyl at ed acycl | egrRORKh BT A BOYAL SefR Y aFoRcl - an

acyclic carboxyllc acl an acycriceéarb nmet a
salt, an dbycﬂﬂ@OQQKbuwwﬁﬂ@S&@ng%nﬁﬁéwmaﬁ3ﬁwkb%ydﬁpédmagyﬂmﬂwnﬁﬁﬁéhol an

acyciic al Cohekagéﬂaffﬁl lé%l/éfﬁ\t gorfik ¥li &Bangﬁa&eséy@ﬂed@bww BRRPlie 2. The

pol yaryl ene conposit)on of Clarm1 erel he organlc subst.ance has a
hydr ocar bon cR&fnandl k‘?’ifyéfﬁ?@a(tyél%sarba’%ﬁr?c %W’é{% o 4Rl Frrb %‘Yh‘l/‘ﬁ‘él an

pol yaryl ene C@é’s}&@lchﬂb@ﬂyw a&a aété’r’\ é,n dycle c%@i}ﬂicl’hcid’kﬂkﬂf @anl aalsuhst ance has
from16 to 40 carbonbat lgaké r% i £o nF ﬁlﬂlon of. a%éhqne of
claims 1 to 32SXWi&FRS RX¥ e acﬂ)‘?ﬂf& Ce? Yidted agysig alcgela $9SHS #1580 %Yr oup
consi sti n) of amnlkagyleted allgdpbowy kadaragkyl, ph@nolacycl i ¢ carboxylic acid ester
and an acyclic carboxylic acid alkali netal salt. 5. The polyaryl ene

conposi tion of O ai A4 goﬁ*‘aﬁ{)&ierbo %sﬁﬁﬂﬂﬂbﬁuﬁl{b% %tﬂe%r%{)ﬁl@ﬁﬁgﬂah&

carboxylic acid t noaci e pol yaryl ene conposition of C aim
4, wherein thbapt @gﬁp@ar@c@}b@ltagh@%from 8 to 85 carbon atoms in length.

3. The polyarylene composition of Claim 1 or 2, wherein the organic

substance has from 16 to 40 carbon atoms.

15 4. The polyarylene composition of any one of claims 1 to 3, wherein the
organic substance is selected from the group consisting of an acyclic carboxylic
acid, an acyclic carboxylic acid ester and an acyclic carboxylic acid alkali metal

salt.

5. The polyarylene composition of Claim 4, wherein the organic substance

20  is an acyclic carboxylic acid that is a monoacid.

6. The polyarylene composition of Claim 4, wherein the organic substance
is selected from the group consisting of stearic acid, palmitic acid, lauric acid,
capric acid, pelargonic acid, caprylic acid, enanthic acid, myristic acid,
pentadecanoic acid, arachidic acid, behenic acid, lignoceric acid, oleic acid,

25 linoleic acid, linolenic acid, hexanedioic acid, heptanedioic acid, octanedioic

acid, nonanedioic acid, and decanedioic acid.

7. The polyarylene composition of any one of claims 1 to 3, wherein the
organic substance is selected from the group consisting of a paraffin, an olefin

and an olefin oligomer.



is selected fromthe group consisting of stearic acid, palmtic acid,

| auric acid, capric acid, pelargonic acid, caprylic acid, enanthic acid,
nyristic Woi2d10/q3882adecanoi ¢ aci d, arachidic acid, beheRCEEReI0E/0611HgNOCeri C
acid, oleic acid, linoleic acid, linolenic acid, hexanedioic acid,

hept anedi oi ¢ aci d, octanedioic acid, nonanedioic acid, and decanedi oic
acid. 7. The polyaryl ene conposition of-38my one of clainms 1 to 3, wherein
the organic substance is selected fromthe group consisting of a paraffin,
an olefin and an olefin oligoner.8. The pol yaryl ene conposition of claim?7,
wher ei n the or ganfc Bhetholwaivleng eomapasitionpf elagn Thpdiersinihe orgakasulstapie

di fferent |engthmpieeerhheoBMBbE EhANEsREERht I6RFHE WA BERuRBEr Aeigecar bon
chain is fron1§0 o 60. 9. Th $o| aryl en cogfos tion of claim?7, wherein
t he organi c sGbSi" w&@omgpsr%ﬁ§?=¥ G diomy?Y 0dht ai ning a mi xture of

hydr ocar bon chains ranging from 18 to 30 carbon atons in chain |length. 10.
The pol yaryl ene ceonplisi folyunylofic eamypsitenaff ctdia 7pmderdh thg oGaminwibstahe@r ei n t he
or gani ¢ substance s pr 1 . f %, hy: wei ght based
on the to#gl mé%@%?i%kﬂfﬁgﬁé%F@%%@Fgﬁﬁ%ggﬁgééﬁ¢%§5%§ﬂ9m$%§%§%Pg§?%Fene
conposi ti on ofl8&ny0 carbométomisen phate gy Cl ai ns, having a nelt flow rate
that it is at |east 50% greater than a conparative conposition that is the
same as the pol yanyl gaepsI9aRaskicbRPolibhotdnyidiR FhdARtCedpchanse. 12. The

pol yaryl ene conposition of any one of the precedin ai Merein nore
than 50 wt. OF"GFrhEICOEAMS SUbYtales it HTSFILIA AR BEOYLY Iagl?éﬁﬁ%s X"\gﬁur ring units

(R') of one ofveifht Bade@omtha®tal wesdts bf thg polyaaylcepdangpeaitiop. substi t ut ed
aryl ene group, said optionally substituted aryl ene group being |inked by

h of i t t it . | i
cach of 15 140 S00 T0ylB 10 L DL AR LS o oroues i 2
recurring uni hevigRaneolt fidvesase thfat gns dledsbplitolgyeaserishan ¢ earaphrpfiyshenyl enes,
with recurri ngoﬁlﬂ%ﬁﬁ o fiht isRlle %ﬂ&sa%r%hé 5PN iche €BhbNIR ¥itRoRSAd &righae

m phenyl enes and (11) mxes o
substance.

12. The polyarylene composition of any one of the preceding Claims,
15 wherein more than 50 wt. % of the recurring units of the polyarylene are
recurring units (R1) of one or more formulae consisting of an optionally

substituted arylene group,

said optionally substituted arylene group being linked by each of its two
ends to two other optionally substituted arylene groups via a direct C-C
20 linkage,

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) optionally substituted m-phenylenes and (i1) mixes of

optionally substituted m-phenylenes with optionally substituted o-phenylenes.

25 13. The polyarylene composition of any one of the preceding Claims,
wherein the polyarylene is present in an amount of at least 90% by weight based

on the total weight of the composition.

14. The polyarylene composition of any one of the preceding Claims,

further comprising at least one sterically hindered phenol stabilizer.



optionally substituted m phenyl enes with optionally substituted

o- phenyl enes. 13. The pol yaryl ene conposition of any one of the preceding
Cl ai ms, \WOreiwn281se pol yaryl ene is present in an anount POT/ERROMBaEH6 90% by
wei ght based on the total weight of the conposition. 14. The pol yaryl ene
conposition of any one of the preceding Cains, further conprising at |east
one sterically hindered phenol stabilizé®.-15. An article conprising at

| east one part conprising the polyaryl ene conposition of any one of the

precedi ng cl ai ns. , . .
15. An article comprising at least one part comprising the polyarylene

composition of any one of the preceding claims.



