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POLYARYLENE SULFIDE/LIQUID CRYSTAL POLYMER ALLOY AND
COMPOSITIONS INCLUDING SAME

Cross Reference to Related Applications

[0001] The present application claims filing benefit of United States Provisional
Patent Application Serial No. 61/536,735 having a filing date of September 20, 2011,
of United States Provisional Patent Application Serial No. 61/548,534 having a filing
date of October 18, 2011, and of United States Provisional Patent Application Serial
No. 61/550,631 having a filing date of October 24, 2011, all of which are incorporated
herein by reference in their entirety.

Background of the Invention

[0002] Polyarylene sulfides and aromatic polyesters are high-performance
polymers that may withstand high thermal, chemical, and mechanical stresses and are
beneficially utilized in a wide variety of applications.

[0003] Each of these polymers can provide advantages to a product
composition. For example, polyarylene sulfides have excellent flame resistance,
chemical resistance, and high weldline strength. Aromatic polyesters, also referred to
as liquid crystal polymers, have good flowability and processibility and can exhibit
anisotropic mechanical properties.

[0004] In view of the above, those skilled in the art have attempted to combine
polyarylene sulfides with liquid crystal polymers in polymer alloys. Unfortunately,
liquid crystal polymers are not entirely compatible with polyarylene sulfides. For
instance, thermal degradation of the polymers can occur when the polymers are
heated together during melt processing, for instance during molding of a composition
including the alloy. This thermal instability can produce deposits on the mold surface.
Moreover, deposits accumulated on the mold surface can stick to the surface of a
molded part. This can cause serious problems including formation of defective parts,
particularly when considering parts that are sensitive to contamination, such as
connectors for electronic applications. Deposition problems can also cause significant
loss in productivity, as deposition can require a continuous molding process to be
stopped to clean the mold. In addition to problems associated with deposition due to

immiscibility, products incorporating a polyarylene sulfide/liquid crystal polymer alloy
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have often not obtained desired surface appearance, and particularly desired levels of
surface glossiness.

[0G05] Compatibilizers have been developed to be included in a polyarylene
sulfidefliguid crystal polymer alloy and improve stability of the alloy. While use of
compatibilizers has improved the alloys, compatibilizers to date have been formed in a
separate process and then added with other additives during formation of a
composition that includes the polyarylene sulfide/liquid crystal polymer alloy.

Separate formation steps for preparation and addition of a compatibilizer can add
significant costs to a composite formation process.

[0006] Other problems exist with polyarylene sulfide/liquid crystal polymer
alloys. Forinstance, polyarylene sulfides are generally formed via polymerization of
p-dichlorobenzene with an alkali metal sulfide or an alkali metal hydrosulfide, forming
pelymers that include chlorine at the terminal groups. With low halogen-content
polymeric materials becoming increasingly desired due to environmental concerns,
attempts have been made to produce low chlorine content polyarylene sulfides. In
general, this has involved utilizing higher molecular weight polyarylene sulfides in the
compositions, as higher molecular weight polyarylene sulfides will include fewer
terminal groups and hence have lower chlorine content.

[0007] Unfortunately, high molecular weight polyarylene sulfides have high melt
viscosity, and this presents processibility issues that may complicate processing
technigues, even when the polyarylene sulfide is combined with a liguid crystal
polymer that can exhibit good processibility characteristics in an alloy. This problem
may be aggravated with the inclusion in the composition of fillers that may improve
desirable characteristics of the formed composites but also further increase melt
viscosity of the composition.

[0008] In view of the above, a need currently exists for improved polyarylene
sulfidefliquid crystal polymer alloys and compositions including the alloys. In addition,
a facile, low cost method of forming a polyarylene sulfide/liquid crystal alloy would be
of great benefit.

Summary of the Invention

[0009] According to one embodiment, disciosed is a polyarylene sulfide/liquid

crystal polymer alloy. An alloy can include a polyarylene sulfide, a liquid crystal

polymer, and a compatibilizer. The compatibilizer can be a copolymer that is formed
2
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in situ in conjunction with the formation of the polyarylene sulfide/liquid crystal polymer
alloy and as such the compatibilizer can include a first unit of the polyarylene sulfide
and a second unit of the liquid crystal polymer that are copolymerized with one
another.

[0010] Also disclosed are compositions including a polyarylene sulfide/liquid
crystal polymer alloy and one or more additives as well as products including a
polyarylene sulfide/liquid crystal polymer alloy such as, without limitation, electrical
connectors or overmoldings.

[0011] Also disclosed is a method of forming a polyarylene sulfide/liquid crystal
polymer alloy. A method can include, for instance, melt processing a polyarylene
sulfide with a reactively functionalized disulfide compound comprising reactive
moieties. The reactively functionalized disulfide compound can be present in the melt
processing in a stoichiometric amount to react with only a portion of the polyarylene
sulfide so as to form a polyarylene sulfide endcapped with the reactive moieties of the
reactively functionalized disulfide compound. A method can also include combining a
liquid crystal polymer with the polyarylene sulfide and forming a polyarylene
sulfide/liquid crystal polymer copolymer that is a compatibilizer in the polyarylene
sulfidefliquid crystal polymer alloy. The poiyarylene sulfide/liquid crystal polymer alloy
that is formed can include the polyarylene sulfide that does not react with the
reactively functionalized disulfide compound, the liquid crystal polymer, and the
compatibilizer.

Brief Description of the Figures

[0012] The present disclosure may be better understood with reference to the
following figures:
[0013] FIG. 1 illustrates an exploded view of an electrical connector as may
incorporate a polyarylene sulfide/liquid crystal polymer alloy as described herein.
[0014] FIG. 2 is the electrical connector of FIG. 1 as formed.
[0015] FIG. 3 is a perspective view of an electronic device that contains an
overmolding that includes a polyarylene sulfide/liquid crystal polymer alloy in
accordance with one embodiment of the present disclosure.
[0016] FIG. 4 is a perspective view of the electronic device of Fig. 3, shown in a
closed configuration.
[0017] FIG. 5 iliustrates an ink jet printer cartridge that may contain the
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polyarylene sulfidefliquid crystal polymer alloy described herein.

[0018] FIG. 6 graphically illustrates the change in melt viscosity of a polyarylene
sulfide as a function of the loading level of a variety of different disulfide compounds.
[0019] FIG. 7A-7D are scanning electron microscope images showing the
morphology of the skin region of a polyphenylene sulfide/LCP blend (FIG. 7A), the
skin region of a polyarylene sulfide/liquid crystal polymer alloy as described herein
(FIG. 7B), a core region of a polyphenylene sulfide/LCP blend (FIG. 7C), and a core
region of a polyarylene sulfide/liquid crystal polymer alloy as described herein (FIG.
7D).

[0020] FIG. 8 is a differential scanning calorimetry (DSC) thermogram of a
polyphenylene sulfide/LCP blend and a polyarylene sulfide/liquid crystal polymer alloy
as described herein.

[0021] FIG. 9 illustrates the elemental analysis for chlorine content for a
polyphenylene sulfide/LCP blend and a polyarylene sulfide/liquid crystal polymer alloy
as described herein.

[0022] FiG. 10 illustrates a comparison of surface glossiness for a
polyphenylene sulfide/LCP blend and a polyarylene sulfide/liquid crystal polymer alloy
as described herein.

Detailed Description

[0023] The present disclosure is generally directed to polyarylene sulfide/liquid
crystal polymer alloys, compositions including a polyarylene sulfide/liquid crystal
polymer alloy and methods for forming a polyarylene sulfide/liquid crystal polymer
alloy.
[0024] In general, a polyarylene sulfide/liquid crystal polymer alloy can be
formed according to a process that includes combining a reactively functionalized
disulfide compound and a polyarylene suifide with a liquid crystal polymer. More
specifically, and without wishing to be bound to any particular theory, it is believed that
during melt processing, the reactively functionalized disulfide compound can react
with the polyarylene sulfide according to a hemolytic reaction, resulting in chain
scission of the polyarylene sulfide and end capping of the polyarylene sulfide with
reactive moieties of the reactively functionalized disulfide. The end capped reactive
polyarylene sulfide can then react with the liquid crystal polymer according to a
transesterification reaction, the product of which is a polyarylene sulfide/fliquid crystal
4
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polymer copolymer that can be formed in situ during formation of the polyarylene
sulfide/liquid crystal polymer alloy and is a compatibilizer in the polyarylene
sulfide/liquid crystal polymer alloy. In general, the reactively functionalized disulfide
compound can be added to a melt processing process in a stoichiometric amount so
as to react with only a portion of the polyarylene sulfide, and the polyarylene
sulfide/liquid crystal polymer alloy can therefore include the copolymer compatibilizer
as well as polyarylene sulfide and liquid crystal polymer that have not been
copolymerized with each other. |n one embodiment, the compatibilizer can be formed
during melt processing of the polyarylene sulfide with the liquid crystal polymer, and
the polyarylene sulfide/liquid crystal polymer alloy can be formed in a relatively simple
one or two-step melt processing process.
[0025] The in situ formation of the compatibilizer during formation of the
polyarylene sulfide/liquid crystal polymer alloy can provide a simple route to providing
a compatibilizer that is specifically designed for any combination of polyarylene
sulfide(s) and liquid crystal polymer{s). More specifically, the in situ formation
technique automatically ensures that the compatibilizer will include units of the
polyarylene sulfide and units of the liquid crystal polymer copolymerized together and
that are to be included in the polyarylene sulfide/liquid crystal polymer alloy. In
previously known techniques, it was necessary to know which specific polyarylene
sulfide and which specific liquid crystal polymer were to be combined in an alloy, and
then separately form a compatibilizer specific to those materials. In such a system, if
one of the polymers of the alloy is changed, the formation of the compatibilizer will
also need to be changed in order to ideally match the compatibilizer with the polymers
of the alloy. In the disclosed methods, this separate step is not required, as the in situ
compatibilizers formation necessarily forms a polyarylene sulfide/liquid crystal polymer
copolymer compatibilizer that includes as copolymer units segments of the specific
polyarylene sulfide and liquid crystal polymer added to the process.
[0026] In one embodiment, a melt processing technique that is used to form a
polyarylene sulfide/liquid crystal polymer alloy can also include addition of other
additives so as to form a composition including a polyarylene sulfide/liquid crystal
polymer alloy in a single melt processing process.
[0027] It is understood that combination of the reactively functionalized disulfide
compound with the polyarylene sulfide during melt processing and formation of the
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polyarylene sulfide/liquid crystal polymer alloy can lower the overall melt viscosity of
the polvarylene sulfide/liquid crystal polymer alloy. As such, a composition including a
polyarylene sulfide/liquid crystal polymer alloy can have a relatively low melt viscosity
that can improve processibility of the composition. For instance, a composition
including a polyarylene sulfide/liquid crystal polymer alloy can have a melt viscosity of
less than about 1500 poise, less than about 1000 poise, less than about 500 poise, or
less than about 400 poise as determined in accordance with ISO Test No. 11443 at a
shear rate of 1200 s™ and at a temperature of 310°C.
[0028] In one embodiment, the polyarylene sulfide can be a high molecular
weight, low chlorine content polyarylene sulfide, and the resulting polyarylene
sulfide/liquid crystal polymer alloy as well as a composition including the polyarylene
sulfidef/liquid crystal polymer alloy can not only exhibit a relatively low melt viscosity
and resulting good processibility, but can alse have a low chlorine content. For
instance, a polyarylene sulfide/liquid crystal polymer alloy and/or a composition
including the polyarylene sulfide/liquid crystal polymer alloy can have a chlorine
content of less than about 1000 ppm, less than about 900 ppm, less than about 600
ppm, or less than about 400 ppm. In one embodiment, a composition including the
polyarylene sulfide/liquid crystal polymer alloy can be halogen free according to the
International Electrochemical Commission standard 61249-2-21.
[0029] In addition, the melt processed polyarylene sulfide composition can be a
homogeneous composition and can exhibit excelient mechanical characteristics.
Without wishing to be bound by any particular theory, it is believed that the in situ
formation process of the compatibilizer can lead to formation of a polyarylene
sulfide/liquid crystal polymer alloy with improved miscibility and this improved
miscibility can lead to improved mechanical characteristics of a composition that
includes the polyarylene sulfide/liquid crystal polymer alloy.
[0030] By way of example, a composition including a polyarylene sulfide/liquid
crystal polymer alloy can have a weldline tensile strength of greater than about 30
MPa, greater than about 32 MPa, or greater than about 35 MPa, as measured
according to 1SO Test No. 527 (technically equivalent to ASTM D638) at a testing
temperature of 23°C and at a testing speed of 5 mm/min. In one embodiment, the
weld line strength of a composition including a polyarylene sulfide/liquid crystal
polymer alloy can improve by more than about 30%, or more than about 35% as
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compared to a similar composition that does not include the compatibilizer and is
merely a polyarylene sulfide/liquid crystal polymer blend.
[0031] A composition including a polyarylene sulfide/liquid crystal polymer alloy
may have desirable appearance. For instance, a composition including a
polyarylenefliquid crystal polymer alloy may have a surface glossiness of greater than
about 60, greater than about 65, or greater than about 70, as determined by use of a
gloss meter.
[0032] A composition including a polyarylene sulfide/liquid crystal polymer alloy
may have a good {zod unnotched impact strength (Unnotched Izod) as measured
according to ISO Test No. 180/1 U as well as a good 1zod notched impact strength
(Notched 1zod) as measured according to ISO Test No. 180/1 A. For instance, the
Izod unnotched impact strength of the melt processed polyarylene sulfide composition
may be greater than about 19 kJ/m?, greater than about 23 kJ/m?, or greater than
about 25 kJ/m? measured at 23°C. The Izod notched impact strength of the melt
processed polyarylene sulfide composition may be greater than about 10 kJ/m?, or
greater than about 15 kJ/m? measured at 23°C. For instance, the Izod notched impact
strength can improve by more than about 40%, or more than about 45% as compared
to a similar composition that does not include the compatibilizer and is merely a
polyarylene sulfide/liquid crystal polymer blend.
[0033] The polyarylene sulfide phase of a polyarylene suffide/liquid crystal alloy
may exhibit a low recrystallization temperature and a low heat of crystallization, as
well as a high degree of supercooling, which can indicate that the presence of the
compatibilizer can retard crystallization of the polyarylene sulfide. This is a good
indication of improved compatibilization of the polyarylene sulfide and the liquid crystal
polymer in the alioy. For instance, the recrystallization temperature of the polyarylene
sulfide phase of a polyarylene sulfide/liquid crystal polymer alloy can be less than
about 225°C, or less than about 220°C as measured by use of a differential scanning
calorimeter. The polyarylene phase of a polyarylene sulfide/liquid crystal polymer
alloy can have a degree of supercooling (defined as the difference between the
equilibrium melting temperature, Ty, and the crystallization temperature, T,) of greater
than about 50°C, greater than about 55°C, or greater than about 60°C as measured
by use of a differential scanning calorimeter.
[0034] The polyarylene sulfide/liquid crystal polymer alloys can also exhibit

7
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good flame retardant characteristics. For instance, a polyarylene sulfide/liquid crystal
polymer alloy can meet the V-0 flammability standard at a thickness of 0.2 millimeters
as released by UNDERWRITERS LABORATORIES, INC. (Northbrook, lII.)

[0035] As previously mentioned, the polyarylene sulfide/liquid crystal polymer
alloy can be formed according to a process that includes melt processing a
polyarylene sulfide and a reactively functionalized disulfide compound with a liquid
crystalline polymer.

[0036] In general, the polyarylene sulfide may be a polyarylene thioether
containing repeat units of the formula (1):

LA =X L AP YI-[(Ar ) Z]H(Ar)o-W]p- U

wherein Ar', AP, AP, and Ar* are the same or different and are arylene units of 6 to 18
carbon atoms; W, X, Y, and Z are the same or different and are bivalent linking groups
selected from —-SOz~, -S—, -SO~, -CO—, —O—, —COOQO- or alkylene or alkylidene
groups of 1 to 6 carbon atoms and wherein at least one of the linking groups is —-S—;
and n, m, i, j, k, |, 0, and p are independently zero or 1, 2, 3, or 4, subject to the
proviso that their sum total is not less than 2. The arylene units Ar', Ar?, Ar®, and Ar*
may be selectively substituted or unsubstituted. Advantageous arylene systems are
phenylene, biphenylene, naphthylene, anthracene and phenanthrene. The
polyarylene sulfide typically includes more than about 30 mol%, more than about 50
mol%, or more than about 70 mol% arylene sulfide (—S-) units. In one embodiment
the polyarylene sulfide includes at least 85 mol% sulfide linkages attached directly to
two aromatic rings.
[0037] In one embadiment, the polyarylene sulfide is a polyphenylene sulfide,
defined herein as containing the phenylene sulfide structure — (CsHa—S)— (wherein n
is an integer of 1 or more) as a component thereof.
[0038] The polyarylene sulfide may be synthesized prior to forming the
polyarylene sulfide/liquid crystal polymer alloy, though this is not a requirement of a
process. For instance Fortron® polyphenylene sulfide available from Ticona of
Florence, Kentucky, USA can be purchased and utilized as the polyarylene sulfide.
[0039] Synthesis techniques that may be used in making a polyarylene sulfide
are generally known in the art. By way of example, a process for producing a

8



WO 2013/043565 PCT/US2012/055857

polyarylene sulfide can include reacting a material that provides a hydrosulfide ion,
e.g., an alkali metal sulfide, with a dihaloaromatic compound in an organic amide
solvent.
[0040] The alkali metal sulfide can be, for example, lithium sulfide, sodium
sulfide, potassium sulfide, rubidium sulfide, cesium sulfide or a mixture thereof. When
the alkali metal suifide is a hydrate or an agueous mixture, the alkali metal sulfide can
be processed according to a dehydrating operation in advance of the polymerization
reaction. An alkali metal sulfide can also be generated in situ. In addition, a small
amount of an alkali metal hydroxide can be included in the reaction to remove or react
impurities (e.g., to change such impurities to harmless materials) such as an alkali
metal polysulfide or an alkali metal thiosulfate, which may be present in a very small
amount with the alkali metal sulfide.
[0041] The dihaloaromaﬁc compound can be, without limitation, an o-
dihalobenzene, m-dihalobenzene, p-dihalobenzene, dihalotoluene, dihalonaphthalene,
methoxy-dihalobenzene, dihalobiphenyl, dihalobenzoic acid, dihalodiphenyl ether,
dihalodiphenyl sulfone, dihalodiphenyl sulfoxide or dihalodiphenyl ketone.
Dihaloaromatic compounds may be used either singly or in any combination thereof.
Specific exemplary dihaloaromatic compounds can include, without limitation, p-
dichlorobenzene; m-dichlorobenzene; o-dichlorobenzene; 2,5-dichlorotoluene; 1,4~
dibromobenzene; 1,4-dichloronaphthalene; 1-methoxy-2,5-dichlorobenzene; 4,4'-
dichlorobiphenyl; 3,5-dichlorobenzoic acid; 4,4'-dichlorodiphenyl ether; 4,4'-
dichlorodiphenylsulfone; 4,4'-dichlorodiphenylsulfoxide; and 4,4'-dichlorodiphenyl
ketone.
[0042] The halogen atom can be fluorine, chiorine, bromine or iodine, and 2
halogen atoms in the same dihalo-aromatic compound may be the same or different
from each other. In one embodiment, o-dichlorobenzene, m-dichlorobenzene, p-
dichlorobenzene or a mixture of 2 or more compounds thereof is used as the dihalo-
aromatic compound.
[0043] As is known in the att, it is also possible to use a monohalo compound
{not necessarily an aromatic compound) in combination with the dihaloaromatic
compound in order to form end groups of the polyarylene sulfide or to regulate the
polymerization reaction and/or the molecular weight of the polyarylene sulfide.
[0044] The polyarylene sulfide may be a homopolymer or may be a copolymer.
9



WO 2013/043565 PCT/US2012/055857

By a suitable, selective combination of dihaloaromatic compounds, a polyarylene
sulfide copolymer can be formed containing not less than two different units. For
instance, in the case where p-dichlorobenzene is used in combination with m-
dichlorobenzene or 4,4'-dichlorodiphenylsulfone, a polyarylene sulfide copolymer can

be formed containing segments having the structure of formula (11):

(I

and segments having the structure of formula (Il1):

S— (I

or segments having the structure of formula (IV):

[0045] in general, the amount of the dihaloaromatic compound(s) per mole of

(V)

the effective amount of the charged alkali metal sulfide can generally be from 1.0 to
2.0 moles, from 1.05 to 2.0 moles, or from 1_.1 to 1.7 moles. Thus, the polyarylene
sulfide can include alkyl halide (generally alkyl chloride) end groups.
[0046] A process for producing the polyarylene sulfide can include carrying out
the polymerization reaction in an organic amide solvent. Exemplary organic amide
solvents used in a polymerization reaction can include, without limitation, N-methyl-2-
pyrrolidone; N-ethyl-2-pyrrolidone; N,N-dimethylformamide; N,N-dimethylacetamide;
N-methylcaprolactam; tetramethylurea; dimethylimidazolidinone; hexamethyl
phosphoric acid triamide and mixtures thereof. The amount of the organic amide
solvent used in the reaction can be, e.g., from 0.2 to 5 kilograms per mole (kg/mol) of
the effective amount of the alkali metal sulfide.
[0047] The polymerization can be carried out by a step-wise polymerization
process. The first polymerization step can include introducing the dihaloaromatic
compound to a reactor, and subjecting the dihaloaromatic compound to a
polymerization reaction in the presence of water at a temperature of from about 180°C
10
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to about 235°C, or from about 200°C to about 230°C, and continuing polymerization
until the conversion rate of the dihaloaromatic compound attains to not less than about
50 mol % of the theoretically necessary amount.
[0048] When carrying out the first polymerization step, the alkali metal sulfide,
which usually includes water, can be charged into the organic amide solvent and the
mixture can be heated to distill the excessive water out of the reaction system. At that
time, a part of the alkali metal sulfide will decompose to form an alkali and hydrogen
sulfide (H»S). From the generated amount of H;S, the effective amount of the charged
alkali metal sulfide is calculated. Thereafter, the dihaloaromatic compound can be
charged into the reaction system in an amount calculated from the effective amount of
the charged alkali metal sulfide and the mixture can be heated to a temperature of
from about 180°C to about 235°C in an inert atmosphere, generating the
polymerization reaction.
[0049] The termination of the first polymerization is the point wherein the
conversion rate of the dihaloaromatic compound in the reaction system reaches not
less than about 50 mol %, not less than about 70 mol %, or not less than about 90 mol
% of the theoretical conversion. The theoretical conversion of the dihaloaromatic
compound can be calculated from one of the following formulas:

(a) In the case wherein the dihaloaromatic compound (hereinafter referred to as
DHA) has been added in excess (by molar ratio) of the alkali metal sulfide:

XY
Conversion rate = X —Z

x100

(b) In the cases other than (a):
XY

x100
Conversion rate =

wherein X is the amount of the charged dihaloaromatic compound; Y is the remaining
amount of the dihaloaromatic compound and Z is the excessive amount of
dihaloaromatic compound in moles.

[0050] In a second polymerization step, water is added to the reaction slurry so
that the total amount of water in the polymerization system is increased to about 7
moles, or to about 5 moles, per mole of the effective amount of the charged alkali

metal sulfide. Following, the reaction mixture of the polymerization system can be
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heated to a temperature of from about 250°C to about 290°C, from about 255°C to
about 280°C, or from about 260°C to about 270°C and the polymerization can
continue until the melt viscosity of the thus formed polymer is raised to the desired
final level of the polyarylene sulfide. The duration of the second polymerization step
can be, e.g., from about 0.5 to about 20 hours, or from about 1 to about 10 hours.
[0051] The polyarylene sulfide may be linear, semi-linear, branched or
crosslinked. A linear polyarylene sulfide includes as the main constituting unit the
repeating unit of —(Ar-S) —. In general, a linear polyarylene sulfide may include about
80 mol% or more of this repeating unit. A linear polyarylene sulfide may include a
small amount of a branching unit or a cross-linking unit, but the amount of branching
or cross-linking units may be less than about 1 mol% of the total monomer units of the
polyarylene sulfide. A linear polyarylene sulfide polymer may be a random copolymer
or a block copolymer containing the above-mentioned repeating unit.
[0052] A semi-linear polyarylene sulfide may be utilized that may have a cross-
linking structure or a branched structure provided by introducing into the polymer a
small amount of one or more monomers having three or more reactive functional
groups. Forinstance between about 1 mol% and about 10 mol% of the polymer may
be formed from monomers having three or more reactive functional groups. Methods
that may be used in making semi-linear polyarylene sulfide are generally known in the
art. By way of example, monomer components used in forming a semi-linear
polyarylene sulfide can include an amount of polyhaloaromatic compounds having 2
or more halogen substituents per molecule which can be utilized in preparing
branched polymers. Such monomers can be represented by the formula R'X,,, where
each X is selected from chlorine, bromine, and iodine, n is an integer of 3 to 6, and R’
is a polyvalent aromatic radical of valence n which can have up {o about 4 methyl
substituents, the total number of carbon atoms in R’ being within the range of 6 to
about 16. Examples of some polyhaloaromatic compounds having more than two
halogens substituted per molecule that can be employed in forming a semi-linear
polyarylene sulfide include 1,2,3-trichlorobenzene, 1,2,4-trichlorobenzene, 1,3-
dichloro-5-bromobenzene, 1,2,4-triicdobenzene, 1,2,3,5-tetrabromobenzene,
hexachlorobenzene, 1,3,5-trichloro-2,4,6-trimethylbenzene, 2,2',4 4'-
tetrachlorobiphenyl, 2,2',5,5'-tetra-iodobiphenyl, 2,2',6,6'-tetrabromo-3,3',5,5'-
tetramethylbiphenyl, 1,2,3,4-tetrachloronaphthalene, 1,2,4-tribromo-6-

12



WO 2013/043565 PCT/US2012/055857

methylnaphthalene, and the like, and mixtures thereof.
[0053] Following polymerization, the polyarylene sulfide may be washed with
liguid media. For instance, the polyarylene sulfide may be washed with water,
acetone, N-methyl-2-pyrrolidone, a salt solution, and/or an acidic media such as acetic
acid or hydrochloric acid prior to combination with other components while forming the
mixture. The polyarylene sulfide can be washed in a sequential manner that is
generally known to persons skilled in the art. Washing with an acidic solution or a salt
solution may reduce the sodium, lithium or calcium metal ion end group concentration
from about 2000 ppm fo about 100 ppm.
[0054] A polyarylene sulfide can be subjected to a hot water washing process.
The temperature of a hot water wash can be at or above about 100°C, for instance
higher than about 120°C, higher than about 150°C, or higher than about 170°C.
Generally, distilled water or deionized water can be used for hot water washing. In
one embodiment, a hot water wash can be conducted by adding a predetermined
amount of the polyarylene sulfide to a predetermined amount of water and heating the
mixture under stirring in a pressure vessel. By way of example, a bath ratio of up to
about 200 grams of polyarylene sulfide per liter of water can be used. Following the
hot water wash, the polyarylene sulfide can be washed several times with warm water,
maintained at a temperature of from about 10°C to about 100°C. A wash can be
carried out in an inert atmosphere to avoid deterioration of the polymer.
[0055] Organic solvents that will not decompose the polyarylene sulfide can be
used for washing. Organic solvents can include, without limitation, nitrogen-containing
polar solvents such as N-methylpyrrolidone, dimethylformamide, dimethylacetamide,
1,3-dimethylimidazolidinone, hexamethylphosporamide, and piperazinone; sulfoxide
and suifone solvents such as dimethyl sulfoxide, dimethylsulfone, and sulfolane;
ketone solvents such as acetone, methyl ethyl ketone, diethyl ketone, and
acetophenone, ether solvents such as diethyl ether, dipropyl ether, dioxane, and
tetrahydrofuran; halogen-containing hydrocarbon solvents such as chioroform,
methylene chloride, ethylene dichioride, trichloroethylene, perchloroethylene,
monochloroethane, dichloroethane, tetrachloroethane, perchioroethane, and
chlorobenzene; alcohol and phenol solvents such as methanol, ethanol, propanol,
butanol, pentanol, ethylene glycol, propylene glycol, phenol, cresol, polyethylene
glycol, and polypropylene glycol; and aromatic hydrocarbon solvents such as
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benzene, toluene, and xylene. Further, solvents can be used alone or as a mixture of
two or more thereof.
[0056] Washing with an organic solvent can be carried out by immersing the
polyarylene sulfide in the organic solvent and heating or stirring as appropriate. The
washing temperature for the organic solvent washing is not particularly critical, and a
temperature can generally be from about 20°C to about 300°C. Washing efficiency
can be increased with an elevation of the washing temperature, but in general, a
satisfactory effect is obtained at a washing temperature of from about 20°C to about
150°C.
[0057] In one embodiment, washing can be carried out under pressure at a
temperature higher than the boiling point of the organic solvent in a pressure vessel.
The washing time is not critical, and for a batchwise washing, washing can generally
be carried out for about 5 minutes or more. Batchwise washing is not a requirement,
however, and the washing can be performed in a continuous manner.
[0058] In one embodiment, organic solvent washing can be combined with hot
water washing and/or warm water washing. When a high-boiling-point organic solvent
such as N-methylpyrrolidone is used, the residual organic solvent can be removed by
washing with water or warm water after the organic solvent washing, and distilled
water or deionized water can be used for this washing.
[0059] The polymerization reaction apparatus for forming the polyarylene
sulfide is not especially limited, although it is typically desired to employ an apparatus
that is commonly used in formation of high viscosity fluids. Examples of such a
reaction apparatus may include a stirring tank type polymerization reaction apparatus
having a stirring device that has a variously shaped stirring blade, such as an anchor
type, a multistage type, a spiral-ribbon type, a screw shaft type and the like, or a
modified shape thereof. Further examples of such a reaction apparatus include a
mixing apparatus commonly used in kneading, such as a kneader, a roll mill, a
Banbury mixer, etc. Following polymerization, the molten polyarylene sulfide may be
discharged from the reactor, typically through an extrusion orifice fitted with a die of
desired configuration, cooled, and collected. Commonly, the polyarylene sulfide may
be discharged through a perforated die to form strands that are taken up in a water
bath, pelletized and dried. The polyarylene sulfide may also be in the form of a
strand, granule, or powder.
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[0060] A polyarylene sulfide/liquid crystal polymer alioy may include a
polyarylene sulfide (or a blend of multiple polyarylene sulfides) in an amount from
about 5 wt.% to about 90 wt.% by weight of the alloy, for instance from about 10%
wt.% to about 80 wt.%, from about 20 wt.% to about wt.70%, or from about 25 wt.% to
about 50 wt.% by weight of the alloy.
[0061] A polyarylene sulfide (which can also encompass a blend of one or more
polyarylene sulfide polymers and/or copolymers) may have a relative high molecular
weight. For instance a polyarylene sulfide may have a number average molecular
weight greater than about 25,000 g/mol, or greater than about 30,000 g/mol, and a
weight average molecular weight greater than about 60,000 g/mol, or greater than
about 65,000 g/mol. A high molecular weight polyarylene sulfide may have a low
chiorine content, for instance less than about 1000 ppm, less than about 900 ppm,
less than about 600 ppm, or less than about 400 ppm.
[0062] In one embodiment, the polyarylene sulfide may have a high molecular
weight and a high melt viscosity. For instance, the melt viscosity of the polyarylene
sulfide may be greater than about 1,500 poise, greater than about 2,500 poise, or
greater than about 3,000 poise as determined in accordance with [SO Test No. 11443
at a shear rate of 1200 s™ and at a temperature of 310°C.,
[0063] The polyarylene sulfide can be melt processed with a reactively
functionalized disulfide compound. In general, the reactively functionalized disulfide
compound may have the structure of formula (V):

R*>-S-S-R* (V)
wherein R® and R* may be the same or different and are hydrocarbon groups that
independently include from 1 to about 20 carbons and include reactive functionality at
the terminal ends of R® and R*. For instance, R®> and R* may be an alkyl, cycloalkyl,
aryl, or heterocyclic group.
[0064] At least one of R® and R* may inciude a terminal carboxyl group,
hydroxyl group, an amino group (either substituted or nonsubstituted), a nitro group, or
the like. Examples of disulfide compounds including reactive ferminal groups as may
be combined with a polyarylene sulfide in forming a mixture for melt processing may
include, without limitation, 2,2'-diaminodiphenyl disulfide, 3,3'-diaminodipheny!
disulfide, 4,4'-diamincdiphenyl disulfide, dibenzyl disulfide, dithiosalicyclic acid,
dithioglycolic acid, o,a'-dithiodilactic acid, B,B'-dithiodilactic acid, 3,3"-dithiodipyridine,
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4,4'dithiomorpholine, 2,2'-dithiobis{benzothiazcle), 2,2'-dithiobis(benzimidazole), 2,2'-
dithiobis(benzoxazole), L-Cysteine, dithiobenzoic acid, dihydroxyphenyl disulfide, and
2-(4'-morpholinodithio)benzothiazole.
[0065] The amount of the disulfide compound combined with the polyarylene
sulfide can generally be from about 0.1 wt.% to about 3 wt.% by weight of the
polyarylene suifide/liquid crystal polymer alloy, for instance from about 0.1 wt.% to
about 1 wt.% by weight of the polyarylene sulfide/liquid crystal polymer alloy. In
general, the amount of the disulfide compound added will be a stoichiometric amount
for reaction with a portion of the polyarylene sulfide, for instance an amount that can
react with from about 0.1% to about 5 % of the polyarylene sulfide, such that the
polyarylene sulfide/liquid crystal polymer can include the compatibliser in addition to
polyarylene sulfide and liquid crystal polymer that have not been copolymerized.
[0066] A liquid crystal polymer can be combined with the polyarylene sulfide
and the reactively functionalized disulfide compound. In one embodiment, the liquid
crystal polymer may be combined with the polyarylene sulfide and the reactively
functionalized disulfide compound in a single step formation process, i.e., all three
components can be combined fogether in a single melt processing step. In another
embodiment, the melt processing process can include a first meit processing step that
includes melt processing the polyarylene sulfide with reactively functionalized disulfide
compound, and a second melt processing step in which the liquid crystal polymer is
then combined with the melt processed liquid crystal polymer and disulfide compound.
[0067] A process of forming the polyarylene sulfide/liquid crystal polymer alloy
may include formation of the liquid crystal polymer, though this is not a requirement of
a process. For instance, the liquid crystal polymer may be formed by reaction of
monomers including an aromatic hydroxycarboxylic acid, an aromatic diol, and an
aromatic diacid.
[0068] By way of example, the monomers can be polymerized by a melt
acidolysis polymerization process, in which non-acetylated monomers are heated in
the presence of acetic anhydride. Aiternatively, the monomers can be acetylated in a
first step, and the acetylated monomers can then be polymerized by a melt acidolysis
process in the molten state in a second step.
[0069] In either case, the monomers may be heated with stirring to a sufficiently
high temperature such that the acetylated phenol groups react with the carboxylic acid
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groups to form ester linkages, with the formation of by-product acetic acid. The
heating and stirring can be continued for a long enough time and at a high enough
temperature that a liquid crystai polymer forms that has an inherent viscosity of
greater than about 2 dl/g, greater than about 3 dl/g, or greater than about 5 dl/g, with
the inherent viscosity being measured at 25°C as a 0.1% solution (wt/vol) of liquid
crystal polymer in a mixture of equal volumes of pentafluocrophenol and
hexafluoroisopropanol. Typically, the polymerization can be completed at a
temperature high enough that the liquid crystal polymer is in the molten state at a
temperature in the range of from about 280°C to about 380°C, for instance in the
range of from about 320°C to about 380°C. The liquid crystal polymer can be heated
under vacuum in the molten state for up to about one hour, with the time being
dependent on such variables as the temperature, the vacuum, and the stirring speed.
[0070] In one embodiment, the liquid crystal polymer can be produced via
polycondensation (with elimination of acetic acid) from p-hydroxybenzoic acid, an
aromatic dihydroxy compound (such as 4,4'-dihydroxybiphenyl and hydroquinone),
and an aromatic dicarboxylic acid (such as 2,6-naphthalenedicarboxylic acid,
terephthalic acid, and isophthalic acid), with their phenolic hydroxyl groups acylated by
reaction with acetic anhydride.
[0071] Alternatively, the liquid crystal polymer can be formed via
polycondensation (with elimination of acetic acid) from p-acetoxybenzoic acid, a
diacylated aromatic dihydroxy compound (such as 4,4'-diacetoxybiphenyl and
diacetoxybenzene), and an aromatic dicarboxylic acid (such as 2,6-
naphthalenedicarboxylic acid, terephthalic acid, and isophthalic acid).
[0072] Another liquid crystal polymer preparation method can include
polycondensation (with elimination of phenol) from a phenyl ester of p-hydroxybenzoic
acid and a diphenyl ester of an aromatic dihydroxy compound (such as 4,4'-
dihydroxybiphenyl and hydroquinone) and an aromatic dicarboxylic acid {(such as 2,6-
naphthalenedicarboxylic acid, terephthalic acid, and isophthalic acid).
[0073] In still another embodiment, the liquid crystal polymer can be prepared
by polycondensation (with elimination of phenol) from diphenyl esters and aromatic
dihydroxy compounds. The diphenyl esters can be formed from p-hydroxy-benzoic
acid and an aromatic dicarboxylic acid {(such as 2,6-naphthalenedicarboxylic acid,
terephthalic acid, and isophthalic acid) by reaction with diphenyl carbonate in a
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prescribed amount. The aromatic dihydroxy compounds can include 4,4'-
dihydroxybiphenyl and hydroquinone.

[0074] The above-mentioned polycondensation reactions can proceed in the
absence of a catalyst; however, in one embodiment they may be catalyzed by a metal
compound (such as stannous acetate, tetrabutyl titanium, preferably potassium
acetate, sodium acetate, and antimony trioxide) or metallic magnesium or a
combination thereof. In one embodiment, the use of catalysts can be eliminated or
minimized in order to prevent the resulting liquid crystal polymer from blistering. For
example, in one embodiment, the liquid crystal polymer can be formed by use of less
than about 500 ppm of metal catalyst, for instance less than about 200 ppm, less than
about 100 ppm, less than about 50 ppm, less than about 20 ppm, or less than about
10 ppm of catalyst.

[0075] In one embodiment, the liquid crystal polymer can be formed in the
presence of one or more end-capping agents. End-capping agents, for instance, can
be used to control the molecular weight, melting point, and/or viscosity of the liquid
crystal polymer. The end-capping agent, for instance, can be present in the liquid
crystal polymer in an amount less than about 1 mole % by weight, such as in an
amount less than about 0.5 mole %. In one embodiment, the end capping agent may
comprise terephthalic acid in an amount less than about 0.2 mole %.

[0076] Improvements in the control of the resulting properties of the liquid
crystal polymer may also be realized in one embodiment by forming the liquid crystal
polymer using slight molar excesses of a diacid, a diol, or both.

[0077] In one embodiment, the liquid crystal polymer can be selected from a
group of liquid crystal polymers of P1 to P8, wherein each polymer contains at least
two of the following repeating units i) through viii):
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wherein the amounts of repeating units of the liquid crystal polymer are expressed in
mole% and the sum of mol% of the repeating units present always totals 100%. In
certain embodiments, the liquid crystal polymer can be selected from P1 to P8 as
follows:

P1 comprises from about 70% to about 90% i) and from about 10% to about 30% ii);

and wherein iii) - viii) are absent;

P2 comprises from about 10% to about 25% i) and from about 75% to about 90% ii)

and wherein iii) - viii) are absent;

P3 comprises from about 50% to about 70% ii}, iii} is present, at least one of vi), vii),
and viii) is present, the amount of iii) = [100-ii) ] / 2, and the amount of iii) = the total of

at least one of vi), vii) and viii), and wherein i), iv) and v) are absent;

P4 comprises from about 0% to about 10% i), from about 40% to about 60% ii), at

least one of iii), iv) and v) is present, at least one of vi) and vii) and viii) is present,
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wherein the total of at least one of iii), iv) and v) = [100 — Z i)+ ii) ] / 2 = the total of at

least one of vi), vii) and viii);

P5 comprises from about 45% to about 65% i), from about 1% to about 10% ii), at
least one of iii), iv) and v) is present, at least one of vi), vii) and viii) is present, wherein
the total of at least one of iii), iv) and v) =[100 - X i)+ ii) ]/ 2 = the total of at least one

of vi), vii) and viii);

P6 comprises from about 40% to about 70% i), from about 5% to about 30% v), at
least one of iii) and iv) are present and the total amount of at least one of iii) and iv) =
[100-i)]/ 2 —v), at least one of vi), vii) and viii) is present and the amount of at least

one of vi}, vii) and viii) = ¥ iii), iv) and v), and wherein ii) is absent;

P7 comprises from about 30% to about 80% i), at least one of vi), vii) and viii) is
present, v) is present, and the amount of v) = [ 100-i) ]/ 2 = total of at least one of vi),

vii) and viii), and wherein ii), iii) and iv) are absent.

P8 comprises from about 50% to about 70% i), at least one of iii) and iv) is present, at
least one of vi) and vii) is present, and wherein the total of at least one of iii) and iv) = [
100- i) ]/ 2 = the total of at least one of vi), vii) and viii), and wherein ii) is absent.

[0078] Liquid crystal polymers and/or monomers used o form the liquid crystal
polymers are also commercially available, for instance under the trade name
VECTRA® marketed by Ticona Engineering Polymers, of Florence, Kentucky.

[0079] Grades of VECTRA® polymers well suited for use in forming a
polyarylene sulfide/liquid crystal polymer can include the VECTRA® Ei grades, the
VECTRA® A grades, and the VECTRA® L grades.

[0080] The liquid crystal polymer selected for use in forming a polyarylene
sulfide/liquid crystal polymer alloy can vary depending upon the particular application
and the characteristics desired for the polyarylene sulfide/liquid crystal polymer alloy.
In one embodiment, for instance, a liquid crystal polymer can be used that has a
relatively high melting point, such as a melting point greater than 280°C. In one
embodiment, the melting point of the liquid crystal polymer can be from about 280°C
to about 370°C, such as from about 330°C to about 340°C. Higher melting point liquid
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crystal polymers can be used, for instance, to produce articles having a higher heat
distortion temperature (HDT).
[0081] The amount of the liquid crystal polymer that is present in the
polyarylene sulfide/liquid crystal polymer alloy can vary depending upon various
factors. Forinstance, the polyarylene sulfide/liquid crystal polymer alloy can include
from about 5 wt.% to about 90 wt.%, from about 10 wt.% 1o about 80 wt.%, from about
20 wt.% to about 70 wt. %, or from about 25 wt.% to about 50 wit.% of the liquid crystal
polymer by weight of the alloy. The polyarylene sulfide and the liquid crystal polymer
can be blended together in order to accentuate a particular strength or to obtain a
desired combination of properties. In one embodiment, the liquid crystal polymer and
the polyarylene sulfide polymer may be present in the polyarylene sulfide/liquid crystal
polymer alloy at a weight ratio of the liquid crystal polymer to the polyarylene sulfide of
from about 5:1 to about 1:5. For instance, the weight ratio of the liquid crystal polymer
to the polyarylene sulfide can be from about 1:2 to about 1:3.
[0082] In one embodiment, the relative amounts of the polyarylene sulfide and
the liquid crystal polymer can be selected so that the viscosity ratio between the
polyarylene sulfide and the liquid crystal polymer at a temperature of about 350°C is
from about 1:10 to about 3:1. For example, the viscasities can be selectively matched
such that the viscosity ratio between the polyarylene sulfide and the liquid crystal
polymer is from about 1.5:1 to about 1:1.5.
[0083] The liquid crystal polymer may form domains within the polyarylene
sulfide/liquid crystal polymer alloy. Liquid crystal polymer domains, for instance, may
have a rod-like structure. In one embodiment, about 90% of the rod-like structures
can have a diameter of from about 1 micron to about 10 microns and can have a
length of from about 5 microns to about 30 microns. In one embodiment, the domains
of the liquid crystal polymer within the alloy can be even smaller. For instance the
liquid crystal polymer domains can have a diameter of less than about 1 micron in the
polyarylene sulfide/liquid crystal polymer alloy.
[0084] As previously stated, a composition including the polyarylene
sulfide/liquid crystal polymer alloy can be formed that includes one or more additives
in addition to the alioy.
[0085] By way of example, a composition including a polyarylene sulfide/liquid
crystal polymer alloy can include a phosphite stabilizer. A phosphite stabilizer can
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prevent thermal degradation of the polyarylene sulfide and the liquid crystal polymer
during melt processing. In addition, a phosphite stabilizer can further minimize mold
deposits and can reduce yellowing or darkening of a composition including the
polyarylene sulfide/liquid crystal polymer alloy, can reduce loss of strength during melt
processing, and can improve the processibility of the composition including the
polyarylene sulfide/liquid crystal polymer alloy.

[0086] The phosphite stabilizer can include an organic phosphite. For example,
phosphite stabilizers that are encompassed herein include phosphites capable of
withstanding higher temperatures, especially temperatures to which a composition
including a polyarylene sulfide/liquid crystal polymer can be subjected to during melt
processing. For example, phosphite stabilizers can include monophosphites and
diphosphites wherein the diphosphite has a molecular configuration that inhibits the
absorption of moisture and/or has a relatively high spiro isomer content. For instance,
a diphosphite stabilizer may be selected that has a spiro isomer content of greater
than 90%, such as greater than 95%, such as greater than 98%.

[0087] Non-limiting examples of phosphite stabilizers include bis(2,4-
dicumylphenyl) pentaerythritol diphosphite, bis(2,4-di-t-butylphenyl) pentaerythritol
diphosphite, distearyl pentaerythritol diphosphite, mixtures thereof, and the like.
[0088] The phosphite stabilizer, tris(2,4-di-tert-butylphenyl) phosphite, may be
represented by the formula (VI):

Bu :g/ £-Bu
O

{ +~Bu
B : “t-Bu i ~-Bu (V1)
[0089] The phosphite stabilizer, bis(2,4-dicumylpheny!) pentaerythritol

diphosphite, may be represented by the formula (VII):
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[0090] The phosphite stabilizer, distearyl pentaerythritol diphosphite, may be
represented by the formula (VIII):

OHLC — CHO

R'—O—F C P O R
OH,C  CHyO
* ’ (VI

[0091] wherein R’ is an alkyl group or an aryl group and the two R’ groups may
be the same or different.
[0092] In addition to a phosphite stabilizer, a composition including a

polyarylene sulfide/liquid crystal polymer alloy can optionally contain a second
stabilizer or even further stabilizers. In one embodiment, for instance, the second
stabilizer may comprise a phosphate, such as an organic phosphate. For instance, in
one embodiment, a non-halogen phosphate ester stabilizer can be incorporated into
the composition including a polyarylene sulfide/liquid crystal polymer alloy.

[0093] Phosphate stabilizers may include monophosphates stabilizers and
polyphosphate stabilizers. An example of a monophosphate stabilizer, for instance, is
triphenyl phosphate. Polyphosphate stabilizers that may be used in accordance with
the present disclosure include phosphate stabilizers having the following general
formula (IX):

o i
.ltﬂ--(il?—‘D—Amﬂ—ii‘LmDE
RO oR (1X)
wherein R is either an unsubstituted or a substituted aryl, A is a bridging group
containing an alkylene group, one arylene ring, fwo arylene rings either joined directly
to each other or by an alkylene bridging group and n ranges from 1 to about 10. In
one embodiment, A above can be a monoarylene, such as may be derived from

resorcinol or hydroquinone. Inthe above formula, “bis” phosphates are formed when
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n is equal to 1. Oligomeric phosphates, on the other hand, are formed when n is
equal to 2 or higher.
[0094] Examples of phosphate stabilizers that may be used in include, without
limitation, resorcinol bis(di-xylyl phosphate), bis-phenol A bis(diphenyl phosphate),
recorcinol bis (diphenyl phosphate) or mixtures thereof.
[0095] Phosphate stabilizers typically exist as a liquid at room temperature or
as a solid. In one embodiment a solid phosphate stabilizer may be incorporated into a
compasition that includes a polyarylene sulfide/liquid crystal polymer alloy that may be
more stable at higher temperatures and may be easier to combine with the other
components.
[0096] A composition that includes a polyarylene sulfide/liquid crystal polymer
may also contain an alkylene-acrylic ester interpolymer stabilizer. For instance, a
random ethylene-acrylic ester interpolymer stabilizer containing maleic anhydride or
containing glycidyl methacrylate may be incorporated into the composition. Such
compounds are commercially available from Arkema under the trade name
LOTADER®.
[0097] One or more stabilizers can be present in a composition that includes a
polyarylene sulfide/liquid crystal polymer alloy in relatively small amounts. For
instance, each stabilizer can be present in a composition in an amount less than about
5% by weight of the composition. Eor example, a phosphite stabilizer may be present
in a composition that includes a polyarylene sulfidefliquid crystal pelymer alloy in an
amount from about 0.05% to about 5% by weight, such as from about 0.1% to about
1% by weight. Any other stabilizers may be present in an amount less than about 2%
by weight, such as in an amount from about 0.1% to about 1% by weight of the
composition that includes a polyarylene sulfide/liquid crystal polymer alloy.
[0098] In one embodiment, a composition that includes a polyarylene
sulfide/liquid crystal polymer alloy can include a fibrous filler. The fibrous filler may
generally be included in the composition including a polyarylene sulfide/liquid crystal
polymer alloy an amount of from about 5 wt.% to about 70 wt.%, or from about 20
wt.% to about 65 wt.% by weight of the composition.
[0099] The fibers are typically of a length from about 0.5 mm to about 5.0 mm.
While not wishing to be bound to any particular theory, it is believed that the lower
melt viscosity of the polyarylene sulfide/liquid crystal polymer alloy obtainable due to
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interaction between the reactively functionalized disulfide compound and the
polyarylene sulfide may prevent degradation of the fibers during melt processing,
maintaining fiber length and providing excellent strength characteristics to a
composition including the polyarylene sulfide/liquid crystal polymer alloy.

[0100] The fibrous filler may include one or more fiber types including, without
limitation, polymer fibers, glass fibers, carbon fibers, metal fibers, and so forth, or a
combination of fiber types. |n one embodiment, the fibers may be chopped glass
fibers or glass fiber rovings (tows).

[0101] In one embodiment, the fibers can be glass fibers that are essentially
free of boron. The term “essentially free” generally means that the glass fibers contain
no boron, or at most, only trace amounts of boron, such as less than about 2 wt.%, in
some embodiments less than 1 wt.%, in some embodiments less than about 0.1 wt.%,
and in some embodiments, less than 0.01 wt.%. By minimizing the presence of boron
in the fibers, the chemical resistance of the glass to attack from aggressive inks used
in inkjet printer can be enhanced. Boron-free fibers are available, for instance from
the Owens Coming Vetrotex Corporation under the trade name of Advantex®. Such
fibers may be made from suitable ingredients or raw materials (e.g., sand for SiO»,
burnt lime for CaO, dolomite for MgO), which can be mixed or blended in a
conventional manner in the appropriate quantities o give the desired weight
percentages of the final compaosition. The mixed batch can then be melted in a
furnace or melter, and the resulting molten glass can be passed along a forehearth
and into fiber-forming bushings located along the bottom of the forehearth. The
molten glass can be pulled or drawn through holes or orifices in the bottom or tip plate
of the bushing to form glass fibers. The streams of molten glass flowing through the
bushing orifices can be attenuated to filaments by winding a strand of the filaments on
a forming tube mounted on a rotatable collet of a winding machine. The fibers may be
further processed in a conventional manner suitable for the intended application.
[0102] Fiber diameters can vary depending upon the particular fiber used and
are available in either chopped or continuous form. The fibers, for instance, can have
a diameter of less than about 100 um, such as less than about 50 um. Forinstance,
the fibers can be chopped or continuous fibers and can have a fiber diameter of from
about 5 um to about 50 um, such as from about & um to about 15 pm.

[0103] Fiber lengths can vary. In one embodiment, the fibers can have an initial
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tength of from about 3 mm to about 5 mm. The melt processing conditions due to the
combination of the reactively functionalized disulfide compound with the polyarylene
sulfide can prevent excessive degradation of the added fibers and as a resuit the
fibers can show less attrition during melt processing. For instance, the final fiber
length in the composition including the polyarylene sulfide/liquid crystal polymer alloy
can vary from about 200 pm to about 1500 um, or from about 250 um to about 1000
pm.

[0104] The fibers may be pretreated with a sizing that may also facilitate mixing
with the polyarylene sulfide/liquid crystal polymer alloy during melf processing.

[0105] In one embodiment, the fibers may have a high yield or small K
numbers. The tow is indicated by the yield or K number. For instance, glass fiber
tows may have 50 yield and up, for instance from about 115 yield to about 1200 yield.
[0106] In one embodiment, the polyarylene sulfide/liquid crystal polymer alloy
can include an organosilane coupling agent. An organosilane coupling agent may be
an alkoxy silane coupling agent as is known in the art. The alkoxysilane compound
may be a silane compound selected from the group consisting of vinlyalkoxysilanes,
epoxyalkoxysilanes, aminoalkoxysilanes, mercaptoalkoxysilanes, and combinations
thereof. Examples of the vinylalkoxysilane that may be utilized include
vinyltriethoxysilane, vinyltrimethoxysilane and vinyltris(B-methoxyethoxy)silane.
Examples of the epoxyalkoxysilanes that may be used include y-
glycidoxypropyltrimethoxysilane, §-(3,4-epoxycyclohexyl) ethyltrimethoxysilane and -
glycidoxypropyltriethoxysilane. Examples of the mercaptoalkoxysilanes that may be
employed include y-mercaptopropyltrimethoxysilane and y-
mercaptopropyltriethoxysilane.

[0107] Amino silane compounds that may be included are typically of the
formula: R®-Si«(R%)s, wherein R® is selected from the group consisting of an amino
group such as NH,; an aminoalkyl of from about 1 to about 10 carbon atoms, or from
about 2 to about 5 carbon atoms, such as aminomethyl, aminoethyl, aminopropyl,
aminobutyl, and so forth; an alkene of from about 2 to about 10 carbon atoms, or from
about 2 to about 5 carbon atoms, such as ethylene, propylene, butylene, and so forth;
and an alkyne of from about 2 to about 10 carbon atoms, or from about 2 to about 5
carbon atoms, such as ethyne, propyne, butyne and so forth; and wherein R®is an

alkoxy group of from about 1 to about 10 atoms, or from about 2 to about 5 carbon
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atoms, such as methoxy, ethoxy, propoxy, and so forth.

[0108] In one embodiment, R® is selected from the group consisting of
aminomethyl, aminoethyl, aminopropyl, ethylene, ethyne, propylene and propyne, and
R® is selected from the group consisting of methoxy groups, ethoxy groups, and
propoxy groups. In another embodiment, R® is selected from the group consisting of
an alkene of from about 2 to about 10 carbon atoms such as ethylene, propylene,
butylene, and so forth, and an alkyne of from about 2 to about 10 carbon atoms such
as ethyne, propyne, butyne and so forth, and R®is an alkoxy group of from about 1 to
about 10 atoms, such as methoxy group, ethoxy group, propoxy group, and so forth.
A combination of various aminosilanes may also be included.

[0109] Some representative examples of amino silane coupling agents that may
be utilized include, without limitation, aminopropyl triethoxy silane, aminoethyl
triethoxy silane, aminopropyl trimethoxy silane, aminoethy! trimethoxy silane, ethylene
trimethoxy silane, ethylene triethoxy silane, ethyne trimethoxy silane, ethyne triethoxy
silane, aminoethylaminopropyltrimethoxy silane, 3-aminopropyl triethoxy silane, 3-
aminopropyl trimethoxy silane, 3-aminopropyl methyl dimethoxysilane or 3-
aminopropyl methyl diethoxy silane, N-(2-aminoethyl)-3-aminopropyl trimethoxy
silane, N-methyl-3-aminopropyl trimethoxy silane, N-phenyl-3-aminopropyl trimethoxy
silane, bis(3-aminopropyl) tetramethoxy silane, bis(3-aminopropyl) tetraethoxy
disiloxane, and combinations thereof. The amino silane may also be an
aminoalkoxysilane, such as y-aminopropyltrimethoxysilane, y-
amincpropyltriethoxysilane, y-aminopropylmethyldimethoxysilane, y-
aminopropylmethyldiethoxysilane, N-(f-aminoethyl)-y-aminopropyltrimethoxysilane, N-
phenyl-y-aminopropyltrimethoxysilane, y-diallylaminopropyltrimethoxysilane and vy-
dialiylaminopropyltrimethoxysilane. One suitable amino silane is 3-
aminopropyltriethoxysilane which is available from Degussa, Sigma Chemical
Company, and Aldrich Chemical Company.

[0110] When included, the composition including the polyarylene sulfide/liquid
crystal polymer alloy may include the organosilane coupling agent in an amount from
about 0.1 wt.% to about 5 wt.% by weight of the mixture, from about 0.3 wt.% to about
2 wt.% by weight of the mixture, or from about 0.2 wt.% to about 1 wt.% by weight of
the composition.

[0111] An impact modifier may be included in a composition including a
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polyarylene sulfide/liquid crystal polymer alloy. In one embodiment, the impact
modifier may comprise a random copolymer of polyethylene and glycidyl
methacrylate. The amount of glycidyl methacrylate contained in the random
copolymer may vary. In one particular embodiment, the random copolymer contains
the glycidyl methacrylate in an amount from about 6% to about 10% by weight of the
copolymer.
[0112] Other impact modifiers as may be utilized include polyurethanes, two-
phase mixtures of polybutadiene and styrene-acrylonitrile (ABS), modified
polysiloxanes or silicone rubbers, or graft copolymers of an elastomeric, single-phase
core based on polydiene and of a hard graft shell (core-shell structure).
[0113] When considering graft copolymer impact modifiers, the impact
modifiers are composed of particles most of which, for instance more than 70% of
which, have a structure composed of a core and one or more shells. The core can be
formed from an elastomeric polymer phase onto which has been grafted the hard
shell, which may be composed of two or more layers. The core is generally a single-
phase of the elastomeric soft phase and includes only small amounts of, if any, hard
polymer constituents of the shell. The graft copolymer can be composed of from 40 to
95% by weight, from 60 to 90% by weight, or from 70 to 80% by weight, of the
elastomeric core. The proportion of the shells can be from 5 to 60% by weight, from
10 to 40% by weight, or from 20 to 30% by weight.
[0114] Other impact maodifiers encompassed herein include polyurethanes, e.g.,
thermoplastic polyurethanes. Polyurethane impact modifiers are prepared in a known
manner via polyaddition of polyisacyanates, in particular diisocyanates, polyesters,
polyethers, polyesteramides, polyacetals, or other suitable hydroxy or amino
compounds, e.g. hydroxylated polybutadiene, or mixtures of the abovementioned
compounds. Where appropriate, use is also made of chain extenders, such as low-
molecular-weight polyols, in particular diols, polyamines, in particular diamines, or
water.
[0115] In one embodiment, one or more mineral fillers can be included in the
composition including the polyarylene sulfide/liquid crystal polymer alloy. For
instance, the composition can include one or more mineral fillers in an amount of from
about 1 wt.% to about 50 wt.% of the composition. Mineral fillers may include, without
limitation, silica, quartz powder, silicates such as calcium silicate, aluminum silicate,
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kaolin, talc, mica, clay, diatomaceous earth and wollastonite, and so forth.
[0116] Still other additives that can be included in a composition including a
polyarylene sulfidefliquid crystal polymer alloy can encompass, without limitation,
antimicrobials, pigments, lubricants, antioxidants, stabilizers, surfactants, waxes, flow
promoters, solid solvents, and other materials added to enhance properties and
processability. Such optional materials may be empioyed in a compaosition in
conventional amounts.
[0117] A composition including a polyarylene sulfide/liquid crystal polymer alloy
may be formed in a single step melt processing process in which all of the
components, e.g., the polyarylene sulfide, the liquid crystal polymer, the reactively
functionalized disulfide compound, and one or more additives may be combined in an
extruder. Alternatively, a composition may be formed in a multi-step process. For
instance, the polyarylene sulfide and the reactively functiona! disulfide compound may
be combined in a first melt processing step, and the liquid crystal polymer and one or
more additives may be combined with the melt processed polyarylene suifide and
reactively functionalized disulfide compound in one or more subsequent steps. in yet
another alternative method, one or more additives may first be combined with the
polyarylene sulfide, separately or in conjunction with combination with the reactively
functionalized disulfide compound.
[0118] The components may be melt processed according to techniques known
in the art. For example, the components of the composition including the polyarylene
sulfide/liquid crystal polymer alloy may be melt-kneaded in a single-screw or multi-
screw extruder at a temperature of from about 250°C to about 320°C. inone
embodiment, the composition may be melt processed in an extruder that includes
multiple temperature zones. For instance, the compaosition may be melt processed in
an extruder that includes a temperature zone that is maintained at a temperature of
between about 250°C and about 320°C.
[0119] By way of example, a polyarylene sulfide, a reactively functionalized
disulfide compound, a liquid crystal polymer and one or more additives may be melt
mixed using a twin screw extruder such as a Leistritz 25mm co-rotating fully
intermeshing twin screw extruder to form the composition including the polyarylene
sulfidefliquid crystal polymer alloy. An extruder may have multiple temperature control
zones, e.9., about 6 temperature control zones (including at the extrusion die), and an
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overall L/D of 30. A general purpose screw design can be used during melt
processing. In one embodiment, all of the components may be fed to the feed throat
in the first barrel by means of a volumetric feeder. In another embodiment, different
components may be added at different addition points in the extruder, as is known.
The components can be melted and mixed then extruded as the composition including
the polyarylene sulfide/liquid crystal polymer alloy through a die. The composition can
then be quenched in a water bath to solidify and granulated in a pelletizer followed by
drying, e.g., drying at about 120°C.
[0120] Conventional shaping processes for forming articles out of a composition
including a polyarylene sulfide/liquid crystal polymer alloy include, without limitation,
extrusion, injection molding, blow-molding, thermoforming, foaming, compression
molding, hot-stamping, fiber spinning and so forth. Shaped articles that may be
formed may include structural and non-structural shaped parts, for instance for
appliances, electrical materials, electronic products, fibrous webs, and automotive
engineering thermoplastic assemblies. Exemplary automotive shaped plastic parts
are suitable for under the hood applications, including fan shrouds, supporting
members, wire and cablie jacketing, covers, housings, battery pans, battery cases,
ducting, electrical housings, fuse buss housings, blow-molded containers, nonwoven
or woven geotextiles, baghouse filters, membranes, and pond liners, to name a few.
Other useful articles besides moldings, extrusion and fibers include wall paneis,
overhead storage lockers, serving trays, seat backs, cabin partitions, window covers,
and electronic packaging handling systems such as integrated circuit trays.
[0121] A composition including a polyarylene sulfide/liquid crystal polymer alloy
can be used in a variety of electrical and electronics applications, for instance in
electrical and electronics applications in which a low chlorine content is desirable. For
instance, utilization of a composition including a polyarylene sulfide/liquid crystal
polymer in the formation of connectors and over-molding (insert-molding) parts is
encompassed. |
[0122] A composition including a polyarylene sulfide/liquid crystal polymer alloy
also exhibit good thermal properties that make them excellent materials for high
temperature applications. For example, the high DTUL of the compositions including
polyarylene sulfide/liquid crystal polymer alloys make them excellent candidates for
lead-free soldering processing and also beneficial for insert-molding parts, for instance
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those that may undergo high temperature painting processes.
[0123] According to one embodiment, a composition including a polyarylene
sulfide/liquid crystal polymer alloy can be utilized in forming an electrical connector.
Referring to FIGS. 1-2, an electrical connector 200, for instance as may be utilized for
mounting to a printed circuit board (not shown) can be formed. Electrical connector
200 includes an insulative housing 210, a plurality of contact modules 230 inserted
into the insulative housing 210, and a shield 220 that encloses the insulative housing
210. The electrical connector 200 is straight and defines a mounting face 201 parallel
to a top face of the printed circuit board and a mating face 202 opposite to the
mounting face 201.
[0124] The insulative housing 210 and the shield 220 can each be a one-piece
structure unitarily molded of a compasition including a polyarylene sulfidefliquid crystal
polymer alloy that can be the same or different from one another. The shield 220 can
be a two-piece structure which includes a first shell 221 and a second shell 222, and
each shell can be formed of the same or different composition including a polyarylene
sulfide/liquid crystal polymer alloy as described herein. The insulative housing 210
has a base portion 211 and a rectangular mating port 212 extending upwardly from
the base portion 211 for mating with a complementary plug (not shown) in an up fo
down direction. The base portion 211 defines a downwardly facing longitudinal cavity
for receiving the plurality of contact modules 230 therein. The mating port 212 of the
insulative housing 210 has a front wall 321, a back wall 322 parallel to the front wall
321, and a pair of sidewalls 323 connected the front and the back wall 321, 322. The
mating port 212 includes a tongue plate 224 paralleled to the front and back wall 321,
322 and extending therebetween. Passageways 225 allow for contact between the
contact modules 230 and the circuit board.
[0125] A composition including a polyarylene sulfide/liquid crystal polymer alloy
can be useful in forming an overmolding that includes a coating of the composition on
a metal body. The metal body may be any one of various metal bases or a metal
hase with an undercoat formed in advance with an inorganic material and/or an
organic material.
[0126] The metal base material can include, without limitation, aluminum, iron,
titanium, chromium, nickel, and alloys containing at least one of these metals, for
example, duralumin, carbon steel and stainless steel can provide heat resistance,
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corrosion resistance, adhesion properties, mechanical characteristics, economy and
the like.
[0127] The overmolding can be formed by providing at least one coating layer
of a composition including a polyarylene sulfide/liquid crystal polymer alloy on a metai
base. By way of example, the coating process can include a pretreatment of a metal
base that is conducted prior to the formation of the coating layer. A pretreatment can
improve adhesion between the metal base and the coating layer. Pretreatment
generally includes cleaning, surface roughening or surface modification, or a
combination thereof.
[0128] Cleaning can be carried out with a detergent, a solvent, an acid or an
alkali, or a removal treatment of rust or burrs with a derusting agent, by a physical
method (sand blasting, honing or the like) or a high-temperature heating treatment.
Surface roughening can be, e.g., a chemical roughening treatment with an oxidizing
agent, electrolytic oxidation or a physical method such as sand blasting. Surface
modification can improve the adhesion of the metal base to the coating layer. It can
include a surface oxidation treatment (e.g., with an oxidizing agent, or by electrolytic
oxidation or high-temperature oxidation), a surface-nitriding treatment, or a surface-
hydroxylating treatment (by steaming).
[0129] Optionally, an undercoat may be applied, for instance to reduce the
difference in the coefficient of linear expansion between the metal base and the
coating layer, to improve the adhesion between the metal base and the coating layer,
and to prevent corrosion of the metal base upon its coating treatment. When
included, an undercoat may include inorganic material layers such as ceramic layers,
glass layers and cermet layers as well as layers of the same kind as the coating layer
or of a kind different from the coating layer. Methods for coating may include, without
limitation, slurry coating, powder coating, fluidized bed coating and electrostatic
coating.
[0130] Following pretreatment and formation of any undercoat layer(s), a
composition including a polyarylene sulfide/liquid crystal polymer alloy can be coated
on the metal base to form a coating layer. The coating layer can be formed according
to any standard coating method as is generally known in the art including, without
limitation, slurry coating, powder coating, fluidized bed coating and electrostatic
coating.
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[0131] Depending on the application purpose of the overmolding, a coating
layer of a kind different from the layer of the composition including a polyarylene
sulfide/liquid crystal polymer alloy and any undercoat may be applied additionally as
an intermediate coating layer or a topcoat. For instance, a topcoat of a fluoroplastic or
fluorinated polymer compaosition can be formed on the coating layer of the composition
including a polyarylene sulfide/liquid crystal polymer alloy.
[0132] An overmolding may be used in a wide variety of applications, such as
components for automobiles, trucks, commercial airplanes, aerospace, rail,
household appliances, computer hardware, hand held devices, recreation and
sports, structural component for machines, structural components for buildings, etc.
[0133] Wireless electronic devices are particularly suitable. For example, the
overmolding may serve as a housing for a wireless electronic device. In such
embodiments, an antenna may be disposed on and/or within the metal component
prior to overmolding. The metallic component itself may also be used as part of the
antenna. For example, portions of the metal component may be shorted together to
form a ground plane in or to expand a ground plane structure that is formed from a
planar circuit structure, such as a printed circuit board structure (e.g., a printer circuit
board structure used in forming antenna structures). Alternatively, the antenna may
also be embedded within the composition including a polyarylene sulfide/liquid
crystal polymer alloy during the molding process. Other discrete components can
also be embedded within the composition including a polyarylene sulfide/liquid
crystal polymer alloy, such as metal stampings, bushings, electromechanical parts,
fitration materials, metal reinforcement and other discrete parts that are combined
into a single unitary component through the injection of thermoplastic around the
carefully placed parts.
[0134] Examples of suitable wireless electronic devices may include a desktop
computer or other computer equipment, a portable electronic device, such as a
laptop computer or small portable computer of the type that is sometimes referred {o
as “ultraportables.” In one suitable arrangement, the portable electronic device may
be a handheld electronic device. Examples of portable and handheld electronic
devices may include cellular telephones, media players with wireless
communications capabilities, handheld computers (also sometimes called personal
digital assistants), remote controls, giobal positioning system (“GPS”) devices, and
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handheld gaming devices. The device may also be a hybrid device that combines
the functionality of multiple conventional devices. Examples of hybrid devices
include a cellular telephone that includes media player functionality, a gaming device
that includes a wireless communications capability, a cellular telephone that includes
game and email functions, and a handheld device that receives email, supports
mobile telephone calls, has music player functionality and supports web browsing.
[0135] Referring to FIGS. 3-4, one particular embodiment of a wireless
electronic device 100 is shown as a laptop computer. The electronic device 100
includes a display member 103 rotatably coupled to a base member 106, The
display member 103 may be a liquid crystal diode (LCD) display, an organic light
emitting diode (OLED) display, a plasma display, or any other suitable display. The
display member 103 and the base member 106 each contain a housing 86 and 88,
respectively, for protecting and/or supporting one or more components of the
electronic device 100. The housing 86 may, for example, support a display screen
120 and the base member 106 may include cavities and interfaces for various user
interface components (e.g. keyboard, mouse, and connections to other peripheral
devices).
[0136] A composition including a polyarylene sulfide/liquid crystal polymer alloy
may generally be employed to form any portion of the electronic device 100. In most
embodiments, however, the composition is employed to form all or a portion of the
housing 86 and/or 88. For example, the housing 86 shown in Fig. 2 can be formed
from an overmolding and contain a composition including a polyarylene sulfide/liquid
crystal polymer alloy 160 adhered to an interior surface (not shown) of a metal
component 162. In this particular embodiment, the compaosition including a
polyarylene sulfide/liquid crystal polymer alloy 160 is in the form of a strip, which
may optionally cover an antenna (not shown} located in the housing 86. Of course,
the antenna and/or composition including a polyarylene sulfide/liquid crystal polymer
alloy 160 may be disposed at other locations of the housing 86, such as adjacent to
a corner, along an edge, or in any other suitable position. Regardless, the resulting
housing including the composition of a polyarylene sulfide/liquid crystal polymer alloy
160 and a metal component 162 defines an exterior surface 163 of the housing 86.
The exterior surface 163 is generally smooth, and is indicated above, has a similar
color and visual appearance.
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[0137] Although not expressly shown, the device 100 may also contain
circuitry as is known in the art, such as storage, processing circuitry, and input-
output components. Wireless transceiver circuitry in circuitry may be used to
transmit and receive radio-frequency (RF) signals. Communications paths such as
coaxial communications paths and microstrip communications paths may be used to
convey radio-frequency signals between transceiver circuitry and antenna structures.
A communications path may be used to convey signals between the antenna
structure and circuitry. The communications path may be, for example, a coaxial
cable that is connected between an RF transceiver (sometimes called a radio) and a
multiband antenna.

[0138] According to one embodiment, the polyarylene sulfide/liquid crystal
polymer alloy may be used to form an ink jet printer or a component of an ink jet
printer, such as a printer cartridge, a manifold, a housing, etc. In one embodiment,
the composition can be incorporated throughout the entire assembly of a printer.

Fig. 5 shows one embodiment of a printer cartridge that may incorporate the
polyarylene sulfide/liquid crystal polymer alloy of the present invention. As shown,
the ink cartridge contains a rigid outer housing 10 having a pair of spaced cover plates
12, 14 intended to be affixed as by heat bonding, or adhesive, or preferably press fit
through interlocking tabs to opposite sides of a peripheral wall section 16. In one
embodiment, the cover plates 12, 14 and/or the wall section 16 may be formed of the
polyarylene sulfide/liquid crystal polymer alloy of the present invention. A snout
portion 13 of the cartridge has an ink discharge aperiure in its lowermost end wall to
which is affixed an electrically driven print head (not shown).

[0139] An inner reservoir structure unit 5, which includes a relatively rigid inner
plastic frame 20 and a pair of ink sidewalls 22, 24, is mounted in the outer housing 10.
In one embodiment, the sidewalls 22, 24 and/or frame 20 may be formed of the
polyarylene sulfide/liquid crystal polymer alloy of the present invention. The frame
20 has a pair of opposite side edges 21 to which the sidewalls 22, 24 are joined at
their peripheral edges to form a reservoir structure. The reservoir structure contains a
pressure regulator 30, which in turn can be formed of a pair of spaced substantially
parallel metal side plates 40, 50 urged apart by a bow spring 60 toward the flexible
membranes 22, 24. The assembled reservoir structure can then be mounted inside of
wall section 16 of the cartridge and side walls 12, 14 can then be affixed to the
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cartridge housing petipheral wall 16. The snout portion 13 of the housing 10 also
contains an ink filter 18 that can be placed in fluid communication with the ink
reservoir. The filter 18 may be mounted inside the reservoir structure or it can be
positioned outside of the reservoir structure but inside outer housing 10 with minor
porting and seal modifications to ensure fluid communication from the ink reservoir to
the filter 18. The lowermost portion of the peripheral outer housing wall 16 can be
provided with an ink discharge aperture through which ink is downwardly discharged
from the filter 18 to the print head (not shown). An edge guard in the form of a thin but
tough cover layer 41, 51, which can also be formed of a polyarylene sulfide/liquid
crystal polymer alloy, having an adhesive on one surface thereof may be press
bonded to the outer surface of each side plate 40, 50 if desired. The cover layers 41,
51 are each sized slightly larger than the side plates 40, 50 so that a marginal width of
the cover layers extends beyond each edge of the plates 40, 50.

Test Methods
[0140]  Melt Viscosity: The melt viscosity is reported as scanning shear rate

viscosity. Scanning shear rate viscosity as reported herein was determined in
accordance with {SO Test No. 11443 (technically equivalent to ASTM D3835) at a
shear rate of 1200 s and at a temperature of 310°C using a Dynisco 7001 capillary
rheometer. The rheometer orifice (die) had a diameter of 1 mm, a length of 20 mm,
an L/D ratio of 20.1, and an entrance angle of 180°. The diameter of the barrel was
9.55 mm + 0.005 mm and the length of the rod was 233.4 mm.
[0141] Melt Stability: The melt stability was determined in accordance with
ISO Test No. 11443 (technically equivalent to ASTM D3835). The test was
performed at 310°C and at a constant shear rate.
[0142] Tensile Modulus, Tensile Stress, and Tensile Elongation: Tensile
properties were tested according to ISO Test No. 527 (technically equivalent to
ASTM D638). Modulus and strength measurements were made on the same test strip
sample having a length of 80 mm, thickness of 10 mm, and width of 4 mm. Testing
temperature was 23°C, and testing speed was 5 mm/min.
[0143] Flexural Modulus, Flexural Stress, and Flexural Strain: Flexural
properties were tested according to ISO Test No. 178 (technically equivalent to
ASTM D790). This test was performed on a 64 mm support span. Tests were run on
the center portions of uncut ISO 3167 multi-purpose bars. Testing temperature was
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23°C, and testing speed was 2 mm/min.

[0144] Weldline Tensile Modulus, Weldline Tensile Strength and Weldline
Tensile Strain were tested according to ISO Test No. 527 (technically equivalent to
ASTM D638). This test was performed on double-gated tensile bars having a length
of 80 mm, thickness of 10 mm, and width of 4 mm. Testing temperature was 23°C,
and testing speed was 5 mm/min.

[0145] {zod Unnotched Impact Strength. Unnotched lzod properties were
determined according to ISO Test No. 180/1 U. Specimens were cut from the center
of a multi-purpose bar using a single tooth milling machine. Testing temperature was
23°C.

[0146] Izod Notched Impact Strength: Notched |zod properties were tested
according to 1ISO Test No. 180/1A (technically equivalent to ASTM D256). This test
was run using a Type A notch. Specimens were cut from the center of a multi-
purpose bar using a single tooth milling machine. Testing temperature was 23°C.
[0147] Deflection Under Load Temperature ("DTUL"): The deflection under
load temperature was determined in accordance with 1SO Test No. 75-2 (technically
equivalent to ASTM D648-07). A test strip sample having a length of 80 mm,
thickness of 10 mm, and width of 4 mm was subjected to an edgewise three-point
bending test in which the specified load (maximum outer fibers stress) was 1.8 MPa.
The specimen was lowered into a silicone oil bath where the temperature is raised at
2°C per minute until it deflects 0.25 mm (0.32 mm for ISO Test No. 75-2).

[0148] Chlorine Content: Chlorine content was determined according to an
elemental analysis using Parr Bomb combustion foilowed by lon Chromatography.
[0149] Gloss reduction is used to measure the deposit generation. A gloss
meter is used to measure the glossiness of the mold surface first on the clean mold
surface before molding and then on the mold surface after one hour of molding.

[0150] Gloss reduction (%) is defined as follows:

Gloss reduction (%) = (glossiness before molding — glossiness after 1 hour of molding)
!/ glossiness before molding x 100

Glossiness readings are faken at two different locations of the mold surface
with three repeat measurements at each location. The average of the readings is
taken for calculating the gloss reduction. Lower gloss reduction corresponds to less
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deposit generated on the mold.

[0151] Any suitable gloss meter may be used to measure glossiness, such as
Micro-TRI-Gloss from BYK Gardner GmbH.
[0152] Precrystallization Heat of Fusion, 1% Heat of Fusion, 2" Heat of

Fusion, and Heat of Recrystallization were determined by Differential Scanning
Calorimeter (DSC). The sample was ramped from 40°C to 340°C with a ramp rate of
10 °C/min.

[0153] The Degree of Crystallinity was calculated using a value of 146.2 J/g
for the enthalpy of fusion of 100% crystalline polyphenylene sulfide.

[0154] Flammability was determined according to the UL-84 standard. The
sample was subjected to a vertical burn test. The specimen is exposed to the flame
for a period of ten seconds and then observed to determine the length of time required
for the after flame to extinguish. The specimen is then re-exposed to the flame for
another ten second period and again observed to determine time required for the
afterflame to extinguish. After such time, the specimen is further observed to
determine the amount of time the specimen afterglows.

[0155] Morphology of fractured tensile bars was investigated by use of a JOEL
scanning electron microscope.

[0156] Embodiments of the present disclosure are ilfustrated by the following
examples that are merely for the purpose of iliustration of embodiments and are not to
be regarded as limiting the scope of the invention or the manner in which it may be

practiced. Unless specifically indicated otherwise, parts and percentages are given by

weight.
: Example 1
[0157] A polyphenylene sulfide (Fortron® 0214 natural polyphenylene sulfide

available from Ticona Engineering Polymers) is melt processed at 310°C with one of
several different disulfide compounds as follows:

L-Cystine

Diphenyl disulfide (DPDS)

Dithiobenzoic acid (DTSA)

Dihydroxyphenyl disulfide (DHDS)

4-Aminophenyl disulfide (4-APDS)

2-Aminophenyl disulfide (2-APDS)
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[0158] The loading level of each disulfide compound is varied up to 1 wt.%
disulfide. The melt viscosity obtained for each sample is illustrated in FIG. 6. As
can be seen, melt processing of a disulfide compound with a polyarylene sulfide
leads to a reduction in melt viscosity of the product.
Example 2

[0159] Materials that are used in forming samples for testing include the
following components:
Reactively Functionalized Disulfide Compound

2,2’ Dithodibenzoic Acid

3,3’ Dihydroxyldiphenyl Disulfide

Lubricant

Pentaerythritol Tetrastearate
Polytetrafluoroethylene available under the trade name Dyneon®
Glass Fiber

Fiber glass 910A-10C 4mm, available from Owens Corning, Inc.
Polyarylene Sulfide

Fortron® 0214 natural polyphenylene sulfide available from Ticona Engineering
Polymers.
Fortron® 0214 MP polyphenylene sulfide available from Ticona Engineering
Polymers.
Fortron® 0203BG SF3001 Natural polyphenylene sulfide available from Ticona
Engineering Polymers
Liquid Crystal Polymer

Vectra® E950iRX available from Ticona Engineering Polymers.
Vectra® E9500I, VD3003K20, BLACK available from Ticona Engineering

Polymers.
[0160] The specific formulation for each tested material is provided in Table 1,
below.
Table 1
Sample No. 001 002 003 004 005 006
2,2~ Dithiodibenzoic acid - 0.40% - - 0.2%
3,3 - Dihydroxyldiphenyl Disulfide - - - 0.10%
PETS 03% | 0.3% | 03% | 0.3% | 0.3% | 0.3%
PTFE 2.0% 20% | 20% | 20% | 2.0% | 2.0%
Vectra® E950iRX 14.3% | 13.9% | 14.3% | 14.2% | 32.7% | 32.5%
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Vectra® E95001, VD3003K20, BLACK | 5.0% | 5.0% | 5.0% | 5.0% | 5% 5%

Glass fiber 40.0% | 40.0% | 40.0% | 40.0% | 40% | 40%

Fortron® 0214 - | 38.4% - 38.4% 20%

Fortron® 0214 MB - - | 38.4% -

Fortron® 0203BG SF3001 38.4% - - - 20%

Total 100% | 100% | 100% | 100% | 100% | 100%
[0161] To form Samples 001, 002, and 004, the components as described

below are mixed in a Werner Pfleiderer ZSK 25 co-rotating intermeshing twin-screw

extruder with a 25 mm diameter.

[0162]

Sample 003 is formed according to a two-step process in which the

polyarylene sulfide and the reactively functionalized disulfide compound are first

mixed and then the remaining components are combined with this melt mixed

combination. Polyphenylene sulfide used in this sample is first functionalized with the

reactively functionalized disulfide compound through a reactive extrusion process in a

twin screw extruder. The functionalized polyphenylene sulfide is then blended with

other ingredients in a twin screw extruder.

[0163] Samples are molded on a Mannesmann Demag D100 NCIi! injection
molding machine.
[0164] The extruded pellets are tested for various physical characteristics, with
results described in Table 2, below.

Table 2
Sample No. 001 002 003 004 005 006
Melt Viscosity {poise) 403.00 386.00 436.00 520.00 355 434
Melt Stability (%loss/min) 0.14 1.62 3.27 1.31 - -
Tensile Modulus (MPa) 15420 14734 14941 15147 | 17017 | 16379
Tensile Break Stress (MPa) 143.38 | 140.09 | 143.36 | 143.33 | 97.51 | 116.63
Tensile Break Strain (%) 1.24 1.28 1.30 1.30 0.76 1.00
Weldline Tensile Modulus 10020.00 | 9610.00 | 10062.00 | 9505.00 - -
(MPa)
Weildline Tensile Strength 28.73 32.61 37.30 37.36 | 16.29 | 19.97
{MPa)
Weldline Tensile Strain (%) 0.29 0.36 0.39 0.42 0.21 0.25
lzod Unnotched (kJ/m”) 23.90 26.30 23.20 26.60 16.00 | 20.70
DTUL (°C) 268.00 264.00 267.00 264.00 262 257
Surface Glossiness 59.46 70.37 70.90 64.47 - -

[0165]

characteristics determined as described in Table 3, below.

40

The polyphenylene sulfide phase of the materials is examined, with




WO 2013/043565 PCT/US2012/055857

Table 3
Sample No. 001 002 003 004
Precrystallization Temp (°C) 103.71 | 123.23 | 104.57 | 107.66
Precrystallization Heat of Fusion (J/g) | 0.82 7.49 0.67 0.68
1* Heat Melt Temp (°C) 283.07 | 282.61 | 282.35 | 281.48
1°* Heat of Fusion (J/g) 17.77 | 15.97 | 16.06 | 16.23
2" Heat Melt Temp (°C) 282.00 | 278.44 | 279.13 | 279.80
2™ Heat of Fusion (J/g) 17.29 | 14.96 | 156.02 | 16.34
Recrystallization Temp (°C) 225.001 216.13 | 215.78 | 221.46
Heat of Recrystallization (J/g) 19.27 | 16.44 | 16.29 | 17.89
Degree of Supercooling (J/g) 57.00 | 62.31 | 63.35 | 68.34
Degree of Crystallinity 0.12 0.10 - -
[0166] FIGS. 7A-7D present scanning electron microscope images of samples

001 and 002. Specifically, FIG. 7A shows the morphology of the skin region of sample
001, FIG. 7B shows the skin region of sample 002, FIG. 7C shows a core region of
sample 001, and FIG. 7D shows a core region of sample 002. FIG. 7A illustrates that
the liquid crystal polymer fibrils are fairly long in the uncompatiblized blend, with most
of them pulling out from the polyphenylene sulfide matrix, which is an indication of
poor interfacial bonding. On the other hand, FIG. 7B shows much smaller liquid
crystal polymer fibrils in polyphenylene sulfide matrix. FIG. 7C and FIG. 7C
demonstrate morphology in the core region of cross sections of fracture parts. FIG.
7C shows that the liquid crystal polymer phase exists as large spherical particles in
the uncompatiblized blend. FIG. 7D shows much smaller domain size of liquid crystal
polymer phase in the compatiblized polyphenylene sulfide/ liquid crystal polymer alloy.
The estimated liquid crystal polymer domain size in the polyphenylene sulfide/ liquid
crystal polymer physical blend of FIG. 7C is 5 to 20 microns, while it reduces to less
than 1 micron in the compatiblized alloy of FIG. 7D. This indicates the reduction of
interfacial tension between liquid crystal polymer and polyphenylene sulfide phases in
melt state, and serves as a direct evidence of improved compatibility.

[0167] The differential scanning calorimeter thermograms of samples 001 and
002 are shown in FIG. 8, and other thermal properties are summarized in Table 3. As
can be seen, while the melting transition of both the polyphenylene sulfide and liquid
crystal polymer phases were not affected by compatiblization, the crystallization
behavior did show a difference between the uncompatiblized blends and the
compatiblized alloys. The crystallization temperature of the polyphenylene sulfide
phase decreased from 225°C to 216°C, and the heat of crystallization also dropped
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from 19.27 J/g to 16.44 J/g, which indicated retardation of polyphenylene sulfide
crystallization process. The crystallization rate of polyphenylene sulfide phase was
depressed in compatiblized polyphenylene sulfide/ liquid crystal polymer blend as
shown by an increase in the degree of super cooling. Such a decrease in the
crystallization temperature and increase in the super cooling of polyphenylene sulfide
phase are known to arise on compatiblization of incompatible blends. As shown by
data in Table 3, the compatiblization also resulted in a decrease in crystallinity of
polyphenylene sulfide phase, which have been observed in previous studies of
compatiblized blends.
[0168] Flammability tests confirmed that both the physical blend materials
(sample 001) and the compatiblized materials (sample 002) pass the V-0 rating at a
thickness of 0.2 millimeters.
[0169] Chlorine content of samples 001 and 002 are illustrated in FIG. 9. As
can be seen, the chlorine content of the blend of sample 001 was 1500 ppm, while
that of the compatiblized material including the polyarylene sulfide/liquid crystal
polymer alloy dropped to 490. Thus, this alloy is considered to be halogen free
according to current industrial standards.

Example 3
[0170] Samples are formed in a single step exfrusion process as described in
Example 1. A phosphite stabilizer, Doverphos S680 available from Dover Chemical
Company, is included in Sample Nos. 009 and 010. Formulations are as shown in
Table 4, below:

Table 4
Sample No. 007 008 009 010
2,2’- Dithiodibenzoic acid - 0.40% - -
Phosphite Stabilizer - - 0.5% | 0.5%
PETS 0.3% | 0.3% | 0.3% | 0.3%
PTFE 20% | 2.0% | 2.0% | 2.0%
Vectra® E950iRX 14.3% | 13.9% | 14.3% | 13.9%
Vectra® E9500I, VD3003K20, BLACK | 5.0% | 6.0% | 5.0% | 5.0%
Glass fiber 40.0% | 40.0% | 40.0% | 40.0%
Fortron® 0214 - 38.4% - 137.9%
Fortron® 0203B6 SF3001 384% | - |37.9% | -
Total 100% | 100% | 100% | 100%
[0171] The extruded pellets are tested for ash content and melt viscosity, with

results summarized in Table 5.
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Table 5
Sample No. | 007 | 008 | 009 | 010
Ash% 40.67 | 40.55 | 40.75 | 40.53
Melt viscosity | 477.1 | 569.1 | 444 | 633

[0172] The samples are injection molded and tested for certain properties as
summarized in Table 6.

Table 6
Sample No. 007 008 009 010
Tensile Modulus (MPa) 16758 | 16171 | 17026 | 17181
Tensile Break Stress (MPa) 142.20 | 147.50 | 131.91 | 137.86
Tensile Break Strain (%) 1.05 1.17 0.99 1.06
Flexural Modulus (MPa) 17305 | 16699 | 16628 | 16733
Flexural Strength (MPa) 213.47 | 210.90 | 202.00 | 207.00
Flexural Strain (%) 1.40 1.42 1.36 1.42

Weldline Tensile Modulus (MPa) | 10350 | 10137 | 10799 | 11184
Weldline Tensile Strength (MPa) | 22.46 | 30.48 | 33.39 | 37.99

Weldline Tensile Strain (%) 0.22 0.31 0.32 0.36

Izod Unnotched (kJ/m?) 23 26 18.20 | 19.60

Izod Notched (kJ/m*) 11 16 9.20 8.50

DTUL (°C) 266.00 | 262.00 | 264.6 | 259.00

Surface Glossiness 55.86 | 78.30 | 57.74 | 84.82

Mold Deposit % Loss of Shine 62 o1 11 17
[0173] The mechanical properties of both uncompatiblized (no reactively

functionalized disulfide compound included) and compatiblized (include a reactively
functionalized disulfide compound) polyphenylene sulfide/liquid crystal polymer alloy
are comparable except for significant improvements in weld line strength and impact
strength in the compatiblized alloys, which is understood to be a direct consequence
of miscibility and improved stress transfer between the two phases.

[0174] Both Izod unnotched and notched impact resistance showed significant
improvement upon compatiblization. In particular, notched Izod impact increases by
45%. The impact resistance is dependent on the dissipation capacity of the impact
energy through the matrix and the delivery of internal stress from the continuous
phase to the dispersed phase. Impact properties improvement is a good indication of
enhanced interfacial bonding in the compatiblized PPS/LL.CP alloy. The weldline
strength of the compatiblized PPS/LCP alloy also increases by 37% compared to
PPS/LCP physical blend, which can be attributed to better miscibility and more

efficient stress transfer at weldline in a compatiblized alloy.
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[0175] The compatiblized polyphenylene sulfide has improved surface
properties as illustrated by the surface glossiness (FIG. 10). Due to the lower chlorine
content, the compatiblized polyphenylene sulfide/liquid crystal polymer alloy may also
reduce the mold deposit observed in uncompatiblized polyphenylene sulfide/liquid
crystal polymer alloy.
Example 4

[0176] Glass fiber samples are digested in concentrated nitric acid followed by
inductive coupled plasma/mass spectrometry analysis to determine the level of
extractable cations between the following boron-containing and boron free glass
samples:

Sample 11: Boron-containing E-glass from NEG;

Sample 12: Boron-containing E-glass from Vetrotex;

Sample 13: Boron-free E-glass from Owens Corning Vetrotex ("OCV"); and

Sample 14: Boron-free E-glass from OCV with same size as Sample 10.

The tables below compare the level of extractable cations between boron

containing and boron free glass after nitric acid digestion.

Table 7
Description: Ag Al As B Ba | Be [ Bi Ca Cd | Co | Cr
Sample 11: E glass from NEG <1 | 5060 | NA 11980 12 | <1 [ <111339| <1 | <1 | <1
Sample 12: E glass from Vetrotex <1 | 7466 | NA | 16828 | 177 | <1 | <1 | 2083 | <1 | <1 | «1
Sample 13: Boron free E glass from OCV | <1 179 | NA 15 <1 | <1 =1 66 <1 | <1 | <1
Sample 14: Boron free E glass from OCV | <1 | 174 | NA [ 18 <1 | <11 <1 59 <1 [ <1 ] <1

Table 8
Description: Cs | Cu | Fe | Ga | In K Li Mg | Mn Na
Sample 11; E glass from NEG <1 | <1 | 98 9 <1 | 74 | <1 | 985 | «1 874
Sample 12; E glass from Vetrofex <1 <1 96 | 22 | <1 | 92 3 253 4 637
Sample 13; Boron free E glass from OCV <1 <1 <1 6 <1 9 | < 46 <1 17
Sample 14: Boron fres E glass from OCV <1 <1 <1 6 <1 ] 12 | <1 43 <1 81

Table 9

Total Amount of

Description: Ni [Pb|Rb[Se | Sri TI[U]| VT |Zn| Al Cations (ppm)
Sample 11: E glass from NEG <=1 | =1 | <1 =<1 |<t|=<1]=<1]NA| =1 10,430
Sample 12: E glass from Vetrotex <1 | =111 | =<1 [65 =<1 |<1[=<1]|NA|=1 12,507
Sample 13: Boren free E glass from
ocv <P <1i<ti<t | <1 [=1[<1]|<T|[NA| 339
Sample 14: Boron free E glass from
ocv <1 <1<t i<l|=<1|<1[=<1]|=<1]|NA|< 393
[0177] As indicated in Tables 7-9, E-glass fibers that are free of boron
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(Samples 13 and 14) have a much lower amount of total cations than typical boron-
containing E-glass.

[0178] While certain representative embodiments and details have been shown
for the purpose of illustrating the subject invention, it will be apparent to those skilled
in this art that various changes and modifications may be made therein without

departing from the scope of the subject invention.
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WHAT IS CLAIMED |S:

1. A polyarylene sulfide/liquid crystal polymer alloy comprising:

a polyarylene sulfide;

a liquid crystal polymer; and

a compatibilizer, wherein the compatibilizer is a copolymer formed in situ in
conjunction with the formation of the polyarylene sulfide/liquid crystal polymer alloy,
the compatibilizer including a first unit of the polyarylene sulfide and a second unit of
the liquid crystal polymer copolymerized with one another.

2. The polyarylene sulfide/liquid crystal polymer alloy according to claim 1,
wherein the polyarylene sulfide/liquid crystal polymer alloy includes from about 5 wt%
to about 20 wt.% of the polyarylene sulfide by weight of the polyarylene sulifide/liquid
crystal polymer alloy and from about 5 wt.% to about 90 wt.% of the liquid crystal
polymer by weight of the polyarylene sulfide/liquid crystal polymer alloy.

3. The polyarylene sulfide/liquid crystal polymer alloy according to claim 1 or
claim 2, wherein the ratio of liquid crystal polymer to polyarylene sulfide in the
polyarylene sulfide/liquid crystal polymer alloy is from about 5:1 to about 1:5.

4. The polyarylene sulfidefliquid crystal polymer alloy according to any of the
preceding claims, wherein the polyarylene sulfide is a homopolymer or a copolymer.

5. The polyarylene sulfide/liquid crystal polymer alloy according to any of the
preceding claims, wherein the polyarylene sulfide has a melt viscosity of greater than
about 1500 poise as determined in accordance with 1ISO Test No. 11443 at a shear
rate of 1200 s and at a temperature of 310°C, and the polyarylene sulfide/liquid
crystal polymer alloy has a chlorine content of less than about 1000 parts per million.

6. The polyarylene sulfide/liquid crystal polymer alloy according to any of the
preceding claims, the polyarylene sulfide/liquid crystal polymer alloy including a
polyarylene sulfide phase having a recrystallization temperature of less than about
225°C.

7. A composition including the polyarylene sulfide/liquid crystal polymer alloy
according to claim 1, the composition further including one or more additives selected
from the group of a phosphite stabilizer, an organic phosphate, a fibrous filler, an
organosilane coupling agent, a mineral filler, an impact modifier, and combinations
thereof.

8. The composition according to claim 7, the composition having one or more
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of the following characteristics:

a melt viscosity of less than about 1500 poise as determined in accordance
with ISO Test No. 11443 at a shear rate of 1200 s™! and at a temperature of 310°C,

a weldline tensile strength of greater than about 30 MPa as determined in
accordance with 1ISO Test No. 527 at a testing temperature of 23°C and at a testing
speed of 5 mm/min,

a surface glossiness of greater than about 60,

an lzod unnotched impact strength of greater than about 19 kJ/m? as
determined according to ISO Test No. 180/1 U as measured at 23°C.

9. The composition according to claim 7, further comprising a fibrous filler.

10. The compasition according to claim 9, wherein the fibrous filler includes
glass fibers that are essentially free of boron.

11. A printer cartridge or printer part comprising the composition of claim 10.

12. An electrical connector, an overmolding, or a computer comprising the
polyarylene sulfidefliquid crystal polymer alloy of claim 1.

13. A method of forming the polyarylene sulfide/liquid crystal polymer alloy of
any of the preceding claims comprising:

melt processing the polyarylene sulfide with a reactively functionalized disuifide
compound comprising reactive moieties, the reactively functionalized disulfide
compound being present in a stoichiometric amount to react with only a portion of the
polyarylene sulfide to form polyarylene sulfide endcapped with the reactive moieties of
the reactively functionalized disulfide compound;

combining a liquid crystal polymer with the polyarylene Sulfide;

forming the polyarylene sulfide/liquid crystal polymer copolymer that is a
compatibilizer in the polyarylene sulfidefliquid crystal polymer alloy.

14. The method according to claim 13, wherein the liquid crystal polymer is
combined with the polyarylene sulfide in conjunction with melt processing the
polyarylene sulfide with the reactively functionalized disulfide compound or wherein
the liquid crystal polymer is combined with the polyarylene sulfide following meit
processing the polyarylene sulfide with the reactively functionalized disulfide
compound.

15. The method according to claim 13, further comprising forming the
polyarylene sulfide and/or the liquid crystal polymer, wherein the polyarylene sulfide
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has a melt viscosity of greater than about 1500 poise as determined in accordance
with ISO Test No. 11443 at a shear rate of 1200 s and at a temperature of 310°C.

16. The method according to claim 13, further comprising combining one or
more additives with the polyarylene sulfide, wherein the one or more additives are
combined with the polyarylene sulfide in conjunction with melt processing the
polyarylene suifide and the reactively functionalized disulfide compound.

17. The method according to claim 13, wherein the reactive moieties of the
reactively functionalized disulfide compound are selected from the group consisting of
hydroxyl moieties, carboxyl moieties, amino moieties, and nitro moieties.

18. The method according to claim 13, wherein the reactively functionalized
disulfide compound is melt processed with the polyarylene sulfide in an amount of
from about 0.1 wt.% to about 3 wt.% by weight of the polyarylene sulfide/liquid crystal
polymer alloy.
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