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TITLE OF THE INVENTION 

[0001] 	Cross-Linked Organic Polymer Compositions and Methods for Controlling Cross- 

Linking Reaction Rate and of Modifying Same to Enhance Processability 

CROSS-REFERENCE TO RELATED APPLICATIONS SECTION 

[0002] 	This application claims the benefit under 35 U.S.C. §119(e) to U.S. Provisional 

Patent Applications Nos. 61/833,351, filed June 10, 2013, entitled, "Cross-Linked Organic 

Polymer Compositions and Methods of Modifying Same to Enhance Processability" and 

61/716,800, filed October 22, 2013, entitled, "Cross-Linked Organic Polymer Compositions 

and Methods for Controlling Cross-Linking Reaction Rate for Forming the Same." 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 
[0003] 	The present invention relates to cross-linked organic polymers, including those 

having aromatic groups within the polymer chain, and cross-linking compositions and methods 

for making such polymers. More particularly, it relates to methods for controlling the cross-

linking reaction rate of the cross-linking compounds in such compositions to form high glass 

transition temperature organic polymers, and to methods for enhancing processability of such 

cross-linked organic polymers and polymer compositions in forming molded parts which may 

be used, for example, in down-hole tool applications. 

DESCRIPTION OF RELATED ART 
[0004] 	High glass transition temperature polymers have been useful for a number of high 

temperature applications. Modification of such high glass transition organic polymers 

generally improves high temperature performance, strength and chemical resistance for use as 

parts and articles of manufacture necessary in extreme temperature environments as compared 

to unmodified organic polymers. 

[0005] 	Cross-linking has been widely recognized as one way to modify high temperature 

polymeric materials. Several inventions have been aimed at improving the high temperature 

performance of organic polymers, such as those having aromatic groups in the backbone, by 

using cross-linking within the polymers by cross-linking to itself, grafting cross-linking 
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compounds to the polymer, or incorporating cross-linking compounds into the polymer such as 

by blending. 

[0006] 	U.S. Patent No. 5,874,516, which is assigned to the Applicant of the present 

application and is incorporated herein by reference in relevant part, shows poly(arylene ether) 

5 polymers that are thermally stable, have low dielectric constants, low moisture absorption and 

low moisture outgassing. The polymers further have a structure that may cross-link to itself or 

can be cross-linked using a cross-linking agent. 

[0007] 	U.S. Patent No. 6,060,170, which is also assigned to the Applicant of the present 

application and is incorporated herein by reference in relevant part, describes the use of 

10 poly(arylene ether) polymer compositions having aromatic groups grafted on the polymer 

backbone, wherein the grafts allow for cross-linking of the polymers in a temperature range of 

from about 200 °C to about 450 °C. This patent discloses dissolving the polymer in an 

appropriate solvent for grafting the cross-linking group. Such required process steps can 

sometimes make grafting difficult or not practical in certain types of polymers or in certain 

15 polymeric structures, including, e.g., polyetherether ketone (PEEK). 

[0008] 	International Patent Application Publication No. WO 2010/019488 Al, which is 

also assigned to the Applicant of the present application and is incorporated herein by reference 

in relevant part, shows per(phenylethynyl) arene polymers that are grafted to a second polymer 

to provide a cross-linked polymeric network. 

20 

25 

[0009] 	Previous attempts have also been made to control where crosslinks form along the 

backbone of high glass transition polymers to garner the desired mechanical properties and high 

temperature performance. U.S. Patent No. 5,658,994, of Applicant, incorporated herein by 

reference in relevant part, demonstrates the use of a poly(arylene ether) in low dielectric 

interlayers which may be cross-linked, for example, by cross-linking the polymer to itself, 

through exposure to temperatures of greater than about 350 °C or alternatively by using a cross-

linking agent. In this patent and as mentioned in U.S. Patent No. 5,874,516, cross-linking 

occurs at the ends of the polymer backbone using known end capping agents, such as 

phenylethynyl, benzocyclobutene, ethynyl, and nitrile. The degree of cross-linking can be 

limited with the results of a lower glass transition temperature, reduced chemical resistance and 

30 lesser tensile strength. 

[0010] 	International Patent Application Publication No. WO 2013/074120 Al of the 

Applicant of the present application, also incorporated herein by reference in relevant part, 
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above having the structure according to formula (II). More preferably, the acetate compound is 

one or more of lithium acetate hydrate, sodium acetate, and/or potassium acetate, and salts and 

derivatives thereof The weight percentage ratio of the organic polymer to the combined weight 

of the cross-linking compound and the cross-linking reaction additive in the composition of this 

5 embodiment may be about 1:1 to about 100:1, and is preferably about 3:1 to about 10:1. 

[0027] 	The organic polymer composition may further comprise one or more additives. 

Preferably, the additive(s) is/are selected from one or more of continuous or discontinuous, long 

or short, reinforcing fibers selected from one or more of carbon fibers, glass fibers, woven 

glass fibers, woven carbon fibers, aramid fibers, boron fibers, polytetrafluorethylene (PTFE) 

10 

15 

fibers, ceramic fibers, polyamide fibers, and/or one or more filler(s) selected from carbon black, 

silicate, fiberglass, calcium sulfate, boron, ceramic, polyamide, asbestos, fluorographite, 

aluminum hydroxide, barium sulfate, calcium carbonate, magnesium carbonate, silica, alumina, 

aluminum nitride, borax (sodium borate), activated carbon, pearlite, zinc terephthalate, 

graphite, talc, mica, silicon carbide whiskers or platelets, nanofillers, molybdenum disulfide, 

fluoropolymer fillers, carbon nanotubes and fullerene tubes. 

[0028] 	The additive preferably includes a reinforcing fiber which is a continuous or 

discontinuous, long or short fiber, that is carbon fiber, polytetrafluoroethylene (PTFE) fiber, 

and/or glass fiber. Most preferably, the additive is a reinforcing fiber is a continuous long fiber. 

The organic polymer composition in preferred embodiments comprises about 0.5 % to about 65 

20 % by weight of additive(s) in the composition and more preferably about 5.0 % to about 40 % 

by weight of additive(s) in the composition. The organic polymer composition may further 

comprise one or more of stabilizers, flame retardants, pigments, colorants, plasticizers, 

surfactants, and /or dispersants. 

100291 	A method is also provided herein for controlling the cross-linking reaction rate of a 

25 cross-linking compound for use in cross-linking an organic polymer. The method comprises 

providing a cross-linking composition comprising a cross-linking compound and a cross-

linking reaction additive selected from an organic acid and/or an acetate compound, wherein 

the cross-linking compound has a structure according to formula (IV) as noted above, wherein 

the cross-linking reaction additive is capable of reacting with the cross-linking compound to 

30 form a reactive intermediate in the form of an oligomer for cross-linking an organic polymer; 

and heating the cross-linking composition such that oligomerization of the cross-linking 

compound occurs. 
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wherein A is an arene moiety having a molecular weight of less than 10,000 g/mol, R1  is 

selected from a group consisting of hydroxide (-OH), amine (-NH2), halide, ether, ester, or 

amide, and x is about 2.0 to about 6.0. 
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selected from a group consisting of hydroxide (-OH), amine (-NH2), halide, ether, ester, or 

amide, and x is about 2.0 to about 6.0. 

5 [0040] In further embodiments, the cross-linking compound has a structure selected from a 

group consisting of 
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[0041] 	The arene moiety may have a molecular weight of about 1,000 g/mol to about 9,000 

15 g/mol, or more preferably about 2,000 g/mol to about 7,000 g/mol. 

[0042] 	The composition may also further comprise a cross-linking reaction additive 

selected from an organic acid and/or an acetate compound, wherein the cross-linking reaction 

additive is capable of reacting with the cross-linking compound to form a reactive intermediate 

in the form of an oligomer, which reactive intermediate oligomer is capable of cross-linking the 

20 dehalogenated organic polymer. 

[0043] 	Such a cross-linking reaction additive may be an organic acid selected from glacial 

acetic acid, formic acid, and/or benzoic acid. The cross-linking reaction additive in a further 

embodiment is an acetate compound having a structure according to formula (II): 

0 

(II) 

M 	
n  / 

— — 
NCHR2 

25 

wherein M is a Group I or a Group II metal; and R
2 

is a alkyl, aryl or aralkyl group, wherein 

the alkyl group comprises a hydrocarbon group of 1 to about 30 carbon atoms which has from 0 

to about 10 ester or ether groups, preferably 0 to about 5 such groups, along or in a chain or 

structure of the group, and wherein R
2 

comprises 0 to about 10 functional groups selected from 

30 sulfate, phosphate, hydroxyl, carbonyl, ester, halide, mercapto or potassium. 

[0044] 	The acetate compound is preferably selected from lithium acetate hydrate, sodium 

acetate, and/or potassium acetate, and salts and derivatives thereof. 
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g/mol, or more preferably about 2,000 g/mol to about 7,000 g/mol. 
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acetic acid, formic acid, and/or benzoic acid. The cross-linking reaction additive in a further 
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O 

(II) 

M- O CHR 

wherein M is a Group I or a Group II metal; and R is a alkyl, aryl or aralkyl group, wherein 

the alkyl group comprises a hydrocarbon group of 1 to about 30 carbon atoms which has from 0 

to about 10 ester or ether groups, preferably 0 to about 5 such groups, along or in a chain or 
2 structure of the group, and wherein R comprises 0 to about 10 functional groups selected from 

sulfate, phosphate, hydroxyl, carbonyl, ester, halide, mercapto or potassium. 

[0044] The acetate compound is preferably selected from lithium acetate hydrate, sodium 

acetate, and/or potassium acetate, and salts and derivatives thereof. 
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polytetrafluorethylene fibers, ceramic fibers, polyamide fibers; and one or more fillers selected 

from carbon black, silicate, fiberglass, calcium sulfate, boron, ceramic, polyamide, asbestos, 

fluorographite, aluminum hydroxide, barium sulfate, calcium carbonate, magnesium carbonate, 

silica, alumina, aluminum nitride, borax (sodium borate), activated carbon, pearlite, zinc 

terephthalate, graphite, talc, mica, silicon carbide whiskers or platelets, nanofillers, 

molybdenum disulfide, fluoropolymer, carbon nanotubes and fullerene tubes. 

[0051] 	In one embodiment, the additive(s) comprise reinforcing fibers selected from a 

group consisting of continuous or discontinuous, long or short, carbon fibers, 

polytetrafluoroethylene fibers, and glass fibers. If such additives are used as noted above, the 

composition preferably has about 0.5 % to about 65 % by weight of the at least one additive, 

and more preferably about 5.0 % to about 40 % weight of the at least one additive. 

[0052] 	In addition, the composition may further comprise a stabilizer, a flame retardant, a 

pigment, a plasticizer, a surfactant, and /or a dispersant. 

[0053] 	The dehalogenated organic polymer is preferably formed, in one embodiment 

herein, by reacting an organic polymer having at least one halogen-containing reactive group 

with an alkali metal compound to break the bond between the organic polymer having the at 

least one halogen-containing reactive group and the halogen atom in the at least one halogen-

containing reactive group to form an intermediate having a carbocation. The intermediate 

having the carbocation is reacted with acetic acid to form the debrominated organic polymer. 

In one embodiment, the halogen-containing reactive group is a bromine-containing reactive 

group. 

[0054] 	The alkali metal compound useful in such a dehalogenation reaction is preferably 

one having the structure R
3
-M', wherein M' is an alkali metal and R

3 
is H or a branched or 

straight chain organic group selected from alkyl, alkenyl, aryl and aralkyl groups of from 1 to 

about 30 carbon atoms having from 0 to about 10 ester or ether groups along or in a chain or 

structure of the group, and wherein R
3 

may be substituted or unsubstituted. 

[0055] 	The alkali metal compound may in one preferred embodiment herein be t-

butyllithium. The organic polymer having at least one halogen-containing end group, such as a 

bromine-containing reactive group, is preferably reacted with the alkali metal compound in a 

solvent, and the organic polymer having at least one halogen-containing end group is also 

preferably dried prior to reacting in the solvent. 
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[0062] 	The organic polymer having the at least one halogen-containing end group is also 

preferably dried prior to reacting with the alkali metal compound in the solvent. 

[0063] 	The first reaction step of a dehalogenation treatment preferably occurs at a 

5 

temperature of less than about -20°C, and more preferably about -70°C for a period of about 2 

hours. 

[0064] 	Step (c) of the method noted above, may further comprise: reacting the 

dehalogenated organic polymer with a cross-linking compound. Such a cross-linking compound 

has the structure according to formula (IV): 

4411 

(IV) 
A 

41/ 

x 

10 wherein A is an arene moiety having a molecular weight of less than 10,000 g/mol, R
1 

is 

selected from a group consisting of hydroxide (-OH), amine (-NH2), halide, ether, ester, or 

amide, and x is about 2.0 to about 6.0. 

[0065] 	Step (c) may also further comprise providing a cross-linking reaction additive 

selected from an organic acid and/or an acetate compound, wherein the cross-linking reaction 

15 additive is capable of reacting with the cross-linking compound to form a reactive intermediate 

in the form of an oligomer, which reactive intermediate oligomer is capable of cross-linking the 

dehalogenated organic polymer. 

[0066] 	The cross-linking reaction additive may be an organic acid selected from glacial 

acetic acid, formic acid, and/or benzoic acid. The cross-linking reaction additive may also be 

20 an acetate compound having a structure according to formula (II): 
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wherein M is a Group I or a Group II metal; and R
2 

is a alkyl, aryl or aralkyl group, wherein 

the alkyl group comprises a hydrocarbon group of 1 to about 30 carbon atoms which has from 0 

5 to about 10 ester or ether groups, preferably 0 to about 5 such groups, along or in a chain or 

structure of the group, and wherein R
2 

comprises 0 to about 10 functional groups selected from 

sulfate, phosphate, hydroxyl, carbonyl, ester, halide, mercapto or potassium. 

[0067] 	The acetate compound is preferably selected from lithium acetate hydrate, sodium 

acetate, and/or potassium acetate, and salts and derivatives thereof. 

10 [0068] 	Step (c) noted above may also include heating the cross-linking compound and the 

cross-linking reaction additive in a separate composition such that oligomerization of the cross- 

linking compound occurs to form the reactive intermediate oligomer. The method may also 

comprise adding the reactive intermediate oligomer to the dehalogenated organic polymer to 

form a cross-linkable composition and then cross-linking the cross-linkable composition to 

15 form a cross-linked organic polymer. 

[0069] 	The method may also further comprise heat molding the cross-linked organic 

polymer to form a heat-molded article of manufacture. The article of manufacture may be 

formed by heat molding using techniques such as extrusion, injection molding, blow molding, 

blown film molding, compression molding or injection/compression molding. 

20 [0070] 	The articles of manufacture made herein may be acid-resistant coatings; chemical- 

casted films; extruded films; solvent-casted films; blown films; encapsulated products; 

insulation; packaging; composite cells; connectors; sealing assemblies, including 0-rings, V- 

rings, U-cups, gaskets; bearings; valve seats; adapters; wiper rings; chevron back-up rings; and 

tubing. 

25 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0071] 	The foregoing summary, as well as the following detailed description of preferred 

embodiments of the invention, will be better understood when read in conjunction with the 

appended drawings. For the purpose of illustrating the invention, there is shown in the 
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wherein M is a Group I or a Group II metal; and R is a alkyl, aryl or aralkyl group, wherein 

the alkyl group comprises a hydrocarbon group of 1 to about 30 carbon atoms which has from 0 
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15 form a cross-linked organic polymer. 

[0069] The method may also further comprise heat molding the cross-linked organic 

polymer to form a heat-molded article of manufacture. The article of manufacture may be 

formed by heat molding using techniques such as extrusion, injection molding, blow molding, 

blown film molding, compression molding or injection/compression molding. 

20 [0070] The articles of manufacture made herein may be acid-resistant coatings; chemical-

casted films; extruded films; solvent-casted films; blown films; encapsulated products; 

insulation; packaging; composite cells; connectors; sealing assemblies, including O-rings, V-

rings, U-cups, gaskets; bearings; valve seats; adapters; wiper rings; chevron back-up rings; and 

tubing. 

25 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0071] The foregoing summary, as well as the following detailed description of preferred 

embodiments of the invention, will be better understood when read in conjunction with the 

appended drawings. For the purpose of illustrating the invention, there is shown in the 
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drawings embodiments which are presently preferred. It should be understood, however, that 

the invention is not limited to the precise arrangements and instrumentalities shown. In the 

drawings: 

[0072] 	Fig. 1 is a graphical representation of the thermal rate of cure of an organic polymer 

5 composition after combination with a product of a cross-linking composition comprising a 

cross-linking compound and an organic acid; 

[0073] 	Fig. 2 is a is a graphical representation of the thermal rate of cure of an organic 

polymer composition after combination with a cross-linking compound and an organic acid; 

[0074] 	Fig. 2A is graphical representation of the cure times versus the oligomerization 

10 reaction times in 5000FP Blends of organic polymer compositions; 

[0075] 	Fig. 3 is a is a graphical representation of the thermal rate of cure of an organic 

polymer composition after combination with a cross-linking compound and an acetate 

compound; 

[0076] 	Fig. 3A is a graphical representation of the controlled thermal rate of cure that 

15 correlates with the percent of oligomerized cross-linking compound that has been added to an 

organic polymer composition; 

[0077] 	Fig. 4A is a photographic representation of an injection-molded articles of 

manufacture of a molded organic polymer composition containing a non-oligomerized cross-

linking compound; 

20 [0078] 	Fig. 4B is a photographic representation of injection-molded articles of manufacture 

of a molded organic polymer composition containing with an oligomerized cross-linking 

compound; 

[0079] 	Fig. 5 is a graphical representation described in Example 6 as Graph A; and 

[0080] 	Fig. 6 is a graphical representation described in Example 6 as Graph B. 

25 DETAILED DESCRIPTION OF THE INVENTION 

[0081] 	Described herein are cross-linking compositions that include a cross-linking 

compound and one or more reactive cross-linking additives, as well as organic polymer 

compositions for use in forming a cross-linked organic polymer, methods for preparing such 

compositions and polymers, and articles of manufacture formed from the aforementioned 

30 compositions and by such methods which are useful in extreme condition end applications such 

as in down-hole applications. 
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[0082] 	In the present invention, cross-linking compositions containing a cross-linking 

compound(s) and a cross-linking reaction additive(s) can be reacted to form a reactive 

oligomerized cross-linking intermediate either in situ during thermal molding with a cross-

linkable organic polymer, and/or by reacting prior to combining with a cross-linkable organic 

5 polymer and then heat molding to form an article. This intermediate oligomer reaction product 

of the cross-linking compound with the crosslinking reaction additive enables control of a 

cross-linking reaction when combined with an organic polymer and can enable a lower rate of 

thermal cure, to allow a broader window and better control during heat mold of the resultant 

cross-linked organic polymer. 

10 [0083] 	Also described herein is a cross-linked organic polymer composition capable of 

providing an inhibited and/or controlled cross-linking reaction rate and a method for molding 

articles from cross-linked organic polymers using such composition. The compositions and 

methods herein enable easier use of traditional (or non-traditional) heat molding techniques to 

form articles from cross-linked organic compounds without worrying about the window of 

15 process formation being inconsistent with the rate of cure, so that premature crosslinking curing 

is reduced or eliminated during part formation resulting in uniform parts formed from more 

easy-to-process compositions. 

[0084] 	In general, formation of cross-links in an organic polymer cross-linking to itself or 

in an organic polymer composition comprising an unmodified cross-linking compound may be 

20 completed within about 2 minutes at about 380 °C, the typical processing temperature of 

polyetherether ketone (PEEK). The extent of this reaction can be tracked by dynamic viscosity 

measurements. Two methods are often used to judge when a reaction may be completed. The 

point where storage modulus G' equals Loss modulus G", called the crossover point or gel 

point, indicates the onset of gel formation where cross-linking has produced an 

25 interconnected. As curing continues, G' will increase, which is an indication of cross-link 

density. As curing continues, eventually G' will level off, which indicates that most curing is 

completed. The inflection point G', which indicates onset of vitrification can also be used in 

cases where no obvious cross-over point can be determined (See Graph 1 below). The time 

required to -attain G', G" crossover or the onset of vitrification can be used as the upper limit of 

30 process time for a thermosetting material: 

20 
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30 process time for a thermosetting material: 
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15 Graph 1. Parallel Plate Rheology of Blend 3, at 380 °C. See, J. Mercel et al., "Thermal 

Analysis of Polymers: Fundamentals and Applications," p. 445, Wiley, ed. 1 (2009). 

100851 	Utilization of one or more cross-linking reaction additive(s) in the invention helps to 

provide polymers with high glass transition temperatures and high cross-link density. Polymers 

with high thermal stability of up to 500 °C and high crosslink density, while desirable, display a 

20 very high melt viscosity before further processing, and thus are very difficult to melt process. 

As curing of the cross-linked polymer may be initiated during heat molding, it is desirable to 

control when cross-linking begins. If the rate of cross-linking is not controlled before molding 

of a composition into a final article, the article of manufacture may begin to prematurely cure 

before or during heat molding or proceed too rapidly causing incomplete mold fill, equipment 

25 damage, and inferior properties in the article. Thus, the invention improves control of the rate 

of cross-link formation in an organic polymer. The addition of the cross-linking reaction 

additive as described herein to the cross-linking compound used for cross-linking organic 

polymers can delay the onset of cross-linking in the organic polymer for as much as several 

minutes to allow for rapid processing and shaping of the resultant organic polymer structures in 

30 a controlled manner. 
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15 Graph 1. Parallel Plate Rheology of Blend 3, at 380 °C. See, J. Mercel et al., "Thermal 

Analysis of Polymers: Fundamentals and Applications," p. 445, Wiley, ed. 1 (2009). 

[0085] Utilization of one or more cross-linking reaction additive(s) in the invention helps to 

provide polymers with high glass transition temperatures and high cross-link density. Polymers 

with high thermal stability of up to 500 °C and high crosslink density, while desirable, display a 

20 very high melt viscosity before further processing, and thus are very difficult to melt process. 

As curing of the cross-linked polymer may be initiated during heat molding, it is desirable to 

control when cross-linking begins. If the rate of cross-linking is not controlled before molding 

of a composition into a final article, the article of manufacture may begin to prematurely cure 

before or during heat molding or proceed too rapidly causing incomplete mold fill, equipment 

25 damage, and inferior properties in the article. Thus, the invention improves control of the rate 

of cross-link formation in an organic polymer. The addition of the cross-linking reaction 

additive as described herein to the cross-linking compound used for cross-linking organic 

polymers can delay the onset of cross-linking in the organic polymer for as much as several 

minutes to allow for rapid processing and shaping of the resultant organic polymer structures in 

30 a controlled manner. 
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100861 	One or more cross-linking compounds is/are present in the cross-linking 
composition and organic polymer compositions herein. Preferably, the cross-linking compound 

has a structure according to Formula (IV): 

(IV) 
A 

111 

5 

wherein A is an arene moiety having a molecular weight of less than 10,000 g/mol. R' can be 
hydroxide (-OH), amine (-NH2), halide, ether, ester, or amide, and x is about 2.0 to about 6.0. 
[0087] 	The arene moiety A on the cross-linking compound above provides the cross-link 

10 	site for forming more complex cross-linking compound structures, including, for example, 
without limitation: 
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[0086] One or more cross-linking compounds is/are present in the cross-linking 

composition and organic polymer compositions herein. Preferably, the cross-linking compound 

has a structure according to Formula (IV): 

wherein A is an arene moiety having a molecular weight of less than 10,000 g/mol. R1 can be 

hydroxide (-OH), amine (-NH2), halide, ether, ester, or amide, and x is about 2.0 to about 6.0. 

[0087] The arene moiety A on the cross-linking compound above provides the cross-link 

10 site for forming more complex cross-linking compound structures, including, for example, 

without limitation: 
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The arene moiety A may be 

following: 

varied to have different structures, including, but not limited to the 
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and 

The arene moiety A may be varied to have different structures, including, but not limited to the 
following: 

\ / • 
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[0088] 	The arene moiety A is most preferably the diradical of 4,4'-biphenyl, or 

) 	 ) \ 	 \ . 

10 

The arene moiety A may also be functionalized, if desired, using one or more functional groups 

such as, for example, and without limitation, sulfate, phosphate, hydroxyl, carbonyl, ester, 

halide, or mercapto. 

[0089] 	The cross-linking compound can be formed, for example, by treating a halogenated 

15 arene with an alkyllithium in order to exchange the halogen with lithium, followed by the 

addition of 9-florenone and acid. This method of formation is described and shown in more 

detail in International Patent Application Publication No. WO 2013/074120 Al, which is 

incorporated herein by reference in relevant part conerning the method of formation. 

[0090] 	The cross-linking composition and the organic polymer composition also contain a 

20 cross-linking reaction additive. The cross-linking reaction additive(s) include organic acids 

and/or acetate compounds, which can promote oligomerization of the cross-linking compound. 

In one embodiment, the oligomerization can be carried out by acid catalysis using one or more 

organic acid(s), including glacial acetic acid, acetic acid, formic acid, lactic acid, citric acid, 

oxalic acid, uric acid, benzoic acid and similar compounds. An oligomerization reaction using 

25 one of the cross-linking compounds listed above is as follows: 

24 
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such as, for example, and without limitation, sulfate, phosphate, hydroxyl, carbonyl, ester, 
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[0089] The cross-linking compound can be formed, for example, by treating a halogenated 

arene with an alkyllithium in order to exchange the halogen with lithium, followed by the 

addition of 9-florenone and acid. This method of formation is described and shown in more 

detail in International Patent Application Publication No. WO 2013/074120 Al, which is 

incorporated herein by reference in relevant part conerning the method of formation. 

[0090] The cross-linking composition and the organic polymer composition also contain a 

cross-linking reaction additive. The cross-linking reaction additive(s) include organic acids 

and/or acetate compounds, which can promote oligomerization of the cross-linking compound. 

In one embodiment, the oligomerization can be carried out by acid catalysis using one or more 

organic acid(s), including glacial acetic acid, acetic acid, formic acid, lactic acid, citric acid, 

oxalic acid, uric acid, benzoic acid and similar compounds. An oligomerization reaction using 

one of the cross-linking compounds listed above is as follows: 
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[0091] 	In other embodiments, inorganic acetate compounds, such as those having a 

structure according to formula (II) below may also be used instead of or in combination with 

the organic acids: 

0 

(II) 

M — 
n/ NCHR2 — 

20 

wherein M is a Group I or a Group II metal. R2  in Formula (II) may preferably be an alkyl, aryl 

or aralkyl group. For example, R
2 

may be a hydrocarbon group of 1 to about 30 carbon atoms, 

preferably 1 to about 15 carbon atoms, including normal chain and isomeric forms of methyl, 

ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, ethenyl, propenyl, butenyl, 

25 	hexenyl, heptenyl, octenyl, nonenyl, decenyl, and the like. R
2 

may also have from 0 to about 

10 ester or ether groups along or in a chain of the hydrocarbon group, and preferahyl about 0 to 

about 5 such ester or ether groups. Suitable R
2 

aryl and aralkyl groups, including those based 

on phenyl, naphthyl, and similar groups, which may each include optional lower alkyl groups 

25 
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on the aryl structure of from 0 to about 10 carbon atoms, preferably about 0 to about 5 carbon 

atoms. R
2 

may further include 0 to about 10, preferably 0 to about 5, functional groups if 

desired such as sulfate, phosphate, hydroxyl, carbonyl, ester, halide, mercapto and/or potassium 

on the structure. 

5 100921 Oligomerization of the cross-linking compound with an acetate compound can 

afford the same resultant oligomerized cross-linking composition as achieved when adding an 

organic acid. The cross-linking reaction additive may be lithium acetate hydrate, sodium 

acetate, potassium acetate, rubidium acetate, cesium acetate, francium acetate, beryllium 

acetate, magnesium acetate, calcium acetate, strontium acetate, barium acetate, and/or radium 

10 acetate, and salts and derivatives thereof. More preferably, the cross-linking reaction additive is 

lithium acetate hydrate, sodium acetate and/or potassium acetate, and salts and derivatives of 

such compounds. An oligomerization reaction using of one of the cross-linking compounds can 

proceed as follows: 
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on the aryl structure of from 0 to about 10 carbon atoms, preferably about 0 to about 5 carbon 
2 atoms. R may further include 0 to about 10, preferably 0 to about 5, functional groups if 

desired such as sulfate, phosphate, hydroxyl, carbonyl, ester, halide, mercapto and/or potassium 

on the structure. 

5 [0092] Oligomerization of the cross-linking compound with an acetate compound can 

afford the same resultant oligomerized cross-linking composition as achieved when adding an 

organic acid. The cross-linking reaction additive may be lithium acetate hydrate, sodium 

acetate, potassium acetate, rubidium acetate, cesium acetate, francium acetate, beryllium 

acetate, magnesium acetate, calcium acetate, strontium acetate, barium acetate, and/or radium 

10 acetate, and salts and derivatives thereof. More preferably, the cross-linking reaction additive is 

lithium acetate hydrate, sodium acetate and/or potassium acetate, and salts and derivatives of 

such compounds. An oligomerization reaction using of one of the cross-linking compounds can 

proceed as follows: 
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and higher oligomers 

25 	100931 	The cross-linking composition preferably has a weight percentage ratio of the cross- 

linking compound to the cross-linking reaction additive of about 10:1 to about 10,000:1, and 

more preferably about 20:1 to about 1000:1 for achieving the best results. In making the cross- 

linking composition, in one embodiment, the components are combined prior to addition of an 

organic polymer to make an organic polymer composition. Alternatively, they may all be 

30 	combined simultaneously. 

[0094] 	The amount of the cross-linking compound in the cross-linking composition is 

preferably about 70% by weight to about 98% by weight, more preferably about 80% by weight 
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25 [0093] The cross-linking composition preferably has a weight percentage ratio of the cross-

linking compound to the cross-linking reaction additive of about 10:1 to about 10,000:1, and 

more preferably about 20:1 to about 1000:1 for achieving the best results. In making the cross-

linking composition, in one embodiment, the components are combined prior to addition of an 

organic polymer to make an organic polymer composition. Alternatively, they may all be 

30 combined simultaneously. 

[0094] The amount of the cross-linking compound in the cross-linking composition is 

preferably about 70% by weight to about 98% by weight, more preferably about 80% by weight 
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[0102] 	The amount of the organic polymer in the organic polymer composition is 

preferably about 50% by weight to about 99% by weight, more preferably about 70% by weight 

to about 95% by weight, and most preferably about 75% by weight to about 90% by weight 

based on the total weight of an unfilled organic polymer composition including the cross- 

5 linking compound, the cross-linking reaction additive and the organic polymer. 

[0103] 	The organic polymer composition may further be filled and/or reinforced and 

include one or more additives to improve the modulus, impact strength, dimensional stability, 

heat resistance and electrical properties of composites and other finished articles of 

manufacture formed using the polymer composition. These additive(s) can be any suitable or 

10 

15 

20 

useful additives known in the art or to be developed, including without limitation continuous or 

discontinuous, long or short, reinforcing fibers such as, for example, carbon fiber, glass fiber, 

woven glass fiber, woven carbon fiber, aramid fiber, boron fiber, PTFE fiber, ceramic fiber, 

polyamide fiber and the like; and/or one or more fillers such as, for example, carbon black, 

silicate, fiberglass, calcium sulfate, boron, ceramic, polyamide, asbestos, fluorographite, 

aluminum hydroxide, barium sulfate, calcium carbonate, magnesium carbonate, silica, alumina, 

aluminum nitride, borax (sodium borate), activated carbon, pearlite, zinc terephthalate, 

graphite, talc, mica, silicon carbide whiskers or platelets, nanofillers, molybdenum disulfide, 

fluoropolymer fillers, carbon nanotubes and fullerene tubes. Preferably, the additive(s) include 

reinforcing fiber such as continuous or discontinuous, long or short, carbon fiber, PTFE fiber, 

and/or glass fiber. 

[0104] 	In making the organic polymer composition, it is preferred that the additive(s) is/are 

added to the composition along with or at about the same time that the oligomerized cross-

linking composition (or the combined components thereof) is combined with the organic 

polymer to make an organic polymer composition, however, the manner of providing 

25 reinforcing fibers or other fillers may be according to various techniques for incorporating such 

materials and should not be considered to limit the scope of the invention. The amount of 

additives is preferably about 0.5 % by weight to about 65 % by weight based on the weight of 

the organic polymer composition, and more preferably about 5.0 % by weight to about 40 % by 

weight. 

30 [0105] 	In addition, the organic polymer composition may further comprise other 

compounding ingredients, including stabilizers, flame retardants, pigments, plasticizers, 

surfactants, and/or dispersants such as those known or to be developed in the art to aid in the 

30 
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[0104] In making the organic polymer composition, it is preferred that the additive(s) is/are 

added to the composition along with or at about the same time that the oligomerized cross-

linking composition (or the combined components thereof) is combined with the organic 

polymer to make an organic polymer composition, however, the manner of providing 

25 reinforcing fibers or other fillers may be according to various techniques for incorporating such 

materials and should not be considered to limit the scope of the invention. The amount of 

additives is preferably about 0.5 % by weight to about 65 % by weight based on the weight of 

the organic polymer composition, and more preferably about 5.0 % by weight to about 40 % by 

weight. 

30 [0105] In addition, the organic polymer composition may further comprise other 

compounding ingredients, including stabilizers, flame retardants, pigments, plasticizers, 

surfactants, and/or dispersants such as those known or to be developed in the art to aid in the 
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manufacturing process. In making the organic polymer composition, it is preferred that the one 

or more fillers is/are added to the organic polymer composition along with or at about the same 

time that the oligomerized crosslinking composition (or the combined components thereof) is 

combined with the organic polymer to make an organic polymer composition, however, as 

5 noted above, the manner of providing such materials may be according to various techniques 

and should not be considered to limit the scope of the invention. The amount of the 

compounding ingredients that can be combined into the organic polymer composition, if used, 

is preferably about 5% by weight to about 60% by weight of a total of such ingredients based 

on the weight of the organic polymer composition, more preferably about 10% by weight to 

10 about 40% by weight, and most preferably about 30% by weight to about 40% by weight. 

[0106] 	In an embodiment of the method of the invention, after providing, for example by 

manufacturing, a cross-linking composition as described herein, the cross-linking composition 

is heated to induce oligomerization of the cross-linking compound as shown in Examples 1 and 

4. In one embodiment of the method, the oligomerization occurs by acid catalysis. Acid 

15 catalysis is used when an organic acid is employed as the cross-linking additive. The R
1 

functionality of the cross-linking compound of Formula (IV) is dissociated from the remainder 

of the compound to afford a carbocation which then can undergo a Friedel-Crafts alkylation of 

the organic polymer, resulting in bond formation. In another embodiment of the method of the 

present invention, oligomerization of the cross-linking compound may occur by doping. 

20 Doping is accomplished by physically mixing solid form reactants in the composition at lower 

temperatures of about -100 °C to about -300 °C prior to reacting the overall composition for 

curing and/or heat molding the resulting composition to form an article. 

[0107] 	The method may further comprise adding the reacted oligomerized cross-linking 

composition to an organic polymer to form a cross-linkable composition as demonstrated in 

25 Examples 2 and 5. The unmodified cross-linking compound may be added directly to the 

organic polymer and blended with the cross-linking reaction additive to simultaneously 

oligomerize and bind to the organic polymer as demonstrated in Example 3. Once the reactive 

oligomerized cross-linking compound reacts with the organic polymer, the rate of cross-linking 

of the organic polymer occurs at a later time in the curing process as compared to the rate of 

30 cross-linking that would occur in an organic polymer composition having a prior art cross-

linking composition using the same crosslinking compound but without the cross-linking 

reaction additive. The result is complete filling of the mold and a more excellent end heat 
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manufacturing process. In making the organic polymer composition, it is preferred that the one 

or more fillers is/are added to the organic polymer composition along with or at about the same 

time that the oligomerized crosslinking composition (or the combined components thereof) is 

combined with the organic polymer to make an organic polymer composition, however, as 

5 noted above, the manner of providing such materials may be according to various techniques 

and should not be considered to limit the scope of the invention. The amount of the 

compounding ingredients that can be combined into the organic polymer composition, if used, 

is preferably about 5% by weight to about 60% by weight of a total of such ingredients based 

on the weight of the organic polymer composition, more preferably about 10% by weight to 

10 about 40% by weight, and most preferably about 30% by weight to about 40% by weight. 

[0106] In an embodiment of the method of the invention, after providing, for example by 

manufacturing, a cross-linking composition as described herein, the cross-linking composition 

is heated to induce oligomerization of the cross-linking compound as shown in Examples 1 and 

4. In one embodiment of the method, the oligomerization occurs by acid catalysis. Acid 

15 catalysis is used when an organic acid is employed as the cross-linking additive. The R* 

functionality of the cross-linking compound of Formula (IV) is dissociated from the remainder 

of the compound to afford a carbocation which then can undergo a Friedel-Crafts alkylation of 

the organic polymer, resulting in bond formation. In another embodiment of the method of the 

present invention, oligomerization of the cross-linking compound may occur by doping. 

20 Doping is accomplished by physically mixing solid form reactants in the composition at lower 

temperatures of about -100 °C to about -300 °C prior to reacting the overall composition for 

curing and/or heat molding the resulting composition to form an article. 

[0107] The method may further comprise adding the reacted oligomerized cross-linking 

composition to an organic polymer to form a cross-linkable composition as demonstrated in 

25 Examples 2 and 5. The unmodified cross-linking compound may be added directly to the 

organic polymer and blended with the cross-linking reaction additive to simultaneously 

oligomerize and bind to the organic polymer as demonstrated in Example 3. Once the reactive 

oligomerized cross-linking compound reacts with the organic polymer, the rate of cross-linking 

of the organic polymer occurs at a later time in the curing process as compared to the rate of 

30 cross-linking that would occur in an organic polymer composition having a prior art cross-

linking composition using the same crosslinking compound but without the cross-linking 

reaction additive. The result is complete filling of the mold and a more excellent end heat 
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molded/extruded, etc. product formed from the composite polymer during various heat molding 

techniques (See Figs. 4A and 4B which show the difference in a finished part formed without 

and with, respectively, a crosslinking reactive additive). 

101081 	Powders of the organic polymer compositions of the present invention were made 

5 into pellets, and the pellets were subjected to a heat molding process. Heat molding of the 

organic polymer compositions can be accomplished by many different means already known or 

to be developed in the art, including extrusion, injection molding, compression molding and/or 

injection/compression molding. As shown in Fig. 4B, pellets of an organic polymer 

composition of the present invention were injection molded on an Arbug 	38-ton injection 

10 molding machine with a cold runner system that includes a hot sprue. Bars made with a prior 

art unmodified cross-linking compound as shown in Fig. 4A were not able to be completely 

filled, even with 36,000 psi fill pressure. However, bars made with the reactive oligomerized 

cross-linking intermediate compounds of the present invention were able to be processed and 

completely filled with only 26,000 psi fill pressure. 

15 101091 	Heat molding to form an article of manufacture may be accomplished by any 

method known or to be developed in the art including but not limited to heat cure, cure by 

application of high energy, heat cure, press cure, steam cure, a pressure cure, an e-beam cure or 

cure by any combination of means, etc. Post-cure treatments as are known in the art or to be 

developed may also be applied, if desired. The organic polymer compositions of the present 

20 invention are cured by exposing the composition to temperatures greater than about 250 °C to 

about 500 °C, and more preferably about 350 °C to about 450 °C. 

[0110] 	The compositions and/or the methods described above may be used in or to prepare 

articles of manufacture of down-hole tools and applications used in the petrochemical industry. 

Particularly, the article of manufacture is selected from the group consisting of acid-resistant 

25 coatings, chemical-casted films, extruded films, solvent-carted films, blown films, encapsulated 

products, insulation, packaging, composite cells, connectors, and sealing assemblies in the 

shape of 0-rings, V-rings, U-cups, gaskets, bearings, valve seats, adapters, wiper rings, chevron 

back-up rings, and tubing. 

[0111] 	The above embodiments of invention will now be described in accordance with the 

30 following, non-limiting examples: 
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molded/extruded, etc. product formed from the composite polymer during various heat molding 

techniques (See Figs. 4A and 4B which show the difference in a finished part formed without 

and with, respectively, a crosslinking reactive additive). 

[0108] Powders of the organic polymer compositions of the present invention were made 

5 into pellets, and the pellets were subjected to a heat molding process. Heat molding of the 

organic polymer compositions can be accomplished by many different means already known or 

to be developed in the art, including extrusion, injection molding, compression molding and/or 

injection/compression molding. As shown in Fig. 4B, pellets of an organic polymer 
® composition of the present invention were injection molded on an Arbug 38-ton injection 

10 molding machine with a cold runner system that includes a hot sprue. Bars made with a prior 

art unmodified cross-linking compound as shown in Fig. 4A were not able to be completely 

filled, even with 36,000 psi fill pressure. However, bars made with the reactive oligomerized 

cross-linking intermediate compounds of the present invention were able to be processed and 

completely filled with only 26,000 psi fill pressure. 

15 [0109] Heat molding to form an article of manufacture may be accomplished by any 

method known or to be developed in the art including but not limited to heat cure, cure by 

application of high energy, heat cure, press cure, steam cure, a pressure cure, an e-beam cure or 

cure by any combination of means, etc. Post-cure treatments as are known in the art or to be 

developed may also be applied, if desired. The organic polymer compositions of the present 

20 invention are cured by exposing the composition to temperatures greater than about 250 °C to 

about 500 °C, and more preferably about 350 °C to about 450 °C. 

[0110] The compositions and/or the methods described above may be used in or to prepare 

articles of manufacture of down-hole tools and applications used in the petrochemical industry. 

Particularly, the article of manufacture is selected from the group consisting of acid-resistant 

25 coatings, chemical-casted films, extruded films, solvent-casted films, blown films, encapsulated 

products, insulation, packaging, composite cells, connectors, and sealing assemblies in the 

shape of O-rings, V-rings, U-cups, gaskets, bearings, valve seats, adapters, wiper rings, chevron 

back-up rings, and tubing. 

[0111] The above embodiments of invention will now be described in accordance with the 

30 following, non-limiting examples: 
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EXAMPLE 1 

[0112] 	Preparation of a Cross-Linking Composition Using an Organic Acid Cross-linking 

Additive. A 15.34 g portion of the cross-linking compound identified as Diol-2 in Examples 2 

5 and 4 of International Patent Application Publication No. WO 2013/074120 A 1 was dissolved 

in a mixture of 20 mL of glacial acetic acid and 300 mL of cyclohexanone. The solution was 

heated to reflux for a total of 13.5 hours, after which the glacial acetic acid and cyclohexanone 

were removed via atmospheric distillation. The product was a pasty solid residue. 1H and 13C 

NMR data indicates a 1:00:1:00 molar ratio of C-OH to the cardo carbon of the cross-linking 

10 compound. 

EXAMPLE 2 

[0113] 	Preparation of an Organic Polymer Composition After Oligomerization of the 

Cross-Linking Compound Using an Organic Acid Cross-Linking Additive. A 0.85 g portion of 

the residue of Example 1 was combined with 9.15 g of 5000FP Polyether ether ketone (PEEK) 

15 powder. Analysis was conducted by an AR2000 Rheometer with 8mm parallel plates and an 

inert nitrogen purge to determine the rate of cure. Samples were loaded and stabilized for 4.5 

minutes at 380 °C, and 60-minute time sweep tests were performed to record the change in the 

modulus to determine the rate of cure for 50 minutes. The results are shown in Fig. 1. 

EXAMPLE 3 

20 [0114] 	Preparation of an Organic Polymer Composition During Oligomerization of the 

Cross-Linking Compound Using an Organic Acid Cross-Linking Additive. 13.725 g of 

5000FB Polyether ether ketone (PEEK) powder was combined with 1.275 g of the above-noted 

cross-linking compound Diol-2, 100 mL cyclohexanone, and 20 mL glacial acetic acid in a 500 

ml RBF equipped with a magnetic stir bar. After 4 hours reflux time, the glacial acetic acid and 

25 cyclohexanone were removed using a short path still, followed by drying in a vacuum oven at 

120 for 20 hours. Analysis was conducted by an AR2000 Rheometer with 8mm parallel plates 

and an inert nitrogen purge to determine the rate of cure. Samples were loaded and stabilized 

for 4.5 minutes at 380 °C, and 60-minute time sweep tests were performed to record the change 

in the modulus to determine the rate of cure for 50 minutes. The results are summarized in 

30 Table 1 and shown in Fig. 2 and 2A. 
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EXAMPLE 1 
[0112] Preparation of a Cross-Linking Composition Using an Organic Acid Cross-linking 

Additive. A 15.34 g portion of the cross-linking compound identified as Diol-2 in Examples 2 

5 and 4 of International Patent Application Publication No. WO 2013/074120 Al was dissolved 

in a mixture of 20 mL of glacial acetic acid and 300 mL of cyclohexanone. The solution was 

heated to reflux for a total of 13.5 hours, after which the glacial acetic acid and cyclohexanone 

were removed via atmospheric distillation. The product was a pasty solid residue. 1H and 13C 

NMR data indicates a 1:00:1:00 molar ratio of C-OH to the cardo carbon of the cross-linking 

10 compound. 

EXAMPLE 2 
[0113] Preparation of an Organic Polymer Composition After Oligomerization of the 

Cross-Linking Compound Using an Organic Acid Cross-Linking Additive. A 0.85 g portion of 

the residue of Example 1 was combined with 9.15 g of 5000FP Polyether ether ketone (PEEK) 

15 powder. Analysis was conducted by an AR2000 Rheometer with 8mm parallel plates and an 

inert nitrogen purge to determine the rate of cure. Samples were loaded and stabilized for 4.5 

minutes at 380 °C, and 60-minute time sweep tests were performed to record the change in the 

modulus to determine the rate of cure for 50 minutes. The results are shown in Fig. 1. 

EXAMPLE 3 
20 [0114] Preparation of an Organic Polymer Composition During Oligomerization of the 

Cross-Linking Compound Using an Organic Acid Cross-Linking Additive. 13.725 g of 

5000FB Polyether ether ketone (PEEK) powder was combined with 1.275 g of the above-noted 

cross-linking compound Diol-2, 100 mL cyclohexanone, and 20 mL glacial acetic acid in a 500 

ml RBF equipped with a magnetic stir bar. After 4 hours reflux time, the glacial acetic acid and 

25 cyclohexanone were removed using a short path still, followed by drying in a vacuum oven at 

120 for 20 hours. Analysis was conducted by an AR2000 Rheometer with 8mm parallel plates 

and an inert nitrogen purge to determine the rate of cure. Samples were loaded and stabilized 

for 4.5 minutes at 380 °C, and 60-minute time sweep tests were performed to record the change 

in the modulus to determine the rate of cure for 50 minutes. The results are summarized in 

30 Table 1 and shown in Fig. 2 and 2A. 
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TABLE 1 

5 

10 

Sample % cross- 
linker 

Reaction time, 
hrs 

Cross Over (G—G"), 
sec 

Inflection Point, 
sec 

3 

Control 8% 0.00 0 128 
Example 3 8% 4.00 0 298 
Example 2 8% 13.50 3500 3500 

EXAMPLE 4 

[01151 	Preparation of a Cross-Linking Composition Using an Acetate Compound Cross- 

Linking Additive. Four blends of the cross-linking compound Dio1-2 identified above and 

lithium acetate dehydrate were prepared using a Spex®  6870 freezer mill. Samples were 

cooled in liquid nitrogen at approximately -195°C for 15 min., then ground for 12 cycles for 

min., followed by 5 minutes of cooling for a total of 96 min. grinding time at -196°C at a speed 

of 10 cycles/s. No solvents were used in this Example. The weight amounts of each 

component of the composition is listed in Table 2 below: 

TABLE 2 

Blend # 
Mass of lithium 

acetate dehydrate 
Mass of Diol-2 

% lithium acetate 
dihydrate in 

Diol-2 

1 0.225 g 9.775 g 0.225 

2 0.45 g 9.55 g 0.45 

3 0.90 g 9.10 g 0.90 

4 0.317 g 0.8g 28.4 

EXAMPLE 5 

15 	101161 	Preparation of an Organic Polymer Composition After Oligomerization of the 

Cross-Linking Compound Using an Acetate Compound Cross-Linking Additive. An 8.0 g 

portion of the oligomerized cross-linker composition of Blend 2 in Example 4 was combined 

with 92 g of 5000FP Polyether ether ketone (PEEK) powder in a 500 mL bottle and was shaken 

at 45 rpm for 30 minutes. Analysis was conducted by an AR2000 Rheometer with 8mm 

20 	parallel plates and an inert nitrogen purge to determine the rate of cure. Samples were loaded 
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TABLE 1 
Sample % cross-

linker 
Reaction time, 

hrs 
Cross Over (G'=GM), 

sec 
Inflection Point, 

sec 
Control 8% 0.00 0 128 

Example 3 8% 4.00 0 298 
Example 2 8% 13.50 3500 3500 

EXAMPLE 4 
5 [0115] Preparation of a Cross-Linking Composition Using an Acetate Compound Cross-

Linking Additive. Four blends of the cross-linking compound Diol-2 identified above and 
® lithium acetate dehydrate were prepared using a Spex 6870 freezer mill. Samples were 

cooled in liquid nitrogen at approximately -195°C for 15 min., then ground for 12 cycles for 3 

min., followed by 5 minutes of cooling for a total of 96 min. grinding time at -196°C at a speed 

10 of 10 cycles/s. No solvents were used in this Example. The weight amounts of each 

component of the composition is listed in Table 2 below: 

TABLE 2 

Blend # Mass of lithium 
acetate dehydrate Mass of Diol-2 

% lithium acetate 
dihydrate in 

Diol-2 

1 0.225 g 9.775 g 0.225 

2 0.45 g 9.55 g 0.45 

3 0.90 g 9.10 g 0.90 

4 0.317 g 0.8g 28.4 

EXAMPLE 5 
15 [0116] Preparation of an Organic Polymer Composition After Oligomerization of the 

Cross-Linking Compound Using an Acetate Compound Cross-Linking Additive. An 8.0 g 

portion of the oligomerized cross-linker composition of Blend 2 in Example 4 was combined 

with 92 g of 5000FP Polyether ether ketone (PEEK) powder in a 500 mL bottle and was shaken 

at 45 rpm for 30 minutes. Analysis was conducted by an AR2000 Rheometer with 8mm 

20 parallel plates and an inert nitrogen purge to determine the rate of cure. Samples were loaded 
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[0118] 	Typical synthesis procedures yield number average molecular weights (Mn) of 

about 20,000 to about 25,000 daltons, and a repeat unit of a polymer such as that shown in 

formula III would have about 502 daltons. Thus, there would be about 46 repeat units in a 

polymer of a number average molecular weight of 24,000 in a given batch. Each polymer chain 

5 has at least two end groups. As the polymer is a condensation polymer, there is roughly a 50% 

chance of a halogen-containing end group, such as the bromine-containing group, biphenyl 

bromine end group as shown in formula III above, being present. Thus, each such polymer is 

expected to have about one of the bromine-containing end groups per chain, corresponding to 

an approximate bromine level of about 3,100 to 4,000 ppm for polymers having a single 

10 bromine end group. If the polymer incorporates two such end groups, the bromine level could 

be as much as 6,200 to about 8,000 ppm bromine. The applicants did a bromine analysis of a 

typical polymer in this category having a number average molecular weight of 25,300 which 

yielded a bromine level of 3,400 ppm, which was within theoretical predictions. 

[0119] 	The biphenyl bromine end group and other similar end groups is/are not expected to 

15 be as thermally stable as the aromatic cross-linked backbone and thus may be thermally cleaved 

during processing at high temperatures (of about 350°C to about 400°C). For example, the 

phenyl-bromine bond is known in the art to be weak, and the bromine radical very reactive. 

20 

Thus, heating of brominated aromatics at high temperatures can result in the phenyl-bromine 

bond breaking to produce a bromine radical and a phenyl radical. See, Ladacki et al., 

Proceedings of the Royal Society of London: Series A. Mathematical and Physical Sciences, 

(1953) 219, 11, pp. 341-352, "Studies of the Variations in Bond Dissociation Energies of 

Aromatic Compounds. I. Monobromo-aryles." The bromine radical, as with other halogens, 

being extremely reactive, will rapidly abstract a proton to produce HX (wherein X is a halogen) 

as a byproduct. With respect to bromine, HBr forms and is an acid which is known to react 

25 with hydroxyl groups of 3°trityl alcohols to faun carbocations via an acid-base reaction and to 

form tritylbromide, which is the conjugate acid of the trityl alcohol, and water. 

[0120] 	The Applicant herein observed that the hydroxyl groups of 9,9'-(biphenyl-4,4'-

diyl)bis(9H-fluoren-9-ol) behave very similarly to trityl alcohol in this regard. Thus, the 

resulting HBr acts as an initiator and will then generate a reactive carbocation which thus 

30 accelerates cross-linking (see reaction scheme shown in (A) below). This behavior can partly 

counteract the degree of control provided by the reactive cross-linking additives described 

above that inhibit reaction rate, and further, may speed up cross-linking. 
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[0118] Typical synthesis procedures yield number average molecular weights (Mn) of 

about 20,000 to about 25,000 daltons, and a repeat unit of a polymer such as that shown in 

formula III would have about 502 daltons. Thus, there would be about 46 repeat units in a 

polymer of a number average molecular weight of 24,000 in a given batch. Each polymer chain 

5 has at least two end groups. As the polymer is a condensation polymer, there is roughly a 50% 

chance of a halogen-containing end group, such as the bromine-containing group, biphenyl 

bromine end group as shown in formula III above, being present. Thus, each such polymer is 

expected to have about one of the bromine-containing end groups per chain, corresponding to 

an approximate bromine level of about 3,100 to 4,000 ppm for polymers having a single 

10 bromine end group. If the polymer incorporates two such end groups, the bromine level could 

be as much as 6,200 to about 8,000 ppm bromine. The applicants did a bromine analysis of a 

typical polymer in this category having a number average molecular weight of 25,300 which 

yielded a bromine level of 3,400 ppm, which was within theoretical predictions. 

[0119] The biphenyl bromine end group and other similar end groups is/are not expected to 

15 be as thermally stable as the aromatic cross-linked backbone and thus may be thermally cleaved 

during processing at high temperatures (of about 350°C to about 400°C). For example, the 

phenyl-bromine bond is known in the art to be weak, and the bromine radical very reactive. 

Thus, heating of brominated aromatics at high temperatures can result in the phenyl-bromine 

bond breaking to produce a bromine radical and a phenyl radical. See, Ladacki et al., 

20 Proceedings of the Royal Society of London: Series A. Mathematical and Physical Sciences, 

(1953) 219, 11, pp. 341-352, "Studies of the Variations in Bond Dissociation Energies of 

Aromatic Compounds. I. Monobromo-aryles." The bromine radical, as with other halogens, 

being extremely reactive, will rapidly abstract a proton to produce HX (wherein X is a halogen) 

as a byproduct. With respect to bromine, HBr forms and is an acid which is known to react 

25 with hydroxyl groups of 3°trityl alcohols to form carbocations via an acid-base reaction and to 

form tritylbromide, which is the conjugate acid of the trityl alcohol, and water. 

[0120] The Applicant herein observed that the hydroxyl groups of 9,9'-(biphenyl-4,4'-

diyl)bis(9H-fluoren-9-ol) behave very similarly to trityl alcohol in this regard. Thus, the 

resulting HBr acts as an initiator and will then generate a reactive carbocation which thus 

30 accelerates cross-linking (see reaction scheme shown in (A) below). This behavior can partly 

counteract the degree of control provided by the reactive cross-linking additives described 

above that inhibit reaction rate, and further, may speed up cross-linking. 
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101211 	Lithium acetate and similar compounds as described hereinabove act as basic 

inhibitors to moderate the thermal activation of the phenylfluorenol end groups and to inhibit 

formation of a reactive carbocation. However, in such a reaction scheme, acidic HBr or other 

5 similar halogen acids generated through thermal decomposition of the cross-linked polymer end 

groups, for example, can react with the basic acetate anion to neutralize it, thus at the same time 

neutralizing the inhibiting effect of the reactive additive. 

101221 	Continuing this evaluation using the lithium acetate as the prospective reactive 

additive for controlling reaction rate of the cross-linking reaction, the theoretical molar quantity 

10 of HBr or other similar acid that may be generated is approximately 2.4 times higher than the 

molar quantity of lithium acetate dihydrate (base) added as the inhibiting reaction additive. 

Thus, the instinctual path to overcome this issue would be to incorporate high concentrations of 

lithium acetate or other reactive additives with inhibiting effect to neutralize the acid being 

generated. Unfortunately, when too much excess and/or higher amounts of such inhibiting 

15 reactive additives, e.g., lithium acetate, are used, it can contribute to a contrary effect in the 

presence of the halogen acid as the excess additive may actually begin to accelerate the 

reaction, thus limiting the range of effectiveness of the additives noted in the invention 

described above in a complex reaction mechanism. 

20 

[0123] 	In addition to issues impacting reaction rate aside from generation of a halogen acid, 

such as HBr, the product of a thermal dehydrohalogenation reaction during cross-linking may 

create a very reactive aryl radical or benzyne intermediate. The reactive aryl intermediate 

generated by thermally-induced dehydrohalogenation could itself act as a thermally activated 

cross-link site and is difficult to control due to the exothermic nature of reactions such as those 

between 9,9'-(biphenyl-4,4'-diyl)bis(9H-fluoren-9-ol) and a crosslinking organic polymer such 

25 as a polyarylene ether, which exothermic reaction profile can be observed and evaluated via 

Differential Scanning Calorimetry (DSC). The exothermic curves can be used to estimate half-

lives of exothermic reactions via the Borchardt and Daniels Method. See, ASTM-E2041, 

Standard Test Method for Estimating Kinetic Parameters by Differential Scanning Calorimeter 

Using the Borchardt and Daniels Method. This method allows calculation of activation 

30 energies and other kinetic parameters. Once these rate coefficients are obtained, reaction half 

lives at various temperatures can be calculated. The half lives obtained for various treatments 
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[0121] Lithium acetate and similar compounds as described hereinabove act as basic 

inhibitors to moderate the thermal activation of the phenylfluorenol end groups and to inhibit 

formation of a reactive carbocation. However, in such a reaction scheme, acidic HBr or other 

5 similar halogen acids generated through thermal decomposition of the cross-linked polymer end 

groups, for example, can react with the basic acetate anion to neutralize it, thus at the same time 

neutralizing the inhibiting effect of the reactive additive. 

[0122] Continuing this evaluation using the lithium acetate as the prospective reactive 

additive for controlling reaction rate of the cross-linking reaction, the theoretical molar quantity 

10 of HBr or other similar acid that may be generated is approximately 2.4 times higher than the 

molar quantity of lithium acetate dihydrate (base) added as the inhibiting reaction additive. 

Thus, the instinctual path to overcome this issue would be to incorporate high concentrations of 

lithium acetate or other reactive additives with inhibiting effect to neutralize the acid being 

generated. Unfortunately, when too much excess and/or higher amounts of such inhibiting 

15 reactive additives, e.g., lithium acetate, are used, it can contribute to a contrary effect in the 

presence of the halogen acid as the excess additive may actually begin to accelerate the 

reaction, thus limiting the range of effectiveness of the additives noted in the invention 

described above in a complex reaction mechanism. 

[0123] In addition to issues impacting reaction rate aside from generation of a halogen acid, 

20 such as HBr, the product of a thermal dehydrohalogenation reaction during cross-linking may 

create a very reactive aryl radical or benzyne intermediate. The reactive aryl intermediate 

generated by thermally-induced dehydrohalogenation could itself act as a thermally activated 

cross-link site and is difficult to control due to the exothermic nature of reactions such as those 

between 9,9'-(biphenyl-4,4'-diyl)bis(9H-fluoren-9-ol) and a crosslinking organic polymer such 

25 as a polyarylene ether, which exothermic reaction profile can be observed and evaluated via 

Differential Scanning Calorimetry (DSC). The exothermic curves can be used to estimate half-

lives of exothermic reactions via the Borchardt and Daniels Method. See, ASTM-E2041, 

Standard Test Method for Estimating Kinetic Parameters by Differential Scanning Calorimeter 

Using the Borchardt and Daniels Method. This method allows calculation of activation 

30 energies and other kinetic parameters. Once these rate coefficients are obtained, reaction half 

lives at various temperatures can be calculated. The half lives obtained for various treatments 
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of polymers and inhibitors can then be compared to estimate the improvement in cure time 

(cross-linking reaction time) gained by specific treatments. 

[0124] 	With the foregoing information in mind, the Applicant herein discovered that 

contrary to the above problematic approaches, it is possible to chemically remove the halogen 

5 from a halogen-containing end group but to control the halogen-containing byproducts and 

enable formation of purified organic polymers, in the sense that such polymers are 

dehalogenated prior to cross-linking. Such dehalogenated, purified organic polymers are then 

capable of being easily cross-linked and molded, so that there is a slower and more compatible, 

controlled cross-linking reaction during molding, and traditional heat-molding techniques may 

10 be readily used. 

[0125] 	Cross-linked articles formed from cross-linking the dehalogenated organic polymers 

using a cross-linking compound and optionally one or more reactive cross-linking additives 

according to the invention described herein, as well as organic polymer compositions having a 

dehalogenated organic polymer and a cross-linking compound for use in forming a cross-linked 

15 organic polymer. In addition, methods for preparing such compositions and polymers, and 

articles of manufacture formed from the aforementioned compositions and by such methods are 

within the invention and are useful in extreme condition end applications such as in down-hole 

applications. 

[0126] 	Cross-linking compositions containing a cross-linking compound(s) can be reacted 

20 to form a reactive oligomerized cross-linking intermediate either in situ during thermal molding 

in combination with a cross-linkable dehalogenated organic polymer, and/or by reacting a 

separate cross-linking composition having a cross-linking compound(s) and a cross-linking 

reaction additive(s) to form the oligomerized cross-linking intermediate and then combining the 

oligomerized cross-linking intermediate with a cross-linkable dehalogenated organic polymer 

25 and heating and molding the combined materials to form an article. The intermediate oligomer 

reaction product of the cross-linking compound(s) with the optional crosslinking reaction 

additive(s) act as inhibitors and enable control of a cross-linking reaction when combined with 

an organic polymer generally, particularly those with aromatic groups in the backbone, but can 

enable even lower rates of thermal cure and allow a broader window and better control and 

30 reaction rate inhibition during heat mold when a dehalogenated organic polymer is used as a 

base polymer. 

40 

WO 2014/066268 PCT/US2013/065977 

of polymers and inhibitors can then be compared to estimate the improvement in cure time 

(cross-linking reaction time) gained by specific treatments. 

[0124] With the foregoing information in mind, the Applicant herein discovered that 

contrary to the above problematic approaches, it is possible to chemically remove the halogen 

5 from a halogen-containing end group but to control the halogen-containing byproducts and 

enable formation of purified organic polymers, in the sense that such polymers are 

dehalogenated prior to cross-linking. Such dehalogenated, purified organic polymers are then 

capable of being easily cross-linked and molded, so that there is a slower and more compatible, 

controlled cross-linking reaction during molding, and traditional heat-molding techniques may 

10 be readily used. 

[0125] Cross-linked articles formed from cross-linking the dehalogenated organic polymers 

using a cross-linking compound and optionally one or more reactive cross-linking additives 

according to the invention described herein, as well as organic polymer compositions having a 

dehalogenated organic polymer and a cross-linking compound for use in forming a cross-linked 

15 organic polymer. In addition, methods for preparing such compositions and polymers, and 

articles of manufacture formed from the aforementioned compositions and by such methods are 

within the invention and are useful in extreme condition end applications such as in down-hole 

applications. 

[0126] Cross-linking compositions containing a cross-linking compound(s) can be reacted 

20 to form a reactive oligomerized cross-linking intermediate either in situ during thermal molding 

in combination with a cross-linkable dehalogenated organic polymer, and/or by reacting a 

separate cross-linking composition having a cross-linking compound(s) and a cross-linking 

reaction additive(s) to form the oligomerized cross-linking intermediate and then combining the 

oligomerized cross-linking intermediate with a cross-linkable dehalogenated organic polymer 

25 and heating and molding the combined materials to form an article. The intermediate oligomer 

reaction product of the cross-linking compound(s) with the optional crosslinking reaction 

additive(s) act as inhibitors and enable control of a cross-linking reaction when combined with 

an organic polymer generally, particularly those with aromatic groups in the backbone, but can 

enable even lower rates of thermal cure and allow a broader window and better control and 

30 reaction rate inhibition during heat mold when a dehalogenated organic polymer is used as a 

base polymer. 

40 



WO 2014/066268 
	

PCT/US2013/065977 

[0127] 	As noted above, formation of cross-links in an organic polymer cross-linking to 

itself or in an organic polymer composition comprising an unmodified cross-linking compound 

may be completed within about 2 minutes at about 380 °C, the typical processing temperature 

of polyetherether ketone (PEEK) (Graph 1). 

5 [0128] 	Utilization of one or more cross-linking reaction additive(s) has been identified to 

help provide polymers with high glass transition temperatures and high cross-link density cure 

more stably when combined with a cross-linking compound such as that of formula (IV). 

Polymers with high thermal stability of up to 500 °C and high crosslink density, while 

desirable, as mentioned above, display a very high melt viscosity before further processing, and 

10 thus are very difficult to melt process. If the rate of cross-linking is not controlled before 

molding of a composition into a final article, the article of manufacture may begin to 

prematurely cure before or during heat molding or proceed too rapidly causing incomplete mold 

fill, equipment damage, and inferior properties in the article. Thus, the invention is also 

directed to improving by controlling or inhibiting the rate of cross-link formation in an organic 

15 polymer using the cross-linking compound(s) and/or the cross-linking reaction additive(s) as 

described above in combination with a dehalogenated organic polymer, such as a debrominated 

organic polymer, which is capable of cross-linking. This provides a reaction wherein the 

inhibitor(s) (not impeded by X or HX formation, such as B or HBr) can work more effectively 

and delay the onset of cross-linking in the organic polymer for as much as several minutes 

20 beyond what is achieved without the dehalogenation treatment of the initial polymer to allow 

for rapid processing and shaping of the resultant organic polymer structures in a controlled 

manner. 

[0129] 	In the organic polymer compositions herein for use in forming a cross-linked 

organic polymer, the composition includes at least one organic polymer that is dehalogenated. 

25 

30 

Polymers which can benefit in a preferred manner by a dehalogenation treatment prior to 

crosslinking in include at least one organic polymer that may be one of a number of higher 

glass transition temperature organic polymers and/or which have an aromatic group in the 

backbone of the polymer, including, but not limited to, for example, poly(arylene ether)s, 

polysulfones, polyethersulfones, polyimides, polyamides, polyureas, polyurethanes, 

polyphthalamides, polyamide-imides, poly(benzimidazole)s and polyaramids. Preferably the 

polymers are non-functionalized, in that they are chemically inert and they do not bear any 

functional groups that are detrimental to their use in down-hole tool articles of manufacture or 
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5 

and/or dibromobiphenyl monomers. In such instances, the method used herein should be used 

to remove the bromine-containing or iodine-containing reactive groups to deiodinate or 

debrominate the polymer. For other suitable polymers, such as polysulfones, many are formed 

using chlorinated monomers in synthesis which may leave chlorine-containing reactive groups, 

and the method herein should be used to dechlorinate the chlorine-containing reactive groups. 

Thus, it should be understood to one skilled in the art, that for organic polymers having 

halogen-containing reactive groups that are present from formation by a polymerization process 

leaving reactive, halogen-containing groups, such as halogen-containing end groups, such 

organic polymers can be dehalogenated to provide purified organic polymers for use in cross- 

10 linking reactions where rate control is an issue in employing such polymers in traditional heat 

molding processes. 

101331 	To dehalogenate the organic polymer, an organic polymer(s) alone or in 

combination may be subjected to the method of the present invention. The method provides a 

dehalogenated organic polymer which works in the cross-linking composition to control the 

15 cross-linking reaction rate of an organic polymer having at least one halogen-containing 

reactive group during a cross-linking reaction. In the method, an organic polymer having a 

halogen-containing reactive group, such as those noted above, and preferably having one or two 

halogen-containing terminal groups, such as bromine, iodine, chlorine and the like, is used. 

101341 	The polymer having the halogen-containing reactive group is reacted with an alkali 

20 metal compound to break the bond that connected the halogen atom to the polymer, that is, the 

bond between the organic polymer having the at least one halogen-containing reactive group 

and the halogen atom in the at least one halogen-containing reactive group. This reaction forms 

an intermediate having a carbocation. 

[01351 	The at least one halogen-containing reactive group is typically a halogen atom (X) 

25 but more often the halogen atom links to the chain, and most typically in a terminal position, by 

a final organic group off of the primary backbone. Such a reactive group may be represented as 

—R
4
-(X)p, wherein R

4 
is carbon or a branched or straight chain organic group selected from 

alkyl, alkenyl, aryl and aralkyl groups of from 1 to about 30 carbon atoms, preferably 1 to about 

20 carbon atoms, having from 0 to about 10 ester or ether groups, preferably 0 to about 5 such 

30 ether or ester groups along or in a chain or structure of the group, and wherein R
4 
 may be 

substituted or unsubstituted. Suitable alkyls include methyl, ethyl, propyl, iso-propyl, butyl, 
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and/or dibromobiphenyl monomers. In such instances, the method used herein should be used 

to remove the bromine-containing or iodine-containing reactive groups to deiodinate or 

debrominate the polymer. For other suitable polymers, such as polysulfones, many are formed 

using chlorinated monomers in synthesis which may leave chlorine-containing reactive groups, 

5 and the method herein should be used to dechlorinate the chlorine-containing reactive groups. 

Thus, it should be understood to one skilled in the art, that for organic polymers having 

halogen-containing reactive groups that are present from formation by a polymerization process 

leaving reactive, halogen-containing groups, such as halogen-containing end groups, such 

organic polymers can be dehalogenated to provide purified organic polymers for use in cross-

10 linking reactions where rate control is an issue in employing such polymers in traditional heat 

molding processes. 

[0133] To dehalogenate the organic polymer, an organic polymer(s) alone or in 

combination may be subjected to the method of the present invention. The method provides a 

dehalogenated organic polymer which works in the cross-linking composition to control the 

15 cross-linking reaction rate of an organic polymer having at least one halogen-containing 

reactive group during a cross-linking reaction. In the method, an organic polymer having a 

halogen-containing reactive group, such as those noted above, and preferably having one or two 

halogen-containing terminal groups, such as bromine, iodine, chlorine and the like, is used. 

[0134] The polymer having the halogen-containing reactive group is reacted with an alkali 

20 metal compound to break the bond that connected the halogen atom to the polymer, that is, the 

bond between the organic polymer having the at least one halogen-containing reactive group 

and the halogen atom in the at least one halogen-containing reactive group. This reaction forms 

an intermediate having a carbocation. 

[0135] The at least one halogen-containing reactive group is typically a halogen atom (X) 

25 but more often the halogen atom links to the chain, and most typically in a terminal position, by 

a final organic group off of the primary backbone. Such a reactive group may be represented as 
4 4 -R -(X)^, wherein R is carbon or a branched or straight chain organic group selected from 

alkyl, alkenyl, aryl and aralkyl groups of from 1 to about 30 carbon atoms, preferably 1 to about 

20 carbon atoms, having from 0 to about 10 ester or ether groups, preferably 0 to about 5 such 
4 30 ether or ester groups along or in a chain or structure of the group, and wherein R may be 

substituted or unsubstituted. Suitable alkyls include methyl, ethyl, propyl, iso-propyl, butyl, 
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iso-butyl, tert-butyl, pentyl, hexyl, heptyl and the like. Suitable alkenyls include methenyl, 

ethenyl, propenyl, iso-propenyl, butenyl, iso-butenyl, tert-butenyl, pentenyl, and the like. Aryl 

groups may be single or multiple ring structures, such as benyl, phenyl, xylyl, biphenyl, 

dibenzyl, and the like, and such groups may be modified to have aryl or aralkyl groups or side 

5 chains and to form aralkyl structures as well. X represents a halogen, bromine, iodine, chlorine, 

flourine, and the like, and p is an integer which is 1 or 2. 

[0136] 	The reaction of the organic polymer having the halogen-containing reactive group 

preferably occurs with an alkali metal compound. The alkali metal compound may be 

represented by R
3
-M', wherein M' is an alkali metal and R

3 
may be H or a branched or straight 

10 chain organic group selected from alkyl, alkenyl, aryl and aralkyl groups of from 1 to about 30 

carbon atoms, preferably about 1 to about 15 carbon atoms, having from 0 to about 10 ester or 

ether groups, preferably 0 to about 5 such groups, along or in a chain or structure of the group. 

R
3 

may be a substituted or unsubstituted group. The substituted groups may include functional 

groups for providing other properties to the resulting polymer, provided they do not affect the 

15 dehalogenated organic polymer ultimately formed from the process and/or do not impact the 

reaction or rate thereof of the organic polymer having the halogen-containing reactive halogen 

group or negatively impact the reaction between such polymer with the alkali metal, such 

functional groups may include, for example, hydroxyl, carbonyl, ester, halide, mercapto and/or 

potassium. 

20 

25 

[0137] 	Suitable alkali metal compounds include methyl lithium, methenyl lithium, ethyl 

lithium, ethenyl lithium, isoproypl lithium, propyl lithium, propenyl lithium, butyl lithium, 

isobutyl lithium, t-butyl lithium, s-butyl lithium, n-butyl lithium, butenyl lithium, and similar 

compounds, methyl sodium, methenyl sodium, ethyl sodium, ethenyl sodium, isopropyl 

sodium, propyl sodium, propenyl sodium, n-butyl sodium, s-butyl sodium, t-butyl sodium, 

butenyl sodium, and similar compounds, methyl potassium, methenyl potassium, ethyl 

potassium, ethenyl potassium, propenyl potassium, butyl potassium, isobutyl potassium, n-butyl 

potassium, s-butyl potassium, t-butyl potassium, butenyl potassium, and similar compounds, as 

well as, for example, benzyl lithium, phenyl lithium, benzyl sodium, phenyl sodium, benzyl 

potassium, phenyl potassium, and other related compound. Preferably, the alkali metal 

30 compound is butyl lithium, t-butyllithium, butyl sodium, t-butyl sodium, butyl potassium or t-

butyl potassium. 
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iso-butyl, tert-butyl, pentyl, hexyl, heptyl and the like. Suitable alkenyls include methenyl, 

ethenyl, propenyl, iso-propenyl, butenyl, iso-butenyl, tert-butenyl, pentenyl, and the like. Aryl 

groups may be single or multiple ring structures, such as benyl, phenyl, xylyl, biphenyl, 

dibenzyl, and the like, and such groups may be modified to have aryl or aralkyl groups or side 

5 chains and to form aralkyl structures as well. X represents a halogen, bromine, iodine, chlorine, 

flourine, and the like, and p is an integer which is 1 or 2. 
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10 chain organic group selected from alkyl, alkenyl, aryl and aralkyl groups of from 1 to about 30 

carbon atoms, preferably about 1 to about 15 carbon atoms, having from 0 to about 10 ester or 

ether groups, preferably 0 to about 5 such groups, along or in a chain or structure of the group. 
3 R may be a substituted or unsubstituted group. The substituted groups may include functional 
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25 butenyl sodium, and similar compounds, methyl potassium, methenyl potassium, ethyl 

potassium, ethenyl potassium, propenyl potassium, butyl potassium, isobutyl potassium, n-butyl 

potassium, .v-butyl potassium, /-butyl potassium, butenyl potassium, and similar compounds, as 

well as, for example, benzyl lithium, phenyl lithium, benzyl sodium, phenyl sodium, benzyl 

potassium, phenyl potassium, and other related compound. Preferably, the alkali metal 

30 compound is butyl lithium, /-butyllithium, butyl sodium, /-butyl sodium, butyl potassium or /-

butyl potassium. 
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[0138] 	The organic polymer having the at least one halogen-containing end group is reacted 

with the alkali metal compound preferably in a solvent environment. The solvent is preferably 

capable of dissolving the organic polymer having the at least one halogen-containing reactive 

group but free of functional groups that react with the halogen in the halogen-containing 

5 reactive group under the reaction conditions used. 	Suitable solvents include, but are not 

limited to heptane, hexane, tetrahydrofuran, and Biphenyl ether as well as similar solvents and 

derivatives or functionalized variants of such solvents, with the most preferred solvent being 

tetrahydrofuran (THF). 

10 

[0139] 	The reaction preferably occurs at low temperatures of less than about -20°C, 

preferably less than about -50°C, and more preferably less than about -70°C so as to minimize 

potential side reaction between the solvent used and the alkali metal compound. For example, 

as the half life of t-butyllithium in THF at -20°C is about 42 minutes, by reacting it below that 

temperature, for example, at -70°C to -78°C, further time is provided, as the estimated half life 

of that compound in THF is about 1300 minutes. Thus the reaction proceeds as desired and 

15 reactive interference by thermal issues is minimized. The reaction preferably proceeds until a 

majority of halogen atoms are removed from the organic polymer, preferably substantially all 

of the halogen atoms, and most preferably virtually all or all of the halogen atoms are removed. 

Reaction times will vary depending on the solvent used, the alkali metal compound and the 

temperature of the reaction, but is expected to continue for about 0.5 to about 4 hours, and 

20 preferably about 1 to about 2 hours. 

[0140] 	Before introducing the organic polymer to such a solvent reaction, it is preferred that 

the organic polymer having the at least one halogen-containing reactive group to be reacted in 

solvent with the alkali metal compound is first dried as a preparatory step before reacting the 

polymer with the alkali metal compound in the solvent. Such a drying step may be conducted 

25 in any suitable manner for the purpose of minimizing or removing adsorbed water from the 

polymer, as water may interfere with the reaction. One acceptable non-limiting method for 

drying the polymers is to oven-dry them in a vacuum oven at a temperature suitable for the 

polymer chosen. For a polyarylene polymer, temperatures of about 100°C to about 200°C, 

more preferably about 110°C to about 120°C are suitable. Oven drying should occur until the 

30 polymer is at least substantially dry, and for approximately at least 10 hours, preferably at least 

15 hours, and most preferably about 16 hours, with the understanding that drying times may 

also vary depending on the polymer and the level of adsorbed water in the pre-treated polymer. 
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Drying can be verified via various types of moisture analysis, for example, Karl Fischer 

coulometric titration of the polymer dissolved in THF, measuring the dew point on an air dryer, 

or by loss of weight via thermogravimetric analysis (TGA) at temperatures less than about 

250°C. 

5 [0141] 	Once the dried organic polymer having the halogen-containing reactive group(s) is 

dissolved in the solvent and reacted with the alkali metal compound, an intermediate forms 

having a carbocation. This intermediate and the continuing reaction is then quenched by 

reacting the intermediate having the carbocation with acetic acid or a similar acetate group 

containing acid to form a dehalogenated organic polymer. 

10 [0142] 	One reaction scheme for this reaction using a polyarylene polymer wherein the 

halogen-containing reactive group is diphenyl bromine, is shown below in reaction scheme C, 

wherein R represents the polymer chain of formula (III) above including the first phenyl group 

in the terminal, diphenyl bromine group. 
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[0143] 	While the above mechanism shows a preferred method for dehalogenation herein, 

other reactions and methods for removing halogen from such organic polymers may also be 

used within the scope of the invention. See, for example, J. Moon et al., "Hydrogenolysis of 

20 Aryl Halides by Hydrogen Gas and Hydrogen Transfer over Palladium-Supported Catalysts,” 

vol. 3, issue 6, Comptes Rendus L'Academie des Sciences - Chemistry, pp. 465-470 (Nov. 

2000). Dehalogenation may also be carried out via treatments with Grignard reagents. 
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Grignard Degradation, Comprehensive Organic Name Reactions and Reagents, pp. 1271-1272 

(Sep. 2010). 

[0144] 	After dehalogenation of the organic polymer, the dehalogenated organic polymer 

can be introduced into a cross-linking reaction and will provide enhanced performance to such 

5 reaction. Any suitable graft, reaction, or similar cross-linking reaction may be used. Preferably 

cross-linking occurs using a cross-linking compound as described above. 

[0145] 	Thus, an organic polymer composition may be formed including the dehalogenated 

organic polymer and a cross-linking compound. Any suitable cross-linking compound that 

would create a cross-linked organic polymer from the dehalogenated organic polymer may be 

10 used. As an example of one such system, a dehalogenated organic polymer having an aromatic 

group in the backbone, may be cross-linked using a cross-linking compound that is preferred is 

one having a structure noted above according to formula (IV): 

(IV) 
A 

111 

x 

wherein A is an arene moiety having a molecular weight of less than 10,000 g/mol, R
1 

is 

15 selected from a group consisting of hydroxide (-OH), amine (-NH2), halide, ether, ester, or 

amide, and x is about 2.0 to about 6.0. 

[0146] 	One or more cross-linking compounds is/are present in the cross-linking 

composition and may be combined with the dehalogenated organic polymers in such 

compositions. 

20 [0147] 	The arene moiety A on the cross-linking compound above provides the cross-link 

site for forming more complex cross-linking compound structures, including, for example, 

without limitation: 
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The arene moiety A may be varied to have different structures, including, but not limited to the 
following: 

110 41  # 

48 

WO 2014/066268 PCT/US2013/065977 

The arene moiety A may be varied to have different structures, including, but not limited to the 

following: 

V / • 
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[0148] 	In addition, the arene moiety A is most preferably the diradical of 4,4'-biphenyl, or 

15 

The arene moiety A may also be functionalized, if desired, using one or more functional groups 

such as, for example, and without limitation, sulfate, phosphate, hydroxyl, carbonyl, ester, 

halide, or mercapto. The cross-linking compound can be formed as noted above. 

[0149] 	The cross-linking composition and the organic polymer composition also contain 

20 one or more cross-linking reaction additive(s) as rate-controlling compounds, that is, inhibitors. 

[0150] 	The cross-linking reaction additive(s) are preferably the organic acids and/or an 

acetate compounds noted above and should be capable of reacting with the cross-linking 

compound(s) to form a reactive intermediate(s) in oligomeric form. Such reactive intermediate 

oligomer(s) should be capable of cross-linking the dehalogenated organic polymer to have a 

25 desired effect. 

[0151] 	The cross-linking reaction additive(s) include organic acids and/or acetate 

compounds, which can promote oligomerization of the cross-linking compound. In one 

embodiment, the oligomerization can be carried out by acid catalysis using one or more organic 

acid(s), including glacial acetic acid, acetic acid, formic acid, lactic acid, citric acid, oxalic acid, 
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uric acid, benzoic acid and similar compounds. An oligomerization reaction using one of the 

cross-linking compounds is shown above. 

[0152] 	In other embodiments, inorganic acetate compounds, such as those having a 

structure according to formula (II) may also be used instead of or in combination with the 

5 organic acids: 

0 

(II) 

M 	
n  / NCHR2 

- - 

wherein M is a Group I or a Group II metal. R
2 

in Formula (II) may preferably be an alkyl, 

aryl or aralkyl group. For example, R
2 

may be a hydrocarbon group of 1 to about 30 carbon 

10 atoms, preferably about 1 to about 15 carbon atoms, including normal chain and isomeric forms 

of methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, ethenyl, propenyl, 

butenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, and the like. R
2 

may also have from 0 to 

about 10 ester or ether groups, and more preferably about 0 to about 5 such groups, along or in 

a chain of the hydrocarbon group. Suitable R
2 

aryl and aralkyl groups, including those based 

15 on phenyl, naphthyl, and similar groups, which may each include optional lower alkyl groups 

on the aryl structure of from 0 to about 5 carbon atoms. R
2 

may further include 0 to about 5 

functional groups if desired such as sulfate, phosphate, hydroxyl, carbonyl, ester, halide, 

mercapto and/or potassium on the structure. 

[0153] 	Oligomerization of the cross-linking compound with an acetate compound can 

20 afford the same resultant oligomerized cross-linking composition as achieved when adding an 

organic acid. The cross-linking reaction additive may be lithium acetate hydrate, sodium 

acetate, potassium acetate, rubidium acetate, cesium acetate, francium acetate, beryllium 

acetate, magnesium acetate, calcium acetate, strontium acetate, barium acetate, and/or radium 

acetate, and salts and derivatives thereof. More preferably, the cross-linking reaction additive 

25 is lithium acetate hydrate, sodium acetate and/or potassium acetate, and salts and derivatives of 

such compounds. An oligomerization reaction using of one of the cross-linking compounds is 

shown above. 
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[0154] 	The cross-linking composition preferably has a weight percentage ratio of the cross- 

linking compound to the cross-linking reaction additive of about 10:1 to about 10,000:1, and 

more preferably about 20:1 to about 1000:1 for achieving the best results. In making the cross-

linking composition, in one embodiment, the components are combined prior to addition of a 

5 dehalogenated organic polymer to make an organic polymer composition according to the 

invention. Alternatively, they may all be combined simultaneously. 

[0155] 	The amount of the cross-linking compound in the cross-linking composition is 

preferably about 70% by weight to about 98% by weight, more preferably about 80% by weight 

to about 98% by weight, and most preferably about 85% by weight to about 98% by weight 

10 based on the weight of the cross-linking composition. The amount of the cross-linking reaction 

additive in the cross-linking composition is preferably about 2% by weight to about 30% by 

weight, more preferably about 2% by weight to about 20% by weight, and most preferably 

about 2% by weight to about 15% by weight. 

[0156] 	The organic polymer composition preferably has a weight percentage ratio of the 

15 dehalogenated organic polymer to the combined weight of the cross-linking compound and the 

cross-linking reaction additive of about 1:1 to about 100:1, and more preferably about 3:1 to 

about 10:1 for achieving the best results. 

[0157] 	In making the organic polymer composition, it is preferred that the cross-linking 

compound and the cross-linking reaction additive components are combined prior to addition of 

20 a dehalogenated organic polymer to make an organic polymer composition. Alternatively, they 

may all be combined simultaneously. 

[0158] 	The amount of the cross-linking compound in the organic polymer composition is 

preferably about 1% by weight to about 50% by weight, more preferably about 5% by weight to 

about 30% by weight, and most preferably about 8% by weight to about 24% by weight based 

25 on the total weight of an unfilled organic composition including the cross-linking compound, 

the cross-linking reaction additive and the dehalogenated organic polymer. 

[0159] 	The amount of the cross-linking reaction additive in the organic polymer 

composition is preferably about 0.01% by weight to about 33% by weight, more preferably 

about 0.1% by weight to about 10% by weight, and most preferably about 0.2% by weight to 

30 about 2% by weight based on the total weight of an unfilled organic polymer composition 

including the cross-linking compound, the cross-linking reaction additive and the 

dehalogenated organic polymer. 
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101601 	The amount of dehalogenated organic polymer in the organic polymer composition 

is preferably about 50% by weight to about 99% by weight, more preferably about 70% by 

weight to about 95% by weight, and most preferably about 75% by weight to about 90% by 

weight based on the total weight of an unfilled organic polymer composition including the 

5 cross-linking compound, the cross-linking reaction additive and the dehalogenated organic 

polymer. 

101611 	The organic polymer composition may further be filled and/or reinforced and 

include one or more additives to improve the modulus, impact strength, dimensional stability, 

heat resistance and electrical properties of composites and other finished articles of 

10 manufacture formed using the polymer composition. These additive(s) can be any suitable or 

useful additives known in the art or to be developed, as described above herein. 

101621 	In making the organic polymer composition, it is preferred that the additive(s) is/are 

added to the composition along with or at about the same time that the oligomerized cross-

linking composition (or the combined components thereof) is combined with the dehalogenated 

15 organic polymer to make an organic polymer composition, however, the manner of providing 

reinforcing fibers or other fillers may be according to various techniques for incorporating such 

materials and should not be considered to limit the scope of the invention. The amount of 

additives is preferably about 0.5 % by weight to about 65 % by weight based on the weight of 

the organic polymer composition, and more preferably about 5.0 % by weight to about 40 % by 

20 weight. 

101631 	In addition, the organic polymer composition may further comprise other 

compounding ingredients, including stabilizers, flame retardants, pigments, plasticizers, 

surfactants, and/or dispersants such as those known or to be developed in the art to aid in the 

manufacturing process. In making the organic polymer composition, it is preferred that the one 

25 or more fillers is/are added to the organic polymer composition along with or at about the same 

time that the oligomerized crosslinking composition (or the combined components thereof) is 

combined with the organic polymer to make an organic polymer composition, however, as 

noted above, the manner of providing such materials may be according to various techniques 

and should not be considered to limit the scope of the invention. The amount of the 

30 compounding ingredients that can be combined into the organic polymer composition, if used, 

is preferably about 5% by weight to about 60% by weight of a total of such ingredients based 
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[0160] The amount of dehalogenated organic polymer in the organic polymer composition 

is preferably about 50% by weight to about 99% by weight, more preferably about 70% by 
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weight based on the total weight of an unfilled organic polymer composition including the 

5 cross-linking compound, the cross-linking reaction additive and the dehalogenated organic 

polymer. 

[0161] The organic polymer composition may further be filled and/or reinforced and 

include one or more additives to improve the modulus, impact strength, dimensional stability, 

heat resistance and electrical properties of composites and other finished articles of 

10 manufacture formed using the polymer composition. These additive(s) can be any suitable or 

useful additives known in the art or to be developed, as described above herein. 

[0162] In making the organic polymer composition, it is preferred that the additive(s) is/are 

added to the composition along with or at about the same time that the oligomerized cross-

linking composition (or the combined components thereof) is combined with the dehalogenated 

15 organic polymer to make an organic polymer composition, however, the manner of providing 

reinforcing fibers or other fillers may be according to various techniques for incorporating such 

materials and should not be considered to limit the scope of the invention. The amount of 
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the organic polymer composition, and more preferably about 5.0 % by weight to about 40 % by 

20 weight. 

[0163] In addition, the organic polymer composition may further comprise other 

compounding ingredients, including stabilizers, flame retardants, pigments, plasticizers, 

surfactants, and/or dispersants such as those known or to be developed in the art to aid in the 

manufacturing process. In making the organic polymer composition, it is preferred that the one 

25 or more fillers is/are added to the organic polymer composition along with or at about the same 

time that the oligomerized crosslinking composition (or the combined components thereof) is 

combined with the organic polymer to make an organic polymer composition, however, as 

noted above, the manner of providing such materials may be according to various techniques 

and should not be considered to limit the scope of the invention. The amount of the 

30 compounding ingredients that can be combined into the organic polymer composition, if used, 

is preferably about 5% by weight to about 60% by weight of a total of such ingredients based 
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on the weight of the organic polymer composition, more preferably about 10% by weight to 

about 40% by weight, and most preferably about 30% by weight to about 40% by weight. 

[0164] 	In an embodiment of the method of cross-linking according to the invention, after 

providing, for example by manufacturing, a cross-linking composition as described herein, the 

5 cross-linking composition is heated to induce oligomerization of the cross-linking compound as 

in Examples 1 to 4 and as noted above. 

[0165] 	In one embodiment of the method, the oligomerization occurs by acid catalysis. 

Acid catalysis is used when an organic acid is employed as the cross-linking additive. The R
1 

functionality of the cross-linking compound of Formula (IV) is dissociated from the remainder 

10 of the compound to afford a carbocation which then can undergo a Friedel-Crafts alkylation of 

the organic polymer, resulting in bond formation. In another embodiment of the method of the 

present invention, oligomerization of the cross-linking compound may occur by doping. 

Doping is accomplished by physically mixing solid form reactants in the composition at lower 

temperatures of about -100 °C to about -300 °C prior to reacting the overall composition for 

15 curing and/or heat molding the resulting composition to form an article. 

[0166] 	The cross-linking method may further comprise adding the reacted oligomerized 

cross-linking composition to a debrominated organic polymer to form a cross-linkable 

composition. The unmodified cross-linking compound may be added directly to the 

dehalogenated organic polymer and blended with the cross-linking reaction additive to 

20 simultaneously oligomerize and bind to the dehalogenated organic polymer. Once the reactive 

oligomerized cross-linking compound reacts with the dehalogenated organic polymer, the rate 

of cross-linking of the dehalogenated organic polymer occurs at a later time in the curing 

process as compared to the rate of cross-linking that would occur in that organic polymer 

composition without dehalogenation treatment and using the same cross-linking system having 

25 the inhibitor additives as noted above or other prior art cross-linking systems. The result is the 

ability to more easily use traditional molding techniques and a controlled longer cross-linking 

time to form completely filled molds and excellent manufactured heat molded products. 

[0167] 	Powders of the organic polymer compositions of the present invention can be made 

into pellets, and the pellets subjected to a heat molding process. Heat molding of the organic 

30 polymer compositions can be accomplished by many different means already known or to be 

developed in the art, including extrusion, injection molding, compression molding and/or 

injection/compression molding. Pellets of an organic polymer composition of the present 
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invention may be injection molded, for example, on an Arbug 	38-ton injection molding 

machine with a cold runner system that includes a hot sprue. 

[0168] 	Heat molding to form an article of manufacture may be accomplished by any 

method known or to be developed in the art including but not limited to heat cure, cure by 

5 application of high energy, heat cure, press cure, steam cure, a pressure cure, an e-beam cure or 

cure by any combination of means, etc. Post-cure treatments may also be applied, if desired. 

The organic polymer compositions of the present invention may be cured by exposing the 

composition to temperatures greater than about 250 °C to about 500 °C, and more preferably 

about 350 °C to about 450 °C. 

10 [0169] 	The compositions and/or the methods described above may be used in or to prepare 

articles of manufacture of down-hole tools and applications used in the petrochemical industry. 

Particularly, articles of manufacture may be one or more of acid-resistant coatings, chemical-

casted films, extruded films, solvent-casted films, blown films, encapsulated products, 

insulation, packaging, composite cells, connectors, and sealing assemblies in the shape of 0- 

15 rings, V-rings, U-cups, gaskets, bearings, valve seats, adapters, wiper rings, chevron back-up 

rings, and tubing. 

[0170] 	The invention will now be further described in accordance with the following, non- 

limiting example: 

EXAMPLE 6 

20 [0171] 	In the following example, DSC data was collected on a TA Instruments Model 

Q1 OODSC at a heating rate of 20°C/min. 

[0172] 	A 3L, 3-neck round-bottomed flask was charged with 1800 mL of THE from a 

freshly opened bottle and 150 g of a dried polyarylene polymer having a backbone as shown in 

formula III shown above and at least biphenyl bromine end group on average. The flask was 

25 fitted with a mechanical stirrer (half-moon blade), septum port and a Claison head with 

thermometer an a nitrogen inlet. The flask was kept under nitrogen. For the few minutes 

during setup and before nitrogen blanketing, the materials were handled in ambient air. The 

reactor was stirred at room temperature until the organic polyarylene polymer was dissolved 

which took about 1 hour. The reactor was cooled to less than -70°C using a dry ice/acetone 

30 bath. 
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formula III shown above and at least biphenyl bromine end group on average. The flask was 

25 fitted with a mechanical stirrer (half-moon blade), septum port and a Claison head with 

thermometer an a nitrogen inlet. The flask was kept under nitrogen. For the few minutes 

during setup and before nitrogen blanketing, the materials were handled in ambient air. The 

reactor was stirred at room temperature until the organic polyarylene polymer was dissolved 

which took about 1 hour. The reactor was cooled to less than -70°C using a dry ice/acetone 

30 bath. 
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With the reactor stirring at 500 to 800 rpm, t-butyllithium was added via cannula at 

rate which maintained the reactor temperature below -65°C. This took about 15 min. As the 

was lithiated, the solution became more viscous. After 2 hours at less than 70°C, 

acetic acid was added to neutralize the lithiated polymer. The cooling bath was 

and the reactor was allowed to warm with no bath. When the temperature was above 

the reaction was stirred at 100 to 200 rpm while continuing to warm to room temperature. 

After stirring for about 16 hours, the reaction mixture was filtered to remove any gel. The 

was precipitated by pouring the filtrate into rapidly stirred methanol. The 

polymer was separated via vacuum filtration and dried under vacuum at 240°C to 

any adsorbed methanol. 

A GPC analysis showed that the polymer molecular weight remained stable after 

treatment with no major increases due to crosslinking or decreases due to chain 

See Table 4 below (wherein Mw is weight average molecular weight) and the 

molecular weight distribution plot below showing a comparison of the starting organic polymer 

the debrominated polymer. 

TABLE 4 

Sample Mn Mw PDI 
Starting Organic 
Polymer 

22,600 93,200 4.1 

Debrominated 
Organic Polymer 

23,300 96,300 4.1 
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[0173] With the reactor stirring at 500 to 800 rpm, /-butyllithium was added via cannula at 

a rate which maintained the reactor temperature below -65°C. This took about 15 min. As the 

polymer was lithiated, the solution became more viscous. After 2 hours at less than 70°C, 

glacial acetic acid was added to neutralize the lithiated polymer. The cooling bath was 

5 removed and the reactor was allowed to warm with no bath. When the temperature was above 

0°C, the reaction was stirred at 100 to 200 rpm while continuing to warm to room temperature. 

After stirring for about 16 hours, the reaction mixture was filtered to remove any gel. The 

polymer was precipitated by pouring the filtrate into rapidly stirred methanol. The 

debrominated polymer was separated via vacuum filtration and dried under vacuum at 240°C to 

10 remove any adsorbed methanol. 

[0174] A GPC analysis showed that the polymer molecular weight remained stable after 

debromination treatment with no major increases due to crosslinking or decreases due to chain 

scission. See Table 4 below (wherein Mw is weight average molecular weight) and the 

molecular weight distribution plot below showing a comparison of the starting organic polymer 

15 and the debrominated polymer. 

TABLE 4 
Sample Mn Mw PDI 
Starting Organic 
Polymer 

22,600 93,200 4.1 

Debrominated 
Organic Polymer 

23,300 96,300 4.1 

[0175] The debrominated and starting polymers of the Example were crosslinked using a 

cross-linking compound having a structure as shown below as (D) and lithium acetate as a 

20 cross-linking reaction additive. 

(D) 

[0176] Using the Borchard-Daniels method noted above, the plots below in Graph A of Fig. 

5 and Graph B of Fig. 6 show the improvement in half life achieved with the debromination 
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treatment. Lithium acetate yielded a half-life change of less than 1 minute to 3 minutes at a 

temperature of 380°C. The use of the same formulation with a debrominated polymer yielded a 

half life of approximately 30 minutes. 	In Graph A, the upper curve represents the 

debrominated polymer cross-linked with 20% of the cross-linking compound noted above and 

5 lithium acetate as a cross-linking reactive additive as an inhibitor. The middle curve represents 

the starting polymer (without debromination treatment) cross-linked with the same amount of 

cross-linking compounds noted above and using the lithium acetate inhibitor. The lower curve 

represents the untreated original polymer (without debromination treatment) cross-linked using 

the same amount of the cross-linking compound noted above but without the additional lithium 

10 acetate inhibitor. Graph B includes these same three materials exemplified in Graph A, but 

compares the half life of each at 380°C. 

15 

[0177] 	It will be appreciated by those skilled in the art that changes could be made to the 

embodiments described above without departing from the broad inventive concept thereof. It is 

understood, therefore, that this invention is not limited to the particular embodiments disclosed, 

but it is intended to cover modifications within the spirit and scope of the present invention as 

defined by the appended claims. 
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3. The composition according to claim 1, wherein the arene moiety has a molecular weight 

of about 1,000 g/mol to about 9,000 g/mol. 

4. The composition according to claim 3, wherein the arene moiety has a molecular weight 

of about 2,000 g/mol to about 7,000 g/mol. 

25 5. The composition according to claim 1, wherein the cross-linking reaction additive is an 

organic acid selected from glacial acetic acid, formic acid, and/or benzoic acid. 

6. The composition according to claim 1, wherein the cross-linking reaction additive is an 

acetate compound having a structure according to formula (II): 

0 

(II) 

—  M 	
0/ N

CHR2 

30 
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18. The organic polymer composition according to claim 10, wherein the composition 

further comprises at least one additive selected from continuous or discontinuous, long or short, 

reinforcing fibers selected from carbon fibers, glass fibers, woven glass fibers, woven carbon 

fibers, aramid fibers, boron fibers, polytetrafluorethylene fibers, ceramic fibers, polyamide 

5 fibers; and one or more fillers selected from carbon black, silicate, fiberglass, calcium sulfate, 

boron, ceramic, polyamide, asbestos, fluorographite, aluminum hydroxide, barium sulfate, 

calcium carbonate, magnesium carbonate, silica, alumina, aluminum nitride, borax (sodium 

borate), activated carbon, pearlite, zinc terephthalate, graphite, talc, mica, silicon carbide 

whiskers or platelets, nanofillers, molybdenum disulfide, fluoropolymer, carbon nanotubes and 

10 fullerene tubes. 

19. The organic polymer composition according to claim 18, wherein the composition 

comprises about 0.5 % to about 65 % by weight of the at least one additive. 

20. The organic polymer composition according to claim 10, wherein the composition 

further comprises a stabilizer, a flame retardant, a pigment, a plasticizer, a surfactant, and /or a 

15 dispersant. 

21. A molded article formed from the composition according to claim 10. 

22. The molded article according to claim 21, wherein the article is molded using extrusion, 

injection molding, blow molding, blown film molding, compression molding or 

injection/compression molding. 

20 23. An article of manufacture formed from the composition according to claim 10, wherein 

the article of manufacture is selected from acid-resistant coatings; chemical-carted films; 

extruded films; solvent-casted films; blown films; encapsulated products; insulation; 

packaging; composite cells; connectors; sealing assemblies, including 0-rings, V-rings, U-cups, 

gaskets; bearings; valve seats; adapters; wiper rings; chevron back-up rings; and tubing. 

25 24. An organic polymer composition for use in forming a cross-linked organic polymer, 

comprising: 

an organic polymer; and 

a reactive cross-linking oligomer which is a reaction product of a cross-linking 

compound having the structure of formula (IV): 
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58. The method according to claim 49, wherein step (a) occurs at a temperature of less than 

about -20°C. 

59. The method according to claim 58, wherein step (a) occurs at a temperature of less than 

about -70°C for a period of about 2 hours. 

5 60. The method according to claim 49, wherein step (c) further comprises: 

reacting the dehalogenated organic polymer with a cross-linking compound. 

61. The method according to claim 60, wherein step (c) further comprises providing a cross-

linking reaction additive selected from an organic acid and/or an acetate compound, wherein 

the cross-linking reaction additive is capable of reacting with the cross-linking compound to 

10 form a reactive intermediate in the form of an oligomer, which reactive intermediate oligomer 

is capable of cross-linking the dehalogenated organic polymer. 

62. The method according to claim 61, further comprising before step (c) heating the cross-

linking compound and the cross-linking reaction additive in a separate composition such that 

oligomerization of the cross-linking compound occurs to form the reactive intermediate 

15 oligomer. 

63. The method according to claim 49, further comprising heat molding the cross-linked 

organic polymer to form a heat-molded article of manufacture. 

64. The method according to claim 63, wherein the article of manufacture is heat molded 

using extrusion, injection molding, blow molding, blown film molding, compression molding 

20 or injection/compression molding. 

65. The method according to claim 63, wherein the article of manufacture is selected from 

acid-resistant coatings; chemical-casted films; extruded films; solvent-casted films; blown 

films; encapsulated products; insulation; packaging; composite cells; connectors; sealing 

assemblies, including 0-rings, V-rings, U-cups, gaskets; bearings; valve seats; adapters; wiper 

25 rings; chevron back-up rings; and tubing. 
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