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FLUOROPOLYMER CURING SYSTEM

TECHNICAL FIELD

This invention relates to curing fluoropolymer compositions having nitrogen-containing

cure-site components.

5 BACKGROUND

Fluorine-containing polymers (also known as “fluoropolymers”) are a commercially
useful class of materials. Fluoropolymers include, for example, crosslinked fluoroelastomers,
uncrosslinked fluoroelastomer gums, semi-crystalline fluoroplastics, and or glassy
fluoroplastics. Fluoroplastics are generally of high thermal stability and are particularly useful

10 at high temperatures. They may also exhibit extreme toughness and flexibility at very low
temperatures. Some have very low dielectric loss and high dielectric strength, and may have
unique low friction properties.

Fluoroelastomers exhibit significant tolerance to high temperatures and harsh chemical
environments. Consequently, they are particularly well-adapted for use as seals, gaskets, and

15 other molded parts in systems that are exposed to elevated temperatures and/or corrosive
chemicals. Such parts are widely used in the chemical processing, semiconductor, acrospace,
and petroleum industries, among others.

Fluoroelastomers often include a cure-site component to facilitate cure in the presence of
a catalyst. One class of useful cure-site components includes nitrogen-containing monomers.

20 Organotin catalysts are typically used as cure catalysts. Such catalysts, however, are toxic and

can leave undesirable extractable metal residues in the cured product.

SUMMARY

In one aspect, the invention relates to a composition that includes (a) a fluoropolymer
having interpolymerized units derived from a nitrogen-containing cure site monomer, and (b) a

25 catalyst composition that includes a compound having the general formula:

30 R3
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wherein the group HA is an inorganic or organic acid, e.g., HCI, HNOs, C;F,sCOOH, and
wherein Ry, R,, and Rj are each, independently, the same or different alkyl groups having from
1 to about 20 carbon atoms, which may be cyclic or heterocyclic, and one R group may instead
be a bond to another R group such that the nitrogen is bonded to or part of an alkenyl,
cycloalkenyl, or aromatic group. The substituents may also be olefinic, e.g., mono, di, and

trialkyl amine salts, and pyridine salts. Rj, Ry, and R3 may be fluorinated groups such as

R{(CH,),- wherein Ry is a C;-Cg linear or branched and at least partially fluorinated (i.e.,
fluorinated or perfluorinated) alkylene, cycloalkylene, or oxyalkylene, and x is 1 to 4 (more

preferably 1 or 2). Examples of catalyst compositions include compounds of the formula:

(CH)m,
N C=N-HA
(CHz)n (1 A)

wherein m and n are, independently, 2 to 20.
When a compound has more than one nitrogen atom, the mono, di, and higher salts are
also useful.

The composition may further include a second catalyst composition comprising a

compound having the formula RIC(OR2)=NH, and salts thereof, where R! and R? are,

independently, a substituted or unsubstituted C;-Cyq (preferably Cy-C,, more preferably C;-C5)
alkyl, aryl, aralkyl, alkenyl, cycloalkyl, or cycloalkenyl group.

In other aspects, the invention provides a method for curing this composition, as well as
curable and cured articles comprising these compositions.

The compositions retain the advantages of the use of nitrogen-containing cure site
monomers such as the high temperature performance properties and chemical resistance
typically achieved when organotin compounds are used as the catalyst system with such cure
site monomers. At the same time, the compositions exhibit markedly improved compression set
values. The compositions are useful in applications where polymer stability (e.g., thermal
stability) and/or chemical resistance are important. They are also useful in silicon wafer
fabrication.

The details of one or more embodiments of the invention are set forth in the accompa-
nying drawings and the description below. Other features, objects, and advantages of the

invention will be apparent from the description and from the claims.
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BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a Fourier Transform Infrared spéctrum showing a cured material of the

present invention and a comparative cured material.

DETAILED DESCRIPTION

The composition of the present invention comprises a fluoropolymer having
interpolymerized units derived from a cure site monomer comprising a nitrile group and a
catalyst composition of Formula (1).

Suitable fluoropolymers include interpolymerized units derived from a nitrile group-
containing monomer and, preferably, at least two principal monomers. Examples of suitable
candidates for the principal monomer(s) include perfluoroolefins (e.g., tetrafluoroethylene (TFE)
and hexafluoropropylene (HFP)), perfluoroviny! ethers (e.g., perfluoroalkyl vinyl ethers and
perfluoroalkoxy vinyl ethers), and hydrogen-containing monomers such as olefins (e.g.,
ethylene, propylene, and the like) and vinylidene fluoride (VDF). Such fluoropolymers include,
for example, fluoroelastomer gums and semi-crystalline fluoroplastics.

When the fluoropolymer is perhalogenated, preferably perfluorinated, it contains at least
50 mole percent (mol%) of its interpolymerized units derived from TFE and/or CTFE,
optionally including HFP. The balance of the interpolymerized units of the fluoropolymer (10 to
50 mol%) is made up of one or more perfluoro vinyl ethers and a suitable cure site monomer.
The cure site monomer makes up from about 0.1 to about 5 mol% (more preferably from about
0.3 to about 2 mol%) of the elastomer.

When the fluoropolymer is not perfluorinated, it contains from about 5 to about 90 mol%
of its interpolymerized units derived from TFE, CTFE, and/or HFP, from about 5 to about 90
mol% of its interpolymerized units derived from VDF, ethylene, and/or propylene, up to about
40 mol% of its interpolymerized units derived from a vinyl ether, and from about 0.1 to about 5
mol% (more preferably from about 0.3 to about 2 mol%) of a suitable cure site monomer.

Suitable perfluorinated vinyl ethers include those of the formula:
CF,=CFO(R{O),R¢ 2)
where each Ry is, independently, a linear or branched perfluoroalkylene group of 1-6 carbon

atoms; and a is O or an integer from 1 to 20.

A preferred class of perfluoroalkyl vinyl ethers includes compositions of the formula:

CF,=CFO(CF,CFXO0)R%; 3)
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wherein X is F or CF3; d is 0-5, and R4f is a perfluoroalkyl group of 1-6 carbon atoms.
Most preferred perfluoroalkyl vinyl ethers are those where, in reference to either
Formula (2) or (3) above, d is 0 or 1, a is 2, and each Ry contains 1-3 carbon atoms. Examples of

such perfluorinated ethers include perfluoromethyl vinyl ether, perfluoroethyl vinyl ether, and
perfluoropropyl vinyl ether.

Other useful perfluorinated monomers include those compounds of the formula:
CF,=CFO[(CF,)«(CFZ),O],R*; )
where R4fiS a perfluoroalkyl group having 1-6 carbon atoms, e is 1-5, g is 0-5, his 0-5, and Z is

F or CF3. Preferred members of this class are those in which R4f is C3F7 or CF5, e is 1-2, gis 0-

I,and his 1.
Additional perfluoroalkyl vinyl ether monomers useful in the invention include those of
the formula: ~ CF,=CFO[(CF,CF(CF3)0)(CF;),0(CF2)q]CFarry (5)

where k is 0 or an integer from 1-10, p is an integer of from 1-6, q is 0-3, and r is 1-5. Preferred
members of this class include compounds wherek isO or 1, pis 1-5,qisOor 1,and ris 1.
Perfluoroalkoxy vinyl ethers useful in the invention include those of the formula:
CFy=CFO(CF2){CF(CF3)[uO(CF20)0CiFax+1 (6)
wherein tis 1-3, u is 0-1, w is 0-3, and x is 1-5, preferably 1. Specific, representative, examples

of useful perfluoroalkoxy vinyl ethers include CF,=CFOCF,0CF,CF,CF3, CF,=CFOCF,0CF3,
CF,=CFO(CF,);0CFj3, and CF,=CFOCF,CF,0CFj3.

Mixtures of perfluoroalkyl vinyl ethers and perfluoroalkoxy vinyl ethers may also be
employed.

Perfluoroolefins useful in the invention include those of the formula:

CF=CF-R’; )
where Rsfis fluorine or a perfluoroalkyl of I to 8, preferably 1 to 3, carbon atoms.

In addition, partially-fluorinated monomers or hydrogen-containing monomers such as
olefins (e.g., ethylene, propylene, and the like), and vinylidene fluoride can be used in the
fluoropolymer of the invention.

One example of a useful fluoropolymer is composed of principal monomer units of TFE
and at least one perfluoroalkyl vinyl ether. In such copolymers, the copolymerized
perfluorinated ether units constitute from about 10 to about 50 mol% (more preferably 15 to 35

mol%) of total monomer units present in the polymer.
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One or more other fluoropolymers may be incorporated into the fluoropolymer having
interpolymerized units derived from a nitrogen-containing cure site monomer. In addition, one
or more other fluoropolymers (which may include one or more copolymers) may be blended
with the fluoropolymer (which may comprise a copolymer) having interpolymerized units
derived from a nitrogen-containing cure site monomer. Such other fluoropolymers useful in a
blend and/or copolymer include the entire array described above. The other fluoropolymer(s)
may lack interpolymerized units derived from a nitrogen-containing cure site monomer and/or
may include reactive sites adapted to a selected curative system. For example, two different
fluoropolymers, each having interpolymerized units derived from a nitrogen-containing cure site
monomer may be blended to provide the fluoropolymer for the present invention.

Another fluoropolymer may be included along with another curative, such as described
below, to provide particular properties. For example, a fluoropolymer suitable for peroxide
curing and a peroxide curative may be included to improve chemical stability. Such a blend
balances the thermal stability and the chemical stability of the resultant blend, and also may
provide economic benefits. These other curatives also may be used to cure a blend of nitrogen-
containing fluoropolymers without the need to include a fluoropolymer nitrogen-containing cure
site monomer.

The nitrogen-containing fluoropolymer(s) preferably make up enough of the total
fluoropolymer to provide increased thermal stability over fluoropolymer lacking the
composition of the present invention. This amount is generally at least 25 weight percent (wt%),
more preferably at least 50 wt%, of the total fluoropolymer in the invention.

The fluoropolymers may be prepared by methods known in the art. For example, the
polymerization process can be carried out by free-radical polymerization of the monomers alone
or as solutions, emulsions, or dispersions in an organic solvent or water. When fluoropolymer
blends are desired, one route of incorporation is through blending the fluoropolymer latices in
the selected ratio, followed by coagulation and drying. Further detail of fluoropolymer
preparation can be found in WO 99/48939, U.S. 6,077,609, and U.S. 4,335,238, the disclosures
of which are herein incorporated by reference.

The cure site component allows one to cure the fluoropolymer. The cure site component
generally will comprise at least one nitrogen-containing cure site monomer. The cure site
component can be partially or fully fluorinated. Useful nitrogen-containing cure site monomers
include nitrile-containing fluorinated olefins and nitrile-containing fluorinated vinyl ethers, such

as.
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CF,=CFO(CF,) CN (8)
CF,=CFO[CF,CF(CF3)0]4(CF,0),CF(CF3)CN 9)
CF,=CF[OCF,CF(CF3)],0(CF;),CN (10)

where, in reference to the above formulas, L=2-12; q=0-4; r=1-2; s=0-6; and t=1-4.
Representative examples of such monomers include perfluoro(8-cyano-5-methyl-3,6-dioxa-1-
octene), CF,=CFO(CF,)sCN, and CF,=CFO(CF;);OCF(CF3)CN.

Another suitable cure site component useful in the present invention is a fluoropolymer
or fluorinated monomer material containing a halogen that is capable of participation in a
peroxide cure reaction. Such a halogen may be present along a fluoropolymer chain and/or in a
terminal position. Typically the halogen is bromine or iodine. Copolymerization is preferred to
introduce the halogen in a position along a fluoropolymer chain. In this route, a selection of the
fluoropolymer components mentioned above are combined with a suitable fluorinated cure site

monomer. Such a monomer can be selected, for example, from the general formula Z-ROy-

CF=CF,, wherein Z is Br or I, R¢is a substituted or unsubstituted C;-C,; fluoroalkylene, which
may be perfluorinated and may contain one or more ether oxygen atoms, and x is 0 or 1. When
x is 0, examples of the bromo- or iodo- fluorolefins include: bromodifluoroethylene,
bromotrifluoroethylene, iodotrifluoroethylene, 1-bromo-2,2-difluoroethylene, and 4-bromo-
3,3,4,4-tetrafluorobutene-1, and the like. When x is 1, examples of the bromo- or iodo-

fluorovinyl ethers include: BrCF,OCF=CF,, BrCF,CF,0OCF=CF,, BrCF,CF,CF,0CF=CF,,
CF;CF(Br)CF,0CF=CF,, and the like. In addition, non-fluorinated bromo- or iodo- olefins,

e.g., vinyl bromide and 4-bromo-1-butene, can be used. The amount of cure site component in a
side chain position of the fluoropolymer is generally from about 0.05 to about 5 mol% (more
preferably from 0.1 to 2 mol%).

The cure site component may also occur in the terminal position of a fluoropolymer
chain. Chain transfer agents or initiators are used to introduce the halogen in a terminal
position. Generally, a suitable chain transfer agent is introduced in the reaction medium during
polymer preparation, or derived from a suitable initiator.

Examples of useful chain transfer agents include those having the formula R¢Z, wherein
Ry is a substituted or unsubstituted C;-C, fluoroalkyl radical, which may be perfluorinated, Z is

Brorl, and x is | or 2. Specific examples involving bromide include: CF,Br,, Br(CF,),Br,

Br(CF,)4Br, CF5(C1)Br, CF;CF(Br)CF,Br, and the like.
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Examples of useful initiators include NaO,S(CF;),X, wherein X is Bror I, and n = 1-10.

The amount of cure site component in a terminal position in the fluoropolymer is
generally from about 0.05 to about 5 mol % (more preferably from 0.1 to 2 mol %).

Cure site component combinations are also useful. For example, a fluoropolymer
containing a halogen that is capable of participation in a peroxide cure reaction may also contain
a nitrogen-containing cure site component. Generally, from about 0.1 to about 5 mol% (more
preferably from about 0.3 to about 2 mol%) of the total cure site component is incorporated into
the fluoropolymer.

The fluoropolymer compositions are cured, at least in part, using a catalyst composition

that includes a compound having the general formula:

wherein HA, R}, Ry, and R; are as defined above. The catalyst can be added to the

fluoropolymer as a compound or form in situ after adding the appropriate precursors to the

fluoropolymer. Examples of catalyst compositions include compounds of the formula:

(CHy,
N\ C/=N -HA
(CHZ)n (1 A)

wherein m and n are, independently, 2 to 20. In this formula, two of the R groups are included

in a heterocyclic group while the third R group is a bond.

Preferred examples of Formula (1A) compounds include those wherein m=3 and n=5 and
wherein m=4 and n=2. This includes, for example, salts of 1,8-diazabicyclo [5.4.0Jundec-7-ene
(DBU) and 1,5-diazabicyclo[4.3.0]non-5-ene (DBN). These salts may be prepared, for example,
by reacting DBU or DBN with an organic or inorganic acid in an organic solvent such as
methanol or acetone, or they may be prepared in situ. Another preferred compound of Formula
1A is pyridine hydrochloride.

An effective amount of catalyst compound is used to cure the fluoropolymer. Generally,
this amount is in the range of 0.05 to 10 (more preferably 0.1 to 5) parts curative per hundred

parts fluoropolymer.
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The fluoropolymer compositions can be cured using catalyst compositions, described
above, optionally with one or more imidate curatives.

The acid can be organic or inorganic, for example C;F;5COOH, or any hydrocarbon or
fluorine containing carboxylic acid, sulfonic acid, etc., and inorganic acids such as HCl, HNO3,
etc., that form stable salts.

The imidate curatives include compounds having the formula RIC(OR2)=NH, and salts
thereof, where R' and R? are as defined above and further specified below. Imidates may be

prepared as described in Zh. Obs. Khimii, vol. 36(5), pp. 862-71 (1966), Ca 65 12206c and J.
Org. Chem., vol. 30, page 3724 (1965), which are herein incorporated by reference. Examples

of useful groups for R’ and R? include fluoroalkyl, perfluoroalkyl, and perfluoro polyether
groups (e.g., as described in U.S. 5,266,650). In addition, more than one imidate group may be
included in a compound. “Substituted’”” means substituted by substituents that do not interfere
with the desired product. Examples of suitable substituents include halogen (e.g., chlorine,
fluorine, bromine, iodine), cyano, alkoxy, and carboxy groups. In addition, one or more of the
carbon atoms may be substituted by a heteroatom such as oxygen or nitrogen. R'is preferably
part of a readily available imidate, for example, CF3;0(CF;),,OCF(CF3)C(NH)OCH3 where m is
an integer from 1 to 4, and C3F7(O(CF3)CF;),OCF(CF3)C(NH)OCH3 where n is 0 to 3. R%is

preferably a lower alkyl having from 1 to 6 carbon atoms or CHyR¢ wherein Reis a
perfluoroalkyl having from 1 to 10 carbon atoms. Other useful imidates include
CF30(CF,),C(NH)OCgH,7 and C;F,sC(NH)OC4Hj.

An effective amount of the selected imidate is used to cure the fluoropolymer to the
desired level in the desired time. Generally, this amount is in the range from about 0.01 to about
5 moles imidate per 100 moles fluoropolymer (mol%), preferably from about 0.2 to about 3
mol%.

The combination of the imidate and amine salts results in a synergistic effect of much
greater triazine content in press-cured samples when compared to samples made with either
material alone. This effect is easily seen when comparing FT-IR spectra of the various samples.
For example, Figure 1 shows the spectra (Line B) of a cured material that included an imidate
(C7F sC(NH)OC4Hy) along with an amine (DBU) and an inorganic acid (HCI) and the spectra
(Line A) of a cured material that included the same imidate without the DBU or HCI. There is a

much higher triazine peak (1556 cm™) and a much lower nitrile peak (2264 cm™) in the spectra
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(Line B) of the press-cured material having the combination of the DBU, HCI, and imidate than
present in the reference material having the imidate without the DBU-HCI (Line A).

The fluoropolymer compositions can include any of the adjuvants often employed in
curable fluoropolymer formulations. For example, one material often blended with a
fluoropolymer composition as a part of the peroxide curative system is a coagent (sometimes
also referred to as a co-curative) composed of a polyunsaturated compound that is capable of
cooperating with the curative to provide a useful cure. These coagents can generally be added in
an amount equal to between 0.1 and 10 parts coagent per hundred parts fluoropolymer (phr),
preferably between 1 and 5 phr. Examples of useful coagents include triallyl cyanurate; triallyl
isocyanurate; triimethylallyl) isocyanurate; tris(diallylamine)-s-triazine; triallyl phosphite; N,N-
diallyl acrylamide; hexaallyl phosphoramide; N,N,N',N'-tetraalkyl tetraphthalamide; N,N,N',N'-
tetraallyl malonamide; trivinyl isocyanurate; 2,4,6-trivinyl methyltrisiloxane; and tri(5-
norbornene-2-methylene)cyanurate. Particularly useful is triallyl isocyanurate. Other useful
coagents include the bis-olefins disclosed in EP 0 661 304 A1, EP 0 784 064 A1, EP 0 769 521
Al, and U.S. 5,585,449.

The fluoropolymer compositions can also be cured by using other types of curatives
along with the catalyst compositions described above. Examples of such curatives are known
and include bis-aminophenols (e.g., as described in U.S. 5,767,204 and U.S. 5,700,879), bis-
amidooximes (e.g., as described in U.S. 5,621,145), and ammonium salts (e.g., as described in
U.S. 5,565,512). Organometallic compounds of arsenic, antimony and tin also can be used, for
example as described in U.S. Pat. Nos. 4,281,092 and 5,554,680. Particular examples include
allyl-, propargyl-, triphenyl- allenyl-, and tetraphenyltin and triphenyltin hydroxide.

In addition, the cure system can be modified by methods known in the art. For example,
ammonia-generating compounds may be included to modify the rate of cure of a particular
composition. Such ammonia-generating compounds are typically solid or liquid at ambient
conditions, and then generate ammonia under conditions of cure. These compounds include, for
example, hexamethylene tetramine (urotropin) and dicyan diamid, as well as metal-containing
compounds and triazine derivatives. More details regarding such ammonia-generating
compounds is found in PCT publication WO 00/09603, which is herein incorporated by
reference.

It may be advantageous to add one or more onium salts to the fluoropolymer
compositions. Examples of suitable onium salts are described in U.S. 4,882,390. Specific

examples include triphenylbenzyl phosphonium chloride, tributyl alkyl phosphonium chloride,
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tributyl benzyl ammonium chloride, tetrabutyl ammonium bromide, and triarylsulfonium
chloride.

The fluoropolymer compositions can be cured using one or more peroxide curatives
along with the catalyst compositions described above. Suitable peroxide curatives generally are
those which generate free radicals at curing temperatures, such as those described in WO
99/48939, the disclosure of which is herein incorporated by reference. Dialkyl peroxide and
bis(dialkyl peroxide), each of which decomposes at a temperature above 50°C, are especially
preferred. In many cases it is preferred to use a di-tertiarybutyl peroxide having a tertiary
carbon atom attached to peroxy oxygen atom. Among the most useful peroxides of this type are
2,5-dimethyl-2,5-di(tertiarybutylperoxy)hexyne-3 and 2,5-dimethyl-2,5-di(tertiarybutyl
peroxy)hexane. Other peroxides can be selected from such compounds as dicumyl peroxide,
dibenzoyl peroxide, tertiarybutyl perbenzoate, a,a’-bis(t-butylperoxy-diisopropylbenzene), and
di[1,3-dimethyl-3-(¢-butylperoxy)-butyl]carbonate. Generally, about 1 to 3 parts of peroxide per
100 parts of fluoropolymer (phr) is used.

Another curative useful in the present invention has the general formula

CH,=CH-R+~CH=CH,, wherein one or more H atoms may be replaced with halogen atoms, such
as F, and Ry is a C|-Cg linear or branched and at least partially fluorinated alkylene,

cycloalkylene, or oxyalkylene. Similarly, polymers containing pendant groups of CH,=CHR~
are also useful as curatives in the present invention. Such curatives are described, for example,
in U.S. Pat. No. 5,585,449.

Another curative useful with this system involves using divalent metal amine complex
catalysts, alone or in various combinations as described in copending patent applications USSN
60/233,386 and USSN 60/233,383 both filed on 18 September 2000.

The fluoropolymer compositions also can be cured using a catalyst composition that

includes a compound having the general formula {RA}('){QR"k}(+), wherein R is a hydrogen-
containing or partially fluorinated C-C, alkyl or alkenyl, C5-Cy cycloalkyl, Cg-Coq
cycloalkenyl, or C4-Cyq aryl or alkylaryl, or perfluorinated Cg-Cyq aryl or alkylaryl; A is an acid

anion or an acid derivative anion, Q is phosphorous, sulfur, nitrogen, arsenic, or antimony, k is
the valence of Q, and each R" is, independently, hydrogen or a substituted or unsubstituted C1-
C20 alkyl, aryl, aralkyl, or alkenyl group. More detail is provided in copending applications
USSN 60/283,535 (Attorney Docket Number 56367USA49) and USSN 10/060,690 (Attorney
Docket Number 56311US007).

10
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The combination of catalyst, optional imidate(s), and optional curative(s) is generally
from about 0.01 to about 10 mol% (more preferably from about 0.1 to about 5 mol%) of the total
fluoropolymer amount.

Additives such as carbon black, stabilizers, plasticizers, lubricants, fillers, and processing
aids typically utilized in fluoropolymer compounding can be incorporated into the compositions,
provided they have adequate stability for the intended service conditions. In particular, low
temperature performance can be enhanced by incorporation of perfluoropolyethers. See, for
example, U.S. Pat No. 5,268,405.

Carbon black fillers are typically also employed in fluoropolymers as a means to balance
modulus, tensile strength, elongation, hardness, abrasion resistance, conductivity, and
processability of the compositions. Suitable examples include MT blacks (medium thermal
black) designated N-991, N-990, N-908, and N-907; FEF N-550; and large particle size furnace
blacks. When used, 1 to 70 parts filler per hundred parts fluoropolymer (phr) of large size
particle black is generally sufficient.

Fluoropolymer fillers may also be present in the compositions. Generally, from 1 to 50
phr of fluoropolymer filler is used. The fluoropolymer filler can be finely divided and easily
dispersed as a solid at the highest temperature used in fabrication and curing of the inventive
composition. By solid, it is meant that the filler material, if partially crystalline, will have a
crystalline melting temperature above the processing temperature(s) of the curable
composition(s). The preferred way to incorporate fluoropolymer filler is by blending latices.
This procedure, including various kinds of fluoropolymer filler, is described in USSN
09/495,600, filed 01 February 2000, the disclosure of which is herein incorporated by reference.

One or more acid acceptors can also be added to the formulations. However, where the
presence of extractable metallic compounds is undesirable (such as for semiconductor
applications) the use of inorganic acid acceptors should be minimized, and preferably avoided
altogether. Commonly used acid acceptors include, for example, zinc oxide, calcium hydroxide,
calcium carbonate, magnesium oxide, etc. These compounds generally are used in the
fluoropolymer formulation to bind any HF or other acids that might be generated at the high
temperatures where the fluoropolymers are intended to function.

The curable fluoropolymer compositions of the invention may also be combined with
other curable fluoropolymer compositions such as peroxide-curable fluoropolymer
compositions. These additional curable fluoropolymer compositions typically employ small

amounts of cure site monomers as a comonomer. Suitable cure site monomers are those which,
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when combined with a curative (e.g., a peroxide) and, preferably a coagent, will provide a cured
composition. Preferably these cure site monomers include at least one halo group (e.g., a bromo
or an iodo group).

The curable fluoropolymer compositions can be prepared by mixing the fluoropolymer,
the divalent metal amine complex catalyst, the selected additive or additives, additional curatives
(if any), and the other adjuvants, if any, in conventional rubber processing equipment. The
desired amounts of compounding ingredients and other conventional adjuvants or ingredients
can be added to the unvulcanized fluorocarbon gum stock and intimately admixed or
compounded therewith by employing any of the usual rubber mixing devices such as internal
mixers, (e.g., Banbury mixers), roll mills, or any other convenient mixing device. The
temperature of the mixture during the mixing process typically should not rise above about
120°C. During mixing, it is preferable to distribute the components and adjuvants uniformly
throughout the gum for effective cure.

The mixture is then processed and shaped, such as by extrusion (for example, in the
shape of a hose or hose lining) or by molding (for example, in the form of an O-ring seal). The
shaped article can then be heated to cure the gum composition and form a cured article.

Pressing of the compounded mixture (i.e., press cure) usually is conducted at a
temperature sufficient to cure the mixture in a desired time duration under a suitable pressure.
Generally, this is between about 95°C and about 230°C, preferably between about 150°C and
about 205°C, for a period of from about 1 minute to 15 hours, typically from 5 minutes to
30 minutes. A pressure of between about 700 kPa and about 20,600 kPa is usually imposed on
the compounded mixture in a mold. The molds first may be coated with a release agent and
prebaked. The molded vulcanizate is then usually post-cured (e.g., oven-cured) at a temperature
and for a time sufficient to complete the curing, usually between about 150°C and about 300°C,
typically at about 232°C, for a period of from about 2 hours to 50 hours or more, generally
increasing with the cross-sectional thickness of the article. For thick sections, the temperature
during the post cure is usually raised gradually from the lower limit of the range to the desired
maximum temperature. The maximum temperature used is preferably about 300°C, and this
value is held for about 4 hours or more.

Following cure, the article can be heat aged in air. One useful example of a heat aging

protocol ages the article in air for about 70 hours at a temperature of about 290°C.
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The fluoropolymer compositions are useful in production of articles such as O-rings,
gaskets, tubing, and seals. Such articles are produced by molding a compounded formulation of
the fluoropolymer composition with various additives under pressure, curing the article, and
then subjecting it to a post-cure cycle. The curable compositions formulated without inorganic
acid acceptors are particularly well suited for applications such as seals and gaskets for
manufacturing semiconductor devices, and in seals for high temperature automotive uses.

The invention will now be described further by way of the following examples.

EXAMPLES

In the following examples, indicated results were obtained using the following test
methods:

Cure rheology: Tests were run on uncured, compounded samples using a Monsanto
Moving Die Rheometer (MDR) Model 2000 in accordance with ASTM D 5289-93a at 177°C,
no pre-heat, 30 minute elapsed time, and a 0.5 degree arc. Both the minimum torque (M} ) and
highest torque attained during a specified period of time when no plateau or maximum torque
was obtained (My) were measured. Also measured were the time for the torque to increase 2

units above My (“t;2”), the time for the torque to reach a value equal to M + 0.5(My — My)

(“t’50”), and the time for the torque to reach My + 0.9(Myz — M) (“t°90™).

Press-Cure: Sample sheets measuring 150 x 150 x 2.0 mm were prepared for physical
property determination by pressing at about 6.9 Mega Pascals (MPa) for 30 minutes at 177°C,
unless otherwise noted.

Post-Cure: Press-cured sample sheets were exposed to heat under nitrogen using the
following six stages of conditions: 25 to 200°C over 6 hours; 200°C for 16 hours; 200 to 250°C
over 2 hours; 250°C for 8 hours; 250 to 300°C over 2 hours; and 300°C for 16 hours. The
samples were returned to ambient temperature before testing.

Heat Aging: Press-cured and post-cured sample sheets were exposed to heat in air for
70 hours at 290°C and then returned to ambient temperature before testing.

Physical Properties: Tensile Strength at Break, Elongation at Break, and Modulus at
100% Elongation were determined using ASTM D 412-92 on samples cut from the press-cure or
post-cure sheet with ASTM Die D. Units are reported MPa.

Hardness: Samples were measured using ASTM D 2240-85 Method A with a Type A-2

Shore Durometer. Units are reported in points.
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Compression set: O-ring samples were measured using ASTM 395-89 Method B. The
O-rings had a cross-sectional thickness of 0.139 in. (3.5 mm.). Results are reported as a

percentage of permanent set.

Example 1
A fluoroelastomer was prepared which contained 63.8 mole percent tetrafluoroethylene,

35.0 mole percent perfluoromethyl vinyl ether, and 1.2 mole percent of a nitrogen-containing
cure site monomer, CF,=CFO(CF;)sCN, by aqueous emulsion polymerization. The resulting
polymer (100 g) was compounded with: 15 g of FEF N550 carbon black, 2 g of an imidate,
CF3;0CF,CF,C(NH)OCgH 7, 0.75 g of triphenyl benzyl phosphonium chloride (TPBPCI), and
0.5 g of DBU-HCI, made by combining equi-molar amounts of DBU and HCI gas in methanol
followed by stripping the methanol under vacuum.

Cure rheology tests were run on the uncured, compounded sample. A sheet of the
compounded admixture was pressed for 45 minutes at 177°C, subsequently post-cured, and heat

aged. The results of testing at each stage are included in Table 1, below.

Example 2
The procedure of Example | was followed except that no TPBPCI was used. The test

results are included in Table 1.

Example 3
The procedure of Example 1 was followed except that no DBU-HCI was used and 2 g of

another organic acid, DBU-HOOCC-F5 was included. The acid was made by combining equi-
molar amounts of DBU and C;F;5COOH in methanol followed by stripping the methanol under

vacuum. Test results are included in Table 1.

Example 4
The procedure of Example | was followed except that 4 g of DBU-C7F;5COOH was

added and no TPBPCI, no DBU-HCI, and no CF;0CF,CF,C(NH)OCgH ;7 were included. In
addition, 15 g of Thermax MT N990 carbon black was substituted for the N550 carbon black of

Example 4. Test results are included in Table 1. After the press cure of this example, sample

sheets had small blisters while O-ring samples appeared smooth.

14
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Comparative Example CE-1

A fluoroelastomer was prepared which contained 62.1 mole percent tetrafluoroethylene,
36.8 mole percent perfluoromethy! vinyl ether, and 1.1 mole percent of a nitrogen-containing
cure site monomer, CF,=CFO(CF,)sCN, by aqueous emulsion polymerization. The resulting
polymer (100 g) was compounded with: 15 g of FEF N550 carbon black, and 2.0 g of
tetraphenyl tin.

Cure rheology tests were run on the uncured, compounded sample. Sample sheets of the
compounded admixture were press-cured, post-cured, and heat aged. The results of testing at

each stage are included in Table 1, below.

In Table 1, N/M indicates that the property was not measured.
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Table 1: Test Results

Ex1 Ex2 Ex3 Ex 4 CE1l
M (N m) 0.118 | 0.120 | 0.047 | 0.020 | 0.228
M (N m) 1221 | 1.354 | 0964 | 1259 | 1773
t;2 (min) 7.58 | 12.85 | 3.88 | 1553 | 048
t°50 (min) 11.73 | 22.23 5.03 19.71 0.76
t’90 (min) 28.05 42.81 29.8 50.32 5.75
Tensile Strength at Break (MPa) | 18.14 16.96 18.13 N/M 13.75
Elongation at Break (%) 120 120 136 N/M 144
100% Modulus (MPa) 12.09 | 1094 | 11.03 N/M 7.39
Shore A Hardness 70 71 72 N/M 72
Heat Aged
Tensile Strength at Break (MPa) | 13.45 14.66 | 15.24 N/M 11.86
Elongation at Break (%) 138 157 169 N/M 250
100% Modulus (MPa) 7.37 6.24 6.60 N/M 3.65
Shore A Hardness 71 69 71 N/M 71
Compression Set (%):
70 hrs @ 200°C 11.0 10.2 12.6 7.7 59.5
70 hrs @ 230°C 12.2 14.1 17.3 11.9 76.6

The results demonstrate that compositions prepared using the inventive catalyst
compositions exhibit improved properties relative to compositions prepared using an organotin
cure catalyst. Most notably, the inventive fluoropolymers exhibited substantially lower
compression set values.

A number of embodiments of the invention have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit and scope

of the invention.
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CLAIMS
L. A composition comprising:

(a) a fluoropolymer comprising interpolymerized units derived from a nitrogen-
containing cure site monomer;

(b) a catalyst composition comprising a compound having the general formula:

Ry
|
R,-N-HA
|
R3
wherein the group HA is an acid, and each R, R, and Rj is, independently, the same or

different C;-C,q alkyl group, which may be cyclic or heterocyclic, or Ri{(CH;),- wherein R¢is a
C;-Cg linear or branched and at least partially fluorinated alkylene, cycloalkylene, or

oxyalkylene, and x is 1 to 4, and wherein one R group may be a bond to another R group such

that the nitrogen is bonded to or part of an alkenyl, cycloalkenyl, or aromatic group.

2. The composition according to claim 1 further comprising a catalyst composition
comprising a compound having the formula RlC(OR2)=NH, and salts thereof, where R and Rz,
independently, are a substituted or unsubstituted C;-Cyq alkyl, aryl, aralkyl, alkenyl, cycloalkyl,

or cycloalkenyl group.

3. The composition according to claim 1 wherein the catalyst includes a compound having

the general formula:
(CHy,
N\ C=N-HA
(CHZ)H

wherein m and n are, independently, 2 to 20.

4. The composition according to claim 3 wherein n and m are, independently, 2 to 5.

5. The composition of claim 4 wherein the catalyst composition contains a group selected

from 1,8-diazabicyclo[5.4.0]undec-7-ene and 1,5-diazabicyclo[4.3.0]non-5-ene.

17
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6. The composition according to any of the above claims wherein HA is selected from

inorganic acids, organic carboxylic acids, or organic sulfonic acids.

7. The composition according to any of the above claims wherein the fluoropolymer

comprises interpolymerized units derived from (i) tetrafluoroethylene, and optionally, (ii) one or

more perfluorovinyl ethers of the formula: CF,=CFO(R{O),R¢ wherein each Ry is independently

a linear or branched C-Cg perfluoroalkylene group; and a is 0 or an integer from 1 to 20.

8. A composition according to any of the above claims wherein the fluoropolymer further
comprises interpolymerized units derived from monomers selected from the group consisting of
perfluoroolefins, partially-fluorinated olefins, non-fluorinated olefins, vinylidene fluoride, and

combinations thereof.

9. A composition according to any of the above claims wherein the cure site monomer is a
nitrile-containing monomer having the formula CF,=CFO(CF;){ CN;
CF,=CFO[CF,CF(CF3)O]4(CF,0),CF(CF3)CN; or CF,=CF[OCF,CF(CF3)]O(CF,){CN
wherein L=2-12; q=0-4; y=0-6;r=1-2; and t = 1-4.

10. A composition according to any of the above claims further comprising a filler selected

from fluoropolymer filler, carbon black, and combinations thereof.

11. A composition according to any of the above claims wherein said catalyst composition

further comprises an onium salt.

12. A composition according to any of the above claims further comprising an additional

curative, and optionally a coagent.

13. The composition of claim 12 wherein the additional curative is selected from ammonium
salts, ammonia-generating compounds, substituted triazine derivatives, unsubstituted triazine

derivatives, peroxides, bis-aminophenols, bis-amidooximes, and organo-metallic compounds.
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14.  The composition of any of the above claims further comprising one or more other

fluoropolymer(s).

15.  The composition of any of the above claims wherein the catalyst composition is prepared

in situ.

16. The composition according to any of the above claims wherein the fluoroelastomer gum
further comprises interpolymerized units derived from (i) one or more perfluorovinyl ether(s);

(ii) one or more monomer(s) selected from the group consisting of perfluoroolefins, olefins, and
vinylidene fluoride; optionally (iii) one or more other nitrogen-containing cure site monomer(s);

and (iv) combinations thereof.

17. A method of making a fluoropolymer composition comprising the steps of:

a) forming a mixture comprising fluoropolymer(s) and catalyst(s) according to any of the
above claims;

b) shaping the mixture;

¢) curing the shaped mixture; and optionally

d) heat aging the cured mixture.

18. A cured article prepared according to the method of claim 17.

19. A cured article according to claim 18 wherein said article is selected from a seal, an

O-ring, a gasket, and tubing.

19
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