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RECYCLE OF VULCANIZED FLUORINATED 
ELASTOMERS 

0001. This application claims priority from U.S. Ser. No. 
60/036,230, filed Mar. 12, 1997. 

FIELD OF THE INVENTION 

0002 This invention relates to recycling of fluorinated 
elastomers that have been at least partially Vulcanized. 

BACKGROUND OF THE INVENTION 

0003 Fluorinated elastomeric materials (sometimes 
referred to hereinafter either as fluorinated elastomers or 
fluoroelastomers) are synthetic, noncrystalline polymers 
which are usually Vulcanized or cured to enhance their 
properties for use in a variety of industrial articles, Such as 
molded or shaped parts. See for example Grootaert, W. M., 
Millet, G. H. and Worm, A.T., “Fluorocarbon Elastomers', 
Kirk-Othmer, Encyclopedia of Chemical Technology, Vol. 8, 
pp. 990-1005, 4th ed., John Wiley & Sons, 1993. Typically 
they are used in the more demanding applications where 
exposure to extreme heat or harsh chemical or Solvent 
environments is encountered. 

0004 Processes used for making molded fluoroelastomer 
articles, for example O-rings, inherently have a relatively 
high degree of waste, e.g., 30% or higher. This waste, also 
commonly called Scrap, may include flash, Sprue and run 
ners, and out-of specification parts. 

0005. It is desirable to reuse (i.e., recycle) this waste 
material. However, for a variety of reasons, it has been very 
difficult to do so. For example, the waste material cannot be 
recycled merely by grinding and reforming as with many 
thermoplastic polymer operations. Usually Such direct addi 
tion of the waste material results in a composition having a 
higher minimum Viscosity. This increase in minimum vis 
cosity typically negatively affects later processes, Such as 
injection molding. 

0006. It has also been generally observed that the inclu 
Sion of waste material in a fluoroelastomer formulation has 
a negative effect on both the cure rheology and the physical 
properties of articles made from Such formulations. Both are 
inferior to those demonstrated by formulations, and the 
resultant articles, that do not contain waste material (i.e., 
Virgin formulations and articles). 
0007. The cure rheology of a formulation containing 
Scrap may be deficient in Several ways. For example, the 
cure rheology generally exhibits a reduction in Scorch time, 
an increase in the cure time, and a lessening of final crosslink 
density. As a result, formulations containing Scrap begin the 
onset of cure more quickly (Scorch) and either take an 
unacceptable amount of time to reach the desired level of 
cure or crosslihk density, or fail to reach the desired cure or 
crosslink density. These effects are undesirable. 

0008. The use of waste material also typically negatively 
affects the physical properties of the completed articles. For 
example, resistance to compression Set is reduced. This is 
undesirable when, for example, the finished article, Such as 
an O-ring or a gasket, will be used to form a Seal. Such 
applications typically require a high resistance to compres 
Sion Set. 
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SUMMARY OF THE INVENTION 

0009. The present invention relates to compositions and 
methods of using Such compositions for the purpose of 
recycling or reusing at least partially Vulcanized fluoroelas 
tomers. Compositions are described which contain the at 
least partially Vulcanized fluoroelastomer (a recycle compo 
nent) which have a cure rheology similar to that of Virgin 
fluoroelastomer compositions, i.e., compositions which con 
tain no previously Vulcanized fluoroelastomer. Composi 
tions are also described which contain the recycle compo 
nent and which have enhanced physical properties. 
0010. The present invention provides, inter alia, a means 
of recycling of a previously Vulcanized (i.e., crosslinked) 
fluorinated elastomer essentially overcoming the negative 
effects discussed above. It provides a composition having a 
cure rheology similar, and in Some cases virtually identical, 
to that of Virgin fluoroelastomer compositions. This results 
in a Significant improvement in Scorch time and crosslink 
density as compared to previous attempts to recycle Scrap 
fluoroelastomer. As a result, fluoroelastomer compositions 
of the invention can be processed in Virtually the same 
manner as Virgin fluoroelastomer compositions. Addition 
ally, the physical properties of the crosslinked fluoroelas 
tomers of the invention (e.g., tensile strength and compres 
Sion Set) are noticeably enhanced. In fact, these properties 
approximate those obtained when Virgin fluoroelastomer is 
crosslinked. 

0011 Compositions of the present invention include (a) a 
mixture of a cure-enhancing additive with a fluorinated 
elastomer gum, (b) a mixture of the cure-enhancing additive 
with an at least partially Vulcanized fluorinated elastomer, 
and (c) a mixture of the cure-enhancing additive with the 
fluorinated elastomer gum and the at least partially Vulca 
nized fluorinated elastomer. The present invention also 
includes an additive System useful in each of these compo 
sitions. The present invention further includes the 
crosslinked product resulting from curing those composi 
tions containing the at least partially Vulcanized fluorinated 
elastomer. The present invention Still further includes a 
method of recycling an at least partially Vulcanized fluori 
nated elastomer. 

0012. As used throughout this description, the following 
terms have the following meanings: 
0013 “Fluorinated elastomer gum” and “fluoroelastomer 
gum' mean an essentially uncrosslinked polymer that exhib 
its essentially no elastomeric behavior but that can be 
crosslinked to provide Such behavior. This gum is also 
referred to herein as being a Virgin gum. A virgin gum may 
also contain the ingredients of a Suitably formulated and 
Vulcanizable Virgin compound. 
0014) “At least partially Vulcanized fluoroelastomer' 
means a fluoropolymer that has a measurable level of 
crosslinking and that exhibits identifiable elastomeric 
behavior. These fluoroelastomers have been compounded 
with other materials. Such as crosslinking agents, acid accep 
tors, fillers, colorants, accelerators, process aids, etc. The at 
least partially Vulcanized material is also referred to herein 
as the recycle component. 

DESCRIPTION OF THE DRAWINGS 

0.015 FIG. 1 shows four curves that illustrate the cure 
rheology of various fluoroelastomer materials. Curve 10 
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shows the cure rheology of a Virgin elastomer gum. Curve 20 
shows the cure rheology of a combination of Virgin fluo 
roelastomer gum and a recycle component. Curve 30 shows 
the cure rheology of a combination of a Virgin fluoroelas 
tomer gum, a recycle component, and extra curatives. Curve 
40 shows the cure rheology of a combination of Virgin 
elastomer gum, a recycle component, extra curatives, and 
cure-enhancing additives. Curves 10, 20, and 30 are 
examples of the prior art. Curve 40 is an example of the 
present invention. The curves shown in FIG. 1 were gen 
erated on compositions (Some of which contained a recycle 
component) described hereinafter using a Monsanto Moving 
Die Rheometer (MDR) Model 2000 in accordance with 
ASTM 5289-93A at 177° C., no preheat, 12 minute elapsed 
time and a 0.5 arc. 

DETAILED DESCRIPTION 

0016. The unique advantages of the present invention 
will be more fully appreciated by reference to FIG. 1. As 
previously noted, curve 10 is a cure rheology curve for a 
Virgin compounded fluoroelastomer gum. After going 
through an initial drop in torque the composition has a 
relatively long period of time at an essentially stable torque 
after which the torque increaseS rapidly to its final or 
maximum value. This rapid increase in torque is illustrated 
by the essentially vertical portion 11 of curve 10. This rapid 
increase in the torque corresponds to a rapid increase in the 
Viscosity of the composition as it crosslinkS. The rheology 
shown in curve 10 allows a Sufficient amount of induction 
time for the composition to be formed or molded before the 
onset of cure. This rheology also demonstrates rapid 
completion of the cure cycle after the onset of cure. As a 
result, the cure cycle is not unnecessarily prolonged. Com 
positions which demonstrate this type of cure rheology can 
be completely formed or molded rapidly, cured to a State that 
they can be handled without damage, and removed from the 
mold for any necessary post curing. 

0017 Curves 20 and 30 show the cure rheology of prior 
art attempts to recycle at least partially Vulcanized fluo 
roelastomers. In each case, the cure rheology is significantly 
degraded. After the initial drop in torque, the increase in 
torque is not as rapid as that of Virgin material of curve 10. 
This can be seen by the shallower slopes 21 and 31 of curves 
20 and 30. Additionally, the maximum torque is lower than 
that achieved by the virgin material of curve 10. This 
indicates that a lower crosslink density has been attained. AS 
a result, Such materials are more difficult to process (e.g., use 
to fabricate parts) and have reduced physical properties 
when compared to those of either Virgin compositions or 
those of the present invention. 
0.018 Curve 40 is a cure rheology curve for a composi 
tion of the invention. AS can be seen, it closely follows cure 
rheology curve 10 of the virgin compounded fluoroelas 
tomer gum. After the initial drop in torque, the torque 
increases almost as rapidly as that of the Virgin material and 
Significantly more rapidly than that of the prior art compo 
sitions. Compare slope 41 with slope 11, and slope 41 with 
slopes 21 and 31. 
0019. The maximum torque achieved with the composi 
tion of curve 40 also closely approximates that of the Virgin 
material and is substantially higher than that of either of the 
prior art compositions exemplified by curves 20 and 30. This 
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indicates that compositions of the invention attain a higher 
crosslink density, can be processed in Virtually the Same way 
as Virgin materials, and have physical properties that are 
Substantially the same as those of Virgin materials and 
Substantially better than those of the prior art compositions. 

0020. The Fluoroelastomer Gum 
0021 Fluoroelastomer gums that may be used in the 
present invention are elastomeric polymers of one or more 
fluoromonomerS Selected from the group of vinylidene fluo 
ride, hexafluoropropylene, chlorotrifluoroethylene, 2-chlo 
ropentafluoropropylene, perfluorinated alkly vinyl ether, 
perfluorinated alkyl allyl ether, tetrafluoroethylene, 1-hydro 
pentafluoropropylene, dichlorodifluoroethylene, trifluoroet 
hylene, 1,1-chlorofluoroethylene, 1,2-difluoroethylene, bro 
motrifluoroethylene, bromodifluoroethylene, and 
bromotetrafluorobutene. Optionally, the aforementioned one 
or more fluoromonomers may be copolymerized with fluo 
rine-free olefinic monomerS Such as ethylene and propylene. 

0022. The preferred elastomer gums are copolymers of 
Vinylidene fluoride, hexafluoropropylene, and optionally tet 
rafluoroethylene. Preferably these polymers comprise 
between about 15 and about 50 mole percent hexafluoro 
propylene, and up to 30 mole percent tetrafluoroethylene. 
Mixtures or blends of different fluorinated elastomer gums, 
and fluoroelastomer gums of different Viscosities or molecu 
lar weights, are also Suitable. 

0023 The fluoroelastomer gums useful in the invention 
may be provided as a neat gum that is free from other 
additives. Alternatively, they may be provided as com 
pounded mixtures of the gum with various other ingredients. 
Such ingredients include, by way of example, curatives, acid 
acceptors, fillers, and colorants Such as dyes and pigments. 

0024. There are a number of commercially available 
fluoroelastomer gums that can be used in the invention. 
These include the FLUOREL fluoroelastomers sold by 
Dyneon LLC of St. Paul, Minn. Examples of these fluo 
roelastomers include the, FE, FC, FT, FG, FA and FX 
grades. Other commercially available fluoroelastomer gums 
that may be used in the invention include the TECHNA 
FLON fluoroelastomers (available from Ausimont S.p.A. of 
Milan, Italy), the VITON fluoroelastomers (available from 
DuPont-Dow LLC of Wilmington, Del.) and the DLAEL 
fluoroelastomers (available from Daikin Industries Ltd.). 
Many of these gums are provided with the curative incor 
porated in them. 

0025 The fluoroelastomer gum is a virgin (i.e., unvulca 
nized) polymer to which the recycle component is added. 
The exact quantity of fluoroelastomer gum used in the 
present invention is not critical. In fact, it is not necessary to 
use any Virgin fluoroelastomer in the practice of the inven 
tion. When it is used, however, the virgin fluoroelastomer 
typically comprises at least 50% by weight of the final 
composition. 

0026. The Recycle Component 

0027. The recycle component used in the present inven 
tion comprises either partially or completely Vulcanized 
fluoroelastomer (hereinafter “cured fluoroelastomer”). The 
cured fluoroelastomer is the product obtained by crosslink 
ing the previously described fluoroelastomer gum. 
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0028. The recycle component typically comprises one or 
more curatives, acid acceptors, fillers and frequently proceSS 
aids and colorants. The level of these materials present in the 
recycle component is not critical to the invention. In fact, the 
level varies widely. 
0029. The recycle component typically comprises flash 
or out-of-specification material. Flash (or runners) is the 
excess material resulting from molding an article (or a string 
of articles). Flash is generally only partially Vulcanized, and 
therefore, only partially crosslinked. Out-of-Specification 
material includes parts that have Surface defects, that are not 
within dimensional tolerance, that are not fully formed, or 
that do not have the required physical properties. They may 
be either partially or completely Vulcanized. 

0.030. One or more cured fluoroelastomers may be used in 
the recycle component. Additionally, the cured fluoroelas 
tomer may have been prepared from the Same or a different 
gum than that used in the Virgin fluoroelastomer gum. 

0.031) Useful primary fluoroelastomers will include the 
Same materials listed above as the waste product. Recycle of 
a similar partially Vulcanized or fully Vulcanized fluoroelas 
tomer back into a primary fluoroelastomer of the same type 
or at least one derived from the same monomer components 
will likely be the most straight forward. However, materials 
which are not similar may also be used in the described 
proceSS. 

0.032 The quantity of recycle component used in the 
present invention is influenced by the desired processing 
properties and physical properties in the finished article. For 
less demanding applications, higher ratioS of the recycle 
component are possible. This could include usage levels as 
high as 100% recycle plus the cure-enhancing additives 
described below. For the more critical applications, Such as 
those which require a Superior compression Set resistance, or 
a maximum crosslink density, recycle usage up to 50% is 
possible with little or no degradation in critical physical 
properties. 

0033. The Additive System 
0034. The additive system used in the invention com 
prises a cure-enhancing additive, a crosslinking agent, and 
an accelerator. 

0035) The Cure-enhancing Additive 
0.036 The cure-enhancing additives used in the present 
invention improve the cure rheology of prior art attempts to 
recycle cured fluoroelastomers. This is demonstrated by the 
improvement in final crosslink density of a recycle-contain 
ing composition according to the invention over the final 
crosslink density of a prior art recycle-containing composi 
tion. Particularly preferred compositions of the invention 
also exhibit lower compression Set values than do prior art 
recycle-containing compositions. 

0037 Examples of useful cure-enhancing additives 
include fluoroaliphatic Sulfonamides and free radical Scav 
engers. Combinations of these material may be used if 
desired. Thus, for example, one may use one or more 
fluoroaliphatic Sulfonamides, or one or more free radical 
Scavengers. Additionally, one may use one or more fluoro 
aliphatic Sulfonamides and one or more free radical Scav 
engerS. 
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0038. The fluoroaliphatic sulfonamides useful in the 
present invention typically have one or two Sulfonamido 
groups. Useful classes of these materials can be represented 
by the general formula: 

R(A)SONR(M-2) I 
O 

R'(A)SONR(M24), I 

0.039 wherein 
0040 Rf represents a monovalent fluoroaliphatic 
radical having, for example, from 1 to 20 carbon 
atoms, preferably 4 to 10 carbon atoms, Rf repre 
Sents a divalent fluoroaliphatic radical having, for 
example, from 1 to 20 carbon atoms, preferably from 
2 to 10 carbon atoms, 

0041. A represents an organic linkage Such as 
—CRR-. -CRRCRR-, and 
-CR'=CR-, wherein R', R, R, and R' are 
Selected from the group consisting of hydrogen 
atom, fluorine atom, chlorine atom, and lower alkyl 
group, having, for example, 1 to 2 carbon atoms, 

0.042 R represents hvdrogen atom or alkvl radical p ydrog y 
having, for example, from 1 to 20 carbon atoms, 
preferably 1 to 12 carbon atoms, and 

0043 M represents hydrogen atom or salt forming 
cation with Valence X, which is 1, 2, or 3. 

0044) The monovalent fluoroaliphatic radical, Rf, is a 
fluorinated, stable, inert, non-polar, Saturated moiety. It can 
be Straight chain, branched chain, and, if Sufficiently large, 
cyclic, or combinations thereof, Such as alkyl cycloaliphatic 
radicals. Generally, Rf will have 1 to 20 carbon atoms, 
preferably 4 to 10, and will contain 40 to 83 weight percent, 
preferably 50 to 78 weight percent fluorine. Particularly 
useful compounds are those in which the Rf group is fully or 
Substantially completely fluorinated, as in the case where Rf 
is perfluoroalkly, CF, where n is 1 to 20. 
004.5 The divalent fluoroaliphatic radical, R', is a flu 
orinated, Stable, inert, non-polar, Saturated moiety. It can be 
Straight chain, branched chain, and, if Sufficiently large, 
cyclic, or combinations thereof, Such as alkylcycloaliphatic 
diradicals. Generally, R will have 1 to 20 carbon atoms, 
preferably 2 to 10. Particularly useful compounds are those 
in which the RF group is perfluoroalkyl, CF, where n is 1 
to 20, or perfluorocycloalkyl, CF, where n is 5 to 20. 
0046) With respect to either R or R', the skeletal chain or 
carbon atoms can be interrupted by divalent oxygen or 
trivalent nitrogen hetero atoms, each of which is bonded 
only to carbon atoms, but preferably where Such hetero 
atoms are present, Such skeletal chain does not contain more 
than one Said hetero atom for every two carbon atoms. An 
occasional carbon-bonded hydrogen atom, or chlorine atom 
may be present, where present, however, they preferably are 
present not more than once for every two carbon atoms in 
the chain. Where Rf or Rf is or contains a cyclic Structure, 
Such Structure preferably has 5 or 6 ring member atoms, 1 or 
2 of which can be said hetero atoms. Examples of R are 
fluorinated alkylene, e.g., -CF-, -CF-. Where Rf 
is designated as a Specific radical, e.g., CF7-, it should be 
understood that this radical can represent an average Struc 
ture of a mixture, e.g., CF- to CoF-, which mixture 
can also include branched Structures. 
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0047. Where R is an alkyl radical, it can be unsubstituted 
or Substituted. Useful Substituents include, for example, 
carbonyl groups, e.g., 

O O 

| | 
-C-OH, C NH2, epoxy groups, e.g., CH2 CH2. 

s N/ 
O 

0.048 Fluoroaliphatic sulfonamides suitable as curing 
agents in the practice of this invention include known 
compounds see, for example, U.S. Pat. No. 2,732,398 
(Brice et al.)). They can be prepared by the reaction of 
ammonia or primary amines with perfluoroalkane Sulfonyl 
fluorides (obtained by electrochemical fluorination of alkyl 
or alkylene sulfonyl halides), as shown by the following 
reaction Scheme: 

0049. They can also be prepared following the proce 
dures described in U.S. Pat. No. 4,296,034 (Bouvet et al), 
i.e., 

RCHSOCI+RNH->RCHSONHR 

0050 Salts of the Sulfonamides can be prepared by 
reaction of the acidic Sulfonamide compound with a Suitable 
base, as described, for example, in U.S. Pat. No. 2,803,656 
(Ahlbrecht et al): 

RSONHR+NaOCH->RSO.N(R) Na" 
0051 Representative fluoroaliphatic sulfonamide com 
pounds Suitable for the practice of this invention include the 
following: 

0.052 CFSONH 
0053 CFSON(CH)H 
0054 CFSON(CH)H 
0055 CF, SON(CH4)H 
0056 CF, SON(CH.) Nat 
0057 C.F.C.H.SON(CH3)Na" 
0.058 HN(CH)SO(CF)SON(CH4)H 
0059 CFSO. NHNa" 
0060 CF,SON(CH3)H 
0061 CF, SON(CH)K" 
0062 CF,SON(CH4)H 
0063 CFCHSON(CH)H 
0.064 CF,SON(CH4)Mg", 
0065 
0.066) 

0067 Free radical scavengers represent another class of 
cure-enhancing additives usefbl in the present invention. 
The free radical Scavengers are typically hydrogen-donating 
compounds. They may be used in low concentrations. The 
free radical Scavengers useful in the invention include those 
that are known and are commercially available. See for 
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Example, “Encyclopedia of Polymer Science and Engineer 
ing,” Vol. 2, pp 75-82 and 86-90, John Wiley & Sons, 1985. 
Representative examples of useful free radical Scavengers 
include phenol compounds, phosphite compounds, thioester 
compounds, and amine compounds. 
0068. Useful phenol compounds include both mono-, di-, 
and polyphenols. Examples of these materials are di-ter 
tiary-butylphenol, Styrenated phenol, 2,2'-methylenebis(4- 
methyl-6-tert-butylphenol), 4,4'-methylenebis(2,6-di-tert 
butylphenol), and 1,3,5-trimethyl-2,4,6-tris(3',5'-di-tert 
butyl4'-hydroxybenzyl)-benzene. 
0069. Useful phosphite compounds include tris (non 
ylphenyl) phosphite, distearyl pentaerythritol diphosphite, 
and tetrakis (2,4-di-tert-butylphenyl)4,4'-biphenylylene 
diphosphite. 

0070) Examples of useful thioester compounds include 
distearyl-thio-propionate, didodecyl 3,3'-thiodipropionate, 
dimyristylthiodipropionate, and ditridecylthiodipropionate. 

0071 Examples of useful amine compounds include one 
or more (and preferably one or two) amino nitrogen atoms 
and at least one aryl group (or group containing one or more 
aryl moieties) bonded to an amino nitrogen atom. Preferably 
each amino nitrogen atom in the amino compound will be 
bonded to an aryl group or group containing one or more 
aryl moieties. However, no amino nitrogen atom in the 
amine compound can be directly bonded to the methylene 
carbon atom of an arylmethylene group. 

0.072 Representative classes of useful amine compounds 
include diaryldiamines, diarylamines, diarylarylenedi 
amines, dialkylarylenediamines, diarylalkylenediamines, 
tetraalkylarylenediamines, tetraarylarylenediamines, tetra 
(mixed alkyl/aryl) arylenediamines and tetra (mixed alkyl/ 
aryl) alkylenediamines. Many of the amine compounds 
useful in this invention are generally known and are com 
mercially available, see for example, Nicholas P. P., 
Luxeder, A.M., Brooks, L.A., Hommes, P. A., “Antioxidant 
and Antiozonants”, Kirk-Othmer, Encyclopedia of Chemical 
Technology, Vol. 3, pp. 128-142, 3rd ed., John Wiley & 
Sons, 1978. 

0073. A useful class of amine compounds can be repre 
sented by the following formula: 

III 

R2 R2 

0.074 where: 
0075) R' is independently selected from substituted 
and unsubstituted alkly, aryl, aralkyl, and alkaryl 
groups, 

0.076 R is independently selected from H, and 
Substituted and unsubstituted alkyl, aryl, aralkyl and 
alkaryl groups, 

0.077 R is selected from substituted or unsubsti 
tuted arylene, alkylene, alkarylene, and aralkylene 
grpupS, 
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0078 n is a number from 0 to 3; 
0079 at least one R, R or R group will be an aryl 
group or a group containing one or more aryl moi 
eties, and 

0080 no amino nitrogen atom will be bonded 
directly to the methylene carbon atom of an arylm 
ethylene (e.g., benzyl) group. Examples of Substitu 
ents of the R, R and R groups include halogen 
atoms, alkyl (e.g., methyl, octyl, and t-butyl), alkoxy, 
alkylthio and aryl groups. 

0.081 Examples of particularly useful amine compounds 
are N,N-di-beta-naphthyl-para-phenylene diamine (i.e., 
CH-NH-CH-NH-CH 7, formerly commercially 
available as “AGERITE WHIT", CH, -NH-CH 
NH-CHs, available commercially as “AGERITE DPPD', 
both compounds available from R. T. Vanderbilt Company, 
Inc., CH-NH-CHs and 
0082 para, Cl-CH-N(C-H)-CH 
N(CH3)-CH-Cl para. 
0.083. The following table lists a number of commercially 
available amine compounds, including the AGERITETM 
materials, that are useful in the invention. 
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0086 The Crosslinking Agent 
0087 Crosslinking agents useful in the additive system 
are those useful for curing Vinylidene fluoride-containing 
polymers. These crosslinking agents, also known as curing 
agents, include both the conventional curing agents used to 
cure fluoroelastomers, i.e., organic and inorganic peroxides, 
polyhydroxy compounds or derivatives thereof organic 
polyamines or derivatives thereof, and fluoroaliphatic poly 
ols and allyl ethers and carbonates of aromatic polyhydroxy 
compounds. 
0088. The polyhydroxy compounds and their derivatives 
represent a preferred class of curatives. The compounds are 
well known and are described in the art in U.S. Pat. Nos. 
4,259,463; 3,876,654; 4,233,421 and 5,262.490. Polyhy 
droxy compounds useful in the invention are also described 
in U.S. Pat. Nos. 3,655,727; 3,721,877; 3,857,807; 3,686, 
143; 3,933,372; and 4,358,559. The disclosures of these 
references with regard to these compounds is incorporated 
herein by reference. These compounds can be either aro 
matic or aliphatic polyhydroxy compounds or their deriva 
tives. Blends of Such compounds may be used if desired. 
0089 Representative examples of useful crosslinking 
agents are: 

Amine Structure MW Source Product Name 

CH-NH-CH-NH-CH, 360 Wanderbilt AGERITE 
WHITE 

CH-NH-CH-NH-CHs 260 Wanderbilt AGERITE 
DPPD 

CH(CH)NH-CH-NH(CH2)CH 304 Pfaltz, & O26430 
Bauer 

CH-NH-CHCH-NH-CH 212 Aldrich D27OO-4 
para Cl-CH-N(CHS)-CH 481. TCI B1336 
(CH),N-CH-N(CH), 164 Aldrich 16O2O-2 
4-phenylpiperidine 161 Aldrich 14861-1 
CH-NH-CHs 169 Fisher D-91 

346 Naugatuck Dibenzo GMF 

caco-K)--ocal 
0084 Any cure-enhancing additive may be used by itself 
Alternatively, any combination of the cure-enhancing addi 
tives may be used in the invention. 

0085. An effective amount of cure-enhancing additive is 
used in the invention. An effective amount is that which 

improves the maximum torque attained over that attained 
using a comparable composition that does not contain the 
cure-enhancing additive. The precise amount of cure-en 
hancing additive employed is influenced by a number of 
factors including the molecular weight of the particular 
additive molecule, the degree to which the recycle compo 
nent has been crosslinked, and the amount of recycle com 
ponent being added. Generally, the cure-enhancing additive 
is present in amounts ranging from 1 to 1000 millimoles per 
100 parts (mmhr) of the recycle component composition 
employed. Preferably, the cure-enhancing additive is present 
in amounts ranging from 1 to 50 mmhr, and more preferably 
in amounts ranging from 1 to 25 mmhr. 

0090 Hydroquinone, resorcinol 
0091 4,4'-dihydroxydiphenylsulfone (Bisphenol S) 
0092) 2,4'-dihydroxydiphenylsulfone 
0093 2.2-isopropylidine-bis(4-hydroxybenzene) 
(Bisphenol A) 

0094 2.2-hexafluoroisopropylidine-bis (4-hydroxy 
benzene) (Bisphenol AF) 

0095 4,4'-dihydroxybenzopheonone 4,4'-biphenol 
0096), 1-allyloxy4-hydroxybenzene 
0097 Bisphenol A monoallyl ether 
0.098 Dicarbonate blocked Bisphenol AF com 
pounds 

0099] 1,4-bis(hydroxymethyl) perfluorobutane 
0100 Hexamethylenediarnine carbamate 
0101 N,N'-dicinnamylidene-1,6-hexanediamine. 
0102 Mixtures of the foregoing can also be used. 
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0103) The Accelerator 

0104. Accelerators useful in the invention are organo 
onium compounds. These compounds accelerate the cure of 
the composition of the invention. 

0105 The organo-onium compounds are phosphonium, 
ammonium, or Sulfonium compounds which are conjugate 
acids of a phosphine, amine, or Sulfide. They can be formed 
by reacting Said phosphine, amine, or Sulfide with a Suitable 
alkylating agent (e.g., an alkyl halide or acyl halide) result 
ing in the expansion of the Valence of the electron donating 
phosphorous, nitrogen, or Sulfur atom and a positive charge 
on the organo-onium compound. The organo-onium com 
pounds Suitable for use in this invention are known and are 
described in the art. See, for example, U.S. Pat. No. 4,882, 
390 (Grootaert et al.), U.S. Pat. No. 4,233,421 (Worm), U.S. 
Pat. No. 5,086,123 (Guenthner et al.), and U.S. Pat. No. 
5,262,490 (Kolb et al.) which descriptions are incorporated 
by reference. 

0106 Said phosphonium compounds include those 
Selected from the group consisting of amino-phosphonium, 
phosphorane (e.g., triarylphosphorane), and phosphorous 
containing iminium compounds. 

0107 One class of phosphonium or ammonium com 
pounds broadly compriseS relatively positive and relatively 
negative ions (the phosphorous or nitrogen atom generally 
comprising the central atom of the positive ion), these 
compounds being generally known as ammonium or phos 
phonium Salts or compounds. 

0108) Another class of phosphonium compounds useful 
in this invention are amino-phosphonium compounds Some 
of which are described in the art, see for example, U.S. Pat. 
No. 4,259,463 (Moggi et al.). 
0109) Another class of phosphonium compounds useful 
in this invention are phosphorane compounds Such as tri 
arylphosphorane compounds, Some of the latter compounds 
are known and are described in the art, See for example, U.S. 
Pat. No. 3,752,787 (de Brunner), which descriptions are 
herein incorporated by reference. 

0110. Another class of iminium compounds useful in this 
invention are described in the art, e.g., European Patent 
Applications 182299A2 and 120462A1 which descriptions 
are herein incorporated by reference. 

0111 Representative phosphonium compounds include 
tetramethylphosphonium chloride, tetrabutylphosphonium 
chloride, tributylbenzyl phosphonium chloride, tributylal 
lylphosphonium chloride, tetraphenylphosphonium chlo 
ride, benzyltris(dimethylamino)phosphonium chloride, bis 
(benzyldiphenylphosphine)iminium chloride, and 
triphenylbenzylphosphonium chloride. 

0112 Sulfonium compounds useful in this invention are 
known and described in the art, e.g., see U.S. Pat. No. 
4,233,421 (Worm). Briefly described, a sulfonium com 
pound is a Sulfur-containig organic compound in which at 
least one Sulfur atom is covalently bonded to three organic 
moieties having from 1 to 20 carbon atoms by means of 
carbon-Sulfur covalent bonds and is ionically associated 
with an anion. Said organic moieties can be the same or 
different. The Sulfonium compounds may have more than 
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one relatively positive Sulfur atom, e.g., (CH3)2SCHS' 
(CH3)2Cl, and two of the carbon-sulfur covalent bonds 
may be between the carbon atoms of a divalent organic 
moiety, i.e., the Sulfur atom may be a heteroatom in a cyclic 
Structure. 

0113. The relative quantities of the cure-enhancing addi 
tive, the crosslinking agent and the accelerator used in the 
additive System are influenced by the amount of recycle 
component being employed, the degree to which the recycle 
component has been crosslinked, and the level or type of 
improvement desired in the finished product. The precise 
level of the additive system employed is that which is 
effective in improving the cure rheology of the composition 
of the invention as compared with that of a Similar compo 
Sition that does not employ the additive System. 
0114 Typically, the additive system will comprise from 
about 

0115 (a) 1 to 45 weight percent of the cure-enhanc 
ing agent, 

0116 (b) 1 to 75 weight percent of the crosslinking 
agent, and 

0117 (c) 1 to 40 weight percent of the accelerator. 
0118 Generally, the additive system comprises from 
about 

0119 (a) 1 to 30 (preferably 10 to 25) weight 
percent of the fluoroaliphatic Sulfonamide and 1 to 
15 (preferably 5 to 15) weight percent of the free 
radical Scavenger, 

0120) (b) 1 to 65 (preferably 35 to 50) weight 
percent of the crosslinking agent, and 

0121 (c) 1 to 35 (preferably 10 to 25) weight 
percent of the accelerator. 

0.122 The quantity of the additive system used in the 
invention is also that which is effective to improve the cure 
rheology of a composition of the invention as compared to 
a similar composition that does not employ the additive 
system. Generally, this level of the additive system used will 
be that which provides the previously discussed quantities of 
cure-enhancing additives to the final composition. 
0123. Other Adjuvants 
0.124. A variety of other adjuvants may be employed in 
the compositions of the invention. Such materials include 
acid acceptors, colorants, processing aids, and reinforcing 
fillers. 

0.125 Useful acid acceptors can be inorganic or organic 
compounds. Organic acid acceptors include Sodium Stearate 
and magnesium oxalate. However, acid acceptors are gen 
erally inorganic bases and include magnesium oxide, lead 
oxide, calcium oxide, calcium hydroxide, dibasic lead phos 
phite, Zinc oxide, barium carbonate, Strontium hydroxide, 
calcium carbonate, etc. The preferred acid acceptors are 
magnesium oxide and calcium hydroxide. The acid accep 
tors can be used singly or in combination and typically are 
used in amounts ranging from 2 to 25 parts per 100 parts by 
weight of the Virgin gum. 
0.126 Colorants useful in the invention are dyes or pig 
ments. The most common pigment is carbon black. 
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0127 Processing aids useful in the invention may include 
carnauba wax, aliphatic esters, carboxylic acids, and dior 
gano Sulfur oxides Such as dichlorodiphenylsulfone. 
0128. The cured fluoroelastomer may be recycled accord 
ing to the invention by preferably reducing the recycle 
component to a size Suitable for easy handling, refining the 
cured fluoroelastomer, blending the additive System with the 
cured fluoroelastomer and crosslinking the resulting blend. 
0129. The size of the cured fluoroelastomer can be 
reduced by grinding or comminuting using the methods 
described in U.S. Pat. Nos. 4,535,941; 4,625,922; and 5,411, 
215. 

0130. The cured fluoroelastomer can be refined by mix 
ing it in an internal mixer, or miling it on a two-roll mill. 
Both types of devices are well known in the art. The two-roll 
mills have the ability to process materials at a small nip (that 
is a narrow gap between the rolls). 
0131 Refining assists in recycling the cured fluoroelas 
tomer by breaking the crosslinks present and reducing the 
molecular weight of the cured fluoroelastomer. Refining can 
be carried out with or without the additive system being 
present. Preferably the cured fluoroelastomer is refined until 
a continuous mass is obtained, after which the additive 
System is blended into the mass. 
0132 A particularly useful means of recycling the cured 
fluoroelastomer employs a carrier gum in combination with 
the recycle component and the additive System. The carrier 
gum may be any uncured fluoroelastomer that is compatible 
with the final composition. Examples of Such carrier gums 
include the uncured fluoroelastomers described previously 
as fluoroelastomer gums. The carrier gum is employed to 
facilitate the incorporation of the additive System. Typically, 
the additive system is blended into the carrier gum. This 
blend may then be combined with the recycle component on, 
for example, a conventional two-roll mill, a refining mill, or 
an internal mixer to blend in the recycle component. The 
type of mixing device used will depend on the amount and 
form of recycle component to be used. The carrier gum is 
usually present as a minority component. The exact amount 
used will be varied depending on the crosslink density of the 
cured fluoroelastomer, the amount of recycle component 
desired in the final composition, etc. A typical range of 
carrier gum to recycle component is 0 to 100 parts of carrier 
gum to 100 parts of recycle component. A preferred range 
for optimum property enhancement is 10 to 30 parts carrier 
gum to 100 parts recycle component. However, more or leSS 
carrier gum may be used if desired. 
0133. The blend of recycle component, additive system, 
and optional carrier gum may be used by itself if desired. 
Alternatively it may be combined with the virgin fluoroelas 
tomer gum to form the final composition. In either case, the 
other adjuvants are typically added at this time. In the latter 
case, the various components, including the other adjuvants, 
may be combined on a two-roll mill or in an internal mixing 
device using techniques known in the art. 
0134) The techniques used for refining and final blending 
are Somewhat dissimilar. For example, when a two-roll mill 
is employed the ratio of roll Speeds is typically in the range 
of 1:1 or higher. Ratios of 1.4:1 to 2.0:1 are preferred for the 
refining Step. Lower ratios, e.g., 1.1 to 1.4 can be used. But 
residence time may need to be increased. A tight mill roll gap 
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or nip is beneficial in providing Sufficient shear rate in the 
vicinity of 200-1000 sec' or preferably 300-700 sec- for 
Suitable residence or processing time. 
0.135 Final blending is typically done at a wider nip 
Setting or less roll Speed differential resulting in more 
conventional shear rates of 50-200 sec' typically 100-150 

-1 
SCC 

0.136 The exact ratio of roll speeds in refining and final 
blending is determined by the result desired in the finished 
product. 

0.137 For best results the temperature of the mixture on 
the mixing device should not rise above about 120° C. 
During mixing it is necessary to distribute the components 
and adjuvants uniformly throughout the composition. 
0.138. The curing process typically comprises extrusion 
or pressing the final composition in a mold, e.g., a cavity or 
a transfer mold, and Subsequently oven curing. The compo 
Sition of this invention is particularly useful for injection 
molding. Pressing of the compounded mixture (press cure) 
is typically conducted at a temperature between about 95 C. 
and about 230° C., preferably between about 150° C. and 
about 205 C. for a period of from 1 minute to about 15 
hours, usually from 5 minutes to 30 minutes. A pressure of 
between about 700 kPa and about 20,600 kPa, preferably 
between about 3,400 kPa and about 6,800 kPa is imposed on 
the compounded mixture in the mold. The molded Vulcani 
Zate is then usually post cured (oven cured) at a temperature 
between about 150° C. and about 315 C., usually at about 
232 C. for a period of from about 2 hours to 50 hours or 
more depending on the cross-sectional thickness of the 
Sample. 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 Selected. For 
thinner cross-sections, e.g., less than 5 mm, the Vulcanizate 
or cured sheet Section may be put into the Oven at the desired 
maximum temperature. The maximum temperature used is 
preferably about 260 C. and is held at this value for about 
4 hours or more. 

0.139. One major utility of the Vulcanized compositions of 
this invention lies in their use as shaft Seals in automotive 
applications, gaskets, O-rings and the like, for containing 
fluids under pressure at elevated temperatures, as, for 
example, in hydraulic Systems in aircraft, or as components 
of reactors and fluid transfer lines used in the processing of 
chemicals. 

0140. The following examples are offered to aid in a 
better understanding of the present invention and are not to 
be unnecessarily construed as limiting the Scope thereof 

EXAMPLES 

0.141. In the following examples, quantities of at least 
partially Vulcanized fluoroelastomers are incorporated into 
compositions of the invention and cured and tested. The 
compounding was done on a conventional two-roll mill (13 
inx6 in/32.5 cmx15 cm) with a 1.4 to 1 ratio and a surface 
speed on the slow roll of 7.6 in/sec (19.1 cm/sec). Testing 
was done using the following test methods. 
0142 Test Methods 
0143 Mooney viscosity was determined by ASTM 1646 
94 (MS 121 C.). Results are reported in Mooney units. 
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0144. Cure Rheology Tests were run on compounded 
admixtures using a Monsanto Moving Die Rheometer 
(MDR) Model 2000 in accordance with ASTM D 5289-93a 
at 177 C., no preheat, 12 minute elapsed time (unless 
otherwise specified) and a 0.5° arc. Minimum torque (M), 
Maximum torque (M), i.e., highest torque attained during 
Specified period of time when no plateau or maximum was 
obtained. Also reported were: t2 (time for torque to increase 
2 units above M), t'50 (time for torque to reach M+0.5 
M-MI), and t'90 (time for torque to reach M+0.9M 
MI). 
0145 Press-ured samples (150x150x2.0 mm sheets, 
unless otherwise noted) were prepared for physical property 
determination by pressing at about 6.9 MegaPascals (MPA) 
for the indicated amount of time and temperature. 
0146 Post-cured samples were prepared by placing a 
preSS-cured Sample in a circulating air oven. The oven was 
maintained at 232 C. and the samples treated for 16 hours 
(unless otherwise noted). 
0147 Compression set determined by ASTM D 395-89 
Method B with 0.139 inch (3.5 mm) 0-rings compressed for 
70 hours at 200 C. Results are reported as %. 

MATERAL, GLOSSARY 
The following materials were used in the Examples: 

Flore TM Unvulcanized dipolymer fluoroelastomer gum 
Fluoroelastomer containing incorporated curatives, (typical fluorine 
FE-562OO content of 65.9%, approximate Mooney viscosity 

of 23) available from Dyneon LLC, St. Paul, 
Minnesota 

Flore TM Unvulcanized dipolymer fluoroelastomer gum 
Fluoroelastomer containing incorporated curatives, (typical fluorine 
FC-2179 content of 65.9%, approximate Mooney viscosity 

of 80 at 121 C.) available from Dyneon LLC, St. 
Paul, Minnesota 

Copolymer A Copolymer of 78 mole % vinylidene difluoride 
(VF) and 22 mole % hexafluoropropylene 
(HFP), (approximate Mooney viscosity of 75 at 
121° C.) 
Copolymer of 78 mole % VF, and 22 mole % 
HFP (approximate Mooney viscosity of 20 at 

Copolymer B 

121° C.) 
Carbon Black N-990 available from J.P. Huber Corp. of Borger, 

Texas 
Ca(OH)2 HP Grade available from C.P. Hall 
MgO Elastomag TM 170 available from Morton of 

Manistee, Michigan 
Bisphenol AF HOQ)-C(CF)-Ø-OH available from 

Aldrich Chemical Co. 
Reaction product of equimolar quantities of 
triphenyl benzyl phosphonium chloride (available 
from Aldrich Chemical Co.) and the sodium salt of 
Bisphenol AF as described in U.S. Pat. No. 
5,262,490. 
Reaction product of equimolar quantities of 
triarylsulfonium chloride (available from Auto 
Corporation) and the sodium salt of Bisphenol AF 
as described in U.S. Pat. No. 5,262,490. 

Accelerator A 

Accelerator B 

dtb Di-tertiary butyl phenol available from Aldrich 
Chemical Co. 

DBS Dibutyl sebacate available from Harwick Chemical 
Co. 

DPPD AGERITE DPPD 

(CH-NH-CH-NH-CHs) available 
from R.T. Vanderbilt Company, Inc. 

DBS/DPPD 50/50 blend of DBS and AGERITE DPPD 
IrganOX Irganox 1520, a phenol-containing free radical 

scavenger available from Ciba Geigy 
Irgafos Irgafos 168, a phosphite-containing free radical 

scavenger available from Ciba Geigy 
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-continued 

MATERAL, GLOSSARY 
The following materials were used in the Examples: 

DSTDP Distearyl-thio-dipropionate free radical scavenger 
available from Cytec 

CF-12O Tocopherol, a free radical scavenger available 
from Rhonotec 

Examples 1-9 
0.148. The following examples of the invention were 
prepared by making a recycle component and a carrier gum. 
The recycle component, the carrier gum, an additive System 
and a fluoroelastomer gum were then combined, press-cured 
and tested. The compositions employed and the results 
obtained are set out in Table 1. 

0149 Apartially vulcanized fluoroelastomer (the recycle 
component) was prepared from the following formulation: 

Component Parts by Weight 

FE-562OO 1OO 
N-990 3O 

Ca(OH), 6 
MgO 3 

0150. The components were combined together on a 
conventional two-roll mill until a uniform blend was 
obtained. The blend was removed from the mill pressed into 
sheets about 2 mm thick and partially cured (i.e., press 
cured). Pressing and partially curing took place at 177 C. 
for 12 minutes. The resulting sheets of recycle component 
were cut into Small pieces (i.e., about 12 cm Square) for 
future use. 

0151. A carrier gum was made on a conventional two-roll 
mill by combining the following components: 

Component Parts by Weight 

Copolymer A 50 
Copolymer B 50 
Bisphenol AF 5.96 
Accelerator A 1.97 
Accelerator B 2.78 
CFSONHCH 4.17 
Free Radical Scavenger 2.08 

0152 The carrier gum components were combined 
together on the mill and blended until a uniform mixture was 
obtained. The resulting carrier gum was then removed from 
the mill in an uncured State. 

0153. The nip of the mill was then tightened to 0.006 
inches (0.15 mm). This represented a shear rate of about 500 
sec'. Full cooling was applied to the mill. Twenty-five 
grams of the carrier gum were added to the nip. Then, 75 g 
of the recycle component were slowly added to the nip. The 
recycle component first formed a crumbled powder, and then 
formed a compound that banded on the mill and could be 
worked into the carrier gum. The resulting carrier/recycle 
blend was removed from the mill. 
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0154) The final composition was made by blending 84 g 
of FE-5620O, 27.9 g carbon black, 5.6 g Ca(OH) and 2.8 g. 
MgO on the two roll mill. To this was added 41.7 g of the 
carrier/recycle blend. 
O155 The resulting composition had an overall loading 
of fluoroelastomer gum as follows: 

0156 70 parts FE-5620O 
O157 7.5 parts of the Copolymer A and Copolymer 
B component of the carrier gum composition 

0158 22.5 parts of the FE-5620O from the recycle 
component. 

0159 100 parts total 
0160 The above composition was then filled to an overall 
loading of 30 phr (parts per hundred of rubber or gum) of 
N-990 carbon black, 6 phr of Ca(OH) and 3 phr of MgO. 
Because the recycle component already contained 30 phr 
carbon black, 6 phr Ca(OH) and 3 phr MgO, the actual 
quantities of these materials added to the mill were adjusted 
accordingly to give the final Overall composition. 
0.161 The finished product contained virgin fluoroelas 
tomer gum composition, carrier gum, recycle component, 
extra curatives for the recycle component and cure-enhanc 
ing additives. Rheology (cure curve) testing was performed 
on the finished composition before any press-curing was 
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from the mill, pressed into sheets about 2 mm thick. The 
finished product contained no carrier gum and no recycle 
component, extra curative, or cure-enhancing additives. 
Rheology testing and physical property testing was done as 
in Examples 1-9. The results are listed in Table 1. 

Comparative Example C2 

0164. This comparative example was prepared and tested 
as described in Examples 1-9 except that the carrier gum 
employed comprised only Copolymer A and Copolymer B. 
This composition included Virgin fluoroelastomer gum, par 
tially Vulcanized recycle component and carrier gum but no 
extra curative, no cure accelerator or cure-enhancing addi 
tives. The results of the tests are listed in Table 1. 

Comparative Example C3 

0.165. This example was prepared and tested as in 
Examples 1-9 except that the carrier gum employed no 
CFSONHCH and no free radical scavengers. This com 
position included Virgin fluoroelastomer gum composition, 
carrier gum, recycle component, extra curative, but no 
cure-enhancing additives. The test results are listed in Table 
1. 

0166 The cure rheology curves of Comparative 
Examples C1, C2, C3, and Example 9 are illustrated as 
curves 10, 20, 30 and 40 respectively in FIG. 1. 

TABLE 1. 

Cure-Enhancing Additive 

Recycle Carrier Free Radical M M ts2 t'50 t'90 Compression 
Ex. Component Gum. CFSONHCH. Scavenger (dN-m) (dN-m) (min) (min) (min) Set % 

C1 No No No No O.9 30.2 3.4 3.4 5.1 17.3 
C2 Yes Yes No No 1.7 13.9 2.5 3.1 5.4 25.6 
C3 Yes Yes No No 1.6 21.8 2.1 3.8 6.2 23.1 

1. Yes Yes Yes No 1.6 26.2 2.5 3.8 5.9 21.9 
2 Yes Yes Yes dtb 1.5 25.4 2.4 3.6 5.8 18.8 
3 Yes Yes Yes IrganOX 1.5 26.7 2.3 3.4 5.6 26.9 
4 Yes Yes Yes Irgafos 1.5 25.2 2.3 3.4 5.5 20.8 
5 Yes Yes Yes DPPD 1.6 26.0 2.4 3.7 5.9 21.0 
6 Yes Yes Yes DBS 1.5 27.7 2.4 3.4 5.5 20.1 
7 Yes Yes Yes DSTDP 1.6 27.9 2.4 3.5 5.6 20.8 
8 Yes Yes Yes CF-12O 1.7 24.7 1.8 2.6 4.3 24.7 
9 Yes Yes Yes DBS/DPPD 1.6 27.2 2.5 3.4 5.2 19.6 

done. The finished composition was then preSS-cured into a 
sheet for 12 minutes at 177 C. and post-cured for 16 hours 
at 232 C. Physical properties were tested on post-cured 
sheets. Compression set results were obtained after a 70 
hours test at 200 C. The results are listed in Table 1. 

Comparative Example C1 
0162 This example consisted of the following virgin 
fluoroelastomer gum composition: 

FE-562OO 100 g 
Carbon Black 30 g 
Ca(OH), 6 g 
MgO 3g 

0163 The ingredients were combined on a two-roll mill 
until a uniform blend was obtained. The blend was removed 

0167. The data in Table 1 show that Comparative 
Example C1, Virgin fluoroelastomer gum composition (i.e., 
one free of a recycle component), has the highest final 
crosslink density (as shown by the highest M) and the best 
compression Set (i.e., the lowest compression set value). It 
also shows that this composition reaches its maximum 
crosslink density very rapidly. 

0168 By way of contrast, Comparative Example C2 
shows that incorporating a recycle component into the Virgin 
fluoroelastomer without adding extra curatives significantly 
reduces the final crosslink density and negatively affects its 
compression Set. The reduction in compression Set is shown 
by the increase in the compression Set value. 

0169 Comparative Example C3 shows that the addition 
of extra curatives to a composition like that of Comparative 
Example C2 improves the final crosslink density. However, 
the final crosslink density is still well below that of the virgin 
material. Further, the compression Set is still negatively 
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affected as shown by the high compression Set value when 
compared to that of Virgin material. 
0170 Examples 1-9 each show that when the cure 
enhancing additives are used, the final crosslink density of 
the cured composition is significantly better than that 
achieved by merely adding recycle component as was done 
in Comparative Examples C2 or the recycle component plus 
additional curatives as was done in Comparative Example 
C3. The data further shows that final crosslink density 
approximates that of the Virgin gum composition. 

Examples 10-12 
0171 Fluoroelastomer gum and recycle component were 
prepared as described in Examples 1-9. One hundred grams 
of the recycle component were refined on a two-roll mill 
having a nip Setting of 0.15 mm (corresponding to a shear of 
about 500 reciprocal Seconds). Full cooling was applied to 
the mill. No carrier gum was used. The recycle component 
first formed a crumbled powder and then banded to the mill 
and could be worked. Extra curatives (1.02 g of VitonTM 
Cure 50 curative, a mixture of Bisphenol AF and phospho 
nium curatives available from DuPont-Dow LLC, and 0.32 
g of Bisphenol AF), 4.17 g of CFSONHCH and 2.08 g 
of free radical Scavenger were added to the recycle compo 
nent and blended into it. The free radical Scavenger was used 
in Examples 11 and 12 only. Then 345 g of the compounded 
Virgin fluoroelastomer gum of Comparative Example C1 
was added to the blend of recycle component, extra cura 
tives, and cure-enhancing additives. This composition was 
milled until a uniform blend was achieved. The final com 
position included Virgin fluorinated elastomer gum compo 
Sition, partially Vulcanized recycle component, extra cura 
tives and cure-enhancing additives. The compositions were 
cured and tested as described in Example 1. The results 
obtained are shown in Table 2. 

Comparative Example C4 
0172 This example was prepared and tested as described 
in Examples 10-12 except that no extra curative and no 
cure-enhancing additives were used. The final composition 
consisted of Virgin fluoroelastomer gum, the recycle com 
ponent but no carrier gum, extra curatives or cure-enhancing 
additives. The test results are shown in Table 2. 

Comparative Example C5 
0173 This example was prepared and tested as described 
in Examples 10-12 except that no cure-enhancing additives 
were used. The final composition consisted of the Virgin 
fluoroelastomer gum and the recycle component and extra 
curatives. It employed no carrier gum or cure-enhancing 
additives. Test results obtained are shown in Table 2. 

TABLE 2 

Cure-Enhancing Additive 
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0.174. The data in Table 2 show that the carrier gum is not 
essential to the present invention. The data further shows 
that the present invention provides improved final crosslink 
density over that obtained with prior attempts to incorporate 
recycle fluoroelastomer. Finally, the data show that the 
present invention provides improved compression Set. 

Examples 13-16 

0.175. These examples were prepared and tested as 
described in Examples 1-9 except that Fluorel FC-2 179 
fluoroelastomer gum was substituted for Fluorel FE-5620O 
in making the recycle component and in the Virgin fluo 
roelastomer gum. Additionally, no extra curatives and no 
carrier gum was used. Further, the level of cure-enhancing 
additive used was sufficient to provide 0.8 parts of 
CF, SONHCH, per hundred parts of total fluoroelastomer 
gum, or 0.4 parts of free radical Scavenger per hundred parts 
of fluoroelastomer gum. The final composition comprised 
Virgin fluoroelastomer gum composition, press-cured (i.e., 
partially Vulcanized) recycle component, carrier gum and 
cure enhancing agents. The test results are shown in Table 3. 

Examples 17-18 

0176) These examples were prepared and tested as 
described in Examples 13-16 except that the recycle com 
ponent was both press-cured and post-cured (i.e., it was 
essentially completely Vulcanized) before being incorpo 
rated into the final composition. The results of the physical 
tests are given in Table 3. 

Comparative Example C6 

0177. This example was prepared and tested as described 
in Examples C1 except that the Virgin fluoroelastomer gum 
composition used FC-2179 instead of FE-5620O. The 
results of the physical tests are given in Table 3. 

Comparative Example C7 

0.178 This example was prepared and tested as described 
in Examples 13-16 except that although the recycle compo 
nent was used, no extra curative or cure-enhancing agents 
were employed. The results of the physical tests are given in 
Table 3. 

Comparative Example C8 

0179 Comparative Example C7 was repeated except that 
the recycle component was essentially completely Vulca 
nized before being incorporated into the final composition. 
The results of the physical tests are given in Table 3. 

Recycle Carrier Free Radical M. MH ts2 t'50 t'90 Compression 
Ex. Component Gum. CFSONHCH. Scavenger (dN-m) (dN-m) (min) (min) (min) Set (%) 
C1 No No No No O.9 30.2 3.4 3.4 5.1 17.3 
C4 Yes No No No 1.6 12.3 2.1 3.2 6.1 27.2 
C5 Yes No No No 1.8 20.7 1.6 3.9 4.7 2O.9 
1O Yes No Yes No 1.9 23.7 18 2.9 5.3 20.4 
11 Yes No Yes dtb 1.7 24.4 1.7 2.6 4.3 18.5 
12 Yes No Yes DBS 1.7 24.6 18 2.4 3.9 18.7 
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TABLE 3 

Cure-Enhancing Additive 

Recycle Carrier Free Radical M M t2 t'50 t'90 Compression 
Ex. Component Gum. CFSONHCH. Scavenger (dN-m) (dN-m) (min) (min) (min) Set (%) 
C6 No No No No 4.3 33.2 1.3 2.4 3.3 10.5 
C7 Yes No No No 6.2 17.6 1.O 2.O 5.5 34.4 
C8 Yes No No No 6.4 12.9 18 3.0 9.5 41.7 
13 Yes No No DBS 6.1 19.4 O.8 1.4 3.1 31.1 
14 Yes No No dtb 6.2 19.4 O.8 1.4 3.0 29.1 
15 Yes No No DPPD 6.2 19.1 O.8 1.7 3.9 32.3 
16 Yes No Yes No 6.2 20.3 1.O 2.3 4.9 25.3 
17 Yes No No dtb 6.2 16.7 1.2 3.5 9.4 34.6 
18 Yes No Yes No 6.1 14.1 1.5 3.9 10.2 31.O 

0180. The data in Table 3 demonstrate that incorporating 
a recycle component into Virgin fluoroelastomer gum, even 
with extra curatives being present, Substantially lowers the 
final crosslink density. It also Substantially reduces the 
compression Set resistance of the composition. Compare the 
M and Compression Set values of Comparative Example 
C6 (virgin material) with those of Comparative Example C7. 
0181. The data further show that incorporating a cure 
enhancing agent into the composition Substantially improves 
MH and generally improves resistance to compression Set 
over Comparative Example C7. 
0182. The data in Table 3 show improvement in both final 
crosslink density and resistance to compression Set when the 
cure-enhancing agents are used to recycle at least partially 
Vulcanized fluoroelastomer. 

0183 Finally, the data demonstrates that the benefits of 
the present invention are achieved even when essentially 
fully Vulcanized recycle component is used. 

Examples 19-21 
0184 Examples 19-21 were prepared and tested as 
described in Examples 1-9 except that the amount of the 
carrier/recycle blend combined with the virgin fluoroelas 
tomer gum was adjusted So that the recycle component 
comprised 10%, 20% or 30% of the total composition. 
Additionally, the carrier gum contained dichlorodiphenyl 
sulfone (DCDPS) in an amount sufficient to provide 0.9 
parts of DCDPS per 100 parts of fluoroelastomer gum. The 

0185. The foregoing detailed description and examples 
have been given for clarity of understanding only. No 
unnecessary limitations are to be understood therefrom. The 
invention is not limited to the exact details shown and 
described, for variations obvious to one skilled in the art will 
be included within the invention defined by the claims. 

1. An additive System used to recycle at least partially 
Vulcanized fluorinated elastomer comprising an effective 
amount of each of the following: 

(a) a cure-enhancing additive; 
(b) a crosslinking agent; and 

(c) an accelerator. 
2. An additive System according to claim 1 wherein the 

cure-enhancing additive comprises at least one material 
Selected from the group consisting of a free radical Scaven 
ger, a fluoroaliphatic Sulfonamide, and a mixture of Such 
materials. 

3. An additive System according to claim 2 wherein the 
crosslinking agent is Selected from the group consisting of 
an aromatic polyhydroxy-containing compound. 

4. An additive System according to claim 3 wherein the 
accelerator comprises an organo-onium compound. 

5. An additive System according to claim 1 comprising 

(a) from 1 to 45 percent by weight of the cure-enhancing 
test results are listed in Table 4. additive; 

TABLE 4 

Cure-enhancing Additive 

Recycle Carrier Free Radical M. MH ts2 t'50 t'90 Compression 
Ex. Component Gum. CFSONHCH. Scavenger (dN-m) (dN-m) (min) (min) (min) Set (%) 

C1 No No No No O.9 30.2 3.4 3.4 5.1 17.3 
C2 Yes Yes No No 1.7 13.9 2.5 3.1 5.4 25.6 

(22.5%) 
C3 Yes Yes No No 1.6 21.8 2.1 3.8 6.2 23.1 

(22.5%) 
19 Yes Yes Yes DBS/DPPD 1.2 27.0 2.9 3.9 6.3 16.2 

(10%) 
2O Yes Yes Yes DBS/DPPD 1.7 26.7 2.6 3.9 5.9 19.9 

(20%) 
21 Yes Yes Yes DBS/DPPD 2.4 27.4 2.O 3.4 5.9 21.9 

(30%) 
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(b) from 1 to 75 weight percent of the crosslinking agent; 
and 

(c) from about 1 to 40 weight percent of the accelerator. 
6. An additive System according to claim 5 wherein 
(a) the cure-enhancing additive comprises a fluoro 

aliphatic Sulfonamide and a free radical Scavenger; 
(b) the crosslinking agent is selected from the group 

consisting of organic peroxides, inorganic peroxides, 
polyhydroxides and derivatives thereof, organic 
polyamines and derivatives thereof, fluoroaliphatic 
polyols, allyl ethers of polyhydroxy compounds, and 
allyl carbonates of polyhydroxy compounds, and 

(c) the accelerator comprises an organo-onium com 
pound. 

7. An additive System according to claim 1 further com 
prising a processing aid. 

8. A composition comprising: 
(a) at least one fluoropolymer Selected from the groups 

consisting of 

(i) an unvulcanized fluorinated elastomer gum, and 
(ii) an at least partially Vulcanized fluorinated elas 

tomer, and 
(b) an effective amount of a cure-enhancing additive. 
9. The composition according to claim 8 wherein the 

fluoropolymer comprises the at least partially Vulcanized 
elastomer. 

10. The composition according to claim 8 wherein the 
fluoropolymer comprises the unvulcanized fluorinated elas 
tomer gum. 

11. The composition according to claim 8 further com 
prising: 

(c) an effective amount of at least one crosslinking agent. 
12. The composition of claim 11 further comprising 
(d) an effective amount of an accelerator. 
13. The composition according to claim 8 further com 

prising a processing aid. 
14. The composition according to claim 8 wherein 
(a) the cure-enhancing additive comprises a fluoro 

aliphatic Sulfonamide and a free radical Scavenger; 
(b) the crosslinking agent is selected from the group 

consisting of organic peroxides, inorganic peroxides, 
polyhydroxides and derivatives thereof, organic 
polyamines and derivatives thereof fluoroaliphatic 
polyols, allyl ethers of polyhydroxy compounds, and 
allyl carbonates of polyhydroxy compounds, and 

(c) the accelerator comprises an organo-onium com 
pound. 

15. The composition according to claim 13 wherein the 
cure-enhancing additive is a free radical Scavenger Selected 
from the group consisting of phenol compounds, phosphite 
compounds, thioester compounds, and amine compounds. 
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16. The composition according to claim 14 wherein the 
cur nhancing agent comprises a mixture of the free radical 
Scavenger and the fluoroaliphatic Sulfonamide. 

17. A composition useful to recycle cured fluoroelastomer 
materials comprising: 

(a) a recycle component comprising an at least partially 
Vulcanized fluoroelastomer, 

(b) an effective amount of an additive System comprising 
(i) a cure-enhancing additive Selected from the group 

consisting of fluoroaliphatic Sulfonamide, a free radi 
cal Scavenger, and a mixture of the two, 

(ii) a curative for a fluoroelastomer gum, and 
(iii) an organo-onium accelerator. 

18. A composition according to claim 17 wherein the 
additive System is present at a level Sufficient to improve the 
cure rheology of the composition as compared to the cure 
rheology obtained in the absence of the additive System. 

19. A composition according to claim 17 further compris 
ing a Virgin fluoroelastomer gum. 

20. An article comprising the crosslinked composition of 
claim 17. 

21. A method of recycling an at least partially Vulcanized 
fluorinated elastomer comprising the Steps of: 

(a) providing a quantity of the at least partially Vulcanized 
fluorinated elastomer; and an additive System compris 
ing 

(i) at least one cure-enhancing additive, 
(ii) at least one curative, and optionally, 
(iii) at least one accelerator, 

(b) refining the at least partially Vulcanized fluoroelas 
tomer, 

(c) blending the additive System with the at least partially 
Vulcanized fluoroelastomer, optionally while the at 
least partially Vulcanized fluoroelastomer is being 
refined, and 

(d) curing the resulting composition. 
22. A method according to claim 21 wherein refining the 

at least partially Vulcanized fluoroelastomer occurs in the 
presence of a Virgin fluoroelastomer gum. 

23. A composition comprising 

(a) a virgin fluoroelastomer gum, and 
(b) an effective amount of additive System comprising 

(i) a cure-enhancing additive, 
(ii) a curative, and 
(iii) an accelerator. 

k k k k k 


