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A process for removing iron-residues, rhodium- and rutheninum-containing catalyst residues

from optionally hx drogenated nitrile rubber

ABSTRACT

A process is provided for the removal of iron-residues, rhodium- and/or ruthenium-containing
catalyst residues from a solution of optionally hydrogenated nitrile rubber containing such iron-

residues, rhodium- and/or ruthenium-containing residues by contacting such solution with a

specific functionalized ion exchange resin.
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A process for removing iron-residues, rhodium- and ruthenium-containing catalyst residues

from optionally hydrogenated nitrile rubber

FIELD OF THE INVENTION

This invention provides a process for the removal of iron-residues, rhodium- and ruthenium-

containing catalyst residues from optionally hydrogenated nitrile rubber.

BACKGROUND OF THE INVENTION

Polymer hydrogenation is a well known operation, as disclosed, for example, in US-A- 4,396,761,
US-A-4,510,293, US-A-5,258,467 and US-A-4,595,749. The Subsequent separation of the

hydrogenation catalyst from the polymer, however, is not always described in detail or even at all.

More specifically, certain rhodium containing catalysts are known to be particularly suitable for the

selective hydrogenation of nitrile rubber (i.e. reduction of the carbon-carbon double bonds without
concomitant reduction of the carbon-nitrogen triple bonds present in nitrile rubber). Such
hydrogenated nitrile rubber is less susceptible to heat-induced degradation in comparison to

unsaturated nitrile rubber.\

For example, US-A-4,464,515 teaches the use of hydrido rhodium tetrakis (triphenylphosphine)
catalyst, i.e. HRh(PPh;),, in a process to selectively hydrogenate unsaturated nitrile rubber. The
unsaturated nitrile rubber is first dissolved in a suitable solvent to provide a viscous rubber
solution. The catalyst is then dissolved in the rubber solution. The hydrogenation process is said to
be homogeneous because the substrate and catalyst are contaiued in the same phase. The HNBR
obtained is precipitated and simply washed with iso-prdpanol. There is no further disclosure about

removing the hydrogenation catalyst.

GB—A—I 998,491 teaches the use of chloro rhodium tris(triphenylphosphine) (RhCI(PPh3)3) as

catalyst in a similar process to hydrogenate unsaturated nitrile rubber. The hydrogenation product is

separated off from the reaction solution by treatment with steam or by pouring into methanol and is

subsequently dried at elevated temperature and reduced pressure. Once more no teaching is

provided how the hydrogenation catalyst might be removed. |

Additionally certain ruthenium containing catalysts are known to be particularly suitable for either
the selective metathesis or hydrogenation of nitrile rubber. The process of utilizing ruthenium

containing catalysts for the homogeneous hydrogenation of nitrile rubber is well known, as
disclosed, for example, in US-A-5,075,388 and US-A-6,084,033.
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In US 5,075,388 1t is disclosed to hydrogenate nitrile rubber in the presence of of an NH,
containing compound selected from ammonia and a C,,o primary amine. US-A-6,084,033 teaches
the use of a rhodium-ruthenium bimetallic complex catalyst for the hydrogenation of nitrile rubber.

However, there is no teaching at all, how to remove the respective catalyst residues from the

hydrogenated nitrile rubber.

An advantage of the above homogeneous hydrogenation processes is that they require minimal
amounts of catalyst to effect the hydrogenation. However, a major disadvantage of such processes
1s that 1t 1s difficult to remove the catalyst from the reaction mixture once the reaction is complete.

By comparison, in a heterogeneous process, i.e. where the catalyst is not dissolved in the reaction

medium, the catalyst may be readily removed by filtration or centrifugation.

Furtheron the use of ion-exchange resins is known from prior art to recover certain catalyst

residues from reaction mixtures which are mostly non-viscous chemical process streams.

In US-A-5,118,716 speciﬁc ion-exchange resins are disclosed which contain dithioate functional
groups and which are described as suitable for the recovery of Groups VIII metals and asserted to
be effective for the removal of rhodium containing catalysts from chemical process streams.

However, there 1s no teaching or suggestion for which types of reaction mixtures these resins may

indeed be used.

The recovery of rhodium complexes from non-viscous chemical process streams using ion-
exchange resins is also known. For example, DE-OS-1 954 315 describes the separation of
rhodium carbony! catalysts from (low molecular weight) oxo reaction mixtures by treating the raw

0XO reaction mixtures with a basic ion exchanger in the presence of CO and hydrogen. Chemical

~Abstracts 85: 5888k (1976) teaches the use of a thiol-functionalized resin to recover Group VIII

noble metal complexes which have been used as catalysts in hydrogenation, hydroformylatidn and

hydrocarboxylation. Organic solutions containing said catalyst residues are treated with ion-

exchange resins. Chemical Abstracts 87: 26590p (1977) describes a two-stage process in which
(1) an aqueous, noble-metal containing solution is prepared by extracting the noble metal from a
waste ceramic catalyst carrier and (ii) the noble metal is then adsorbed on an ion-exchange resin.

Finally, Chemical Abstracts 95: 10502r (1981) relates to the simultaneous recovery of platinum

- and rhodium by extracting the metals from spent catalysts using HCl and HNOQ,, followed by the

subsequent use of an ion-exchange column to adsorb the metals.

US-A-4,985,540 discloses a process for removing rhodium-containing catalyst residues from
hydrogenated nitrile rubber by contacting a functionalized ion exchange resin with a hydrocarbon

phase, which contains the hydrogenated nitrile rubber, the rhodium-containing catalyst residues and
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a hydrocarbon solvent. It is said that such process is capable of removing rhodium from viscous
solutions containing less than 10 ppm rhodium (weight rhodium/weight solution basis). The ion

exchange resins used preferably have a relatively large average particle diameter between 0,2 and

2,5 mm.

In US-6,646,059 B2 it is disclosed to remove iron- and rhodium-containing residues from a
solution of hydrogenated nitrile rubber which has been obtained by hydrogenating a nitrile rubber
in the presence of a rhodium-based catalyst. Iron-containing residues may be present due to a
minimum corrosion or degradation which might occur in any metal vessel or pipes or alternatively
due to the fact that Iron-containing compounds' might have been used as activators in the
polymerisation of the nitrile rubber. The process of US-6,646,059 B2 utilizes a specific
monodispersed macroporous cross-linked styrene-divinylbenzene copolymer resin having thiourea

functional groups. The fact that the 10n-exchange resin 1s monodispersed 1s important for the

successful performance of the process.

Polymer metathesis is also well documented operation, as disclosed,' for example, in US
2003/0027958 Al, US 2003/0088035 A1 and US 2004/0132891 Al, but once more the separation
of catalyst residues from the metathesized products has not been intensively investigated so far.
Certain ruthenium-containing catalysts are known to be particularly suitable for the selective
metathesis of nitrile rubber, i.e. the cleavage of the carbon-carbon double bonds without

concomitant reduction of the carbon-nitrogen triple bonds present in the nitrile rubber.

For example, US 2003/0088035 A1l teaches the use of bis(tricyclohexylphosphine)benzylidene
ruthenium dichloride in such a process resulting in a nitrile rubber with a reduced molecular
weight. Similarly, US 2004/0132891 A1l teaches the use of 1,2-bis-((2,4,6-trimethylphenyl)-2-
imidazolidinylidene)(tricyclohexylphosphine)-Ruthenium(phenylmethylene)dichloride  for the
metathesis of nitrile rubber, although in the absence of a co-olefin. In both of these processes the
nitrile rubber is first dissolved in a suitable solvent to provide a viscous rubber solution. If desired a

co-olefin is added to the reaction solution. The catalyst is then dissolved in the rubber solution and

the metathesis performed. None of those two US patent applications contains any disclosure about

the removal of catalyst residues from the reaction mixture.

US-A-6,376,690 discloses a process for removing metal complexes from reaction mixtures and it is
said that such process is especially amenable for the post-reaction separation of ruthenium or
osmium metathesis catalysts from the desired products. Said Separation process in which a second
immiscible solution containing a solubility-enhancing compound (preferably a phosphine or
derivative thereof) is added to the original reaction mixture. The metal catalyst once reacted with

the solubility-enhancing compound migrates out of the reaction mixture into the second solution.
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This solution 1s then removed from the reaction solution. While US-A-6,376,690 teaches for the
removal of metals like Cu, Mg, Ru, and Os, it involves the addition of additives which, if not fully
removed, can interfere in any subsequent reaction step, like e.g. with the hydrogenation catalyst
used in a subsequent hydrogenation reaction. Secondly, the separation of two immiscible solutions

while relatively easy on small scale is quite a complex process on a commercial scale of grand

scale.

WO-A-2006/047105 discloses the separation of a metathesis catalyst from a reaction mixture
through contact of the reaction mixture with a nanofiltration membrane. The reaction mixture
contains not only the metathesis catalyst, but in addition one or more unconverted reactaﬁt olefins,
optionally a solvent and one or more olefin products. As nanofiltration membranes a polyimide

nanofiltration membrane is preferably used so as to recover a permeate containing a substantial

portion of the olefin reaction products, the unconverted reactant olefins, and optional solvent, and a

retentate containing the metathesis catalyst, and optionally, metathesis catalyst degradation
products'. The process of WO-A-2006/047105 is considered to be applicable to homogeneous ‘
metathesis catalysts on the basis of ruthenium, molybdenum, tungsten, rhenium, or a mixture
thereof, preferably on the basis of ruthenium. W0-A-2006/047105 does not comment on the
possibility of utilizing such a membrane technology for the removal of a rhodium species also.
Theretfore in the situation were said nitrile rubber is hydrogenated in the next step two separate

metal catalyst recovery processes would probably be needed resulting in considerable cost

increases and negative capacity results.

Organic Letters, 2001, Vol. 3, No. 9, pages 1411-1413 describes a method for removing
undesired highly colored ruthenium byproducts generated during olefin metathesis reactions with
Grubbs catalysts. The crude reaction products like diethy! diallylmalonate obtained by ring closing
metathesis are treated with triphenylphosphine oxide or dimethyl sulfoxide, followed by filtration
through silica gel. This allows to remove the colored ruthenium-based byproducts which is
important as an incomplete removal is known to cause complications such as double bond
1somerization during distillation or décomposition of the reaction products. However, as with US
6,376,690, the use and introduction of additives such as dimethyl sulfoxide could - if nof
completely removed after its use — be detrimental if applied to solutions of nitrile rubber which
shall then be subjected to a subsequent hydrogenation. A transfer of such process to nitrile rubber
solutions 1s therefore not a viable alternative. Additionally the necessary silica gel filtration process

in terms of a commercial process would result in extensive costs.

In Tetrahedron Letters 40 (1999), 4137-4140 it is disclosed to add a water-soluble
tris(hydroxymethyl)phosphine to a reaction mixture which contains diethyldiallylmalonate obtained

by ring closing metathesis in the presence of the Ru-catalyst Grubbs 1. It is observed that when the
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- crude reaction miﬁture is added to a solution of tris(hydroxymethyl)phosphine and triethylamine in

methylene chloride, the solution turned from a black/brown color to pale yellow within five
minutes, this indicating that tris(hydroxymethyl)phosphine was coordinating to the ruthenium.
Upon the addition of water, the yellow color moved into the aqueous phase leaving the methylene

chloride phase colorless. NMR studies showed that all of the desired product remained in the

- methylene chloride phase and all of the phosphine moved to the aqueous phase. In an alternative

embodiment the diethyldiallylmalonate solution containing the ruthenium catalyst byproducts was
stirred with a solution of tris(hydroxymethyl)phosphine, and triethylamine in methylenechloride in
the simultaneous presence of excess silica gel. As the tris(hydroxymethyl)phosphine is know to

graft onto silica gel this gave the best results.

Notwithstanding the above methods of the art, remains room for improvement with regard to a
method which allows the removal of various metal residues, and in particular nobel metal
containing catalyst residues simultaneously from optionally hydrogenated nitrile rubber, and 1n

particular from viscous solutions of such optionally hydrogenated nitrile rubber.
SUMMARY OF THE INVENTION

The preseht invention relates to a process for the removal of iron-residues and/or rhodium- and/or
ruthenium-containing catalyst residues from optionally hydrogenated nitrile rﬁbber, the process
comprising contacting a solution of an optionally hydrogenated nitrile rubber containing iron-
residues and/or rhodium- and/or ruthenium-containing catalyst residues with a functionalized ion-
exchange resin which is (i) macroreticular, (ii) modified with at least one typé of a functional group
which is selected from a primary amine, secondary amine, thiol, carbodithioate, thidurea and
dithiocarbamate group and (iii) which has an average particle size of at minimum 0,05 mm and less
than 0,20 mm dry basis. The present invention further comprises optinally hydrogenated nitrile

rubbers possessing a low iron- and/or rhodium- and/or ruthenium-content.

DETAILED DESCRIPTION

The process of the present invention starts from a solution of an optionally hydrogenated nitrile

rubber which contains iron-residues and/or rhodium- and/or ruthenium-containing catalyst residues.

The solution of the optionally hydrogenated nitrile rubber may compﬁse an amount of the
ruthenium-containing catalyst residues in the range of from 5 to 1000 ppm ruthenium, preferably
from 5 to 500 ppm, and in particular from 5 to 250 ppm, based on the optionally hydrogenated

nitrile rubber used.
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. Alternatively or additionally the solution of the optionally hydrogenatéd nitrile rubber may

comprise an amount of the rhodium-containing catalyst residues in the range of from 5 to 200 ppm

rhodium, preferably from 10 to 100 ppm, and in particular from 20 to 100 ppm, based on the

optionally hydrogenated nitrile rubber used.

~ Alternatively or additionally the solution of the optionally hydrogenated nitrile rubber may

comprise an amount of iron residues in the range of from 2 to 500 ppm iron, preferably from 5 to
250 ppm, and in particular from 10 to 100 ppm, based on the optionally hydrogenated nitrile rubber
used. Iron residues may occur in the solution of an optionally hydrogenated nitrile rubber due to
minimum corrosion occurring in the polymerisation vessels or pipes, especially in case of a
hydrogenated nitrile rubber, if its hydrogenation 1s performed_using_ a catalyst containing chloride,
in particular Wilkinson’s catalyst (CI-Rh[P(C¢Hs)3]3), and HCI is therefore formed as a bi- '
product during hydrogenation. Alternatively iron residues may occur due to the fact that iron-
containing compounds might have been used as activators in the polymerisation of the nitrile

rubber.

The solution of the optionally hydrogenated nitrile rubber which is subjected to the process
pursuant to the invention may contain from 0.5 to 20 %b.w. of the optionally hydrogenated nitrile

rubber, preferably from 3 to 12 %b.w.. Hence, such solution 1s viscous.

The optionally hydrogenated nitrile rubber is dissolved in a solvent which is typically an organic

solvent, preferably dichloromethane, benzene, monochloroben'zene, toluene, methyl ethyl ketone,

acetone, tetrahydrofuran, tetrahydropyran, dioxane and cyclohexane.

The way of obtaining the solution of an optionally hydrogenated nitrile rubber 1s not critical, as
long as it contains iron-residues and/or rhodium- and/or ruthenium-containing catalyst residues.

Various methods are known from the relevant prior art.

Typically such a solution of an optionally hydrogenated nitrile rubber may be obtained (i) by
metathests of a nitrile rubber and/or (i1) a hydrogenation of the carbon-carbon double bonds present

in the nitrile rubber.

In one embodiment the solution of a nitrile rubber is subjected to the process according to the
invention which 1s obtainable by metathesis of a nitrile rubber, in'paﬁicular in the presence of a

ruthenium-containing catalyst.

In another embodiment the solution of a hydrogenated nitrile rubber is subjected to the process

according to the invention which is obtainable obtained by performing (i) a metathesis of the nitrile
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rubber, in particular in the presence of a ruthenium-containing catalyst and (ii) subsequently

performing a hydrogenation of the carbon-carbon double bonds present in the nitrile rubber, in

particular by using a rhodium- or ruthemium-containing catalyst.

In a third embodiment the solution of a hydrogenated nitrile rubber is subjected to the process
according to the invention which is obtainable by performing a hydrogenation of the carbon-carbon

double bonds of a nitrile rubber, in particular in the presence of a rhodium- or ruthenium-

containing catalyst.

In a fourth embodiment the solution of a nitrile rubber is subjected to the process according to the

invention which is obtainable by polymerising the respective monomers.

The term “ruthenium-containing catalyst residues” and “rhodium-containing catalyst

residue”, respectively, shall encompass for the purpose of this application any ruthenium

(thodium)-containing catalyst as well as any degradation products thereof, including the

ruthenium(rhodium)-ion.

The term “iron-residue” shall encompass for the purpose of this application any iron containing

compound as well as any degradation products thereof, including iron ions.

Nitrile rubbers (also referred to as “NBR” for short) are copolymers or terpolymers which
comprise repeating units of at least one conjugated diene, at least one o,B-unsaturated nitrile, and

optionally one or more further copolymerizable monomers.

The conjugated diene can be of any nature. Preference is given to using (C4-Cs) conjugated dienes.
Particular preference is given to 1,3-butadiene, isoprene, 2,3-dimethylbutadiene, piperylene or
mixtures thereof. Very particular preference is given to 1,3-butadiene and isoprene or mixtures

thereof. Especial preference is given to 1,3-butadiene.

- As a,B-unsaturated nitrile, it is possible to use any known a,B-unsaturated nitrile, preferably a (Cs-

Cs) o,p-unsaturated nitrile such as acrylonitrile, methacrylonitrile, ethacrylonitrile or mixtures

thereof. Particular preference is given to acrylonitrile.

A particularly preferred nitrile rubber is thus a copolymer of acrylonitrile and 1,3-butadiene.

Apart from the conjugated diene and the a,B-unsaturated nitrile, it is possible to use one or more
further copolymerizable monomers known to those skilled in the art, e.g. o,p-unsaturated

monocarboxylic or dicarboxylic acids, their esters or amides.
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As o,B-unsaturated monocarboxylic or dicarboxylic acids, preference is given to fumaric acid,

maleic acid, acrylic acid and methacrylic acid.

As esters of a,B-unsaturated carboxylic acids, preference is given to using their alkyl esters and
alkoxyalkyl esters. Particularly preferred alkyl esters of a,p-unsaturated carboxylic acids are methyl
acrylate, ethyl acrylate, n-butyl acrylate, tert-butyl acrylate, n-butyl methacrylate, tert-butyl
methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl methacrylate and octyl acrylate. Particularly
preferred alkoxyalkyl esters of a,B-unsaturated carboxylic acids are methoxyethyl (meth)acrylate,
ethoxyethyl (meth)acrylate and methoxyethyl (meth)acrylate. It is also possible to use mixtures of
alkyl esters, e.g. those mentioned above, with alkoxyalkyl esters, e.g. In the form of those

mentioned above.

The proportions of conjugated diene and «,B-unsaturated nitrile in the NBR polymers to be used

can vary within wide ranges. The proportion of or of the sum of the conjugated dienes is usually in

the range from 40 to 90% by weight, preferably in the range from 50 to 85% by weight, more
preferably from 50 to 82% by weight, and most preferably from 50 to 75% by weight based on the
total polymer. The proportion of or of the sum of the a,B-unsaturated nitriles is usually from 10 to
60% by weight, preferably from 15 to 50% by weight, more preferably from 18 to 50% by
weight,and most preferably from 25 to 50% by weight, based on the total pé]ymer. The proportiohs

of the monomers in each case add up to 100% by weight. Additional monomers can be present. If

this is the case they are present in amounts of from greater than 0 up to 40% by weight, preferably
from 0.1 to 40% by weight, particularly preferably from 1 to 30% by weight, based on the total
polymer. In this case, corresponding proportions of the conjugated diene(s) and/or of the a,pB-

unsaturated nitrile(s) are replacéd by the proportions of the additional monomers, with the

' proportions of all monomers in each case adding up to 100% by weight.

The preparation of nitrile rubbers as such by polymerization of the abovementioned monomers is

~ adequately known to those skilled in the art and is comprehensively described in the polymer

literature. Typically such nitrile rubbers are prepared by radical emulsion polymerisation. Nitrile

rubbers are also commercially available, e.g. as products from the product range of the trade names

Perbunan® and Krynac® from Lanxess Deufschland GmbH.

The nitrile rubbers obtained after polymerisation typically have a Mooney viscosity (ML 1+4 at
100°C) in the range from 5 to 70, preferably from 30 to 50. This corresponds to a weight average
molecular weight Mw in the range 50.000 — 500.000, preferably in the range 200.000 - 400.000.
The nitrile rubbers further have a polydispersity PDI = Mw/Mn, where Mw is the weight average

molecular weight and Mn is the number average molecular weight, 1in the range 1,7 - 6,0 and
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preferably in the range 2,0 —3,0. The determination of the Mooney viscosity is carried out in

accordance with ASTM standard D 1646.

Such nitrile rubbers may either be directly subjected to the process according to the invention or be

subjected to the metathesis subsequently or subjected to a metathesis followed by a hydrogenation.

After the metathesis reaction in step (i) the nitrile rubbers obtained typically have a Mooney
viscosity (ML 1+4 at 100°C) in the range from 2 to 30, preferably in the range from 5 to 20. This
corresponds to a weight average molecular weight Mw in the range 10.000 — 200.000, preferably in
the range 10 000 — 150 000. The nitrile rubbers obtained also have a polydispersity PDI = Mw/Mn,
where Mn is the number average molecular weight, in the range 1,5 — 4,0, preferably in the range

1,7-3,0.

As the nﬁetathesis of nitrile rubber is often carried out in an organic solvent, the degraded nitrile
rubber is obtained as a solution in such organic solvent. Typical solvents are those which do not
deactivate the metathesis catalyst used and also do not adversely affect the reaction in any other
way. Preterred solvents include but are not restricted to dichloromethane, benzene,
monochlorobenzene, toluene, methyl ethyl ketone, acetone, tetrahydrofuran, tetrahydropyran,
dioxane and cyclohexane. Halogenated solvents are preferred, the particularly preferred solvent is
monochlorobenzene. However, the metathesis may also be performed in the absence of any organic

solvent. In such case the obtained degraded nitrile rubber is then dispersed afterwards in a suited

solvent as e.g. one of the above mentioned ones.

Such metathesis reaction is well-known in the art and e.g. disclosed in W0-A-02/100905 and WO-
A-02/100941. A broad overview about the catalysts which may be typically used in such
metathesis may be found in the not yet published European patent application with the filing
number 07114656.

Such metathesis reaction is well-known in the art and e.g. disclosed in WO-A-02/100905 and WO-
A-02/100941. A broad overview about the ruthenium-containing catalysts which may be typically

used in such metathesis may be found in the not yet published European patent application with the
filing number 07114656. |

Suitable metathesis catalysts are compounds of the general formula (A)

L
XZI’/, I R
' M:<
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wherein

M 1S ruthenium,

the radicals R are identical or different and are each an alkyl, preferably C,-Cjp-alkyl, cycloalkyl,
preferably C;-Cyp-cycloalkyl, alkenyl, preferably C,-Cy-alkenyl, alkynyl,
preferably C,-Cys-alkynyl, aryl, preferably Cs-Cog-aryl, carboxyiate, preferably C,-
Cyo-carboxylate, alkoxy, preferably C,-Cyo-alkoxy, alkenyloxy, preferably C,-Cyo-
alkenyloxy, alkynyloxy, preferably C,-Cyp-alkynyloxy, aryloxy, preferably Ce¢-Cas-
aryloxy, alkoxycarbonyl, preferably Cg-Cgo-alkoxycarbonyl, alkylamino, preferably
C,-Csp-alkylamino, alkylthio, preferably C,-Cs¢-alkylthio, arylthio, preferably Cs-
C,4-arylthio, alkylsulphonyl, preferably C,-Cy-alkylsulphonyl, or alkylsulphinyl,
preferably C,-Cy-alkylsulphinyl radical, each of which may optionally be
substituted by one or more alkyl, halogen, alkoxy, aryl or heteroaryl radicals,

X' and X° are identical or different and are two ligands, preferably anionic ligands, and

L represents identical or different ligands, preferably uncharged electron donors.

In the catalysts of the general formula (A), X' and X" are identical or different and are two ligands,

preferably anionic ligands.

X]' and X’ can be, for example, hydrogen, halogen, pseudohalogen, straight-chain or branched C,-
Cyo-alkyl, Cg-Cys-aryl, Ci-Cy-alkoxy, C¢-Cys-aryloxy, Cs-Cy-alkyldiketonate, Cg-Coy-
aryldiketonate, C,-Cy-carboxylate, C,-Cy-alkylsulphonate, C4-Cy4-arylsulphonate, C,-Cy-
alkylthiol, Cs-Cyg-arylthiol, C,-Cyp-alkylsulphonyl or C;-Cy-alkylsulphinyl radicals. The
abovementioned radicals X' and X2 can also be substituted by one or more further radicals, for
example by halogen, preferably fluorine, C,-C,o-alkyl, C,-C,¢-alkoxy ot Ce-Cog-aryl, where these
radicals may also in turn be substituted by one or more substituents selected from the group
consisting of halogen, preferably fluorine, C;-Cs-alkyl, C,-Cs-alkoxy and phenyl. In a preferred
embodiment, X' and X* are identical or different and are each halogen, in particular fluorine,
chlorine, bromine or iodine, benzoate, C,-Cs-carboxylate, C,-Cs-alkyl, phenoxy, C;-Cs-alkoxy, C;-
Cs-alkylthiol, Cs-Cys-arylthiol, Cs-Cos-aryl or C,-Cs-alkylsulphonate. In a particularly preferred
embodiment, X' and X_2 are identical and are each halogen, in particular chlorine, CF;COO,
CH;COO, CFH,COO, (CH;);CO, (CF;),(CH;)CO, (CF3(CH;3),CO, PhO (phenoxy), MeO
(methoxy), EtO (ethoxy), tosylate (p-CH;-C¢Hs-SO3), mesylate (2,4,6-trimethylphenyl) or CF;SO;

(trifluoromethanesulphonate).

In the general formula (A), L represents identical or different ligands, preferably uncharged

electron donors.
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The two ligands L can, for example, each be, independently of one another, a phosphine,

“sulphonated phosphine, phosphate, phosphinite, phosphonite, arsine, stibine, ether, amine, amide,

sulphoxide, carboxyl, nitrosyl, pyridine, thioether or imidazolidine (“Im”) ligand. Preference 1s
given to the two ligands L each being, independently of one another, a Cg-Cyq-arylphosphine, C;-
Cs-alkylphosphine or C3-C20-cycloa]kylphosphine ligand, a sulphonated C4-Cys-arylphosphine or
C,-Clo-alkylphosphine ligand, a C4-Cy4-aryl phosphinite or C,-Co-alkyl phosphinite ligand, a Cs-
Cy4-aryl phosphonite or C;-Cjo-alkyl phosphonite ligand, a C¢-Cyg-aryl phosphite or C;-Cip-
alkylphosphite ligand, a C¢-Cys-arylarsine or Cl-Cm-alkylarsine ligand, a C4-Cy4-arylamine or C;-
Cio-alkylamine ligand, a pyridine ligand, a C¢-C,4-aryl sulphoxide or C;-C;o-alkyl sulphoxide
ligand, a C¢-Cy4-aryl ether or C,-Cg-alkyl ether ligand or a C4-Cy4-arylamide or C,-C,p—alkylamide
ligand, each of which may be substituted by a phenyl group which may in turn be substituted by a
halogen, C;-C;s alkyl radical or C;-Cs-alkoxy radical.

The meaning of the term “phosphine” for the ligands L includes, for example, PPh;, P(p-Tol);, P(o-
Tol);, PPh(CHs),, P(CF3)s, P(p-FCeHs)s, P(p-CF3C¢Hy)s, P(CsHs-SO3Na)s, P(CH,CsHy-SO3Na)s,
P(iso-Pr);, P(CHCH;(CH,CH;));, P(cyclopentyl)s, P(cyclohexyl)s, P(neopentyl); and o

P(neophenyl);.

Phosphinite includes, for example, triphenyl phosphinite, tricyclohexyl phosphinite, triisopfopyl
phosphinite and methy! diphenylphosphinite.

Phosphite includes, for example, triphenyl phosphite, tricyclohexyl phosphite, tri-tert-butyl
phosphite, triisopropyl phosphite and methyl diphenyl phosphate.

Stibine includes, for example, triphenylstibine, tricyclohexylstibine and trimethylstibene.
Sulphonate includes, for example, trifluoromethanesulphonate, tosylate and mesylate.
Sulphoxide includes, for example, CH;S(=0)CH; and (C¢Hs),SO.

Thioether includes, for example, CH;SCH,;, C¢HsSCH,;, CH;OCH,CH,SCH; and'
tetrahydrothiophene.

The imidazolidine radical (Im) usually has a structure of the general formula (Ia) or (Ib),
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R11/N\rN\R1o ‘ R11/N\I/N\R1o
(1a) (1b)
where ‘

R®, R’, R', R" are identical or different and are each hydrogen, straight-chain or branched C,-Cs-
alkyl, C5-Cyo-cycloalkyl, C,-Cy-alkenyl, C,-Cyo-alkynyl, Cs-Cos-aryl, C;-Cyo-carboxylate, C-Cyo-
alkoxy, C,-Cyo-alkenyloxy, C,-Cyp-alkynyloxy, Cs-Cyo-aryloxy, C,-Cyo-alkoxycarbonyl, C,-Cyo-
alkylthio, C6~C20-afylthio, C,-Cyo-alkylsulphonyl, C,-Cye-alkylsulphonate, C¢-Cyo-arylsulphonate or
C;~Cyo-alkylsulphinyl. .

If desired, one or more of the radicals R®, R, R'’, R'' can, independently of one another, be
substituted by one or more substituents, preferably straight-chain or branched C;-Cy¢-alkyl, C3-Cs-
cycloalkyl, C;-Co-alkoxy or C¢-Cy4-aryl, with these abovementioned substituents in turn being able
to be substituted by one or more radicals, preferably selected from the group consisting of halogen,

in particular chlorine or bromine, C,-Cs-alkyl, C,-Cs-alkoxy and phenyl.

In particular catalysts of the general formula (A) may be used in which R® and R’ aré each,
independently of one another, hydrogen, C6-Cg4-iaryl; particularly preferably phenyl, straight-chain

or branched C,-Cj¢-alkyl, particularly preferably propyl or butyl, or together form, with inclusion '
of the carbon atoms to which they are bound, a cycloalkyl or aryl radical, where all the
abovementioned radicals may in turn be substituted by one or more further radicals selected from
the group consisting of straight-chain or branched C;-Cjp-alkyl, C,-C,¢-alkoxy, C¢-Cy4-aryl and
functional groups selected from the group consisting of hydroxy, thiol, thioether, ketone, aldehyde,
ester, ether, amine, imine, amide, nitro, carboxyl, disulphide, carbonate, isocyanate, carbodiimide,

carboalkoxy, carbamate and halogen.

In one embodiment catalysts of the general formula (A) are used in which the radicals R and R"
are identical or different and are each straight-chain or branched C,-Cjs-alkyl, particularly
preferably i-propyl or neopentyl, C3-Cjo-cycloalkyl, preferably adamantyl, C¢-Cys-aryl, particularly
preferably phenyl, C,;-C,o-alkylsulphonate, particularly p;eferably methanesulphonate, Cg-Cq-
arylsulphonate, particularly preferably p-toluenesulphonate. Radicals R'® and R' of the
abovementioned type may optionally be substituted by one or more further radicals selected from
the group consisting of straight-chain or *branched C;-Cs-alkyl, in particular methyl, C,-Cs-alkoxy,
aryl and functional groups selected from the group consisting of hydroxy, thiol, thioether, ketone,

aldehyde, ester, ether, amine, imine, amide, nitro, carboxyl, disulphide, carbonate, isocyanate,
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carbodiimide, carboalkoxy, carbamate and halogen. In particular, the radicals R' and R'' may be

identical or difterent and are each i1-propyl, neopentyl, adamantyl or mesityl.

Only for the sake of clarity it is hereby confirmed that the structures as depicted in the general

‘formulae (la) -and (Ib) of this application with regard to the structure of the imidazolidine (“Im”)-

radical shall have the same meaning as the structures often shown and used in the relevant literature

with regard to such imidazolidine radicals which are hereinafter depicted as structures (Ia") und

(Ib”) and which emphasize the carben-like structure of the imidazolidine radical. .
RS 'Rs % o Re
=
R?/NYN\RS . R?/NYN\RB |
(la’) ' (Ib°)

A variety of representatives of the catalysts of the formula (A) are known in principle, e.g. from

W0-A-96/04289 and WO-A-97/06185.

Particular preference is given to both ligands L in the general formula (A) being identical or
different trialkylphosphine ligands in which at least one of the alkyl groups is a secondary alkyl
group or a cycloalkyl group, preferably isopropyl, isobutyl, sec-butyl, neopentyl, cyclopentyl or
cyclohexyl.

 Particular preference is given to one ligand L in the general formula (A) being a trialkylphosphine

ligand in which at least one of the alkyl groups is a secondary alkyl group or a cycloalkyl group,
preferably 1sopropyl, isobutyl, sec-butyl, neopentyl, cyclopentyl or cyclohexyl.

Two catalysts which are preferred and come under the general formula (A) have the structures (1)

(Grubbs (I) catalyst) and (III) (Grubbs (II) catalyst), where Cy is cyclohexyl.

PCy, Mes—N N—Mes
cl.,, \|/
Ru— = ")Ru_..
I/ | c” |
CI™ pey, PCy,

) (1)
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The metathesis may also be performed using catalysts of the general formula (B),

+
Xy, |7 ' i
M= An
/M—\ R’ (B)
x2 P“'R' '
\ F 4
R

where
M 1S ruthenitim,
X'and X* . can be identical or different and are anionic ligands,

the radicals R” are 1dentical or different and are organic radicals,

Im is a substituted or unsubstituted. imidazolidine radical and

An 1S an anton.

These catalysts are known in principle (see for example, Angew. Chem. Int. Ed. 2004,43, 6161-
6165).

X' and X? in the general formula (B) can have the same general, preferred and particularly

preferred meanings as in the formula (A).

The imidazolidine radical (Im) usuvally has a structure of the general formula (Ia) or (Ib) which

have already been mentioned for the catalyst type of the formulae (A).

The radicals R’ in the general formula (B) are identical or different and are each a straight-chain or

branched C,-Cjp-alkyl, Cs-Cso-cylcoalkyl or aryl radical, with the C;-Csq-alkyl radicals optionally

being able to be interrupted by one or more double or triple bonds or one or more heteroatoms,

pretferably oxygen or nitrogen.

Aryl encompasses an aromatic radical having from 6 to 24 skeletal carbon atoms. As preferred
monocyclic, bicyclic or tricyclic carbocyclic aromatic radicals having from 6 to 10 skeletal carbon
atoms, mention may be made by way of example of phenyl, biphenyl, naphthyl, phenanthreny! or

anthracenyl.

The radicals R” in the general formula (B) are preferably identical and are each phenyl, cyclohexyl,

cyclopentyl, isopropyl, o-tolyl, o-xylyl or mesityl.

Further suitable catalysts to be used in metathesis are those of the general formula (C),



10

15

20

25

30

CA 02646636 2008-12-15

P0O01 00269FC - -15-
—  +
K
I R13
. / ) -
M—
M=cspesel Y ©)
X 3 R |
]
where
M 1S ruthenium,

R" and R are each, independently of one another, hydrogen, C,-Cys-alkyl, C,-Cyo-alkenyl, C,-
Cy-alkynyl, C4-Cys-aryl, C;-Cyo-carboxylate, C,-Cy-alkoxy, C,-Cyp.alkenyloxy,
C,-Cy-alkynyloxy, Cg-Cos-aryloxy, C,;-Cye-alkoxycarbonyl, C,-C,e-alkylthio, C;-
Cao-alkylsulphony] or Cy-Cap-alkylsulphinyl, \

X 1s an anionic ligand,

L 1s an uncharged m-bonded ligand, regardless of whether 1t is monocyclic or
polycyclic,

L’ 1s a ligand from the group of phosphines, sulphonated phosphines, fluorinated

phosphines, functionalized phosphines having up - to three aminoalkyl,
ammonioalkyl, alkoxyalkyl, alkoxycarbonylalkyl, hydrocarbonylalkyl,
hydroxyalkyl or ketoalkyl groups, phosphiies, phosphinites, phosphonites,
phosphine amines, arsines, stibines, ethers, amines, aﬁnides, imines, ‘suif)hoxides,

thioethers and pyridines,

Y IS a noncoordinating anion and

n 1s0,1,2,3,40r5.

Further surtable catalysts for performing the metathesis are those of the general formula (D),

L.
, 19
N I\In:C::C/ (D)
% / / \Rzo
_ L
where
M 1s ruthenium,
X' and X2 are identical or different and are anionic ligands which can assume all the
| meanings of X' and X’ in the general formulae (A) and (B), |

L are identical or different ligands which can assume all the general and preferred

meanings of L in the general formulae (A) and (B),
R”and R® are identical or different and are each hydrogen or substituted or unsubstituted
alkyl.
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Further suitable catalysts for performing the metathesis are those of the general formula (E), (F)
and (G).

-M=—=C (B

C—
C\ (F)

Z—M=—=C—C— \/ (<)

where
M ~is ruthenium,

X' and X° are identical or different ligands, preferably anionic ligands,

 Z'and 77 are identical or different and neutral electron donor ligands,

R* and R’ are 1dentical or different and hydrogen or a substituent selected from the group
consisting of aiky], cycloalkyl, alkenyl, alkynyl, aryl, carboxylate, alkoxy,
alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, dialkylamino,
alkylthio, arylthio, alkylsulphonyl and alkylsulphinyl radical, each of which may
optionally be substituted by one or more substituents, preferably alkyl, halogen,
alkoxy, aryl or heteroaryl radicals, and ' '

L 1s a ligand.

As the prior art also discloses other metal based metathesis catalysts wherein the metal is not
ruthenium, but e.g. osmium, it is hereby stated for the sake of clarity that the metathesis of the

nitrile rubber may also be performed in the presence of such other catalysts, if the metathesized

nitrile rubber.

It 1s possible to directly subject such solution of metathesized nitrile rubber to the process pursuant

to the invention.

However, 1n a further embodiment of the present invention it is also possible to use a solution of a
hydrogenated nitrile rubber which has been obtained by a hydrogenation reaction to which the
nitrile rubbers are subjected after metathesis. In a preferred embodiment of the present invention

the hydrogenation of the nitrile rubber is performed after a metathesis has been performed in the
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first step. During such hydrogenation at least 50 mole%, preferably at least 80 mole%, and more

preferably from 85-99.5 mole% of the original carbon-carbon double bonds present in the nitrile

rubber are hydrogenated.

Such optional hydrogenation may be carried out using a broad variety of different catalysts based
on different metals like e.g. rhodium-containing complex catalysts or ruthenium-containing
complex catalysts. In one preferred embodiment rhodium-contatning catalysts are used for such
hydrogenation, if the nitrile rubber has been subjected to a metathesis in the presence of a
ruthenium-containing catalyst beforehand. However, the hydrogenation is not limited to using a
rhodium-containing catalyst. The use of rhodium-containing complexes as catalysts for the

hydrogenation of nitrile rubber is described in GB-A-1,558,491.

The hydrogenation of nitrile rubber is also typcially carried out in an organic solvent, the
hydrogenated nitrile rubber is then present in such solvent. Typical solvents are those which do not
deactivate the hydrogenation catalyst used and also do not adversely affect the reaction in any other
way. Preferred solvents include but are not restricted to dichloromethane, benzene,
monochlorobenzene, toluene, methyl ethyl ketone, acetone, tetrahydrofuran, tetrahydropyran,
dioxane and cyclohexane. Halogenated solvents are preferred, the particularly preferred solvent is
monochiorobenzene. However, the hydrogenation may also be performed in the absence of an

organic solvent in bulk. In such case the obtained hydrogenated nitrile rubber is then dissolved

afterwards in a suited solvent as e.g. one of the above mentioned ones.

Ion exchange resin:

The process of the present invention uses a functionalized ion-exchange resin which is

(1) macroreticular,

(ii) modified with at least one type of functional group selected from a primary amine,

secondary amine, thiol, carbodithioate, thiourea and dithiocarbamate group, and

(1)  has an average particle diameter in the range of at minimum 0,05 and less than 0,2 mm

dry basis.

Such 10n-exchange resin is excellently capable of removing iron-, rhodium- and ruthenium-

containing catalyst residues from an optionally hydrogenated nitrile rubber.

The term “macroreticular™ is meant to have its conventional meaning in ion-exchange
terminology: Macroreticular ion exchange resins are made of two continuous phases, a continuous
pore phase and a continuous gel polymeric phase and they have permanent pores which can be
measured by nitrogen BET. Macroreticular ion exchange resins typically display surface areas

ranging from 7 to 1500 m*/g, and average pore diameters ranging from 50 to 1.000.000 A. Typical
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macroreticular resins often have an average pore volume in excess of 0,7 ml/gram. Such resins

typically comprise cross-linked copolymers, especially styrene-divinylberizene copolymers.

It is necessary for the ion-exchange resin to be macroreticular, but this condition (1) is not itself
sufficient, conditions (11) and (111) must simultaneously be met. Suitable 1on exchange resins are
therefore additionally characterized by a functionalization with at least one type of functional

group which is selected from a primary amine, secondary amine, thiol, carbodithioate, thiourea and

dithiocarbamate group.

Typically the said ion-exchange resins are characterized by a concentration of functional groups in
the range of from 0,2 to 7,0 mol/L, preferably in the range of from 0,5 to 5,0 mol/L, more
preferably in the range of from 0,7 to 3,0 mol/L and most preterably in the range of from 1,0 to 2,0

mol/L.

The ion-exchange resins additionally have an average particle diameter in the range of at minimum
0,05 up to less than 0,2 mm dry basis, preferably in the range of at minimum 0,15 and less than 0,2
mm dry basis. Such average particle diameter can either be measured by BET_analysis with an inert

gas like nitrogen or argon or by mercury intrusion, both methods being standard methods in

chemical industry:.

Applicable 1on exchange resins are either commercially available or may be prepared according to
procedures known to an artisan or described in literature, e.g. US-A-4,985,540, US-A-5, 118,716 or
US-6,646,059.

The process according to the present invention may be performed either batch-wise (discontinuous)

Or 1n a continuous manner.

In a typical discontinuous embodiment of the invention the ion exchange resin is added to the
solution of the optionally hydrogenated nitrile rubber comprising iron-residues and/or rhodium-
and/or ruthenium-containing catalyst res_idues and the mixture is stirred for a period of time
sufficient for the catalyst residues to be removed by the resin. The reaction time can vary from 5 to
100 hours, and is preferably in the range of from 48 to 72 hours. The resin is removed by simple
filtration and the optionally hydrogenated nitrile rubber recovered by removal of the solvent using

standard techniques known in the art, such as evaporation under reduced pressure.

The reaction may be carried out in an inert atmosphere, for example under a blanket of nitrogen.
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Preferably, the amount of resin used in the practice of the invention ranges from 0,1 to 10 % by
weight, based upon the amount of optionally hydrogenated nitrile rubber in the solution. More

preferably, from 0,5 to 5 % by weight of resin are used based on the optionally hydrogenated nitrile

rubber used.

Suitable operating temperatures of the present process range from 60°C to 150°C. Preferably, the
operating temperature is in the range of from 90°C to 120°C. Temperatures higher than 160°C

should in general not be used because of the potential for decomposition of the ion-exchange resin.

In a further aspect of the invention the process is performed continuously. In such case the process
for the removal of ruthenium-containing catalyst residues from optionally hydrogenated nitrile
rubber 1s perforfned in a column which results in a markedly lower pressure drop across the system,

thus increasing production capacity by allowing a higher volume throughput.

In such embodiment the ion—excharige resin is assembled in a bed configuration, for example by

packing the resin in a column (i.e. a cylindrical container), and the solution of the optionally

hydrogenated nitrile rubber solution is run through the column in a continuous manner.

During such continuous operation suitable operating temperatures also typically also in the range of
from 60°C to 150°C. Preferably, the operating temperature is in the range of from 90°C to 120°C.

Temperatures higher than 160°C should in general not be used because of the .potential for

decomposition of the 1on-exchange resin.

With regard to the continuous operation the concentration of the optionally hydrogenated nitrile
rubber in the solution lies in the range of from 0.5 to 30 %b.w., preferably from 2 to 20 %b.w.,

more preferably from 3 to.15 %b.w. and most preferably from 3 to 12 %b.w..

The viable amount of resin to be used for the continuous operation may be adjusted by any person

skilled in the art.

In another embodiment of the invention the rubber solution may be passed through the column

more than once, thus ensuring that as much of the catalyst residue as possible is removed by the

resin.

As will be appreciated by those skilled in the art, a substantial pressure drop is caused by the flow
of a solution through a bed of small particles. This phehomenon is particularly pronounced when
the solution is viscous and the particles are very fine and of varying particle size. In a preferred

embodiment of the present invention, however, the pressure drop resulting from the flow of the
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ruthenium-containing hydrogenated nitrile rubber solution through the ion-exchange resin bed is

between 0,5 to 30 pounds per square inch gauge (psig) per foot of bed depth, and the total pressure
drop is from 10 psig to 180 psig.

The process according to the invention has the advantage that it excellently removes iron-residues,
rhodium- and ruthenium-containing catalyst residues from a solution of an optionally hydrogenated
nitrile rubber and the contact time with the 1on exchange resin is surprisingly decreased compared

to known processes.

The optionally hydrogenated nitrile rubber may be isolated from the solution after the process
pursuant to the invention by methods generally known in the art to recover a polymer from a
polymer solution. Examples thereof are a steam coagulation method wherein a polymer solution is

brought into direct contact with steam, a drum drying method wherein a polymer solution is

~dropped onto a heated rotating drum to evaporate the solvent, and a method wherein a poor solvent

1s added to a polymer solution to precipitate the polymer. The polymer is recovered as a solid
product by separating said polyrner from the solution through such separation means, removing
water and drying the resulting polymer by a procedure such. as hot-air drying, vacuum drying or
extrusion drying. Preferably the optionally hydrogenated nitrile rubber is isolated by using the

steam coagulation.

The optionally hydrogenated nitrile rubber obtainable by the process pursuant to this invention is
distinguished by a very low content of ruthenium-containing catalyst residues, rhodium-containing

catalyst residues and iron-residues.

The present im}ention also relates to a novel optionally hydrogenated nitrile rubber comprising at
maximum 20 ppm rhodium, at maximum 20 ppm ruthenium, and at maximum 50 ppm iron,
preferably to an optionally hydrogenated nitrile rubber comprising at maximum 10 ppm rhodium,
at maximum 10 ppm ruthenium, and at maximum 40 ppm iron, more preferably at maximum 5
ppm rhodium, at maximum 5 ppm ruthenium, and at maximum 30 ppm iron, and most preferably at

maximum 3 ppm rhodium, at maximum 3 ppm ruthenium, and at maximum 10 ppm iron, always

- based on the optionally hydrogenated nitrile rubber. Such novel optionally hydrogenated nitrile

- rubber is excellently suited for all applications in which even traces of metals have a detrimental

influence and which therefore require a high purity rubber.

Further details of the invention are provided by the following non-limiting examples.
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EXAMPLES

The inventive examples 1, 2, 3, 5, 7 and 8 illustrate the use of several functionalized resins (see
Table 1) to remove ruthenium, rhodium and iron-containing catalyst residues from a solution of

hydrogenated nitrile rubber in a batch process.

Table 1

Resin*

ke e —

1 Avelzzge Particle ]

diameter**

T
|

| - (mm) }

*E;(amp-igﬁl "~ PL-Thiourea MP SPE j 0,150 "

E(amplg- 2 PL-TMT MP (Tri;nercéfafonia;ﬁe) -0,150-
“Example 3 PL-BnSH MPTMerca%metﬁﬁ) | 0,150
ﬁampTgS ~ PL-Thiourea MP SPE 0,150
‘Example 7 - PL-Thiourea MP SPE 0,150
“Example 8 I "~ Duolite GT-73 0,550

* All resins in Table 1 are commercially available from Polymer Laboratories Ltd, with the

exception of GT-73 which 1s commercially available from Rohm & Haas.

g As reported by Polymer Laboratories Ltd. and Rohm & Haas, respectively.

Examples 1-3 and Comparative Example 4:

A hydrogenated nitrile rubber containing 34 % b.w. acrylonitrile, less than 0,9% residual double
bonds with a Mooney viscosity (ML 1+4 @ 100°C) of 65 was used which was prepared by

subjecting a nitrile butadiene rubber (34%b.w. acrylonitrile, 66% butadiene) to hydrogeﬁation in
the presence of RhCI(PPhs); (Ph = phenyl) as catalyst. |

A 6,0 %b.w. solution of such hydrogenated nitrile rubber in monochlorobenzene was used as the
standard for the following examples, and the term “hydrogenated nitrile rubber”, as used for the

following examples, refers to this solution.

In Examples 1-3 a 500 ml three-necked round bottom flask, 0,5 g of the specified resin (see Table

1) was added together with 180 g of the hydrogenated nitrile rubber solution. Each reaction mixture

was stirred at ca. 100°C under nitrogen for 66 hours. The resin was then removed from the mixture

by filtration and the rubber was recovered by evaporation of the solvent in a rotary evaporator,

followed by drying in a reduced pressure oven at 60°C. Samples of the recovered rubber were
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analyzed for Rh and Fe content by inductively coupled plasma (ICP-AES: Inductively coupled

plasma — atomic emission spectroscopy). The results are shown in Table 2.

'In. Comparative Example C4, the rubber from an untreated, 180 g sample of the standard
hydrogenated nitrile rubber solution was recovered by the evaporation/drying procedures described

above. The amount of Rh and Fe in this “control sample” was measured again ICP-AES.

In contrast to the control sample, the Rh content of the hydrogenated nitrile rubber recovered after
treatment was found to be in the range of 2,9 — 14 ppm, while the Fe content of the rubber
recovered after treatment was found to be in the range of 12-23 ppm. These results indicate that
between 72 and 94% of the Rh and between 58 and 78% of the Fe respectively was removed (i.e. in

comparison to the Rh and Fe content in the standard nitrile rubber sample).

| Table 2 ' ‘
{ ‘ __Sampie o l wt. resin |antept¥l Rh-_‘_C(Eent oifl‘ Fe- |
(g) Rh after | Removal | Fe after | Removal
| | | | inventive ' | inventive I |
process (%) process (%)
| jem | jem ] |
Example 1 0,5 3,7 01 18 67
[ﬁi_amplez_ ?___ o [ z,s l'" 2.9 j o4 | 12 T 78 :I
Example 3 ' | 0, . 14 72 - 23 58
[é_c;;nparafivé Example4 | - |_ 48 —[ - 55 Tﬁ -
(originally) (originally)
Example 5

A hydrogenated nitrile rubber containing 34 % b.w. acrylonitrile with less than 0,9% residual
double bonds, and a Mooney viscosity (ML 1+4 @ 100°C) of 40 was used which was prepared by
subjecting a nitrile butadiene rubber (34%b.w. acrylonitrile, 66% butadiene) to a metathesis

process utilizing the ruthenium containing catalyst of formuta (IIT) and furthermore to a subsequent

hydrogenation process in the presence of RhCI(PPh;); (Ph = phenyl) as catalyst.

A 6,0 %b.w. solution in monochlorobenzene of such hydrogenated nitrile rubber that had
undergone a metathesis process previous to hydrogenation, was used as the standard for the

tollowing experiments, and the term “hydrogenated nitrile rubber”, as used herein, refers to this

solution.
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In a 500 ml three-necked round bottom flask, 0,5 g of a specified resin (see Table 1) was added

together with 180 g of the hydrogenated nitrile rubber solution. The reaction mixture was stirred at
ca. 100°C, under nitrogen, for 66 hours. The resin was then removed from the mixture by ﬁltration
and the rubber was recovered by evaporation ‘of the solvent 1n a rotary evaporator, followed by
drying in a reduced pressure oven at 60°C. A Sample of the recovered rubber was analyzed for Ru,

Rh and Fe by ICP-AES. The results are shown in Table 3 and 4.

In Comparattve Example 6, the rubber from an untreated, 180 g sample of the hydrogenated nitrile
rubber solution was recovered by the evaporation/drying procedures described above. The amount
of Ru, Rh and Fe in this “control sample” was measured by inductively coupled plasma and all

subsequent results are quoted with respect to the initial amounts present.

The results outlined in Table 3 and indicate that 90% of the Rh, 47% of the Fe and 60% of the Ru

respectively was removed (i.e. in comparison to the Rh and Fe content in the standard nitrile rubber

sample)..

Table 3
[ Sample | wt. | Ru- | Ru | Rh- | Rh | Fe | TFe |
resin content | removal | content | removal | content | removal |
I (2) | (ppm) l - l (ppm) | (ppm) |
(%) (%) (%)
Example 5 60 6,5 00 | 39 | 47
Comparative - T 64 j 73 j
Example 6 o L ] o
Example 7

A hydrogenated nitrile rubber containing 34 % b.w. acrylonitrile, with less than 0,9% residual
double bonds and a Mooney viscosity (ML 1+4 @ 100°C) of 65 was used which was prepared by

subjecting a nitrile butadiene rubber (34%b.w. acrylonitrile, 66% butadiene) to hydrogenation in
the presence of RhCI(PPhs); (Ph = phenyl) as catalyst.

A 6,0% (by weight) solution in monochlorobenzene of such hydrogenated nitrile rubber was used
as the standard for the following examples, and the term “hydrogenated nitrile rubber”, as used for

the following examples, refers to this solution.
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' In a 500 ml three-necked round bottom flask, 0,5 g of the specified resin as shown in Table 1 was

added together with 180 g of the hydrogenated nitrile rubber solution. The reaction mixture was
stirred at ca. 100°C, under nitrogen, for varying time intervals (sée Table 4). The resin was then

removed from the mixture by filtration and the hydrogenated nitrile rubber was recovered by

evaporation of the solvent in a rotary evaporator, followed by drying in a reduced pressure oven at

60°C. A Sample of the recovered hydrogenated nitrile rubber was analyzed for Rh by ICP-AES.

The results are shown 1n Table 4.

In Comparative Example 9, the hydrogenated nitrile rubber from an untreated, 180 g sample of
the hydrogenated nitrile solution was recovered by the evaporation/drying procedures described
above. The amount of Rh in this “control sample” was measured by inductively coupled plasma

and all subsequent results are quoted with respect to the initial amounts present.

The results outlined in Table 4 demonstrate that while both Examples 7 and 8 result in rhodium
metal recovery of 92 and 90% respectively, Example 7 which has a considerably smaller particle

size (Table 1) than that of the resin used for Example 8 (Table 1) demonstrates a higher effeiciency

for rhodium recovery in a shorter time frame.

Table 4
Sample Rh- Rh | Rbh- Rh Rh- | Rh Rh- | Rh- |
| content | removal | Content ; removal | Content | removal | content l removal
| after 4h after | after after
| (ppm) (%) | 1I8h | (%) | 44h (%) 66h (%)
(ppm) (ppm) (ppm) |
| Example 7 6,5 l 86 57 | 88 E 48 | 90 | 3,7 9
Example 8 39 19 | 23 52 12 75 4,8 90
Comparative 48 T 48 | 48 48 |
Example 9
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A process for the removal of iron-residues and/or rhodium- and/or ruthenium-containing
catalyst residues from optionally hydrogenated nitrile rubber, the process comprising
contacting a solution of an optionally hydrogenated nitrile rubber containing tron-residues
and/or rhodium- and/or ruthenium-containing catalyst residues with a functionalized ion-
exchange resin which is (i) macroreticular, (ii) modified with at least one type of a
functional group which is selected from a primary amine, secondary amine, thibl,
carbodithioate, thiourea and dithiocarbamate group and (111) which has an average particle

size of at minimum 0,05 mm and less than 0,20 mm dry basis.

The process according to claim 1, wherein the solution of the optionally hydrogenated
nitrile rubber to be contacted with the functionalized ion exchange resin comprises an
amount of the ruthenium-containing catalyst residues in the range of from 5 to 1000 ppm
ruthenium, preferably from 5 to 500 ppm, and in particular from 5 to 250 ppm, based on
the optionally hydrogenated nitrile rubber used.

The process according to claim 1 or 2, wherein the solution of the optionally hydrogenated
nitrile rubber to be contacted with the functionalized ion exchange resin. comprises an
amount of the rhodium-containing catalyst residues in the range of from 5 to 200 ppm
rhodium, preferably from 10 to 100 ppm, and in particular from 20 to 100 ppm, based on
the optionally hydrogenated nitrile rubber used.

The process according to claim 1, 2 or 3, wherein the solution of the optionally

hydrogenated nitrile rubber to be contacted with the functionalized ion exchange resin

comprises an amount of iron residues in the range of from 2 to 500 ppm iron, preferably
from 5 to 250 ppm, and in particular from 10 to 100 ppm, based on the optionally
hydrogenated nitrile rubber used.

The process according to claim 1, wherein the solution of the optionally hydrogenated
nitrile rubber contains of from 0.5 to 20 %b.w. of the optionally hydrogenated nitrile
rubber, preferably from 3 to 12 %b.w.. ‘

The process according to claim 1, wherein a solution of the optionally hydrogenated nitrile
rubber in dichloromethane, benzene, monochlorobenzene, toluene, methyl ethyl ketone,

acetone, tetrahydrofuran, tetrahydropyran, dioxane or cyclohexane is used.
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13.

14.

The process according to claim 1 wherein the solution of an optionally hydrogenated nitrile
rubber to be contacted with the functionalized 1on exchange resin is obtained (1) by

metathesis of a nitrile rubber, preferably in the presence of a ruthenium-containing catalyst

and/or (11) a hydrogenation of the carbon-carbon double bonds present in the nitrile rubber,

preferably by using a rhodium- or'ruthenium-containing catalyst.

The process according to claim 1 wherein the solution of the hydrogenated nitrile rubber to
be contacted with the functionalized ion exchange resin is obtained by performing a

hydrogenation of the carbon-carbon double bonds of a nitrile rubber after the

polymerization.

The process according to one of claims -8, wherein a solution of an optionally
hydrogenated nitrile rubber 1s used which represents an optionally hydrogenated co- or
terpolymer comprising repeating units of at least one conjugated diene, at least one o,f-
unsaturated nitrile and, optionally one or more further copolymerizable monomers,
preferably an optionally hydrogenated copolymer of acrylonitrile, 1,3-butadiene and

optionally further copolymerisable monomer(s).

The process according to one of claims 1 to 9, wherein a hydrogenated nitrile rubber is
used in which at least 50 rnole%, preferably at least 80 mole%, more préferably from 85-
99.9 mole% and most preferably from 90 to 99,5 mole% of the original carbon-carbon

double bonds present in the nitrile rubber have been hydrogenated.

The process according to one of claims 1 to 10, wherein the.functionalized 10n-exchange
resins are characterized by a concentration of functional groups in the range of from 0,2 to
7,0 mol/L, preferably in the range of from 0,5 to 5,0 mol/L, more preferably in the range of
from 0,7 to 3,0 mol/L and most preferably in the range of from 1,0 to 2,0 mol/L.

The process according to one of claims 1 to 11, wherein the functionalized ion-exchange
resins are characterized by an average particlere diameter in the range of at minimum 0,05
up to less than 0,2 mm dry basis, preferably in the range of at minimum 0,15 and less than

0,2 mm dry basis.

The process according to one of claims 1 to 12, wherein it is performed batch-wise

(discontinuously) or continuously.

The process according to one of claims 13, wherein the ion-exchange resin is packed into a

column and the solution of the optionally-hydrogenated nitrile rubber comprising the
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ruthenium-containing catalyst residues is passed through the column in a continuous

- manner, preferably it is cycled through the column more than once.

An optionally hydrogenated nitrile rubber comprising at maximum 20 ppm rhodium, at
maximum 20 ppm ruthenium, and at maximum 50 ppm iron, preferably at maximum 10
ppm rhodium, at maximum 10 ppm ruthenium, and at maximum 40 ppm iron, more
preferably at maximum 5 ppm rhodium, at maximum 5 ppm ruthenium, and at maximum
30 ppm iron, most preferably at maximum 3 ppm rhodium, at maximum 3 ppm mthénium,

and at maximum 10 ppm iron, always based on the optionally hydrogenated nitrile rubber.
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