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DECLARATION IN SUPPORT OF A
CONVENTION APPLICATION FOR A PATENT

In support of the Convention Application made for a patent for an
invention entitled: :

Method for separating metal contaminants from organic¢ polymers

I, Onno Aalbers, of Carel van Bylandtlaan 30, 2596 HR The Hague,
the Netherlands, do solemnly and sincerely declare as follows:-

L

2.

3.

4.

I am authorised by SHELL INTERNATIONALE RESEARCH MAATSCHAPPLJ B.V.,
the applicant for the patent to make this declaration on its behalf,

The basic application{¥% as defined by Sectian 141 of the Act was/worx
made in the U,S.A

on @29th October, 1987

by RONALD JAMES HOXMEIER

Ronald Jameg HOXMEIER, o U.S.=citizen of 2823 Waypark Drive, Houston,
Texas 77082 § YA

kragpastivedsd , s/ the actual {nventor(sy of tha invention
and the facts upon which the applicant {s entitled to make
the application are as follows:

The Applicant {s the assignee of the actual inventor(s«. !

The basic application¢sk referred to in paragraph 2 of this ¥
Declaration was/wep& the firet app1icationt§g made in a

Convention country in respect of the invention the subject

of tha application,
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CLAlM o

1« A method for meparaking netals from a polymer

comprising the stepn oft

(a) contacting & solutiop or sugponsion of sald
palymer with an oxidizing agent:

(by contacting sald solution or suspsansion of said
polymer with an aqueous golution of an inorganie
aeid or aclds in the presence of a renecarbosylic
aedd or acldes having from 6 to 20 uvarbon atoms
and _

(o) recovering a polymer praduct having a reduced

~ amount of metal tharein.
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METHOD FOR SEPARATING METAL CONTAMINANTS
FROM ORGANIC POLYMERS

This invention relates to a method for separating
varioys gontaminants from organic polymers and more
particularly to a method of separating metal
contaminants from organic polymers.

It is well known in the prior art that various
metal contaminants are, frequently, undesirable in
organic polymers and organic polymer compositions since
such contaminants frequently accelerate detarioration
of the polymer and may interfere with subsequent curing
reactions. Metals may be introduced into the polymer
elther as catalyst during polymerization or as catalyst
during a subsequent treatment such as hydrogena“ion of
an unsaturated polymer,

Heretofore, several processes have been proposid
for separating various metals from organia polymers,
These processes generally involve reaction of the maetal
or a dompound thereof with a reagent thereby forming a
product which can then be separated. Generally, the
product will be insoluble in the organic phase and may
be removed therafrom either via axtraction into an
inorganic phase or by filtratlon or the 1ike, Suitable
reagentsg include mineral acids such as taught in U.S,
Patent No, 2,803,982 as well as carboxylic acids such
as taught in U.s, Patent Nos, 2,893,982+ 3,780,138}
4,476,297 and 4,595,749, Other sultable reagents
in¢lude the ammonium phosphates such as taught in U.S,
Patent Nos, 3,531,448 and 3,793,306, Carboxyllic aclds
fay be usad in combination witl other reagents such as
an anhydrous bagse as taught in U.8. Patent No.
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4,028,485 or an aliphatic alcohol as taught in U.S.
Patent No. 3,7%80,138. An oxidizing agent may also be
used prior to or simultaneously with the reagent used
to react with the metal or metal compound such as
taught in U.S. Patent Nos. 3,780,138; 3,793,306 and
4,595,759,

As is well known, most, if not all, of the afore-
mentioned processes are effective in significantly
reducing the amount of metal remaining in the polymer
after treatment. None, however, are effective in
removing all of the metal and certain of these
processes frequently leave more metal in the polymer
than is desired in many end uses for the polymer.
Moreover, those processes involving the use of an
aqueous phase generally result in higher concentrations
of metal in the polymer due to entrailament of the
aqueous phase in the organia, polymer phase. In light
of this, the need for an improved prodcess for
separating various metals from organic polymers is
believed to be readlly apparent.

It has now been discovered that the faregoing and
other disadvantages of the prior art processes for
separating various metals from polymeric materials can
ba avolded or at least significantly reduced with the
method for separating metals from polymerlc materials
of this invention and an improved process for
geparating metals from polymeric materials provided

thereby. It is, therefore, an object of this invention

to provide an improved process for separating various
metals from polymeric materials, wherein an agqueous
phage ls used with reduded entrainment thereof In the
polymer phase. The foregoing and other objects and
advantages will become appsrent from the desaription of
tha Invention sat forth hareinafter and from the
examples Ineludad therein.
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In accordance with the present invention, the
foregoing and other objects ana advantages are
accomplished with a process wherein a higher molecular
welght monocarboxylic acid is used in comkination with
an inorganic acid. It is important to the present
invention that the polymer be dissolved or suspended in
an organic media and that the metal component or com-
ponents contained in the polymer be contacted with an
oxidizing agent either prior to or simultaneously with
the contacting with the mixture of acids. Separation
will be accomplished by contacting the polymer solution
or suspension with an aqueous solutioen of an inorganic
acld in the presence of a relatively high molecular
welght monocarboxylic acid, The separation is accom-
plished guch that the metal or metals to be separated
from the polymer are ultimately dissolved in the
aqueous phase as a reaction product of the inorganic
acid while the higher molecular weight monocarboxylig
acid remains in the organic phase with the polymer,

The monocarboxylia acid may be subsequently separated
from the organic phase and reused,

In general, tha method of this invention can be
tised to separate any of the metals commonly found in
polymars #o long as the polymer may be elther dissolved
or gugpended in an organic media. Metals which may be
gseparated inelude:d the matals of Group IA of the Table
of Perlodic Properties of the Elements, particularly
godlum and lithium which are frequently usad as anionic
polymerization initlators; the metals of Groups IIA and
1318, particularly magnesium and aluminum which are
fraquently contalned as a componen% (the reduaing
agent) in a hydrogenation catalyst; the metals of Group
IVA, particularly titanium and zirconla which are
frequantly contained in gacionia polymerdzation
Initilatore; and the metale of Groups Vo, VIB and VIIIA,
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particularly cobalt, nickel and molybdenum which are
frequently used as hydrogenation catalyst. All
reference to Groups of the Table of Periodic Properties
of the Elements herein will be to the Table of Periodic
Properties of the Elements as published and copyrighted
by Sargent=Welch Scientific Company in 1980, It will,
of course, be appreciated that any metal which will
react with the inorganic acids useful in the method of
this invention can also be separated from a solution or
suspension of a polymer using the method of this
invention, Metals other than those specifically
mentioned are, however, less commonly found in such
polymers,

In general, the method of this invention may be
used to geparate metals from any of the polymers known
in the art which can be either dissolved or suspended
in an organic media. The method of this invention c¢an,
then, be used to separate metals from such polymers as
those containing alpha olefin monomer units, diolefin
monomexr units, monoalkenyl aromatic hydrocarbon monomer
units, polyalkenyl aromatic hydrocarbon monomer units
and the like, The method of the present invention is
particularly effective for separating metal residues
from polymers which have been prepared with cationic
initiators, metal residues from polymers which have
been prepared via anionic initiation and metal residues
in polymers which have been hydrogenated in the
presence of a metal containing catalyst. Polymers
commonly prepared via cationic initiation include
homopolymers of tha various alpha olefins, copolym'e\rs
of two oxr more different alphaolefins and copolymers of
at least one alphaolefin and at least one polyolefin,
Polymers praepared via anionic initiation include
homopolymers of the conjugated diolefins, copolymars of
two or more conjugated diolefins, copolymers of one or
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more conjugated diolefins and one or more monoalkenyl
aromatic hydrocarbons, homopolymers of monoalkenyl
aromatic hydrocarbons and copolymers of monoalkenyl
aromatic hydrocarbons., Unsaturated polymers which are
frequently hydrogenated include homopolymers of
conjugated diolefins, copolymers of two or more
conjugated diolefins, copolymers of at least one
conjugated diolefin and at least one monoalkenyl
aromatic hydrocarbon and the like. The polymer may be
random, tapered or block,

In general, any inorganic acid may be used in the
method of the present invention to effectively react
with and separate the metal atoms contained in the
polymer solution or suspension, The inorganic acid may
be monoprotic or polyprotic, It is, however, important
that the ionization constant for at least one hydrogen
atom containgd in the acld be greater than or equal to
about 1 x 107°. Suitable inorganic acids include, kut:
are not limited to, the hydrogen halides such as
hydrogen chloride, hydrogen bromide, hydrogen fluoride
and the like, the various sulfur containing aclds such
as sulfurous acid, sulfuric acid and the like; the
various phosphorus containing acids such as phosphorous
acid, phosphoric acld and the like, nitric acid,
chloric acid, perchloric acid and the like. The
nineral acids such as hydrochloria aald, nitric aeid,
phosphoric acid, sulfuric acld and the like, are
particularly effective when used in the method of thia
invention and are, therefore, preferred, X

In general, any monocarboxylle acid that is signi~
flcantly more soluble in an organic media than in an
inorganic media such as water can be uged as the mono-
carboxylic acid in the mathod of thig invention. In
this regard, it is important to the method of this
invention that at least about 920 wt¥ of the

Aaa
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monocarboxylic acid remain in the organic media in
which the polymer is either dissolved or suspended
after the separation of the metal or metals is
completed and that not more than about 10 wt% of said
monocarboxylic acid be contained in the aqueous phase
when the separation is completed, Suitable
monocarboxylic acids may be represented by the
following general formula:

RCO,H
wherein: R is a hydrocarbyl radical containing from 6
to 20 carbon atoms. 'The hydrocarbyl radical may be a
linear or branched alkyl radical, a cyclic hydrocarbyl
radical, an alkyl-substituted cyclic hydrocarbyl
radical, an aromatic radical, an alkyl-substituted
aromatic radical and the like, 8Suitable monncarboxylic

acids include, but are not limited to, linear aliphatic

monocarboxylic acids such as caprole, enanthic,
caprylic, pelargonic, capric, undecanole, lauric and
the like; branchad chained monocarboxylic aclds such as
methylpentaneie acid, methyl« and ethylhexanoia, methyl
and ethylheptanoic acids, methyl= and ethyloatanoie
aclde, methyl= and ethylnonanoic aclds, methyl« und
athyl~ decanoie¢ acids, and the like: gyclic monc=
carboxrylic acide such as ayclohaxaneic acld, cyclow
heptanode acld, eyclooctanole acid and tha liker alkyl=~
substltuted oyclic monocarboxylic aalde such as methyl-
and athyl~ ayclohexanoic acide, methyl= and ethyloylco«
haptanoic aclds, methyl~ and athyloyoloootanoic acida
and the like; aromatic acids such ag benzelo acid and
the like: alkyl«substituted aromatle acids such as the
toluie aclds; p-t-butylbenzole acld and the like.

In ¢general, any hydrocarbon which is liquid at the
conditions at which the sgeparation of the metal or
matals is accomplished may ha used as the ovganic media
in which tha polymer is eltner dissolved ox auspendwyd
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in the method of this invention. Suitable hydrocarbons
which are useful either as a solvent or diluent; then,
include, but are not limited to straight and branched
chained aliphatic hydrocarkons, cyclic hydrocarbons,
substituted cyclic hydrocarbons, aromatic hydrocarbons,
substituted aromatic hydrocarbons and the like,
Representative examples of useful hydrocarbons include
pantane, hexane, heptane, octane, cyclopentane, cyclo-
hexane, methyleyclohexane, cycloheptane, benzene, '
aethylbenzene, toluene, xylene and the like. ‘

The inorganic acid and the monocarboxylic acid
will be usged in combination with a suitable oxidizing
agent, while the oxidizing agent may be used prior to
or simultaneously with the acid mixture. In general,
the particular oxidizing agent selected is not critical
to the present invention and any known oxidizing agent
may be used. Sultable oxidilzing agents include air,
oxygen, peroxldes, hydroperoxides and the like. Suite
able peroxides and hydropercgides include, but are not
limited to, hydregen peroxides and the primary,
seoondary or tertiary alkyl and aryl peroxides and
hydroperoxides., Alkyl hydroperoxides such as aethyl
hydyeoperoxide, butyl hydroperoxide, ilacpropyl hydros
paroxide, tertiary butyl hydroperoxide and the like are
partioularly useful as oxidizing agents in the present
invention.

The inorganie acid will be used in aquaous
golution, Obviously, a mixture of such acidg could be
used. Also, tha inorganic acld or aclds and the mono-
carboxylia acld or aclds may, initially, be combined
into the adqeuocus solutions or separate solutions of
each could be prepared and then combined prior to
contacting with the polymer solution or suspension or
the meparate solutions may be separately sontacted with
the polymeir solution or suspension. In this regard, lt
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should be noted that the monocarboxylic acid or acids
could also be added directly to the polymer solution or
suspension or the mdnoéarboxylic acid or acids could
first be dissolved in an organic solvent, which may be
the same as the organic media used in the polymer
solution or suspension, and then contacted with the
polymer solution or suspension.

In general, the concentration of inorganic acid in

the aqueous solution is not critical to the present

 invention. It is, however, important to the method of

this invention that a sufficient amount of water be
present during contact to insure that the reaztion
product of the metal or metals to be separated and the
inorganic acid or acids is dissolved in said aqueous
phase prior to its separation from the organic phase
containing the polvmer, It is also important in the
nethod of the present invention that sufficient in-
organic acid be used to insure complete reaction of the
inorganic acid or acids with the metal or metals to be
separated, When good contacting between the organic
between the metal or metals and the inorganic acid will
occur stoichiometrically. Use of a amount of inorganic
acid just slightly in excess of this stoichlometric
amount will, then, generally be sufficient to insure at
least substantlally complete reaction and subsequent
separation of the metal or metals contained in the
polymexr solution or suspension.

While the inventor does not wish to be bound by
any particular theory, it is believad that the mono=
carboxylia adld acts simply as a phase transfer
catalyst thereby facilitating movement of the matal or
a reaction product theresf, such as the raaction
product formed with the inorganic acid, from the

organic phase to the aqueous phase. To the extent that
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the metal or metals do not react with one or more of
the inorganic acids present during contacting in the
organic phase such a reaction could then occur in the
aqueous phase., To the extent that the anion of the
monocarboxylic acid combines with a metal and then
moves to the aqueous phase, reaction of the organic
salt with an inorganic acid would restore the mono~
carboxylic acid, thereby enabling the return of the
monocarboxylic acid to the organic¢ phase where further
reaction or phase transfer could be effected. In any
case, 1t has heen determined that all, or at least
substantially all (90 wt%) of the monocarboxylic acid
or acids used during the geparation will he in the
organic phase as the acid after the organic phase is
separated from the aqueous phase, The metal or metals
separated from the polymer, on the other hand, will be
contained in the aqueous phase as a salt foimed by
reaction with an anion contained in the inorganic acid
or aclds used., Surprisingly, it has been discovered
that the amount of metal or matals actually separated
ls slgnificantly increased when a monocarboxylic acid
is used in combination with one or morva inorganic acids
aeven though the monocarboxylic acgid remainsg chemically
unchanged after the separation has heen completed,
Since the monoecarboxylic acid apparently acts only
as a phase transfer catalyst, the amount of such awvid
used during tha contacting atep may be significantly
less than the amount of inorganic acld ueed (on a molar
or aquivalent basis). In fact, Improved separation of
the metal or metal components from the polymer will be
realized when as little as 0.05 aequivalents of monos
carboxylia acld per equivalent of total metal to be
separated ie praesent. The nominal holding time
required to achieve the improved results will, however,
continue to reduce untll the amount of monocarboxylic
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acid actually present is within the range from 0.05 to
2,25 equivalents of monocarboxylic acid per mole of
total metal to be separated, Us% of an amount of
monocarboxylic acid within this range is, therefore,
preferred, The maximum amount of mono=-carboxylic acid
that may be uscd 1is, of course, limited by the

media in which the polymer is elther dissolved or
sugpended,

In general, the metal or metals to be separated
may be present in the polymer in virtually any form,
For example, the metal or metals may be present as the
metal per sae or as a compound of the metal or metals
which may be elther soluble or inseoluble in the organie
media used to dissolve or suspend the polymer,

Examples of metal compounds which would be insolubla in
the organic media are the metal oxides, the metal
halides, certain metal alkyl halides and the 1like,
Exanpleas of metal compoundg that would be moluble in
the organic media are certain metal alkyls, certain
metal alkyl halides, various metal alkoxides, various
matal carbogylates, various metal carbonyls and the
1ike,

In genaral, any of the polymerin materials Known
In the prior art and containing one or more matals can
be treated to separate the metald therafrom with the *
method of the present invention. A# ls well Kknown,
gaveral polymers ara preparad directly in either a
solution or suspansion process and polymers of thie
type may be treated diractly aftaey preparation thereof
in accordance with the mathod of the present invention.
The polymars prepared in bulk, in an organie reaction
medium, or in the vapor phase would first have to be
dissolved or suspended in a sultable organic medium
prior to treatmant In accordance with the method of the
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pregent invention. As is also well known, polymers
prepared via any of these techniques may be further
treated in solution, suspension or in bulk, Again,
those polymers subsequently treated in either solution
or suspension may be treated directly to separate
metals therefrom using the method of the present
invention, Polymers stbsequently treated in bulk,
however, must be dissolved or suspended in a suitable
organlie media prior to treatment in accordance with the
method of thig invention,

In general, the polymeric solutions and
suspensions treated to meparate metal or metals
therefrom with the method of the present invention will
comprise from 5 wt¥ to 50 wti polymer and from 95 wti
to 650 wt%t organic media, denerally, the polymeric
gsolution oy suspension will contain from 100 to 2,000
ppm by walght, of one or more metals, based on polymer.

As indicated supra, the polymeric solution o
suspension will be contacted with an oxidizing agent
aithey prioy to or simultanecusly with the contacting
with the aquaocus inorganic acid solution, When the
polymar sulution or suspension im contacted with the
oxldizing ayent prior to the contacting with the
agquaous inorganic acid golution the contacting will be
acconplished at & temperature within the range from 50
to 1009¢, a preseurs within the vange from 0 te 7 bar
and at a nominal holding time within the rvange from 10
to 90 minutes, When the oxldizing agent le a gaseous
oxddizing agent, the contaating may be accomplished
sginply by bubbling tha oxidizing agent through the
polyner solution oxr suspension. When the oxidizing
agent i& liquid or a #olid soluble In the organie
madia, the contacting may be accomplished simply by
adding the oxldizing agent to the polymer selutlon or
suspenalon. To facllitate vontacting between the
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oxidizing agent and the metal oxr metal compounds,
suitable agitation means may be employed.

While as indicated supra, the concentration uf
inorganic acid in aqueous solution is not critical so
long as a sufficlent amount of inorganic acid is used
to effect the desired degree of metal sepavation, the

‘aqueous solution will, generally, be from 0,01 to 1

normal in inorganic acid concentration and when the
monocarboxylic acld is incorperated into the same or a
different media, the monocarboxylic acid congentration

- will, generally, ba within the range from 0,001 to 0,02

normal. As also indicated supra, the monocarboxylic
acld may be added directly to the polymer solution oy
suspension or the same may first be dissolved in an
organic golvent and then contacted with the polymer
solution or suspension., In any case, a sufficlent
amount of inorganic aquecus solution will be contacted
with the polymer solution or suspensgion to effect the
desirad extent of metal separatien. Generally, the
amount of aqueous golution contacted with the polymer
golution or suspension will be at least that requived
to effact complete aonverelon of the metal or metale to
be separated on a stoichiometric basis although lesser
amounte could be used 1f less# than complete metal
geparation ware desired, As aleo indicated supra, a
sufficlent amount of monocarboxylie acid will,

 generally, be added to provide from 0.05 to 2,35 mols

of monogarboxylia acid per equivalent of total metal to !
bz weparated, .- S

In genaral, contacting between the polyier
solution or suspension and the inorganic acld or aclde
and the monocarberylie acld oy acids will he
acdomplishaed at a tempaerature within the range from 50
to 100%¢ at & pressure sufficiant to maintain tha

organic media in the liquid phage, gensrally. a
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pressure within the range from 0 to 7 bar, In general,
contacting of the inorganic acid or acids and the
monocarhoxylic acid or acids with the polymer solution
or suspension will be maintained for a nominal holding
time within the range from 10 to 90 minutes,
sufficient agitation will be used to insure good
gontacting between the metal or metals and the
inorganic acid or acids and the nonocarhoxylic acid or
acids.

While the inventor still does not wish to be bound
by any particular theory, it is believed that during
the Jontacting of the polymer solution or suspension
with an aqueous golution of an inorganic acid or acids
in the presencae of one or more monocarboxylic acids
yeaction oceurs between tha inorganic acid or acids and
the metal or metals to form a salt. The salt, which is
ganerally insoluble in the organic media is then trans-
ferred to the Aqueous phage where it ils soluble, While
the monogarbaxylic acld or aclids might also react with
the metal or netals to be separated and passed into the
aqugous phasge, the salt formed with the monocarboxylic
acld or aclds would be only slightly soluble in the
aqueouy medlia., As a result, the monocarboxylie acid
salt anlon would be displaced by an anlon fram the
inorganie acid and the monocarboxylic acld would ba
restored., The nmonooayboxylic acid would then return to
the organie phage where it would ba soluble and where
it gould again rgact with a matal or metal compound.
After guch reaqtion, the monocarboxylia acld salt would
again pass to the agqueous phase, surrender its metal
lon to an Inoxganic acdd anlon and return to the
organic madla. fThe monodarboxylic aald or aclds thuse
function as a phase transfer catalyst in the sevaration
of the matal from the organig phase and transferring it
tH the aqueous phame. It will, of course, be
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‘preciated that other mechanisms through which the
wonocarboxylic acid might facilitate transfer of the
metal to the aqueous phase could be advocated but such

n-chanism is not critical to the present inventien.

To the extent that contacting with the oxidizing
agent is accomplished simultaneously with the contact~-
ing of the inorganic acid or acids and the mono-
carboxylic acid or acids with the polymer solution or
suspension, the contacting may be accomplished simply
by bubbling a guseous oxidizing agent through the
reaction medium during the contacting or simply by
combining a licuid or soluble solid oxidizing agent |
into the reactilon medium., Such addition could be
effected separately or the oxidizing agent could be
combined with the inorganic acid or acids and/or the
mohogarboxylic acld or acids. 1In any case, contacting
with the oxidizing agent would be accomplished at the
sane conditions used to affect the contacting between
the polymer solution er suspension and the inorganic
acld or acids in the presence of a monocarboxylle acid
or aalds, - '

Aftar the contacting betwean the polymer solution
or suspension and the aqueous &olution of at least the
inorganic acid ox acids, it will then be necessary to

- meparate the aqueous phase which will contain most, if
not all, of the metal or metals to be meparated and the

organle phase which will contain the polymer and the

- monocarboxylic acid or acide. In general, this

separation may be accomplished using any of tha means
wall known in the prior art. Such means inolude, but
are not limited to, filtration, centrifugution, the use
of a coalesoing fibrous material and the like. To the
extent that sufficlent agitation was used during

contacting to form an emulsion deemulsifying techniques

krown in the prior art may also be uged. Such meana

i e i i i e
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include, but are not linited to, addition of one or
more deemulsifying agents, such as methanol, iso-
propanol, and the 1like,

After separation of the organic phase and fhe
aqueous phase has beean completed, both the polymer and
the monocarboxylic acid or acids may be recovered from
the organic phase using conventional technology. For
example, if the polymer is suspended in the organic
media, the polymer may be separated simply by
filtration. Similarly, if the polymer is dissolved in
the organic media, the same generally, may bhe
precipitated and then separated via filtration, Alter=
natively, the polymer may be recovered using flashing
techniques, distillation and the like. The mono-
carboxylic acid or acids on the other hand, may he
precipitated as a salt or similar compound and then
separated via filtration, centrifugation, and the 1like,
The recovered product may then be converted back to the
monocarhorylic acid or aglds and the monocarbogylic
agld or acids thus producad reused in the separation
process of this invention, Alternatively, the
monocarboxylic acid or acids may be recovered directly
using flashing techniques, distillation and the like.

Surprisingly it was found that the amount of water
containing ionized metal entrailned in the hydrocarbon
phiase after the organic and aqueous phases have been
separated is significantly reduced when compared to the
amount of aqueous phase containing lonized maetal
entrained in prior art separation technlques wherein an
agquaous phase hawm been uged, While the Inventor does
not wish to be bound by any particular theory, it le
believed that the reduction in the amount of entrained

of the higher molecular weight monocarboxylie acid or
acide in the organic phase.

B et s 2o
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In a preferred embodiment of the present
invention, a branched chain alkanoic acid containing
from 6 to 10 carbon atoms, most preferably ethyl
hexanoic acid, will be used in combination with a
mineral acid, most preferably sulfuric acid, to
separate a hydrogenation catalyst from a hydrogenated
conjugated diolefin polymer, most preferably a block
copolymer comprising at least one polymeric block
containing predominantly monoalkenyl aromatic hydro-
carbon monomex units and at least one polymeric bhlock
containing predominantly hydrogenated conjugated
diolefin monomer units and even more preferably a block
copolymer comprising a single styrene homopolymer block
and a single isoprene homopolymer block., Polymers of
this type are, of course, well known In the prior art
and are desoribed, for example in such patents as U.8,
Patent Naog. 3,954,911y 3,668,125 3,772,196 3,775,329}
31,838,053 4,116,917 and 4,186,673,

In the preferred embodiment of the present
invention, the polymer will he in solution when
c¢ontacted with the inorganic acid and the mona-
garboxylic acid or acids, Moat praefarably, the polymer
will he disasclved in the same solvent that wag used
during hydrogenation, Preferrad solvents includes
aliphatio hydrocarbong such as peéntane, hexane,
heptane, octane, 2-ethyl hexane, nonane and the 1like,
ayclice hydrocarbons such as cyolopentane, cyalohexane,
methyleyclohexane and the like and aromatia
hydrocarbons guch as banzene, toluehe, ethyl beanzeps,
xylena and the like, Cyalohexane will ba used as the
golvent in a most preferred embodiment of the present
inveantion,

In the preferred embodiment, the method of this
invention may be used to separate any of the hydros-
genation catalysts known in the prilor art. The method

renniorichoe
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of this invention will, most preferably, be used to
separate both metal components contained in hydro~
genation catalyst such as those described in U.K.
"atent Specification No. 1,030,306, and U.S. Patent No.
3,700,633, The catalyst taught in the U.S. patent is,
of course, the product obtained by combining a nickel
or cobalt carboxylate or alkoxide with an al'minum
alkyl. The method of this invention will, effectively,
separate both metal components. Moreover, and to the
extent that the polymer solution actually treated also
contains the polymerization catalyst or catalyst
residue, the method of this invention will also,
affectively, reduce the content of such metal or metals
in the polymer solution.

In the preferred embodiment of this invention, the
branched chain alkanoic acid will be added directly to
the polymer solution befcre the palymer solution is
dontacted with an agqueous solution containing the
mineral acid., Alr will be used as the oxidizing agent
and contacting with the oxidizing agent will be
accomplished simultanecusly with the contacting with
the agueous inorganic acid solution., The contacting
will be accomplished by, in effect, bubbling air or
oxygen through the reagtion medium.

In the preferred embodiment, from 0.1 to 0.5 mols
of monocarboxylic acld per equivalent of total metal

will be added to the polymer solution, The aqueous

solution containing the inorgania, mineral, acid will

‘be from 0,01 to 0,1 normal in acid. In the preferred

embodiment, a sufficiéent amount of aqueous solutdion

~containing the inorganic acid will be used to provide

from 1 to 10 times the stolchiometric amount of in-
organic acld required to react with all of the metals
contained in the polymer solution. |
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In the preferred embodiment, contacting between
the polymer solution and the aqueous solution contain-
ing the inorganic acid will be accomplished at a
temperature within the range from 50 to 100°¢C at a
pressure within the range from O to 7 bar. In the
preferred embodiment, the partial pressure of oxygen
will be maintained at a value within the range from
0.07 bar to 0.7 bar. In the preferred embodiment,
contacting between the polymeric solution and the
aqueous solution of the inorganic acid will be
accomplished with sufficient agitation to insure good
contacting between the polymer solution and the aqueous
inorganic solution but the amount of agitation will not
be sufficient to form an emulsion. In the preferred
embodiment, contacting between the polymer solution and
the inorganic acid aqueous solution will be maintained
for a nominal holding time within the range from 10 to
90 minutes,

Having thus broadly Jescribed the present
invention, a preferred and most preferred embodiment
thereof, it is believed that the invention will become
even more apparent hy reference to the following
examples, It will be appreciated, however, that the
examples are presented solely for purposes of illustra-
tion and should not be construed as limiting the
invention.

Example 1

In this Example, two runs were completed, in batch
equipment, to separate a hydrogenation catalyst from a
freshly hydrogenated polymeér cement containing said
catalyst. Each run consisted of a first contacting
step followed by separation of the twe phazes, and a
sewond contacting step followed by separation of the
twe phasés. In both contznting steps of the firat of
thesa runs, ethyl hexanoic acld was used in combination
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with sulfuric acid and in both contacting steps of the
second run, which was completed for comparison purposes
only, only sulfuric acid was used. In both runs, the
freshly hydrogenated polymer was a star-shaped polymer
having about 20 polyisoprene arms having a weight
average molecular weight of about 80,000. The nucleus
of the star was formed with a commercial grade divinyl
benzene. At the start of both rins, 100 grams of the
hydrogenated polymer cement containing 10 wt% polymer
dissolved in 90 grams of cyclohexane were charged to a
shaker which was operated at a low speed. In both
runs, the polymer cement initially contained 2400 ppm,
by welght, nickel, based on polymer, and 2,500 ppm, by
weight, based on polymer, of aluminum. In both
contacting steps of both runs, the polymer cement was
contancted with a sufficient amount of aqueous sulfuric
acid solution to provide 5 moles of sulfuric acid per
equivalent of combined nickel and aluminum, initially,
The volume ratio of aqueous phase to organic phase in
both contacting steps of both runs was 0.5. 1In the
first of these two runs, 0.2 grams of ethyl hexanoic
acid was combined with the polymer cement before the
sulfuric acid solution was added to the shaker and
before hoth contacting steps. In the second run, the
sulfuric acid aqueous solution was used alone in both
contacting steps. In both runs, the contacting was
continued for 30 minutes in each contacting step and
the organie and aqueous phases were then separated by
decanting after the mixture was allowed to settle for
60 minutes. In both runs, each contacting step was
accomplished at room temperature and pressure. The
viscosity of the polymer solutieon used in both runs was
760 cp at room temperature., After this first contact~
ing step was completed and the phases separated, the
organic phase was tested to datermine the amount of
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nickel remaining after the first contacting and then
the entire procedure repeated. After the second
separation step was completed, the organic phase was
agailn tested to determine the amount of nickel
remainingt therein and to determine the amount of
aqueous phase entrained in the organic phase, In the
first run, the amount of nickel remaining in the
organio phase after the first separation was 39 ppm, by
weight, hYased on polymer. After the second contacting,
the amourit of nickel remaining in the organic phase was
determingd to be 40 ppm by weight, based on polymer,
0.2 wt% of the aqudous phase was entrained in the
organic phase after the second separation was
completed, In the second run, 517 ppm, by weight,
based on polymer, of nickel remained in the organic
phase after the first contacting, After the second
dontacting, 150 ppm, by weight, based on polymer, of
nickel remained in the organic phase, 2,7 wt% of the
aqueous phase was entrained in the organic¢ phase aftey
separation, As will be readily apparent from these
results, the addition of 20,000 ppm, by welght, hased
on a polymer, of 2-ethyl hexanoi¢ acid signifiocantly
incraases the amount of nickel separated from the
polymer solution and at the same time significantly
reduces the amount of the agqueous phase entrained in
the organic phase. In both runs, and during both
contacting periods, oxygen was supplled through
equilibration of the gas cap with tha reaction medium,
Example 2 .
In this Example, four runs, sach involving two
contacting steps, were completed. In all four rung, an
agueous solution containing sulfuric acid was contacted
with a hydrogenated polymer cement containing residues
of & catalyst formed by combining nickel octoate with
triethyl aluminum, The polymer cement was ldentical te
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that used in Example 1 except that its viscosity was
only 420 cp and it contained only 2,200 ppm, by welght,
based on polymer of nickel and 2,300 ppm, by weight,
based on polymer of aluminum. In both contacting steps
of all four runs, a sufficient amount of an aqueous
solution containing sulfuric acid was contacted with
the polymer cement to provide 4 mols of sulfuric acid
per equivalent of combined metal (nickel + aluminum)
initially present in the polymer cement. All four runs
were completed by charging 17 kg of the ponlymer cement
to a 0.13 m° mixer and then adding the aqueous sulfuric
acid solution., In the first run, 32 grams of ethyl
hexanoic acid were added to the polymer cement bafore
the aqueous sulfuric acld solution was added and beforae
both aontacting steps. In the gecond run, only 8 gms
of ethyl hexanolac acld ware added before each
contacting step was completed., In the third run, 8
grams of ethyl hexanol, an alcohol frequently used to
prevent entralnment of the aqueous phase in the organic
phave, was added to the polymér cement hefore the
ageuous sulfurlc acid solution was added in both
aontacting steps, In the fourth run, the agueous
solution of sulfuric acld was the only reagent added
during both contacting steps., In all four runs, oxygen
was bubbled through the reaction mixture during hoth
contacting steps, In all four runs, the impeller was
operated at a spead of 200 rpm. Again, two contacting
steps were completed in each run and the organic and
aqueous phases were separated after each contacting
period, In all of the xuns, each of the contacting
periods was continued for 30 minutes and sgeparation of
tha organic phase and the aqueous phase was
aceomplished by decanting after settling for 60
minutes. After each contacting perlod was completed,
the amount of nickel remaining in the oxganic phase and
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the amount of aqueous phase entrained in the organic
phase was determined. The amount of nickel remaining
in the oxganic phase after each contacting was as
follows: 62 ppm, by weight, based on polymer and 38
ppm, by weight, based on polymer, respectively, in the
first run when 2-ethyl hexanolc acid was used at 25,000
ppm by weight, based on polymer; 38 ppm, by weight,
based on polymer and 12 ppm, by weight, based on
polymer, respectively, in the second run where 6,200
ppm, by weight, based on polymer, of 2-ethyl hexanoic
acld was used; 225 ppm, by weight, based an pelymer and
62 ppm, by welght, based on polymer, respectively, in
run three whin 6,200 ppm, by weight, based on polymer,
of 2=-athyl hekanol was used; and 312 ppm, by weight,
based on polymer, and 62 ppm hy welght, based on
polymer respectively, when sulfuric acid alone was
uged. The amount of aqueous phase entrained in the
organic phase after each contacting peried was as
follawst 0.1 wt% and 0.4 wt¥, respectively, in run 1
when 25,000 ppm, by weight, based on polymer, of
2~athyl hexanole acild was usedr 0.6 wtt and 0,4 wth
ragpectively, in run 2 when 6,200 ppm, by welght, based
on polymer of 2~ethyl hexanolc acid was used; 1,2 wtt
and 0,6 wt%¥, respectively, in run three when 6,200 ppm
of 2~&thyl hexanol was usedr and 1.5 wt% and 0.6 wt%
réespectively, in run 4 where sulfurig agid was uged
alone. As wlll be apparent from this data, 2~athyl
hexanoic agld significantly inoreases the amount of
nickel separated from the organic phase and
significantly reduces the amount of the aquagus phasa
entrained in the organic phase at both concentrations
at which 2~athyl hexanoic aold was used.

While the present invention has been desaribed and
illustrated by reference to particular embodiments
thereof, it will be appreciated by those of ordinary
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skill in the art that the game lends itself to
variations not necessarily described or illustrated
herein. For this reason, then, reference should be
made solely to the appended claims for purposes of
determining the true scope of this invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS

1, A method for separating metals from a polymer

comprising the steps af:

(a) contacting a solution or suspension of smaild
polymer with an oxidizing agent:

(k) contacting sald solution or suspension of said
palymer with an aqueous solution of an inorganic
acld or agidsa in the presence of a monocarhioxylic
deld or acids having from 6 to 20 ¢arban atoms}
and

(¢} recovering a polymer product having a reduced
amount af metal therein.

2«  The method of ¢laim 1, wherein sald inorganic acid

is a mineral aeid.

3+ The method of c¢laim 3, wherain sald mineral acid

is gulfurie acid.

4¢ The method of claim 1, wherein sald monocarboxylic

daeld ig a branched chained alkanoeic acld having from 6
£ 10 carbon atoma,

%y  The methed of ¢ xim 1, whereln said monocarborylic
acld is ethyl hexanole acid.

6¢ The method of olaim 1, wherein the polymer ia
dissolved or auspended in a solvent selected from
aliphatic hydrecarbond, cyclic hydrocarbons and
dramatic hydrocarbonz.

7v  ‘The method of elaim 6, whareln cyelohexane s used
ag aolvant,

8« The method of e¢lalm 1, wheveln atepa (a) and (b)
are accomplished simultaneously.

B«  The mathod of claim 1, wherain atep (b} is
accomplinhed in a plurality of steps.
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10. The mathod of claim 1, wherein the amount of
monocarboxylic acid present is within the range from
0.05 to 2,25 equivalents of monocarboxylic acid per
mole of total metal to be geparated.

5 11, The method of claim 1, wherein the concentration
of inorganic acid in aqueous solution is from 0.01 to 1
normal,

12, The method of claim 1, wherein the monocarboxylic
acid concentration is in the range of from 0,001 to
10 0.02 normal.

13, Tha method of claim 1, wherein alr is used as
oxldizing agant,

14, A methad for separating metals from a polymer substantially as
herainhafore described with reference to any ong of the Examples.
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