- |1 - Copper renoval from ATRP products by neans of
addi tion of sul fur conpounds Field of the invention 5
The present invention relates-to a process for
removing transition netals from pol ynmer sol utions.
Specifically, it relates to the renoval of transition
metal conpl exes having a content of up to 1000 ppm
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is a particular advantage that both the molecular
25 weight and the molecular weight distribution can be
regulated. As a living polymerization, it additionally
permits the controlled formation of polymer
architectures, for example random copolymers or else
block copolymer structures. By means of appropriate
30 initiatorsg, unusual block copolymers and star polymers,
for example, are additionally accessible. Theoretical
fundamentals of the polymerization mechanism are
explained, inter alia, in Hans Geoxg Elias,
Makromolekiile [Macromolecules], Volume 1, 6th Edition,
35 Weinheim 1999, p.344.

State of the art

The purification of polymers and polymer solutions has
been described many times. For example, low molecular

40 weight compounds can be removed from solutions or else



fromsolid polyners by nmeans of extraction processes.
Such a process is described in general terns, for
exanple, in WD 02/28916. However, in order to renove

transition nmetal conplexes alnost conpletely - i.e. 5
bel ow a content of 1 ppm- froma polyner solution, a
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expected: firstly, metal fractions can catalyse
depolymerization and hence reduce the thermal stability
of the polymer - secondly, a significant increase in
20 the melt or solution viscosity through coordination of

functional groups of the polymer cannot be ruled out.

Not least, the ligands introduced with the transition
metal can also entail undesired side-effects. Many of
25 these strongly coordinating compounds, for example the
di- or trifunctional amines widespread in ATRP, act as
a catalyst poison in subsequent reactions, for example
a hydrosilylation. Thus, not only is the removal of the
transition metal itself of great interest, but a very
30 efficient reduction in the ligand concentration in the
workup is also important. Thus, processes which proceed
with destruction of the transition metal complex and
exclusive removal of the metal are insufficient for
many subsequent reactions and applications. This 1is
35 especially true since many of these ligands are odour-

and colour-intensive.

A specific form of extraction is that of aqueous

liquid-liguid extraction from polymer solutions. For



30 efficient reduction in the ligand concentration in
the workup is also inportant. Thus, processes which
proceed with destruction of the transition netal
conpl ex and excl usive renoval of the netal are
insufficient for many subsequent reactions and
applications. This is 35 espegially true since many of
these |igands are odour-and col our-intensive. - 3 -
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30 precipitant mixed with the solvents, the catalyst
residues and further constituents to be removed, such

as residual monomers, occur in the precipitation
process. These mixtures have to be separated in a
complicated manner in subseqguent processes. Overall,

35 precipitation processes cannot be converted to
industrial scale production and can be employed viably

only on the laboratory scale.

In addition, processes are known in which a solid



5 before or after the polynerization. The contai ni ng
phase is separated from itself becones it is bonded
to insoluble resin liquid polyner-the insoluble
material by filtration or centrifugation. For exanple,
CN 121011 descri bes a process in which an adsorbent
(especially activated carbon ,or alum niumoxide) is 10
added to the polymer solution after the ATRP process,
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30
This effect described also forms the basis of the
invention in DE 100 15 583, which describes an ATRP
process in nonpcoclar solvents. The transition metal
complex becomes insoluble during or after the reaction

35 as a result of oxidation and can be filtered off.
However, such processes are suitable only for the
preparation of relatively nonpolar polymers. When polar
polymers are prepared, for example polymethyl
methacrylates, the polymers are insoluble in the



al., Polym Prep. (Am 1999,40(2), p. 380). a
conpl exi ng agent with change the solubility. A costs
of the ligands. It is also readily apparent to the
person skilled in the art that all processes based on
purely process- acconpanying precipitation wthout
addition of a 15 precipitant .can lead only to

i nconpl ete catalyst renoval. "Mbst prior art processes
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accompanying precipitation without addition of a
15 precipitant can lead only to incomplete catalyst
removal. Most ©prior art ©processes are therefore
multistage processes with addition of assistants which
usually function as adsorbents. Corresponding
disadvantageous workups with phase separation can also

20 be found in JP 2002 356510.

A centrifugation is often used in such multistage
processes. This process of course cannot be extended to
industrial scale production volumes in an economically

25 wviable manner. Such stages are described in
EP 1 132 410 or JPp 2003 119219.

In addition, there are algso descriptions of electro-
chemical processes (cf. Nasser-Eddine et al., Macrom.
30 Mat. Eng., 2004, 289(2), p. 204-7), which, however, on
the basis of safety considerations alone, cannot find

use in large-volume processes.

Moreover, methods are known in which the polymerization
35 1is performed with a catalyst already immobilized on a
solid or gel (cf., for example, WO 00/062803; Brittain
et al., Polymer. Prepr. (Am. Chem. Soc.) Div. Poly.
Chem.; 2002, 43(2), p. 275). A disadvantage of this

method is in particular the high costs which arise from



Chem ; 2002, 43(2), p. 275). A disadvantage of this
nmethod is in particular the high costs which arise
from - 6 - the catal yst preparation. Furthernore,
such reactions are relatively slow owing to the

het er ogeneous character and the associ ated poor
accessibility of the catal yst. centre by the chain
ends. 5 The sane applies to t6he process described in
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20 transition metal complexes from polymer solutions. At
the same time, the novel process shall be performable
inexpensively and rapidly. It is a further object of

the present invention to provide a process which can be
implemented in known plants suitable for solution

25 polymerization without complicated refitting. It is a
further object, even after one filtration step, to
realize particularly low residual concentrations of the

transition metal complexes of below 5 ppm.

30 In particular, it is an object of the present invention
to remove transition metal residues from solutions of
an ATRP polymerization after termination of the
polymerization. Associated with this, it is an object
of the present invention that the properties of the

35 polymer are not changed in any way during the metal
removal and that the vyield loss can be described as
extremely low. In more detail, the narrow molecular
weight distribution wusually achieved in the ATRP

products in particular should remain unchanged during



35 polyner are not changed in any way during the netal
renoval and that the yield | oss can be descri bed as
extrenely low. In nore detail, the narrow nol ecul ar

wei ght distribution usually achieved in the ATRP
products in particular should remai n unchanged during

- 7 - the process according to_the invention. It is a
further feature of the present invention that it
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20
In the ATRP process described, the reaction is usually
terminated by oxidizing the transition metal. This can
be done quite simply by means of introduction of
atmospheric oxygen or by addition of sulphuric acid. In

25 the case of copper as the catalyst, some of the metal
complex often already precipitates out in this already
established procedure. However, this proportion is
insufficient for the further processing of the polymer.
The problem of optimized catalyst removal was solved by

30 addition of sulphur compounds, for example mercaptans,

as a precipitant.

Another part of this invention is that, by means of
simple modifications in the filtration, the residual
35 sulphur fractions can additionally be removed virtually
completely in a very simple manner. In this way,
products are obtained which do not have any unpleasant

odour caused by sulphur compounds.
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35 sul phur fractions can additionally be renoved
virtually conpletely in a very sinple manner. In this
way, products are obtained which do not have any

unpl easant odour caused by sul phur compounds. - 8 -
It has been found that, surprisingly, addition of
sui t abl e sul phur conpounds virtually fully

preci pitates the copper salts out of the polyner
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preferably below 1.1 equivalents. This minimal excess
leads to a residual sulphur content in the polymer

solution which is only very low in any case.

For the precipitation, a multitude of different
inorganic and organic sulphur compounds and mixtures
thereof can be used. Suitable inorganic sulphur
compounds are 1in particular hydrogen sulphide and/or

sulphides such as ammonium sulphide.

The inventive precipitants are preferably compounds
which contain sulphur in organically bonded form.
Especially preferably, these sulphur compounds used for
the precipitation of transition metal ions or
transition metal complexes have SH groups. With very
particular preference, the organic compounds include
mercaptans and/oxr other functionalized oxr else

unfunctionalized compounds which have one or more thiol



transition nmetal conplexes have SH groups. Wth very
particul ar preference, the organi c conpounds i ncl ude
nmer capt ans and/ or other functionalized or else
unfunctional i zed conpounds whi ch have one or nore
thiol - 9 - groups and/or can form correspondi ng

t hi ol groups under the dissolution conditions. The
compound nmay be hydrogen sul phide or organic conmpounds
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In radical polymerization, the amount of regulators,
based on the monomers to be polymerized, is usually
specified as 0.05% by weight to 5% by weight. In the
30 present invention, the amount of the sulphur compound
used is not based on the monomers but rather on the
concentration of the transition metal compound in the
polymer solution. In this sense, the inventive sulphur-
containing precipitants are used in 1.5 molar
35 equivalents, preferably 1.2 molar equivalents, more
preferably below 1.1 molar equivalents and most

preferably below 1.05 molar equivalents.

It is readily apparent to the person skilled in the art



that the nercaptans descri bed cannot have any

i nfl uence on the polyners after term nation of

pol ynmeri zati on when added to the pol yner sol ution.
This is especially true of the nol ecul ar wei ght
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30 Alternatively, the concentration of free |igands,
for exanple nmultifunctional am nes, can be reduced by
the addition of activated carbon (e.g. Norit SX plus
fromNorit). The activated carbon can al so be renoved
in a 35 separate filtration step or in a filtration
step simultaneous with the transition netal renoval.
In a particularly efficient variant, the activated
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Moreover, in comparison to the prior art processes
described, only significantly smaller amounts of these
assistants are necessary. Their removal 1s also
restricted to one additional filtration step or can
20 also be effected simultaneously in the same filtration
step with the removal of the precipitated transition

metal compounds.

To reduce the addition of sulphur compounds and/or

25 ligands, adsorbents or adsorbent mixtures may be used.
This can be done in parallel or in successive workup
steps. The adsorbents are known from the prior art,
preferably selected from the group of silica and/ox
alumina, organic polyacids and activated carbon.

30
Alternatively, the concentration of free ligands, for
example multifunctional amines, can be reduced by the
addition of activated carbon (e.g. Norit SX plus from
Norit). The activated carbon can also be removed in a

35 geparate filtration step or in a filtration step
simultaneous with the transition metal removal. In a
particularly efficient wvariant, the activated carbon is
not added as a solid to the polymer solution, but

rather the filtration is effected with activated



20 conpounds remaining in the polynmer mght lead to an
odour i npairnment of the polyner. |npairnment of the
product colour and a r estricted use spectrum for
exanple with regard to cosnetic applications, would

al so be di sadvantageous. In the process according to
25 the invention, it is thergfore of additiona
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30 purification process described would be conceivable.

Alternatively, it is, however, a particular part of the
present invention that excess fractions of the
mercaptans described are simultaneously removed
35 wvirtually fully without any need for an additional
purification step. Firstly, the mercaptans are used,
based on the transition metal compounds, only in a
minimal excess of 1.5 equivalents, preferably 1.2

equivalents and more preferably below 1.1 equivalents.
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which may be unsubstituted or have mono- to tetra-

substituted aryl radicals; other aromatically
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substituted styrenes having one or more alkyl
substituents on the ring, such as vinyltoluene and
p-methylstyrene, halogenated styrenes, for example
monochlorostyrenes, dichlorostyrenes, tribromostyrenes

35 and tetrabromostyrenes; heterocyclic compounds such as

2-vinylpyridine, 3-vinylpyridine, 2-methyl-5-vinyl-
pyridine, 3-ethyl-4-vinylpyridine, 2,3-dimethyl-
5-vinylpyridine, vinylpyrimidine, 9-vinylcarbazole,

3-vinylcarbazole, 4-vinylcarbazole, 2-methyl-1l-vinyl-



preferably have a nunber-average nol ecul ar wei ght of
10 between 5000 g/ nol and 120 000 g/ nol, nore
preferably 50 000 g/ nol and nost preferably between
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15 pyrrolidine, N-vinylcaprolactamn, N-vinylbutyrolactam,
hydrogenated vinylthiazoles and hydrogenated
vinyloxazoles. Particular preference ig gliven to
copolymerizing wvinyl esters, vinyl ethers, fumarates,
maleates, styrenes or acrylonitriles with the A blocks

20 and/or B blocks.

The process can be performed in any halogen-free
solvents. Preference is given to toluene, xylene, H,0,
acetates, preferably Dbutyl acetate, ethyl acetate,
25 propyl acetate; ketones, preferably ethyl methyl
ketone, acetone; ethers; aliphatics, preferably
pentane, hexane; alcohols, preferably cyclohexanol,

butanol, hexanol, but also biodiesel.

30 Block copolymers of the AB composition may be prepared
by means of sequential polymerization. Block copolymers
of the ABA or ABCBA composition are prepared by means
of sequential polymerization and initiation with
bifunctional initiators.

35
In addition to solution polymerization, ATRP may also
be performed as an emulsion, miniemulsion, micro-

emulsion or suspension polymerization.
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30 (where is an alkyl group of 1 to 20 carbon atoms,
where each hydrogen atom may be replaced independently
by a halogen atom, preferably fluoride or chloride, or
alkenyl of 2 to 20 carbon atoms, preferably vinyl,
alkenyl of 2 to 10 carbon atoms, preferably acetylenyl,
35 phenyl which may be substituted by 1 to 5 halogen atoms
or alkyl groups having 1 to 4 carbon atoms, or aralkyl,
and where R!', R? and R® are each independently selected
from the group consisting of hydrogen, halogens, alkyl
groups having 1 to 20, preferably 1 to 10 and more
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The particularly preferred initiators include benzyl
halides such as p-chloromethylstyrene, hexakis (a-
bromomethyl)benzene, benzyl chloride, benzyl bromide,
1-bromo-i-phenylethane and l-chloro-i-phenylethane.
Particular preference is further given to carboxylic
acid derivatives which are halogenated at the a-
position, for example propyl 2-bromopropionate, methyl
2-chloropropionate, ethyl 2-chloropropionate, methyl
2-bromopropionate or ethyl 2-bromoisobutyrate.
Preference is also given to tosyl halides such as p-
toluenesulphonyl chloride; alkyl  halides such as
tetrachloromethane, tribromoethane, l-vinylethyl
chloride or 1-vinylethyl bromide; and halogen

derivatives of phosphoric esters such as



P- (CH3) 2CX-Ph-Cx(CH3) 2, O, - in- or
p- CH3CX2- Ph- CX2CH3, o0,- m or p-X2CH Ph-CHX2, o, -or
p- XCH2- 0O2- Ph- OC(0) CH2X, 0,- 5 m or
p- CH3CHX- 0O2- Ph- OC( 0) CEXCH3, o0,- m or p-(CH3)2CX- 0O2-
Ph- OC( 0) CX( CH3) 2, CH3CX2- 02- Ph- OC( 0) CX2CH3, o0,- m or
pX2CH 0Q2- Ph- OC(0) CHX2 or o,- m or p-XS02-Ph- S02X (X
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The nolar ratio of transition nmetal to bifunctiona
initiator is generally within the range of 0.02:1 to
20:1, preferably within the range of 0.2:1 to 6:1 and
25 nore preferably within the range of 1:1 to 4:1,
wi t hout any intention that this should inpose a
restriction. In order to inq{ gase the solubility of
the metals in organic solvents and sinultaneously to
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free, and n is from 0 to 20). Preference is given to

using 1,4-butanediol di (2-bromo-2-methylpropionate),

1l,2-ethylene glycol di (2-bromo-2-methylpropionate),
diethyl 2,5~-dibromoadipate or diethyl 2,3-
dibromomaleate. If &all of the monomer used 1is

converted, the later molecular weight 1is determined

from the ratio of initiator to monomer.

Catalysts for ATRP are detailed in Chem. Rev. 2001,
101, 2921. Predominantly copper complexes are described
- other compounds also used include those of iron,
cobalt, chromium, manganese, molybdenum, silver, zinc,
palladium, rhodium, platinum, ruthenium, iridium,
ytterbium, samarium, rhenium and/or nickel. In general,
it is possible to use all transition metal compounds
which can form a redox cycle with the initiator or the
polymer chain which has a transferable atom group. For
this purpose, copper can be supplied to the system, for
example, starting from Cuy0, CuBr, CuCl, CuI, CuN;,
CuSCN, CuCN, CuNO,, CuNO3, CuBFy, Cu (CH3COQ) or
Cu (CF3C00) .

One alternative to the ATRP described is a wvariant
thereof: in so-called reverse ATRP, it is possible to
use compounds in higher oxidation states, for example
CuBr,, CuCl,, Cu0, CxClis, Fe;0; or FeBri. In these cases,

the reaction can be initiated with the aid of classical
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30 formation of stable and hence polymerization-inactive
organometallic compounds, ligands are added to the
system. In addition, the ligands ease the abstraction
of the transferable atom group by the transition metal
compound. A list of known ligands can be found, for

35 example, in WO 97/18247, WO 97/47661 oxr WO 98/40415. As
a coordinative constituent, the compounds used as a
ligand have at least one or more nitrogen, -oxygen,
phosphorus and/or sulphur atoms. Particular preference

is given in this context to nitrogen compounds. Very



20 distribution are finally determ ned by SEC
nmeasurenents. The copper content of a dried sanple of
the filtrate is then determ ned by neans of AAS. The
remaining solution is adm xed with 8 g of Tonsil 25
Opti mum 210 FF (from Sildcheme), stirred for 30 mn
and then filtered under el evated pressure through an
activated carbon filter (AK fromPall Seitz
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For the products worked up in accordance with the
invention, there is a broad field of application. The
25 selection of the use examples does not restrict the use
of +the inventive polymers. The examples shall serve
solely to indicate the wide range of possible uses of
the polymers described by way of a random sample. For
example, polymers synthesized by means of ATRP are used
30 as prepolymers in hotmelts, adhesive compositions,
sealant compositions, heat-sealing compositions, for
polymer-like reactions or for the formation of block
copolymers. The polymers may also find wuse in
formulations for cosmetic use, in coating materials, as
35 dispersants, as a polymer additive, as a compatibilizer

or in packaging.

The examples given below are given for Dbetter

illustration of the present invention but do not restrict



Conparative Exanple 1 A jacketed vessel equipped with
stirrer, thernoneter, ref |ux condenser, nitrogen
inlet tube and dropping 25 funnel is initially charged
under an Ny atnosphere with 15 g of n-butyl acryl ate,
15.5 g of butyl acetate, 0.2 g of copper(l) oxide and
0.5 g of PMDETA. The solutiop,is stirred at 60C for 15
m n. Subsequently, 0.48 g of i,4-butanedim

di (dsbraenesdyethy LREOPLONALL) a30ciSsafdedent. the same
tenperature. The mixture is stirred at 70C for a

pol yneri zation time of 4 hours. After introducing

at nrospheri c oxygen for approx. 5 mn to termnate the
reaction, 8 g of Tonsil Optinum 210 FT (from

Sil dchem e) and 4% by wei ght of water are added to 35
the solution which is stirred for 60 mn. The
subsequent filtration is effected under pressure

t hrough an activated carbon filter (AKS 5 from Pal |
Seitz Schenk). The mean nol ecul ar wei ght and the

nmol ecul ar weight distribution are finally detel m ned
by - 25 -



SEC neasurenents. The copper content of a dried sanple
of the filtrate is then determ ned by neans of AAS.
Exanple 3 5 A jacketed vessel equipped with stirrer,

t hernoneter, reflux condenser, nitrogen inlet tube and
dropping funnel is initially charged under an N2

at nosphere with 10 g of nethyl! nethacrylate, 15.8 g of
butyl acetate, 0.2 g of copper(l) oxi de and 0.5 g of
PMp&Lap1dBe 10 solution is stirred at 60C for 15 min.
Subsequently, 0.47 g of 1,4-butanedio

di (2-brono-2-net hyl propionate) is added at the sane

t empamplilar 2. The mixture is stirred at 70C for a

pol ymeri zation time of 4 hours. After introducing
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30 Cong emtd®ftaxe2Q dried sanple of the filtrate is then
determ ned by neans of AAS. - 27 - Table 1

Example 2

A jacketed vessel equipped with stirrer, thermometer,
reflux condenser, nitrogen inlet tube and dropping
35 funnel was initially charged under an N; atmosphere with
15 g of n-butyl acrylate, 15.5 g of butyl acetate,
0.2 g of copper(I) oxide and 0.5 g of PMDETA. The
solution is stirred at 60°C for 15 min. Subseguently,
0.49 g of 1,4-butanediol di(2-bromo-2-methylpropionate)



Exanpl e Exanple 1 Exanple 2 Conparison 1 Exanple 3
Conparison 2 Mononer MVA n-BA n-BA MMA Cu
concentration (polynerization) approx. 5.5 ng/g
Preci pitant TGA n- DDM -

- 24 -

is added at the same temperature. The mixture is
stirred at 70°C for a polymerization time of 4 hours.
After introducing atmospheric oxygen for approx. 5 min
to terminate the reaction, 0.8 g of n-dodecyl mercaptan
is added. The solution which had been greenish
beforehand spontaneously becomes red in colour and a
red solid precipitates out. The filtration is effected
by means of an elevated-pressure filtration. The mean
molecular weight and the molecular weight distribution
are finally determined by SEC measurements. The copper
content of a dried sample of the filtrate i1is then

determined by means of AAS.

The remaining solution is admixed with 8 g of Tonsil
Optimum 210 FF (from Siidchemie), stirred for 30 min and
then filtered under elevated pressure through an
activated carbon filter (AKS 5 from Pall Seitz Schenk).
The copper content of a dried sample of this fraction
too ig determined by means of AAS and a GPC measurement

is undertaken.

Comparative Example 1

A jacketed wvesgsel equipped with stirrer, thermometer,
reflux condenser, nitrogen inlet tube and dropping
funnel isg initially charged under an N, atmosphere with
15 g of n-butyl acrylate, 15.5 g of butyl acetate,
0.2 g of copper(I) oxide and 0.5 g of PMDETA. The
solution is stirred at 60°C for 15 min. Subsequently,
0.48 g of 1,4~butanediol di(2-bromo-2-methylpropionate)
is added at the same temperature. The mixture is
stirred at 70°C for a polymerization time of 4 hours.
After introducing atmospheric oxygen for approx. 5 min
to terminate the reaction, 8 g of Tonsil Optimum 210 FF
(from SUdchemie) and 4% by weight of water are added to
the solution which is stirred for 60 min. The
subsequent filtration 1is effected under pressure
through an activated carbon filter (AKS 5 from Pall
Seitz Schenk). The mean molecular weight and the

molecular weight distribution are finally determined by



MEOH - Adsorbent - alox/silica alox/silica Cu

concentration (1st filtration) 0.1 gg/g 0.5 pg/g 44
0gg9/g 0.3 gg/g 22 pg/ g Adsorbent al ox/silical ACF
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30

al ox/silical ACF
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SEC measurements. The copper content of a dried sample

of the filtrate is then determined by means of AAS.

Example 3

A jacketed vessel equipped with stirrer, thermometer,
reflux condenser, nitrogen inlet tube and dropping
funnel is initially charged under an N, atmosphere with
10 g of methyl methacrylate, 15.8 g of butyl acetate,
0.2 g of copper(I) oxide and 0.5 g of PMDETA. The
solution is stirred at 60°C for 15 min. Subsequently,
0.47 g of 1,4-butanediol di(2-bromo-2-methylpropionate)
is added at the same temperature. The mixture is
stirred at 70°C for a polymerization time of 4 hours.
After introducing atmospheric oxygen for approx. 5 min
to terminate the reaction, 0.4 g of 2-mercaptoethanol
is added. The solution which had béen greenish
beforehand spontaneously becomes red in colour and a
red solid precipitates out. The filtration is effected
by means of an elevated-pressure filtration. The mean
molecular weight and the molecular weight distribution
are finally determined by SEC measurements. The copper
content of a dried sample of the filtrate is then

determined by means of AAS.

The remaining solution is admixed with 8 g of Tonsil
Optimum 210 FF (from Siidchemie), stirred for 30 min and
then filtered under elevated pressure through an
activated carbon filter (AKS 5 from Pall Seitz Schenk).
The copper content of a dried sample of this fraction
too is determined by means of AAS and a GPC measurement

is undertaken.



alox/silical ACF alox/silical AC F alox/silical ACF Cu
concentration (2nd filtration) 0.06 gg/g 0.2 gg/g 10
gg9/g 0.09 gg/g 4 gg/g S content (after addition) 3.0

ng/g 3.9 ng/g - 5.0 ny/g -

10

15

20

- 26 -
Comparative Example 2

A jacketed vessel equipped with stirrer, thermometer,
reflux condenser, nitrogen inlet tube and dropping
funnel is initially charged under an N; atmosphere with
10 g of methyl methacrylate, 15.8 g of butyl acetate,
0.2 g of copper(I) oxide and 0.5 g of PMDETA. The
solution is stirred at 60°C for 15 min. Subsequently,
0.47 g of 1,4-butanediol di(2-bromo-2-methylpropionate)
is added at the same temperature. The mixture is
stirred at 70°C for a polymerization time of 4 hours.
After introducing atmospheric oxygen for approx. 5 min
to terminate the reaction, 8 g of Tonsil Optimum 210 FF
(from Sudchemie) and 4% by weight of water are added to
the solution which is stirred for 60 min. The
filtration is effected by means of an elevated-pressure
filtration through an activated carbon filter (AKS 5
from Pall Seitz Schenk). The mean molecular weight and
the molecular weight distribution are finally
determined by SEC measurements. The copper content of a
dried sample of the filtrate is then determined by
means of AAS.



Equi val ents relative to Cu 1.09 1.4 - 1.8 - S content
(2nd filtration) 6 4g/g 48 ng/g - 24 gg/g - M
(before purification) 8900 9800 9900 9300 9000
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Table 1
Example Example 1 | Example 2 | Comparison | Exarple 3 |Comparison 2
1
Monomer MMA n-BA n-BA MMA MMA
Cu concentration approx. 5.5 mg/g
(polymerization)
Precipitant TGA n-DDM - MEOH -
Adsorbent - - alox/silica - alox/silica

Cu concentration| 0.1 ug/g | 0.5 ug/g 44 pg/g | 0.3 pg/g 22 ug/g

{(lst filtration)

Adsorbent alox/silica/ |alox/silica/|alox/silica/|alox/silica/|alox/silica/

ACF ACF ACF ACF ACF

Cu concentration| 0.06 ug/g{ 0.2 ug/g 10 pug/g [0.09 pg/g 4 nug/g

(2nd filtration)

S content 3.0 mg/g | 3.9 mg/g - 5.0 mg/g -

(after addition)

Equivalents 1.09 1.4 - 1.8

relative to Cu'

S content 6 ugl/g 48 ug/g - 24 pg/g -
(2nd filtration)
Mo 8900 9800 9900 9300 9000

(before

purification)

M,/ My 1.20 1.18 1.24 1.17 1.22
(before

purification)

M, 8900 9800 9800 9400 9000

(after

purification)

M, /M, 1.18 1.18 1.22 1.16 1.23

(after

purification)

MMA = methyl methacrylate; n-BA = n-butyl acrylate; n-DDM =
n-dodecyl mercaptan; TGA = thioglycolic acid; MECH = 2-
mercaptoethanol; alox = aluminium oxide; ACF = activated
carbon filter



11,/16, (before purification) 1.20 1.18 1.24 1.17
1.22 M (after purification) 8900 9800 9800 9400 9000
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35

Mv M1 (after purification) 1.19 1.18 1.22 1.16
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It is clearly evident from the examples that the already
very good results with adsorbents for the removal of
transition metal complexes {(in this <case copper
complexes) from polymer solutions can be clearly improved
by the preceding precipitation with sulphur compounds. In
the examples adduced, which do not serve to restrict the
present invention in any way, three different mercaptans
used as regulators in radical polymerization were used
for precipitation.

The present examples were based on the ATRP process. The
polymerization parameters were selected such that it was
necessary to work with particularly high copper
concentrations: low molecular weight, 50% solution and
bifunctional initiator.

It is evident from the results for Example 1 that
corresponding sulphur compounds, used even in a very
small excess based on the transition metal compound, lead
to very efficient precipitation. It is also evident from
the examples that more efficient removal of the
transition metal compounds from the solution 1is
realizable with all thiol-functionalized reagents than is
possible by an already optimized workup with adsorbents.
Nevertheless, suitable selection of the precipitant
allows the particular result to be enhanced even further.
Thus, the use of polar mercaptans such as TGA in nonpolar
media is probably more efficient. Conversely, nonpolar
precipitants such as n-DDM are more suitable in polar
media. An additional functional group such as an alcohol
group (MEOH) or an acid group (TGA) can also enhance the
removal of the excess sulphur compound.

The data on the residual sulphur contents in the table
already show satisfactory removal. Variation within the
process according to the invention allows an increase in
the removal efficiency over and above this.

The comparison of the molecular weights and molecular
weight distributions before and after the workup from all
examples and comparative examples shows that the methods
employed have no influence on the polymerxr

characteristics.



1.23 MVA = nethyl nethacrylate; n-DA = n-butyl

acrylate; n-DDM = 5 n-dodecyl nercaptan; TGA =

t hi ogl ycolic acid; MEOH = 2- nercaptoethanol; alox =

al um ni um oxi de; ACF = activated carbon filter - 28 -
It is clearly evident fromthe exanples that the

al ready very good results with adsorbents for the
renoval of transition netal conplexes (in this case
copper conpl exes) from pol yner sol utions can be

clearly inproved 5 by the preceding precipitation wth
sul phur conpounds. In the exanpl es adduced, which do

not serve to restrict the present invention in any

way, three different mercaptans used as regulators in
CGladmeal pol yneri zati on were used for precipitation. 10
The present exanpl es were based on the ATRP process.

The pol ynerization paraneters were sel ected such that
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4. Process for removing transition metal compounds from
polymer solutions after an atom transfer radical

polymerization (ATRP) according to Claim 1,



pol yneri zation (ATRP), characterized in that the
transition netal conpound is precipitated by neans of
addition of a suitable precipitant and then renoved by
means of filtration, and the precipitant is a sul phur
conpound which is a nercaptan or a conpound having a
thiol group. 2. Process for renoVing transition netal
conpounds fron1po|ynerso|utléﬁsafteran
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7. Process according to Claim 6, characterized in
that the transition metal compound used as a catalyst
in the polymerization is a copper compound.
25
8. Process according to Claim 7, characterized in
that the copper compound has been added to the system
before the start of the polymerization in the form of
Cus0, CuBr, CuCl, Cul, CulNj3, CuSCN, CuCN, CulNO;, CuNOs;,
30 CuBFs, Cu(CH3CO00) and/or Cu(CF3CO00).

9. Process according to one of the preceding Claims
1-8, characterized in that the catalyst is combined
before the polymerization with a nitrogen, oxygen,
35 sulphur or phosphorus compound which can enter into one
or more coordinate bonds with the transition metal to

form a metal-ligand complex.
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r ut heni um conpounds, conpounds, ytterbi um
conpounds, samari um r heni um conpounds and/ or ni cke
conpounds. 7. Process according to Cl aim6,
characterized in that the transiti®n netal conpound
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whi BFESREH e PEL YRR o2 oheDridite O dPRat e borids i 1
t headd ansin;ion netal to forma netal -1igand conpl ex.

- 31 - 10. Process according to Caim9, characterized
in that the ligand used conprises N-containin chelgte
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i nigi IS ed ] edi ng pol yneri zation
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Process according to Caim1l, characterized in that
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20M XJUrLBkyl acrylates, alkyl methacrylates, vinyl esters,

vinyl ethers, fumarates, maleates, itaconates,
styrenes, acrylonitriles, and/ox other monomers

polymerizable by means of ATRP.

25 14. Process according to Claim 13, characterized in
that the polymer is obtainable by polymerizing alkyl
acrylates and/or alkyl methacrylates and/or mixtures
which consist predominantly of alkyl acrylates and/or

alkyl methacrylates.

30
15. Process according to one of the preceding claims,
characterized in that the polymer has a number-average
molecular weight between 5000 g/mol and 120 000 g/mol.
35 16. Process according to one of the preceding claims,

characterized in that the polymer has a molecular

weight distribution of less than 1.8.



20 of al kyl acrylates, alkyl nethacrylates, vinyl

esters, vinylethers, funmarates, nal eates,itaconates,

styrenes, acrylonjtriles,and/ or ot hernononers

pol yneri zabl e by nmeans of ATRP. 25 14. Process

according to Gaim 13, characterized in that the

pol ymer is obtainable by polynerizing al kyl acryl ates

and/ or al kyl methacryl ates ard/ 6r ni xtures which
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one of the preceding clains, characterized in that the
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functionalization, glass transition tenperature,
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as a result of the 25 precipitation and subsequent
filtration. 22. Process according to one of the
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25 precipitation and subsequent filtration.

22. Process according to one of the preceding claims,
characterized in that the sulphur compound added is

reduced by using an adsorbent or an adsorbent mixture.

30
23. Process according to Claim 22, characterized in
that the sulphur compound added is reduced in parallel
by using an adsorbent or an adsorbent mixture.

35 24. Process according to Claim 22, characterized in

that the sulphur compound added is reduced in a second

workup step by using an adsorbent or an adsorbent



23. Process according to Caim22, characterized in
that the sul phur conpound added is reduced in paralle
by using an adsorbent or an adsorbent m xture. 35 24.
Process according to Caim 22, characterized in that
t he sul phur conpound added is reduced in a second

wor kup step by using an adsorbent or an adsorbent -
33 - mxture. 25. Process3according to one of the
precedi ng clains, characterized in that the |igands
ad B4 1 educed by 5 using an adsorbent or an
adsorbent m xture. 26. Process according to O aim 25,
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a second workup step by using an adsorbent or an

adsorbent m xture. 1528. Process .accordin
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10 s an or gani ¢ pol yaci d. 30. Process according to

d ains 2ZZdoes27 acachadiiact etd zet dim vhat dilagagtdsoibeht in
or thg adsor g&gndy @&a’e% %&é Sr@&&dé(iatﬁd LARGA wdkkup

Process according to Calm30, characterized.,in that
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the formof an activated carbon filter. 30 32. Use of
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composﬁﬂﬁ@ﬁsanﬁwbrpﬁhmmﬁnmhlb&lﬁeactlons in cosmetic
35 applications, in coating materials, as dispersants,

as a polyner additive or in packagi ngs.
29. Process according to Claims 22 to 27, charac-

20 terized in that the adsorbent or the adsorbent mixture

25

30

35

is an organic polyvacid.

30. Process according to Claims 22 to 27, charac-
terized in that the adsorbent or the adsorbent mixture

is activated carbon.

31. Process according to Claim 30, characterized in
that the activated carbon finds use in the filtration

in the form of an activated carbon filter.

32. Use of the polymers worked up according to one of
the preceding claims in hotmelts, adhesive
compositions, sealant compositions, heat-sealing

compositions, for polymer-like reactions, in cosmetic
applications, in coating materials, as dispersants, as

a polymer additive or in packagings.



