-1- Anethod for netallizing a polymer The present invention relates
to a method for netallizing a polymer. Furthernore, the present
invention relates to a pol ynmer produced according to 5 a nethod for
metal | i zation as well as the use thereof. furthernmore, the pr esent

invention relates to a pol ymep rﬁ&ﬁh@%%éﬁll@ziﬁ?i@b?n{\@t hods for
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metallizing polynmers as well as netallized poly are known in the

prior art. 10 For instance, US 4,681,591 describes a nethod for
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with atin (lIl)- containing conpound and with a pall adi um cont ai ni ng
conpound and non- electrolytically plating the activation-treated

textil e materiethodd fa mesllidieg polofea 44 WEll B FICEALizEPPHGMerCaBHNbwN in
chromum or alloys thereof to forma netal 20 coating thereon. A
textile mat erﬁ‘ﬁlp'%‘?'cﬂﬁhced in such a way is suitable as

el ectromagmetic radiation-shielding. DE 34 19 755 Al discloses a

met hod for silver pl atilg)_? non-nmetatic materials. Wile doing so, a
surface to bef&iingapce |t H&81.99hdesarbeea MEthpd ser pregdegingpenetsllized

conpound on basi&tef i@ ledtlidiMatdtthl PHPRE WS Wi LebBE o RERFEMNRE
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use of a silver plati ng{ bath. Addition to a si .
silver pl ati nigxpte mateyialgonwrisingiagdgashab & hyowsighs ot petpesri figreagedtany

urfases or Bral CHLESA bR AEfkan e SEERA 1h B BRRBEA A
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containing compound and with a palladium-containing compound and non-
electrolytically plating the activation-treated textile material in a mixture
containing nickel, copper, cobalt, chromium, or alloys thereof to form a metal
20  coating thereon. A textile material produced in such a way is suitable as

electromagnetic radiation-shielding.

DE 34 19 755 A1 discloses a method for silver plating non-metalic materials.
While doing so, a surface to be silver plated is activated with at least one

25 compound on basis of palladium and subsequently silver plated by the use of a
silver plating bath. Additionally to a silver salt, the silver plating bath contains

thiocyanate ions as complexing agent and hydroxylamine as reducing agent.

A method for modifying polymer surfaces for metal deposition is disclosed in WO
30 2006/052548 A1, wherein a polymer is modified by an etching agent, the
modified polymer is silylated to provide a polymer having amino groups, and a

noble metal is deposited on the polymer containing amino groups.



noble netal is deposited on the pol ymer containing am no groups. 2-
DE 600 02 681 T2 describes a nethod for producing a substrate having
bi oci dal properties, wherein chitosan is deposited on the substrate,
the substrate is inmersed in a solution of -silver salt, the silver
salt is reduced, the chitosan is «cross-linked, and the substrate is

washed. 5 APR®O0AdY 6% Theeseribes s fethed dorspragdusinga siksttatedravingibiogidal
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metal lization of, ?ggstr te surfaces, wherein the surfaces are
treated w t&OISHINKALr R theygulsieate 15wvashedd yneric organic film
form ng qagent previous to activation with conpl ex conpounds.
Especially, the netal |oading and/or the netallization degree of

pol yners, 1A methoedor vedtallizitep Eibdsusanatdréalds desdritedoiovBE 689 14M85MEL al
and/ or the tal. Eo ound, res_ge,ctivel(?, .to the polynmer or an
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the netallized material. Especially, in regard to environnental and

wast e 20 di I nsj der at,i ons an L so to the profitabilit f
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in liquid-guiding systens, because such polyners do not neet the
system gquidelines or directives and regul ati ons whi ch have been

emomer |y AP Lhe RSPRG0S e
wat er. 15 respectively, depends on the adhesive power of the metal and/or the metal
compound, respectively, to the polymer or an optional intermediate layer. An
insufficient adhesive power can result in an increased and uncontrolled metal
and/or metal ion release, respectively, for example, into a liquid during the use
of the metallized material. Especially, in regard to environmental and waste
20 disposal considerations and also to the profitability of such materials, an
uncontrolled release of metal and/or metal ions, respectively, is

disadvantageous.

Especially, the uncontrolled and often too elevated release of metal and/or

25 metal ions, respectively, into a liquid prevents the use of a metallized polymer
in liquid-guiding systems, because such polymers do not meet the system
guidelines or directives and regulations which have been issued, for example,
for protection of the environment or the consumer by the EU such as the EU
directive 98/83 for drinking water.

30
Therefore, it is an object of the present invention to provide an improved

method for metallizing a polymer, especially a method for metallizing a



30 Therefore, it is an object of the present invention to provide an
I nproved nethod for netallizing a polymer, especially a nethod for
netallizing a .3- polyner, whereby a honbgeneous netal coating on the
pol ymer and a high adhesive power between3netal and pol ymer can be
achieved. This object is solved by a nethod having the features of
claiml. 5pelyowrdwhigreby athomagesroupmetahcaediingren hioel pbb«mm"earﬂda irr]wgmg
a polyner, the .polyner,is treated in,succession at least with the
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am ne group, Wwth a conpound having at |east one functional group
being suitable to 10 performan addition reaction with the am ne
group, wi t Fhis obdech issalvedrian metfodihavingstheofeaturssaif daim 1sel ect ed
fromthe5 group consisting of a silver salt, a copper salt, and a

ni ckel salt, and a conplexing agent, and wth at |east one reducing
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« with at least one reducing agent. |
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The treatment of the polymer with a compound having at least one amine group
and with a compound having at least one functional group being suitable to
perform an addition reaction with the amine group provides the polymer with a
functionalized layer. By treatment with a solution containing a metal salt and a
20 complexing agent, metal is fixated by interactions, especially by coordinative
and/or ionic interactions, respectively, to the functional groups of the
functionalized layer. Subsequently, the ionic metal is reduced to form a metal
layer. A metal plated polymer having a low metal releasability can be obtained
by the method according to the invention. I. e., the metal adheres to the

25 polymer obtained in an excellent manner.

Also, the metallized polymer obtained by the method and the use thereof are
objects of the present invention. The metallized polymer is used for
antimicrobially treating liquid in liquid-guiding systems or for producing socks,
30 insoles, clothing, covering textiles for seating furniture or mattresses.
Especially, the above-mentioned uses are advantageous for the silver plated
polymer obtained according to the invention on one hand due to the achieved

excellent adhesion of the silver to the polymer obtained according to the



Al so, the netallized polymer obtained by the nethod and the use
thereof are objects of the present invention. The netallized pol yner
Is used for antimecrobially treating liquid in |iquid-guiding
systens or for produci ng socks, 30 insol es4-clothing, covering
textiles for seating furniture or mattresses. Especially, the

above- nent i Hiyeatigs aadaa w0-aehigrablggedycedrelense of mﬁ@r iptaathedenyieonyment
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the -4- invention and a so-achi evabl e reduced rel ease of silver into
the environnment and on the other hand due to the biocidal effect of
the sil ver.Fyrihenadvandaseausprabedinanés Phihg Brasent veptiosere deasedbed i

are desc;JJri bﬁ%héjébe@e%%lﬂﬁﬂendem clainms. In an advant ageous
pol ymer

enbodi nent e po Is'treated with at | east one conpound having
at | east one functional group being suitable to performan addition

reaction with the am ne groug previous to the treatnent. with a 10
conmpound hal %{ba&anté&%quscﬁm tgkhripolymedtis teeated with ableast opfese
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compound having at least one amine group is carried out advantageously, if the
compound having at least one amine group has strong alkaline properties and
the polymer is not stable to bases. Preferably, the treatment of the polymer
20  with a compound having at least o‘ne amine group and the treatment of the
polymer with at least one compound having at least one functional group being
suitable to perform an addition reaction with the amine group is carried out by
spraying, wetting, placing or immersing the polymer into the respective
compound which is solved in a solvent, if required. Preferably, the respective
25 treatment is carried out at room temperature. The treatment time can be 1

minute to 10 hours.

In an advantageous embodiment, the compound having at least one amine group
is a liquid polyfunctional amine. On the one side, a liquid polyfunctional amine
30 can be applied in neat form on the polymer treated, if required, resulting in a
high loading degree, eliminating possible side reactions of a solvent as well as
avoiding waste products such a solvent used and working steps such as removing

a solvent. On the other side, the hydrophobicity/hydrophilicity and the degree



spraying, wetting, placing or imersing the polyner into the
respective conmpound which is solved in a solvent, if required.
Preferably, the respective 25 treatnent is carried out at room
tenmperature. The treatnent tine can be 1 .gi.nute to 10 hours. In an
advant ageous enbodi nent, the conmpound having at |east one am ne group
is a |iqui dobotogs-linkingoefaihesaddition Orioduat with tbe dempounidduaving at least one

pol yfuncti opal .am 30 can b lied.in neat, formon.the l.ymer .
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conpound having t primary am ne Tunctions an
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Mor e advant ageously, the at |east one conpound having at | east one
amine group is a compound of the Formula R NHR2 (1), 20 wherein Rl

i s sel etd edVoreadiantageaushy, dbasitdeastgone cofapihBid having aRISSit (B2 ine

and group is a compound of the Formula

R'NHR? (1),

20  wherein R’ is selected from the group consisting of H,N(CH,)., RSi(CH,)w, and
HaNCeH4,
R? is selected from the group consisting of [(CH2)xNH],(CH2),NH;, R%:Si(CH,),, and
HaNCgHANH(CHy),
w is an integer from 1 to 7, preferably 2 or 3,
25 xis aninteger from 1 to 7, preferably 2 or 3,
y is zero or an integer from 1 to 7, preferably zero, 1 or 2,
Z is an integer from 1 to 7, preferably 2 or 3,
R? is a branched or straight-chain alkyl or -O-alkyl having 1 to 10 carbon atoms,
preferably having 1 to 8 carbon atoms, more preferable having 1 or 2 carbon
30 atoms.

If R" is H;N(CH,)w, in an advantageous embodiment, then R? is

[(CH)xNH],(CH2),NH,, wherein w, x, y and z are defined as above. If R' is



HZNC6H4, R2 is selected fromthe group consisting of

[ (CH2) XNH] y(CH2) , NH2, R33Si (CH2) z, and H2NCE6HANH(CH2)z, wis an
integer from1l1l to 7, preferably 2 or 3, 25 x is an integer from1l to
7, preferably 2 or 3, y is zero or an integer froml to 7, preferably
zero, 1 or z is an integer froml to 7, preferably [

R3
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enbodi ment , hassitanBdr sslanpl( fHhtitkioNs] yespeRdivdly?, wherein w, x, y and z
are defined as above. If R is -b- R33Si (CH2)W in another
advant ageous enbodi nent, then R2 I s R33Si (CHZ)Y wherein R3, wand vy

are defiged
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bis[3-(tri rret hoxysi am ne articularly a geously,
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t et raet hyl enepent am n.advant ageous enbodi ment of the nethod
accor di "g t%m[) W}SEHT‘]'}? ra g gBﬁ faé‘é@feron of the conpound
having at | east one am ne group Is carried out by contacting it with

a conpound having at |east one isocyanate grou l.e., 15 in this
enbodi ment Inaamagxmﬁagewmoémmréaﬁttheﬂnet adcondngg;pdbp ipe¢nigon, an
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| east one agit®y contacting it with a compound having at least one isocyanate group. l.e.,
15  in this embodiment, a compound having at least one functional group being
suitable to perform an addition reaction with the amine group is a compound
having at least one isocyanate group. A compound having at least one amine
group conducts with a compound having at least one isocyanate group an
addition reaction by formation of a urea. If the compound having at least one
20 amine group has at least two amine groups and the compound having at least
one isocyanate group has at least two isocyanate groups, a urea network can be
formed. The formation of a network has the advantage that a layered structure

being a uniform coating of the polymer is formed.

25 Advantageously, the compound having at least one isocyanate group is a
diisocyanate. Preferably, the diisocyanate is selected from the group consisting
of hexamethylene diisocyanate, tolylene diisocyanate, isophorone diisocyanate,
and 4,4’-methylene-bis(cyclohexyl isocyanate). Particularly preferably, the
diisocyanate is hexamethylene diisocyanate. Especially, hexamethylene

30 diisocyanate forms with the polyfunctional amines described above on the
polymer a layer which adheres firmly, but is flexible and not brittle. Brittle

layers tend to drop off easily from polymeric substrate structures.



group conducts with a conpound having at | east one isocyanate group
an addition reaction by formation of a urea. If the conpound having
at | east one 20 am ne group has at |east two am ne groups and the
conmpound having at |east one isocyanate gyoup has at |east two

| socyanat e _?roups, a urea network can be fornmed. The formation of a
net wor k hasTe Ipertatnaan additionacagtipapéitbd compotindrhavingatnigast ame Aovine
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polymer is in the formof a spacer interlaced yarn no padding is

Cart1ed outcan iRSCHBaFer STHERES raPeHea Debu¥et dhe SRR v gompound and

substrate sfHalsélyifer. Tt basic Id¥ of the present invention, coating the polymer
with the respective compound is understood to mean spraying, wetting, placing
or immersing the polymer into the respective compound. The coating of the

20 polymer with the respective compound can take place fully or partially.

Coating the treated polymer with a compound having at least one amine group
and/or a compound having at least one isocyanate group, respectively, is
carried out by immersing, placing, spraying or wetting the polymer with the
25 respective compound. Optionally, the adequate compound can be solved in a
solvent. Preferably, water is employed as solvent. The concentration of the

respective compound ranges from 100% to 0.1%.

Alternatively, an addition reaction of the compound having at least one amine
30 group is carried out by contacting it with a compound having at least one

epoxide group. Examples for a compound having an epoxide group are

propylene oxide, styrene oxide, 4-vinyl-1-cyclohexene-1,2-epoxide, 2,3-

dimethyl-2,3-epoxybutane and limonene-1,2-epoxide. Further examples for a



met hod according to the invention, it is not necessary to perform

paddi ng 15 during the treatnent of the polynmer with the respective
conpound, however it can result in better adherence properties

bet ween the respective conpound and the pglyner. In the basic idea
of the present invention, coating the polymer wth the respective
conpound i scempeynd badng atieast angrenaxide guai anegepqXide reins, @specially
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In an advantageous embodiment of the present invention, the metal salt is
20 selected from the group consisting of silver halide, silver sulphate, silver
nitrate, copper halide, copper sulphate, copper nitrate, copper acetate, nickel
halide, nickel sulphate, nickel nitrate, and nickel acetate. Particularly
advantageously, the metal salt used is silver nitrate, silver chloride, or silver
sulphate. Even more preferably, the metal salt is silver nitrate. Especially,
25 halide employed according to the invention comprises chloride, bromide, or

jodide.

In an advantageous embodiment, the complexing agent employed into the
method according to the invention is selected from the group consisting of
30 ammonia, ethylenediamine, triethanolamine, ethanolamine, 1,3-
diaminopropane, sodium thiosulphate, thioisocyanate, glycerol, sodium

tartrate, potassium sodium tartrate, and sodium citrate. Particularly



10 can be solved in a solvent. An aprotic solvent, nore preferably an
organic solvent is selected as solvent. Exanples for an enpl oyabl e

sol vent include aliphatic solvents having 1 to 10 carbon atons such

as pentane, hexane, heptane, octane, nonage, decane,

cycl opent ane, cycl ohept ane, cycl ooct ane, di chl oronet hane, chl orof orm

1, 2- di chl or adanEAgeouslyetthel @Qm@hexmgeag@nt tSeamnmnaauAmmqm@ns easily volatile.
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conbi nati on, course. In an advantageous enbodi ment of the present
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conpl exibng tagatments with tthe sohutgen fcootaining the mett@] salt and complexing agent.
Advantageously, the drying is carried out at a temperature between 30°C and
60°C, more advantageously between 40°C and 55°C. Advantageously, the drying

time is between 10 minutes and 30 minutes.

20 By the treatment of the polymer provided with functional groups with the
solution containing the metal salt and the complexing agent, the metal is
fixated by interactions, especially by coordinative and/or ionic interactions,

respectively.

25 In a further advantageous embodiment of the present invention, the reducing
agent is selected from the group consisting of glucose, ascorbic acid, sodium
borohydride, sodium dithionite, sodium sulphite, sodium formate,
formaldehyde, and sodium hydrophosphite. The reducing agent serves to reduce
the ionic metal. Preferably, the reducing agent is glucose or ascorbic acid.

30 Glucose and/or ascorbic acid, respectively, are a very environmentally friendly
reducing agent, easy to handle, easily available and non-toxic. If the reducing
agent is glucose or ascorbic acid, the reduction is preferably carried out in

water, especially at temperatures between 10°C and 60°C, preferably 20°C and



nore advantageously 1:2 to 1:3 (v/v). Advantageously, the treatnent
of the polynmer with the solution containing the netal salt and
conpl exing agent is 10 carried out at a tenperature between 10C and
60C, nore advantageously between 20'C and050' C. The treatnent tine
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with the solution containing the reducing agent.

Advantageously, a polymer selected from the group consisting of polyamide,

20 polyester, polyacryl, polyurethane, polyolefin, polyether, and mixtures thereof
is subjected to the method according to the invention. Further, the polymer
contains one or more common auxiliary agents, processing agents or additives,
if required. Particularly advantageously, the polymer is a polyamide, polyester
or polyolefin. In the basic idea of the present invention, polyamide, polyester

25 and/or polyolefin, respectively, comprise both homopolymers and copolymers.
Preferably, PA 6, PA 11, PA 12, PA 66, PA 46, PA 6/6T, PA 6/61, PA 1212, PA
612, PA 61, PA 61/6T, particularly preferably PA 6, PA 11, PA 12, PA 66 or PA 46,
is employed as polyamide. Preferably, polyethylene terephthalate, polybutylene
terephthalate, poly-1,4-cyclohexane dimethylene terephthalate, polyethylene

30 oxybenzoate or poly-1,4-cyclohexylidene dimethylene terephthalate and
mixtures thereof, particularly preferably polyethylene terephthalate or
polybutylene terephthalate, is employed as polyester. Preferably,
polypropylene or polyethylene, particularly preferably polypropylene, is



to 5 g/l and a pHvalue in the range from7 to 12, preferably, 8 to
10,5. For 5 exanple, the pH value of the solution containing the
reduci ng agent can be adjusted by neans of addition of ammonia. I|f
the reducing agent is sodium borohydride,1it-he reduction S
preferably carried out in ethanol, especial I?/ t enper at ures
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pol ybut yI ene terephth is enployed as polyester.” Preferab

of possibly remammg ionic metal amounts in the area of the surface of the
metallized polyester, the removal of possibly remaining ionic metal amounts

20 from the metallized polymer by means of complexation and/or a sealing of the
metallized polymer, respectively. These strategies of action serve to prevent an
uncontrolled high metal and/or metal ion release from the metallized polymer
to the environment, respectively. Thus, in the basic idea of the present
invention, such a treatment of the metallized polymer serves as a method for

25 reduction of metal ions, for complexation of metal ions and/or sealing of a
metal coating, respectively, in order to effect an appropriate metal release
controlled according to the respective application field. As a result, there are
achieved not only a higher profitability, lower waste disposal costs and lower
damage to the environment, but also a controlled sustained release during the

30 application. A controlled sustained release during the application means that a
metal release authorized according to the respective directives, system

guidelines and regulations occurs in a constant manner for a long period.



pol ypropyl ene or pol yethylene, particularly preferably pol ypropyl ene,
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respective @qpkication field. As a result, there are

In another preferred embodiment, the agent is a complexing agent. An above-
20 mentioned complexing agent is employed as complexing agent. The metallized

polymer is rinsed with the complexing agent which can be in aqueous solution.

Subsequently, the treated polymer is washed with water, if necessary, and dried

at a temperature up to 140°C, if necessary.

25 In another preferred embodiment, the agent is a polymer. Preferably, the
polymer is selected from the group consisting of polyurethane, polyacrylate,

and finishing agent for high quality.

A metallized polymer is obtained by means of the method according to the

30 invention. Especially, a silver plated, copper plated or nickel plated polymer is
obtained by means of the method according to the invention. Particularly
preferably, silver plated polymer is obtained by means of the method according

to according to the invention. According to the basic idea of the present



~achieved not only a higher profitability, tower waste di sposal costs
and | ower damage to the environnent, but also a controlled sustained
rel ease during the 30 application. A controlled sustained rel ease
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t he agent |Bq@d(mrmjmgugjmggm;enﬁranahay@es 20 rrentl oned conpl exi ng
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rinsed with the conpl exi ng agent which can be in agueous sol ution.

and aried g0y Ot REEEHE @Al iRTeldSs 18 el pBVH ~eombrisiRE ATRAGRE

preferred emdadg edayer dfhan adéition srodupofrpnes coRppluaddiaving athieast one
amine group and compound having at least one functional group being suitable
to perform an addition reaction with the amine group, and a layer of at least
one metal selected from the group consisting of silver, copper, and nickel. The
metal layer adheres to the metallized polymer in an excellent manner by means

20 of the layer of the addition product.

Preferably, the coated polymer comprises a polymer having a layer of urea and
a layer of silver. Preferably, the urea is obtained by an addition reaction from
at least one compound having at least one amine group with at least one

25 compound having at least one isocyanate group.

Preferably, the urea is an addition product from at least one compound of the

Formula
30 R'INHR? (1),

wherein R is selected from the group consisting of H,N(CH,).,, R*Si(CH;)w, and
HaNCgHa,



polymer is selected fromthe group consisting of polyurethane,

pol yacrylate, and finishing agent for high quality. A netallized

pol ynmer is obtained by neans of the nmethod according to the 30
invention. Especially, a silver plated, cgaper plated or nickel

pl ated polyner is obtained by neans of the nethod according to the

i nvention. Rhaistsetadted Ifyom ghefigeoubtensisting/ef [ (EHakNH]yt6Hy)a,, iR 3Si(CH2),, and
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interl aced mams,iahdsuitable for antimcrobially treating liquid in
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suitabl e tipisEstloexydsocgdaate)on reaction with the amine group, and a
| ayer of at |east one netal selected fromthe group consisting of
silver, copper, and nickel. The netal |ayer adheres to the
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the urea is obtai ne% b(}{ an addi,ti?n reactjonJrom, . i
silver plated polymer is suitable for it, since due to its excellent antimicrobial
effect, silver is capable to effectively inhibit especially bacteria, fungi and
micro algae. Alternatively, the metallized polymer is used for producing socks,
insoles, clothing, covering textiles for seating furniture or mattresses. Also, in

20 this case, a silver plated polymer is especially suitable due to the particular

powerful oligodynamic properties.

Especially, the metallized polymer is employed in the treatment of a liquid in
the form of a process liquid or in the form of drinking water. These liquids can

25 be in systems being closed or open to the surrounding atmosphere, stagnating or
circulating, in power stations, industrial or commercial plants or air
conditioners. In each case, the metal elution of the polymer according to the
invention can be individually adjusted in such a manner that, for example,
distinct national directives in regard to the maximum authorized metal

30 concentration in drinking water are met during the use for treating liquid in the

form of drinking water.



at | east one conpound having at | east one am ne group with at | east
one 25 conpound having at |east one isocyanate group. Preferably, the
urea is an addition product fromat |east one conpound of the
Formula 30 R NHRZ (1), wherein Rl is selecgtred fromthe group
consisting of HZN(CH2),", R335i (CH2)v" and HZNC6H4, -14- R2 is
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straight-chain alkyl or -0-alkyl having 1 to 10 carbon atons,
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health stress of the operating staff and lower costs by higher service life. By
15 means of the method according to the invention, the release of antimicrobial

acting metal components can be optimally adjusted to the requirements.

A further preferred use is the antimicrobial treatment of a liquid in a liquid-
guiding system comprising the treatment of a liquid switching medium in a

20 hydraulic switching circuit of an industrial plant. Also, in hydraulic switching
circuits, biological mass growth can be a problem. Especially, this applies for
circuits having regions through which material which is suitable as food for a lot
of micro organisms comes regularly into the hydraulic medium. For example,
this applies for plants contacting cellulose containing materials. Also, this

25 applies for materials having natural fibers like cotton, linen, wool, etc. Thus,
the method is particularly advantageously employable, where the industrial or
commercial plant is formed as paper producing and/or processing plant or as
plant for producing and/or processing textiles. Also, as mentioned above, the
adjustment of the elution of oligodynamically active metal ions tailored to

30 requirements is given in this case.

A further preferred use is the antimicrobial treatment of a liquid in a liquid-

guiding system in a washing apparatus for laundry comprising the treatment of



Especially, the netallized polyner is enployed in the treatnment of a
liquid in the formof a process liquid or in the formof drinking
wat er. These liquids can 25 be in systens being closed or open to

t he surroundi ng at nosphere, stagnating or 1gi+cul ating, in power
stations, industrial or comrercial plants or air conditioners. In
each case, fetaingstlaundiyutingng watendnpgbisyway, ihdepessiblg tostengethe retained
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aut hori zed gmduadabB® doeneenmicreBihoactivitylin tHe aigWah £ Espctal B tthiUs iabWays
the use for treating liquid in the formof drinking water. - 15 he

term of thetrugrindbakcaseydf,dor sxample,ssibstagens PEing 28894 pHtramentplibasis for

lbr 1 catt ngMAgAPRmERS e o Ruile AR ERe Tufte: lciatly, thahisghe

as service gdsei m@twhﬁﬁn% haturdl fibeAtgxtilberTiag, uss patichrly advantageous
antimcrobial treatnent of a liquid in a |iqui d-g{ui ding system

conpri si ng thaé thedseatedtlawndry Mnsing wakeyovilhBe empipyethas washing waisr ffaga
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| ubricati nghéﬁguﬁégt?ﬁ%%sggggﬁg} P%é:rpwagl}]@gaﬁ%haf nggsw?@% IIEE;akgricl: hat, f. e,
commer ci al gHearhsingwvatengf ohd bss ringing prioeedaret inonashing hachinestiasioeed for
such as tur in&, m'é,lingﬁgr drilling. The use is 10 especially .

advant alfeoud® ¥¥e FhErEIRME VakR'i B NeY wa%mgdst@, arfpriogedeductipn ef the
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t he need ofefiféet cdn beiadeptadstmfursiverf washipaappardtasdsyarawhsting podcesses for
f or mal dehyde._ _ Thi s Ie%d_s to tower health stress of the operating

staff and I‘g‘\f\@r'eEBLﬁ‘@ B¥Shi gher service life. By 15 neans of the

nmet hod according to the invention, the rel ease of antim crobi al

acting nmetal conponents can be optinmally adjusted to the

r equi r etbent A furthéu ptéferragr eseeis tbe antimicobtifletraatrmentcofobiighid ineatigeid

of aliquidin.a |liguid- _quiding systemconprising.the treatnent of_ a.
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industrial ploeBss wAte0.ThieR, Byshealal e gBMirtfedidn® ensure high requirements in
regard to an enduring sterility of the water and a piping system coming in
contact therewith. This can be ensured in an easy and reliable manner by using

20 a three-dimensional fiber system having oligodynamic activity.

Now, the present invention is explained in more detail by referring to an
application example. However, the present invention is not limited to the
application example.

25

Example

A polyester spacer interlaced yarn was immersed for 1 minute into
hexamethylene diisocyanate (20% in water) and then for 3 hours into bis(3-

30 aminopropyl)amine. The so-treated polyester was allowed to dry for 1 day at
20°C. The so-treated polyester was heated in a mixture of aqueous silver nitrate
solution (5%) and ammonia solution (25%) with a liquor ratio of 1:1 for 3 hours at

50°C with stirring. The so-treated polyester was placed in an aqueous ascorbic



circuits, biological nmass growh can be a problem Especially, this
applies for circuits having regions through which material which is
suitable as food for a lot of mcro organisns cones regularly into
the hydraulic medium For exanple, this.aggplies for plants
contacting cellul ose containing materials. Also, this 25 applies for
mat er i al s hasidsglutiaruti@ %X atp s 11.Kky & posbhreatinesh of Woako-sdver. ptaked
the nethod | rticularly. advant ageously enpl qyab e the .
naustrial egyBEEh vt Al f s R Se SR 3B ot (0 g Liamgpia
processi ng gdlafibn Q25%Sfor A0aRAINULES WTPSHHE Y tREd{I0Er PlaeIRe Righdle could be
textiles. Also, as nentioned above, the adjustment of the elution of
ol i godynani BHther incfgasedmet al ions tailored to 30 requirenents is
given in this case. A further preferred use is the antimcrobial
treatment of a liquid in a liquid- guiding systemin a washing
apparatus for laundry conprising the treatnment of -16- retained

| aundry rinsing water. In this way, it is possible to store the
retained laundry rinsing water in a tank without risking that this
wat er becones wunsuitable due to microbial activity in the [ong run.
Especially, this is always true in that case, if, for exanple,

subst ances being a good nutrinental basis for 5 m croorgani sns are
washed out, while rinsing the laundry. Especially, that is the case,
when washing natural fiber textiles. Thus, it is particularly

advant ageous that the treated laundry rinsing water will be enpl oyed
as washing water for a newly starting washing step of the washing
apparatus. By the fact that, f. e., the rinsing water of the | ast
rinsing procedure in washing nmachines is stored for 10 the use as
first washing water in a new washing step, a further reduction of the
wat er consunption of washing machi nes can be realized in an easy
manner. This effect can be adopted to further washi ng apparat uses
and washi ng processes for different laundries. 15 A further
preferred use is the antimcrobial treatnent of a liquid in a |iquid-
gui ding systemin a nedical technical device conprising the treatnent
of sterile



process water. Then, there is a regular need to ensure high
requirenents in regard to an enduring sterility of the water and a
pi ping systemconmng in contact therewith. This can be ensured in an
easy and reliable manner by using 20 a thri@e-di nensi onal fiber system
havi ng ol i godynam c activity. Now, the present invention is explained
in nore detRatenbylaigfserring to an application exanple. However, the
present invention is not limted to the application exanple. 25
Exanpl e A polyester spacer interlaced yarn was i mrersed for 1 mnute

into hexanpt hyhetifodiforsmerAlizing d poYamiet, Wileesih thethdl@er i tredtdtPin S
into bis(3 30 am nopropyl)am ne. e so-treated polyester was all owed
to dry for 1 QEH§CESSI0ON20C. The so-treated pol yester was heated in a

(259 with ot qh R g GhBeyie bebia a7l ARrafi Biepr i 1 "

The so-treated peithestehnpvasd Ah@ggdtilfastromrofigRtDNAESUPI eind Fuitalsledto
solution (10 %9 at pH = 11. By a post-treatnent of the so-silver

B : .
pl ated pol yest eRerfiptm ag addition seagtiouwilbuhesaming gmoupr at e sol uti on.

(509 and ammoni avieRo] Wil,ABn (BRtdinil ariBall G ARl e SULEdd ot e group

silver plating degree cou er i ncreased.

clainms: 1. A netdugdistivg ofed silvdrzalty ascqppley sBlt, ander eickelt Saét, poidyarer i s
treated in succession 5 wth at | east one conpound having at | east
one ani¥e group, COMPEXINg a85koaRE havi ng at | east one functional

group bei ng, sui t\@ﬁheattlgastpﬁrﬁé ALAD Qéielgﬁtti on reaction with the am ne
group, with a solution contalning at°least one netal salt selected
fromthe group
2. The method according to claim 1, characterized in that the step of treating
with a compound having at least one functional group being suitable to
15 perform an addition reaction with the amine group is performed previous to

the step of treating with a compound having at least one amine group.

3. The method according to one of the preceding claims 1 or 2, characterized
in that the at least one compound having at least one amine group is a

20 compound of the Formula
RINHR? (1),

wherein R! is selected from the group consisting of H;N(CHz)w, R*Si(CHz)w,
25 - -and HaNCgHy,
R? is selected from the group consisting of [(CH2)xNH],(CH;):NH;, R*:Si(CH,),,
and H;NCgH4NH(CH,),,
w is an integer from 1 to 7, preferably 2 or 3,
X is an integer from 1 to 7, preferably 2 or 3,
30 y is zero or an integer from 1 to 7, preferably zero, 1 or 2,

z is an integer from 1 to 7, preferably 2 or 3,



consisting of a silver salt, a copper salt, and a nickel salt, and a
10 conpl exing agent, and wth at |east one reducing agent. 2. The
nmet hod according to claim1l, characterized in that the step of
treating wth a conpound having at |east- {®9ne functional group being
suitable to 15 .performan addition reaction with the amne group is

per formed preR’dad hranchegok stsaisht-charalikigomniQ-Alky! ayipg ntp h%carrhg)nat
| east one am I'Lﬁgﬂ\f?ogpefg?’ablwﬂ%v P%j83%??%9?%&,%§r%:?rﬁfe§§y having 1 or 2

precedi ng cl ai ara erize one
conpound havi rgriddén beass. one am ne group is a 20 conpound of the
Formula RINHR 2 (1), wherein R is selected fromthe group consisting
of H2ZN(CH2) W R33Si (CHz) W 25 and H2NC6H4, R2 is selected fromthe

PERiridy chbyTHe RCRE NG gt 28l 1 19 gharpcteee
i s an integer ifrthat the compoymicheaviablay (@astrons, arﬁﬁleygrloapzieseieotechfrom the
i nteger from1l to 7, refergglS zer.o, an_i nt eger froml

to 7, preferaffguRcapsisting g amanapiopsHeRue QLN "Btt?‘%zg‘?m"&%hﬂ
al kyl or -0-aldey néaﬁ?dﬁéﬂ%é trRtffleRBtePanit WWBragh tthﬁé“tﬂg[Blll

to 8 carbon ato nor e pre er Iy aving 1 or car on at ons.

The et hod acc(brnnl)ehlgo)tysllyimmooﬁ/l]ahnn@,rmms[fg(triraét‘rwlﬂlyt)pr@:)yl]amine.
characterized in that the conpound having at |east one amne group
is seletfed fromthe group consisting of bis(3-an nopropyl)am ne, N,

N - bi s(2- ank nogidwkindd SccdPlitRadesadt ﬂ?e Fécb@?ﬂéyélﬁﬁﬁ’% () almcﬂﬁlfac erized

tetraet hyl enepentam ne, bis[3- (trimet oxel 'yl Y’pr opyl ] am he,

bi s[ 3- (tri met igtbat the pt wagt ])aemcnmpound having at least one functional group being
suitable to perform an addition reaction with the amine group has at least
one isocyanate group, preferably is a compound having two isocyanate

15 groups.

6. The method according to claim 5, characterized in that the compound having
at least one isocyanate group is selected from the group consisting of
hexamethylene diisocyanate, tolylene diisocyanate, isophorone diisocyanate,

20 and 4,4’ -methylene-bis(cyclohexyl)isocyanate, wherein hexamethylene

diisocyanate is especially preferred.

7. The method according to one of the preceding claims 1 to 4, characterized
in that the at least one compound having at least one functional group being
25 suitable to perform an addition reaction with the amine group has at least
one epoxide group, wherein the compound having at least one epoxide group
is preferably selected from the group consisting of propylene oxide, styrene
oxide, 2,3-dimethyl-2,3-epoxybutane, 4-vinyl-1-cyclohexene-1,2-epoxide,
limonene-1,2-epoxide, and epoxide resin, especially bisphenolglycidether

30 type epoxide resin.

8. The method according to one of the preceding claims 1 to 7, characterized

in that the metal salt is selected from the group consisting of silver halide,



10 5. The nmethod. according to one of the preceding clains | to 4,
characterized in that the at | east one conmpound having at |east one
functional group being suitable to performan addition reaction with
the am ne group has at | east one isocyanate- group, preferably is a
conpound havi ng two isocyanate 15 groups. 6. The nethod according to
claim5, char éﬁt/@fr sulpbaten silvert nitFadec eapRrmiplitdss icoppeasulpbata, wpper

i socyanate gr I I f.ro L OUP..CONSI $1 .

hexanet hyl ene%gth Pg%ccgsloiﬁgf téa?gEagf—:-yH]ectrllagﬁalgﬁ@%,crygg%§euff|£ljlla{;§pﬁf)crkghgltrate, and
di i socyanat e, miékeddetatéd, that thel @eecalbat i )prefdrakly dilvepanaaay, silver chloride
wher ei n hexanmet hyl ene diisocyanate is especially preferred. 7. The

met hod accor dioigilver gHBh@ke.t he preceding clains 1 to 4, characterized
in that ¢ he at | east one conpound having at |east one functional

group being 25 suitable to performan addition reaction with the

am ne gr oup9hdaheahetterbacandingroxomeotieuprecettigedlainme tg@;,rmhamtﬁerized
havi ng at | east one epoxide group is preferably selecte romthe
group consi st iM§N&F th eRPleningsgend, is selprigebirogk thgegroup consisting of

2, 3- di net hyl - %ﬁﬁSﬁ%ﬂ‘%gmgﬂgdiaﬁf’?{é,”%#étﬁéﬁgl%mh@f‘?ﬁ'&a’n%la%ﬁﬁ\@?)ﬁi,?-e’

| i nonene- 1, 2- epoxi epoxi de resin, especla

bi sphenol gl ycidi@hirepr8farie; pedemoxhidsulphate. thBoisddyanatdt, hgivicerot, asodiiurg

to one of the precedi ng clains 1 to 7, chargcterized .in that the
metal sHlt is tQETRE APLRFSHID SRAIUR LIEratendne sPAYMETE v er hal i de,
-20- silver sulphate, silver nitrate, copper halide, copper sul phate,
copper nitrate, copper acetate, nickel halide, nickel sulphate,

ni ckel ni tr#.gheandthad admirdingaoaine, oft thet pacedimst dbinsal to 9 characterized

preferably silyv njtrate, .silver chlorjd or ,silver sul phate. 9.
The met hod acdotRRMES FobisintasendS sr Lk figeHif souP GapsBting of giucose,
charact eri zed ascorbic acid, sodium borohydride, sodium dithionite, sodium sulphite,

15 sodium formate, formaldehyde, and sodium hydrophosphite.

11. The method according to one of the preceding claims 1 to 10, characterized
in that the polymer is selected from the group consisting of polyamide,
polyester, polyacryl, polyurethane, polyolefin, polyether, and mixtures

20 thereof.

12.The method according to one of the preceding claims 1 to 11, characterized
in that subsequent to the step of the treatment with a reducing agent, the
polymer is treated with an agent selected from the group consisting of

25 reducing agent, complexing agent, and polymer.

13. A metallized polymer, obtained by one of the methods according to claims 1
to 12.

30 14. The metallized polymer according to claim 13, characterized in that it is
formed as a yarn, a fibre, a filament, a woven fabric, a knitted fabric, a

meshing, an interlaced yarn or a non-woven fabric.



in that the conptexing agent is selected fromthe group consisting of
amoni a, et hyl enedi am ne, triethanol am ne, ethanol am ne, 1, 3-

di am nopr opane, sodi umthi osul phate, thioisocyanate, glycerol, sodium
10 tartrate, potassiumsodiumtartrate, anzh sodiumcitrate. 10. The
met hod according to one of the preceding clains 1 to 9, characterized

in that thel?ddiits ahadgbymer acesding edone efrtaias Jdans thfwian apgmigrobial

gl ucose, asc i i o, j [ | L thioni

Jodi um sul phi RECA Rt o 2 SAHISR 7 BECI AR5 Sk 2Bl fon of socks,
hydr ophosphi t énsclés, Idlethirg hosleringoresttites fop seatingffutmgurera?angithésses.
clainms 1 to 10, characterized in that the polyner is selected from
the group consisting of polyam de, polyester, polyacryl,

pol yur et hane, pol yol efin, polyether, and m xtures 20 thereof. 12. The
met hod according to one of the preceding clains 1 to 11,
characterized in that subsequent to the step of the treatnment with a
reduci ng agent, the polyner is treated with an agent selected from
the group consisting of 25 reduci ng agent, conptexing agent, and
polymer. 13. A netallized polyner, obtained by one of the nethods
according to clains 1 to 12. 30 14. The netallized pol ymer according
to claim 13, characterized in that it is fornmed as a yarn, a fibre,
a filament, a woven fabric, a knitted fabric, a neshing, an
interlaced yarn or a non-woven fabric. -21- 15. A use of a polyner
according to one of clains 13 and 14 for an antim crobial treatnent

of aliquid in a liquid-guiding systemor for a production of socks,

i nsoles, clothing, covering textiles for seating furniture or
mattresses.



