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"ANTI BACTERI AL POLYMERS AND METHOD FOR OBTAI NING THE

SAME"
DESCRIPTION
FI ELD OF THE | NVENTI ON
The present i nvention rel ates to pol ynmer s havi ng

anti bacterial properties and the uses thereof for preparing
products intended to conme into contact with the skin. The

invention also relates to a process for preparing such

pol ynmers .
BACKGROUND OF THE | NVENTI ON
Bacteria are to be found everywhere dispersed in the

environment and can be beneficial or else carry diseases.
The latter are normally transmtted by diseased people or
ani mal s, contam nated water and food and other external
sources of contam nati on.

It is possible to be contaminated wth bacteria responsible
for the developnent of pathologies through contact wth
objects or surfaces previously manipulated by people or
animals that are carriers of such bacteria.

The problem of safety. against bacterial proliferation has
by now reached a global dinension. The devel opnment of
different types of pathogenic bacteria on the surfaces of
obj ect s/ product s is favoured by particular environnmental
condi tions .

Generally, mcroorganisnms nust reach certain concentrations
in order to cause damage to the body, i.e. to provoke
di seases. It thus appears inportant to prevent conditions
from arising which are suitable for their devel opnent.
Besides the normal rules of hygiene, by now well-
established, there is an increasingly w despread need to
develop materials wth intrinsic antibacterial properties
to be wused to prepare wdely used consunmer products,
intended in particular to enter into contact with the skin.

Conbi ni ng conmon rul es of  hygi ene and the use of
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anti bacteri al materials enables optinal results to be
achieved in ternms of reducing bacterial contamnation and
thus the pathol ogies connected thereto.

Nowadays, thermopl astic polymers are the materials nost
wi dely used to manufacture products in any sector. It thus
becones inmportant to have at our disposal products made of
pl astic mat eri al capabl e of hi nderi ng bacteri al
proliferation

Hi storically speaki ng, the antibacterial properties of
silver have been known since antiquity.

In fact, even though bacteria were obviously unknown, the
anti bacterial and curative effects of some netals such as
silver were known as far back as antiquity.

Starting from these first applications we eventually
arrived at the technique of conbining nano-particles of
sil ver, or of colloidal silver (liquid suspension of
m croscopic particles of silver) wth polynmeric plastic
materials, in order to inpart antiseptic and antibacteri al
properties to the latter.

However , it is well knowmn that the prolonged use of
colloidal silver or silver particles can provoke a chronic
intoxication called "argyria".

Moreover, there is anple scientific docunentation regarding
the side effects of colloidal silver, which can cause skin
necrosis if maintained in contact with the skin for a |ong
time.

However, there are various netals which have antim crobi al
properties, for exanple copper, nickel and zinc. Copper and
ni ckel, however, are  subject to strong | egislative
restrictions because of their high toxicity.

The toxicity of the free netallic zinc is well known, as
are the neurological problens it can induce. Nonetheless,
zinc ion-based conpounds are less toxic than netallic zinc

and retain antibacterial properties.
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Over the last few years nunerous studies have confirnmed the
antim crobi al and antiviral properties of zinc ions,
especially against Gamt bacteria such as Staphylococcus
Aur eus, one of the nost common  pat hogeni c bacteria
responsible for skin infections, and against the principal
bacteria of the oral cavity, such as Streptococci and
Acti nonmycet es

Zinc ions in fact possess bacteriostatic properties, i.e.
they inhibit the bacterial growh because they are able to
penetrate into bacteri al cells, bl ocki ng di fferent
bi ol ogi cal processes that are fundanmental for the survival
of the bacteria thenselves .

Pol ymers having antibacterial properties are known; they
are obtained by mxing the polynmer wth zinc salts and the
antiseptic properties thereof are due to the ions of these
metals. Although it achieves the intended result, nanely,
t hat of i nparting to the pol ymer s antiseptic and
anti bacteri al properties belonging to the metal ion, thus
conmbating the proliferation of mcrobes and bacteria,
m xing the polyneric macronolecule wth zinc salts poses a
maj or di sadvant age.

This disadvantage is tied to the release of zinc ions over
tine, due to the fact that the salts of these netals are
simply mxed with the polynmer and not incorporated into the
polymeric structure. |In fact, even if the mxing is done in
an optimal nmanner, over tine there occur phenonena whereby
the netal ions are released in quantities exceeding the
limts allowed by applicable European Ilegislation, which
regulates the maximum limts of nmetals that can mgrate

from a polymer to the surrounding environnent. Wth regard

to the zinc ion, this legislation sets the maxi mum
mgration limt at a value of 21 ppm
In Iight of the considerations set forth above, in the art

there exists a need to provide polyners wth antibacterial
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and antiseptic properties to be

used
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to manufacture

products intended to conme into contact with human or ani mal

skin, characterized by low toxicity and by a release of
zinc ions that is lower than the legal limts.

SUVMVARY OF THE | NVENTI ON

In general ternmns, the present invention relates to a
pol ymer having anti bacteri al and antiseptic properties

obtained or obtainable by adding at

a solution or dispersion,

| east

in an aqueous or

one zinc salt to

organi ¢ sol vent,

of t he nononer s used to synt hesi ze t he pol ymer
Al ternatively, the at |east one zinc salt can be added
during the reaction of polynerization of the starting
noONOMers .

The invention also relates, in general ternms, to a process
for obtaining the antibacterial polyner conprising a step
of adding at least one zinc salt to the solution or
di sper si on, in an aqueous or organic solvent, of the
mononmers used to synthesize the polynmer by neans of a
pol yneri zation reaction. |In particular, this addition takes
pl ace before the start of the polynerization reaction or
el se during the reaction and before the conpletion thereof.
The invention also relates to an antibacterial and
antiseptic product obtained from the antibacterial polyner
of the invention, for exanmple by nmeans of extrusion,
nmoul di ng (for exanple, mal e-femal e  noul di ng, i njection
moul di ng), hot formng, etc.. This product can be, for
exanple, a mouse for a PC, a conputer keyboard, a cover for
phones and tablets, a door handle, a plastic handrail, an
anti bacteri al covering for pani c exi t devi ces,
anti bacteri al film for surfaces that nust have a high
degree of cleanliness, eyeglass franes, etc.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON
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The present invention relates to a process for preparing an
anti bacteri al and antiseptic polynmer, conprising the steps
of :

a) solubilising or dispersing at least one zinc salt in an
organic or aqgqueous solvent;

b) adding the dispersion or solution thus obtained to the
solution or dispersion of at |east one nononer in an
organic or aqueous solvent;

c) polymerizing the at |east one nononer.

All of the percentages indicated in the patent application

are to be understood as percentages by weight calculated

relative to the final weight of the antibacterial pol yrer

it-is desired to obtain.

The antibacteri al polymer is a thernoplastic polynmer, for
exanpl e pol ypr opyl ene (PP) pol ycar bonat e (PO,
acrylonitril e-butadi ene-styrene (ABS) |, pol yvi nyl chl ori de

(PVO) , pol yet hyl ene terepht hal at e (PET) , nyl on and

pol ystyrene

If it is desired to make an antibacterial pol ypr opyl ene,
the at least one nononer is propylene, which is subjected
to polynerization according to step c¢) of the process
following the addition of the at least one zinc salt. The
pol yneri zati on of the propyl ene is conducted wth the
normal techniques known in the art which use appropriate
catalysts to obtain isotactic or syndiotactic propylene.

The polycarbonate is obtained from the polynerization of at
| east one nononer diol selected for exanple from anong:
bi sphenol A, 1,1-bis 1,1-bis (4-hydroxyphenol )cycl ohexane,
di hydr oxybenzophenone and tetramethyl cycl obut anedi ol W th
a source of carbonate (groups, for exanple phosgene and
di phenyl car bonat e. The conditions of polynerization are
known in the art and will thus not be further illustrated.
ABS is a copolynmer, i.e. a polynmer nmade by polynerizing not

a single nononer, but rather a nunber of nononers.
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To make an antibacterial ABS pol ymer, acrylonitrile,
but adi ene and polymnerized styrene (polystyrene) are mxed
in a given range of percentages:

acrylonitrile, in a percentage conprised between 12% and
40% preferably between 20% and 35%

but adi ene, in a percentage conprised between 2% and 35%
preferably between 10% and 20%

pol ymeri zed styrene (polystyrene) in a percentage conprised
between 30% and 70% preferably between 40% and 60%

To make an ABS polyner wth antibacterial properties,
suitable aliquots of the different conponents are taken in
the proportions i ndi cat ed and polynerized using the
traditional mnethods for the polynerization and synthesis of
ABS polyners .

The polystyrene wused to prepare the ABS can already possess
anti bacterial properties if made and polynerized according
to the process described in the present patent.

In particular, the polystyrene is obtained from the
pol ymeri zation (carried out according to the processes and
under the conditions known in the art) of styrene nonomers,
to which the dispersion or solution of the at |[|east one
zinc salt has been added.

The polyvinylchloride is obtained from the polynerization
of the vinyl chloride nononer under the conditions known in
the art.

The pol yet hyl ene terepht hal ate is obtained from the
pol ymeri zati on of the nononers terephthalic acid and
et hyl ene gl ycol , or el se di et hyl terepht hal ate and
ethylene glycol, wunder the conditions known in the art.

The nylon is obtained via a condensation reaction of
diamine with carboxylic acids using procedures and reaction
conditions known in the art.

The at least one zinc salt is added to the dispersion or

solution of the at I|east one nononer necessary for the
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pol ynerization, or else to the dispersion or suspension of
a mxture of two or nore nononers .

The solvent used to prepare the solution or dispersion of
the at least one zinc salt is preferably selected from
anong: water, ethyl alcohol, nmethanol, acetone, isopropyl
al cohol or a mxture of two or nore solvents.

If a mxture of solvents is used, the individual solvents
are preferably used in the follow ng percentages:

wat er : it is wused wthin the mxture in a percentage
conprised between 5% and 100% preferably between 20% and
100% by wei ght.

et hyl al cohol : it is wused wthin the mxture in a
percentage conprised between 5% and 15% preferably between
5% and 10% by wei ght.

methanol: it is used within the mxture in a percentage
conprised between 5% and 10% preferably between 5% and 7%
by wei ght.

acetone: it is wused within the mxture in a percentage
conprised between 3% and 70% preferably between 10% and
65% by wei ght.

i sopropyl alcohol: it is used within the mxture in a
percentage conprised between 2% and 20% preferably between
5% and 15% by wei ght.

In a preferred enbodinment, the solution or dispersion of

the at least one zinc salt is added one drop at a tine to

the solution or dispersion of the nononer. During the
pol ynerization step c), the polymer wll incorporate the at
least one salt wthin the polyneric structure, t hus
i mparting consi der abl e anti bacteri al and antiseptic

properties to the polyneric product obtained.

This is due to the use of the zinc ion-based additive,
which thanks to its properties hi nder s and conbats
m cr obi al and bacteri al proliferation on the polyneric

surface obtained, irrespective of the polyner wused or the
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shape of the product obtained.

Preferably, the at least one zinc salt is selected from
among: zinc PCA (zinc salt of pyrrolidone carboxylic acid),
zinc oxi de, zi nc hydr oxi de, zinc pyrrolidone, zinc
pyrithione or mxtures thereof.

The quantities of the at least one zinc salt added to the
at |l east one nononmer are conprised between 0.1 and 10% by
wei ght, preferably between 0.1% and 5% nore preferably
bet ween 0.2% and 4%

For exanple, the zinc PCA is used in a percentage conprised
between 0.1% and 10% preferably between 2% and 5%

The zinc oxide is used in a percentage conprised between
0.1% and the 2% preferably between 0.2% and the 0.6%

The zinc hydroxide is wused in a percentage conprised
between 0.1% and 4% preferably between 0.2% and 1%

The zinc pyrithione is wused in a percentage conprised
between 0.1% and 2% preferably between 0.1% and 0.7%

The zinc pyrrolidone is used in a percentage conprised
between 0.01% and 3% preferably between 0.1% and 1%

In a preferred enbodinent, the at least one zinc salt is
ZnPCA or Zn pyrithione or else a mxture thereof. In
anot her enbodinent, all the zinc salts Ilisted above are
used in a m xture.

To synthesize the polyner antibacterial of the invention,
the above-specified quantities of salts are dissolved in
one or nore solvents as previously described.

The less soluble salts, zinc oxide and zinc hydroxide for
exanmple, are dispersed finely in a nunber of solvents as
descri bed above.

Once the solution or dispersion of one or nore salts is
obtained, this is added to the suspension or solution of
the at |east one nononer, or, alternatively, it is added
during the polynerization process.

The at least one nononer is preferably dissolved or
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suspended in solvents sel ect ed from anong: acet one,

di chl oromet hane, chloroform or mxtures thereof.

Once added, the solution or dispersion of the at |east one
zinc salt is subjected to stirring together wth the
nononers of the polyner until the polyner is obtained
t hrough polynerization of the nononmers. The reaction tine
is preferably conprised between 20 mnutes and 3 hours,

nore preferably between 60 minutes and 90 m nutes.

In a second aspect, t he i nvention rel ates to an
anti bacteri al pol yner obt ai nabl e t hr ough t he above-
descri bed process, wherein at least one zinc salt is
di spersed within the polyneric structure, i mparting

antiseptic properties to the polyner.

The antibacterial polyner of the invention is characterized
in that is has a release of zinc ions that is below the
legal limts of 21 ppm, as shown by the release tests
per f or ned and reported her eunder . This represents a
consi derabl e advantage for the health and safety of the end
user of such  pol yners. Mor eover, the antibacterial
properties of the polynmer are optinmal, as denonstrated by
the tests conducted to neasure bacterial proliferation and
reported hereunder.

The antibacterial polymer of the invention is effective for

controlling or elimnating the bacterial proliferation of

G am and G amt+ bacteri a, e.g. Escheri chi a Col i
St aphyl ococcus Aur eus, Pseudononas aer ugi nosa ,
Aci net obact er baum Ent . Cl oacae, C. al bi cans and

Clostriudim difficile.

The antibacteri al polyners thus obtained can be used
directly to prepare products with antiseptic properties or
el se be nmxed with polynmers of the sanme chemical nature or
of a different chem cal nature in order to yield an
anti bacteri al polynmer that can then be used to prepare

anti bacterial products.
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The products <can preferably be obtained by noulding (for
exanple using a male-female nould or an injection nould),
hot formng or extruding the antibacterial polyner.

Such products can be, for exanple, conputer mice, conputer
keyboar ds, covers for phones and tablets, door handl es,
plastic handrails, antibacterial coverings for panic exit
devi ces, antibacteri al film for surfaces that nust have a
hi gh degree of cleanliness, eyeglass franmes, etc.

In a further aspect, the invention relates to a product
obtainable from the antibacterial polyner by, for exanple,
moulding (for exanple injection moulding and nale-female
moul ding), hot forming or extrusion.

In a preferred enbodinent, the product is prepared by
bringing the antibacterial polymer to the nelting point.
This tenperature wll obviously be different depending on
the polynmer it is intended to use. Once nolten, the latter
is injected, preferably by neans of specific nozzles, into
a mould that has the shape of the final product it is
desired to nake. Once filled, the mould is then brought to
a tenperature conpri sed bet ween 150 °C and 350 -°C
preferably between 160 °C and 220 °c, at which point the
mould is opened in order to renobve the product obtained.
EXAMPLES

To make PP with antibacterial properties, one starts from
t he nononer propyl ene.

An initial quantity of propylene (50 granms) is dispersed in
a mxture of solvents conprising: 10% ethyl alcohol and 90%
water and having a total weight equal to 1 kg.

A solution of zinc salts conprising 2 g of ZnPCA is added
to the nmononer solution. The solution thus obtained is
subjected to a synthesis tenperature conprised between 55
°C and 65 °C

To this mixture it is necessary to add an appropriate

catal yst, indispensable for polymer synthesis.
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To make PVC with antibacterial properties, one starts from
vinyl chloride. An initial quantity of vinyl chloride (50
gr ans) is dispersed in a mxture of organic solvents
conposed of: 9% ethyl alcohol, 10% water, 7% nethanol, 60%
acetone and 14% i sopropyl alcohol and having a total weight
equal to 1 kg.

A solution of zinc salts containing: 1 g of ZnPCA, 0.1 g of
zinc oxide, 0.2 g of zinc hydroxide, 0.2 g of zinc
pyrrolidone and 0.2 g of zinc pyrithione is added to the
nmononmer solution. The mxture is heated to the synthesis

tenperature, conprised between 50 °C and 65 °C

To make PET with antibacterial properties, one starts from
t he nononer ethyl ene.

An initial quantity of ethylene (50 grans) is dispersed in
the mxture of solvents: 10% ethyl alcohol, 80% water and
10% i sopropyl alcohol, having a total weight equal to 1 kg.

A solution containing: 1 g of zZnPCA, 0.2 g of zinc oxide,

0.2 g of zinc hydroxide, 0.2 g of zinc pyrrolidone and 0.2
g of zinc pyrithione is added to the nononer solution. The
m xture t hus obt ai ned is heated to the synt hesi s
tenperature, conprised between 60 °C and 65 °C

To this mxture it is necessary to add an appropriate

catal yst, indispensable for polynmer synthesis.

To make PP with antibacterial properties, one starts from
t he nmononer propyl ene.

An initial quantity of propylene (50 grans) is dispersed in
a mxture of solvents conprising: 10% ethyl alcohol and 90%
water and having a total weight equal to 1 kg.

A solution of zinc salts conmprising: 1 g of ZnPCA, 0.2 g of
zinc oxide, 0.2 g of zinc hydroxide, 0.2 g of zinc

pyrrolidone and 0.2 g of zinc pyrithione is added to the
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mononer solution. The mixture thus obtained is subjected to
a synthesis tenperature conprised between 55 °C and 65 °C
To this mxture it is necessary to add an appropriate

catal yst, indispensable for polyner synthesis.

To synthesize PC with antibacterial properties, one starts
fromtw different raw materials: bisphenol A and phosgene.
A quantity of 221 g of bisphenol A is dissolved in water.
On conpletion of the dissolution process, soda is added to
the solution in order to basify the solution and nake the
pol ynerization process possible.

In paral | el an aqueous solution containing zinc and
consisting of 2 g of ZnPCA and 0.2 g of zinc pyrithione is
prepared .

The two aqueous solutions are then m xed.

A solution of phosgene (99 g) in CH,Cl, i s then prepared.
The two solutions are kept separate and the synthesis of
the polynmer PC occurs at the interface.

The tenperature at which the process takes place is
conprised between 20 °C and 60 °C in particular, a

tenperature conprised between 30 °C and 40 °C was used.

To make nyl on W th anti bacteri al properties, one
polynerizes 116 g of hexadiethylanmine wth 185 g of acyl
chloride of adipic acid.

The hexadiethylamne is dissolved in a suitable anount of
wat er .

In parallel, an aqueous solution containing zinc and
consisting of 2 g of ZnPCA and 0.2 g of zinc pyrithione is
prepared .

The two aqueous solutions are then m xed.

The acyl chloride of adipic acid is dissolved in a suitable
aliqguot of organic solvent, for exanple chloroform

The two solutions are kept separate and the synthesis of
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the nylon occurs at the interface.

The tenperature at which the process takes place is
conprised between 5 °C and 70 -°C in this case a
temperature conprised between 25 °C and 35 °C was used; at
this tenperature the polynerization process takes place at

the interface between the two sol utions.

To meke polystyrene wth antibacterial properties, one
pol yneri zes the nononer styrene.

An appropriate anount of styrene (30 g) is solubilised in a
sui tabl e anobunt of water (1 kg)

In parallel, an aqueous solution containing zinc and
consisting of 2 g of ZnPCA and 0.2 g of zinc pyrithione is
prepared .

The two solutions are then joined together in the presence
of sui tabl e catal ysts such as per oxi des, at a
pol yneri zation tenperature conprised between 50 °C and 150

°c, preferably between 70 °C and 120 °cC

Production of polypropylene (pPp) covers for phones

An initial quantity of polypropylene (PP) obtained using
the previously described process is |loaded at the inlet of
a machine suitable for form ng phone covers .

A heating apparatus brings the granules of the polyner PP
to a tenperature of 180 °c, causing them to nelt.

The mass of polymer thus prepared is then introduced into
specific nmoulds using preheated nozzles.

The moulds (male and female) inpart to the nolten polymner
the desired shape, which corresponds to that of phone
covers .

Once noulding has taken place, the nmould undergoes a
cooling process which lasts a few seconds, at the end of
which it is opened to enable renoval of the product nade.

In a second preferred enbodinent, a heating apparatus
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brings the granules of the polymer PP to a tenperature of
180 °C, causing them to nelt.

The mass of polymer thus prepared is then injected into
specific noulds using preheated nozzles.

The nmould inparts the desired shape to the nolten polyner.
Once nmoulding has taken place, the nmould undergoes a
cooling process which lasts a few seconds, at the end of

which it is opened to enable renmpval of the product nade.

ZINC | ON RELEASE TEST

To carry out this release test, a product (for exanple the

phone  cover of the previous exanpl e) made with an
anti bacterial polynmer described in the present patent was
introduced into a beaker and conpletely inmersed in a known
volune of a food sinmulant.

Subsequent |y, the beakers thus conmposed were introduced
into a tenperature-controlled oven at 70 °C for a total
time of 2 hours.

At the end of that tinme (defined by current legislation on
specific and gl obal mgration of metals and colouring
agents in products intended for contact with food) , the
beaker was renoved from the oven. The stinulant taken from
the beaker was analyzed by ICP to determne the zinc that
m ght be present within the sinmulant.

The sinmulants used were water and 3% acetic acid.

The following table shows the nigration results obtained:
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zinc mgration (ppm) into the
simul ants used
wat er acetic acid Type of
anti bacteri al
pol yrer
<0. 001 <0. 001 PVC
<0. 001 <0. 001 Pol ystyrene
<0. 001 <0. 001 nyl on
0.100 <0. 001 PET
0.109 0.177 PP
0. 332 0. 332 ABS
<0. 001 0.402 PC
From the results obtained it can be observed that the

release of zinc is less than the 21 ppm allowed by |aw

ANTI BACTERI AL ACTIVITY

A phone cover obt ai ned by rnoul di ng the antibacterial

polymer ABS prepared as described above was tested to
evaluate the effectiveness of the polymer against the main
nm crobi al strains defined by current legislation regarding
plastic products intended to conme into contact wth the
skin .

The product was tested for 2 types of bacterial strains
(Escherichia Coli ATCC 8739 (G am) and St aphyl ococcus
Aureus ATCC 6538 (Gramt+) ) using the standard international
nmethod for evaluating the antibacterial activity of non-

porous plastic surfaces.



WO 2014/155156 PCT/IB2013/052491

16
Moul ded
Initial Cont r ol ]
M CROBI AL pol yner Reducti on | Reduction
i nocul um i nocul um
STRAI NS item | og %
(c€u/ml) | Incubation | (cfu/m)
(cfu/m)
at 37°C
Escheri chi a 2.5 X 6.2 X 1.0 x
for 24 h 0.79 83. 87 %
col i 106 107 107
St aphyl ococcus 1.7 X 2.3 x 1.4 X
1.2 93.91 %
Aur eus 106 107 106

The initial bacterial suspensions were diluted so as to
obtain a known bacterial concentration expressed in colony
formng wunits - cfu/mM. The covers analyzed were duly
sectioned in order to produce pieces of optiml dinensions
for conducting the tests. These were treated wth the
r ef erence m cr obi al strains, cover ed w th sterile
pol yet hyl ene film and placed in an incubator at a
tenperature of 37 + 1 °C for 24 hours. At the end of the
i ncubation period the sanples were washed with neutralizing
sol uti on, on which the residual m cr obi al count was
det er m ned.

The results obtained show that after 24 hours of incubation
at 37 °C the polyner treated with zinc reduces the
bacterial count by 83.87% (in the case of Escherichia coli)

and 93.91% (in the case of Staphylococcus aureus) .

These tests were repeated on the other polyners as well and

the results were in line with those indicated in the table

above .
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CLAI M5
1. A process for preparing an antibacterial pol yner,

conprising the steps of:

a) solubilising or dispersing at least one zinc salt in at
| east an organic and/or aqueous solvent;

b) adding the dispersion or solution thus obtained to the
solution or dispersion of at least one nononer in an
organi ¢ and/or aqueous solvent;

c) polymerizing the at |east one nononer.

2. The process accordi ng to claim 1, wherein sai d

antibacterial polyner is a thernoplastic polyner.

3. The process according to claim 1 or 2, wherein said
anti bacteri al pol yner is sel ect ed from anong:
pol ypr opyl ene (PP) , polycarbonate (PO, acrylonitrile-
but adi ene- styrene (ABS) , pol yvi nyl chl ori de (PVO) and

pol yethyl ene terephthalate (PET), nylon and pol ystyrene.

4. The process according to any one of clains 1 to 3,
wherein sai d at | east one nonomner is propylene,
pol yneri zed at step c) to yield anti bacteri al

pol ypr opyl ene

5. The process according to any one of clains 1 to 3,

wherein said at |least one nononer is a diol selected from

anong: bi sphenol A, 1,1-bis I,1-bis(4-

hydr oxyphenol ) cycl ohexane, di hydr oxybenzophenone and
t et r anmet hyl cycl obutanediol , polynerized at step c¢c) wth
a source of carbonate groups, preferably phosgene  or

di phenyl carbonate, to yield antibacterial polycarbonate.

6 . The process according to any one of clains 1 to 3,
wherei n said at |east one nononer is a mxture of
but adiene and acrylonitrile, polynmerized at step c¢) in
the presence of polystyrene to vyield anti bacteri al
acrylonitril e-butadi ene-styrene ( ABS)

7. The process according to any one of clains 1 to 3,
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wherein said at |east one nmonomer is vinyl chloride,
pol ymeri zed at step c) to yield anti bacteri al
pol yvi nyl chl ori de
8 . The process according to any one of claims 1 to 3,
wherein said at I|east one nononer is a mxture of

terephthalic acid and ethylene glycol or of dinethyl
terephthalate and ethylene glycol, polynerized at step c¢)
to yield polyethylene terephthal ate.

9. The process according to any one of claine 1 to 8,
wherein said at |east one organic and/or aqueous solvent
of step a) is selected from anong: water, ethyl alcohol,
nmet hanol, acetone, isopropyl alcohol or a mxture of two
or nore solvents.

10. The process according to any one of clains 1 to o9,
wherein said solution or dispersion of the at |east one
zinc salt is added one drop at a time to the solution or
di spersion of the at |east one nonomer, preferably before
the start of the polynerization or else during the
pol ynmeri zati on reaction.

11. The process according to any one of claims 1 to 10,
wherein said at least one zinc salt is selected from
anong: zinc PCA zinc oxide, zinc hydroxi de, zi nc
pyrrolidone and zinc pyrithione or mxtures thereof.

12. The process according to claim 11, wherein said at
least one zinc salt is ZnPCA or Zn pyrithione or a
m xture thereof.

13. The process according to any one of claims 1 to 12,
wherein said at |east one zinc salt is added to the at
| east one nononer in a quantity conprised between 0.1 and
10% preferably between 0.1% and 5% nore preferably
between 0.2% and 2%

14. The process according to claim 11, wherein said zinc
PCA is added in a percentage conprised between 0.1% and

10% preferably between 2% and 5%
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15. The process according to claim 11, wherein said zinc
oxide is added in a percentage conprised between 0.1% and
2% preferably between 0.2% and 0.6%

16. The process according to claim 11, wherein said zinc
hydroxide is added in a percentage conprised between 0.1%
and 4% preferably between 0.2% and 1%

17. The process according to claim 11, wherein said zinc
pyrithione is used in a percentage conprised between 0.1%
and 2% preferably between 0.1% and 0.7%

18. The process according to claim 11, wherein said zinc
pyrrolidone is used in a percentage conprised between
0.01% and 3% preferably between 0.1% and 1%

19. The process according to any one of claine 1 to 18,
wherein said polynerization i s conducted for a tine
conmprised between 20 minutes and 3 hours, nore preferably
between 60 minutes and 90 ninutes.

20. An antibacteri al pol ymer obtainable from the process

according to any one of clains 1 to 19, wherein at |east

one zinc sal t is dispersed W t hin t he pol ymeric
structure, i nparting antiseptic properties to t he
pol ymer

21. The antibacteri al pol yrer accordi ng to claim 20,
wher ein sai d pol ymer is sel ected from anong:

pol ypr opyl ene (PP), pol ycar bonat e (PO, acrylonitrile-
but adi ene-styrene (ABS) , pol yvi nyl chl ori de (PVC) and
pol yet hyl ene terephthal ate (PET) , nylon and polystyrene
(PS)

22. A use of the polymer according to claim 20 or 21 to
prepare an antibacteri al pr oduct or for mxing wth
ot hers pol yners

23. An antibacteri al product obtainable from the polyner
according to claim 20 or 21 by noulding, hot formng or
extrusion of said polyner.

24. The product according to claim 23, selected from
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anong: conputer mce, conputer  keyboards, covers for
phones and tablets, door handl es, plastic handrails,
anti bacteri al coverings for pani c exit devi ces,
anti bacteri al film for surfaces that nust have a high

degree of cleanliness and eyeglass franes.
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