WO 2011/ 070175PCT/ EP2010/ 069498 1 PROCESS FOR PREPARI NG BI OCI DES Fi el d of
the invention This invention relates to the manufacture of biocides
possessi yofongizeizdal and bactericidal properties and i rCEmbed0f069498
application in hygi ene and nedi cine, in conpounds for topical use in the
treatnment of skin diseases (trophic ulcers, burns, dermatitis and
dernopat hy) and for preparations useful in other fields of technique, in
particular, for the processing of fabric, polyners, building products and
products for nedical purpose. State of the art The use of netals having
bacteri i O Pd, Cu, and Zn is widely known in the
field 6&“33&5?g&%ﬁﬁ?ﬁﬁﬁgﬁﬂéﬁﬂgﬁﬁ gés and bactericides (see H E. Mrton,
Pseudormpasfitie Hivehfibgction, Sterilisation and Preservation, ed. S. S

Bl ock, Lea and Febider 1977 and N. Gier, Silver and Its Cbnpounds in
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Ultradispersed biocides containing silver are known [see E.M. Blagitko, etc. «Silver in

medicine», Novosibirsk: Nauka-center, 2004, 256 p.].

In the specification of the Russian patent RU 2259871 a biocide in the form of a colloidal
solution of a nanostructured biocide based on metals nanoparticles is described. Said
nanostructured biocide is obtained by dissolution of a metal salt and a water-soluble polymer
in water and/or in a non aqueous solvent. The obtained solution is blown through a gaseous
flow of nitrogen or argon and irradiated. As the metal salt, a salt of at least one metal chosen
from the group comprising silver, copper, nickel, palladium and platinum is used. It is
preferable to use a salt of silver, for example nitrate, perchlorate, sulfate or acetate.
Polyvinylpirrolidone, copolymers of 1-vinylpirrolidone with acrylic or vinylacetic acids, with
styrene or with vinylic alcohol are used as the polymer. Methanol, ethanol, isopropyl alcohol
or ethylene glycol are used as the solvent. Surface-active substances are also added in the
reactor in order to obtain a stable emulsion. The obtained nanocomposite biocides are used as

antibacterial means, sterilising or deodorizing means.



However the above described nmethod for obtaining a biocide is conplicated
and expensive because the synthesis is carried out in an atnosphere of

i nert gasweandimi7btisapplicati on of a source of ionizing PatiERRé0Ne498 N t he
patent RU 2088234 (1997) a mater-solug!e bactericidal composition
cont ai ni ng nanoclusters of zero-valent” netallic silver stabilized with

pol y-N-vynil chlorridone-2 is described. The preparation of this
bactericidal conmposition is carried out in an atnosphere of inert gases by
reaction of a silver nitrate solution with a water sol ution of ethanol
cont ai ni ng pol y-N-pol yvynil chl orridone-2; the reaction is carried out in
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for obt’aihi ng bactericidal preparations present technical difficulties and
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However the use of the stabilizer, i.e. natural polysaccharide of arabinogalactan, as a reducer
of silver ions up to a zero-valent condition and also, simultaneously, as the reaction dispersion
media, increases the preparation costs.
Thus, the above mentioned processes for obtaining bactericidal preparations present technical
difficulties and rather low stability of their liquid dispersions.
Patent RU 2330673 (2008) is considered the closest prior art in respect of the present
invention and refers to the preparation of biocides based on bentonite intercalated by ions of
metals.
According to the above said patent the process for obtaining the desired biocide consists of
the following steps: in a first stage bentonite in Na-form is activated with ions of sodium by
reaction with a water solution of chloride sodium followed by the removal of chlorine anions
by washing and filtering of the obtained intermediate product; at the second stage, the

obtained intermediate is intercalated by ions of metals having bactericidal action by reaction

of water solutions of inorganic salts of these metals followed by removal of sodium salts by



Silver nitrate and copper sulfate are used as inorganic salts of
bactericidal metals for the intercalation. Reaction of the bentonite with
t he nanedwoabavo7saubuti ons is carried out at each stage RCTEPR@EVI069498
bentonite : solution as 1: (10-40) parts by weight. In the intercal ation
process a sem -finished product of bengtoni te is kept in the specified salt
solutions for 12-24 hour. Repeated washing of bentonite with deionized
water is carried out for renmoval of chlorine anions and sodiumsalts.
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This property determines an amount of exchange cations (expressed in mg-equivalents)
capable to be replaced by cations of other type. The chosen mineral clay (montmorillonite)
possesses the highest capacity of cations exchange.
The processes of activation and intercalation substantially depend on the sizes and the specific
surface of modular particles of bentonite and their hydrophilic properties.
According to the patent the size, the specific surface of particles of bentonite and their
hydrophilic properties, basically depend on the softening and stratification of modular
particles of bentonite under action of reacting water solutions that increases consumption of
water, reactants and time for obtaining the biocide.
The biocidal properties of the obtained product are also determined by the degree of its
cleaning from exchange alkaline metals.
According to the known process the cleaning consists in repeated washing of the product with
deionized water and that results in increasing the costs for obtaining the biocide, at the same
time decreasing the concentration of metal ions having bactericidal action in the obtained
biocide and does not exclude the presence of undesired ions of alkaline metals in the obtained
product.

Brief description of the Figure



Fig. 1 shows the IR spectra of intercal ated bentonite in Ag-form (variation
of optical density on wave nunber) with and w thout application of

U t rasoniwopnoagsssng (according to exanples 1.1 and 1. PCTEPp@EOLMS YY) .
Brief description of the invention Scope of the invention is to make
avai l abl e a process for the preparation of a biocide based on bentonite
intercalated by ions of netals with effective bactericidal and fungi ci dal
properties involving less costs in terns of reactants and process tine. The
result of the new process is an increased efficiency of action of the
obt ai ned bi oci de when applied in preparati ons and conpositions intended for
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salts of netals having bactericidal action.
metals having bactericidal action by treatment with water solutions of inorganic salts of
these metals, followed by removal of sodium salt by washing of the product with
deionized water.
Then the obtained product is filtered, dried and ground up to particles dimensions of 20-150
nanometers.
According to the invention the steps of activation and intercalation of bentonite are carried out
with application of ultrasound with frequency 20 - 50 kHz and intensity 10 - 100 Wt/cm®.
The cleaning of the intercalated product from sodium salts is preferably carried out in two
stages:
— in the first stage the product is decanted and
— in the second stage it is washed out in deionized water containing 30 ppm - 100 ppm of a
complexing agent for ions of alkaline metals, chosen among crown ethers having
molecular weight not higher than 264.
According to a particular embodiment of the invention the stage of activation of bentonite in
Na-form with ions of sodium is carried out using a 3-7 % water solution of chloride sodium
and the stage of intercalation is carried out using 8-15 % water solutions of inorganic salts of

metals having bactericidal action.



WO 2011/ 070175PCT/ EP2010/ 069498 5 According to the invention 3% water
solution of chloride sodiumis preferably used in the step of activation of
bent oni t ewOrRoNa76sm by i ons of sodium the reaction isPCaMPR@A/06498 at a
ratio bentonite : water solution 1: (10-40) parts by weight. According to
the invention 9% water solution of inorganic salts of netals of
bactericidal action is preferably used in the intercalation step; the
reaction is carried out at a ratio: bentonite : water solution, as 1:
(10-40), weight parts. According to the invention silver nitrate, copper
sulfate, zinc sulfate or nitrate a? morfganlc salfs of netals of
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negatively charged aluminum-oxygen and silica-oxygen compounds which have high sorption
activity is characteristic for the structure of a crystal lattice of bentonite;

- Use of ultrasounds: ultrasounds have an influence on water systems of bentonite, with
specified frequency and intensity that forms a specific surface of the particles directly
participating in activation and intercalation. Particles of montmorillonite are divided and
laminated, i.e. their active surface increases at dispersion of sodium bentonites in water with
application of ultrasonic energys;

- Performing of two stages process for cleaning the intercalated product from sodium salts,
i.e. decantation and washing of the product with deionized water containing a crown ether as
a complexing agent of ions of alkaline metals. This leads to extraction of alkaline metal -
sodium out of the solution. Due to keeping of ions of sodium in an intramolecular cavity of
crown ethers during the washing, the probability of reverse intercalation exchange of silver
ions on sodium ions is drastically decreased; therefore the qualitative characteristics of

biocide result improved.



Fromthe state of the art a process with features corresponding to the ones
of present invention and allow ng the above described results is not known.
Anal ysi s wb 20t 781r76Wn t echni cs testifies the conform tyPofi/EPh&opsEsent
application to the criteria of "novel%y" and "degree of inventiveness". The
present process can be industrially realized for manufacturing preparations
i ntended for antimcrobic treatnment of wounds, burns, ulcer zones of
tegunents, for preventive antim crobic and fungicidal processing of
surfaces of fabric, polyneric and building (including nedical) products.

The essence of the invention is explained through indications cgncerning
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illustrates biocida §ct| vity of biocides according to the invention and
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of properties of the produced brocides or to 1ncrease rn costs of the
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t echni cal -operati onal expenses. The activation and intercal ati on b&cone
wor se aroadesss ersapplied faregrpernoy theridodidg amwsiding wfthe process of the invention:

- bentonite (montmorillonite) in Na-form; it is the most preferable for the process according to
the invention;

- silver nitrate (AgNQz3); copper sulfate (CuSQO,); zinc chloride (ZnCl») or zinc sulfate, sodium
chloride (NaCl);

- a complexing agent of ions of alkaline metals: crown-ether 18-crown-6 with molecular
weight 264 and belonging to macrocyclic polyethers. Crown-ether is a white crystal powder
with fusion temperature 38,6-39,4°C |

- deionized water;

- ultrasonic equipment Bandelin Sonopuls HD2070.

Performing of the invention by changing the structure of the used components, their ratios,
and modifying the technical modalities of operation, will lead to worsening of properties of
the produced biocides or to increase in costs of the process for their obtaining.

Performing the invention without respecting the established parameters of ultrasonic influence
(frequency 20-50 kHz, intensity 10-100 Wt/cm®) during activation and intercalation of
bentonite, will lead to decreased properties of the biocide or to increase in technical-
operational expenses.

The activation and intercalation become worse at decrease in frequency and intensity of

ultrasound while an increase of frequency and intensity of ultrasound leads to increase in



ultrasound while an increase of frequency and intensity of ultrasound | eads
to increase in WO 2011/070175PCT/ EP2010/ 069498 7 tenperature of the used
medi um tworegat’dve cavitational effects and al so to i neceaEPeo1opessas i onal
and power expenses. Realization of the7 invention is explained by the

foll ow ng stages and concrete exanples. Exanples Stage] - manufacturing of
sem finished products of bentonite. Internediate products of bentonite are
obtained in this step, according to exanples 1 and 2. Exanple 1 Bentonite
(montnorillonite) in Na-formin the anmount of 10 g is saturated with 3%

wat er solution of NaCl at a ratio bentonite : sol uéfi on 1:40, weight parts.
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(mont illonjte) in Na-format anount of 10 gr. is saturated with 5% wat er
sol ut %‘)—%Ngm at a ratio: bentonite : solution 1:40, weight parts. Then
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frequency 20 kHz and intensity of 15 Wt/cm® during 15 minutes.

Dispersion of the system with simultaneous activation of bentonite particles in a solution by
ions of sodium occurs in result. During ultrasonic processing the temperature of the reaction
system increases of 5°C. Then washing of the intermediate product by deionized water is
carried out not less than two times for removal of anions of chlorine. After it a filtration
through the filter <<a white tape>> and drying is carried out.

Example 2

Bentonite (montmorillonite) in Na-form at amount of 10 gr. is saturated with 5% water
solution of NaCl at a ratio: bentonite : solution 1:40, weight parts. Then it is kept in the given
solution during 12 hours for activation of modular particles of bentonite by sodium ions.
Repeated (not less than two times) washing of the intermediate product with deionized water
for removal of chlorine anions and a filtration through the filter <<a white tape>>and the
subsequent drying is carried out.

Stage 2 — Obtaining of the biocides

Biocide on the basis of nanostructured bentonite intercalated by ions of metals having
bactericidal action are obtained from the intermediates of the previous step according to the
following examples:

Example 1.1

The intermediate obtained in Example 1 is saturated with 9% water solution of silver nitrate
(at red illumination). Ultrasonic processing of the system «bentonite - reaction solution» is
carried out for 20 minutes with frequency of ultrasound 30 kHz and intensity of 15 Wt/cm”.

Dispersion of the system «bentonite - reaction solution» occurs and reactions of ionic



Bi oci de on the basis of nanostructured bentonite intercal ated by ions of
netal s having bactericidal action are obtained fromthe internedi ates of

t he previwoostgpi7according to the foll ow ng exanpl es: EBEXxamp@obhedos The
internedi ate obtained in Exanple 1 is saturated with 9% water sol ution of
silver nitrate (at red illumnation). "Utrasonic processing of the system
"bentonite - reaction solution” is carried out for 20 mnutes with
frequency of ultrasound 30 kHz and intensity of 15 W/cnR2. D spersion of
the system "bentonite - reaction solution” occurs and reactions of ioni C
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performed but 9% water solution of zinc chloride (ZnCl2) is used. There is
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The i nterrre ate product obtained in %’ nat er
sol uti (almrmgrcsuchmrofnomcaicma(lg&9Bgdaflplrédnmmatcbba:)ted Then it is kept for 20
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The obt];ada@Q:pqoduct is ground after drying; 9,7 g of product are

col eCtTEfle intermediate product obtained in Example 2 is saturated with 10% water solution of silver
nitrate (at red illumination). Then it is kept for 20 hours and in result there is a softening and
stratification of modular particles of bentonite with synchronous reactions of ionic
replacement of sodium cations (Na*) by silver cations (Ag"). The process is carried out at a
temperature of no more than 30°C. The obtained suspension is decanted giving a moist
residuum of bentonite which is washed in deionized water. The washing is carried out
repeatedly not less than five times. Filtration and drying preferably at a temperature of no
more than 80°C is carried out. The obtained product is ground after drying; 9,7 g of product
are collected.
The preparation of a biocide by Example 2.1 is carried out according to the known patent RU
2330673.
The content of silver and copper was determined in biocides obtained by Examples 1.1-1.2
and 2.1. The method of the quantitative analysis based on measurement of volume or weight
of a reagent required for reaction with researched substance - the titrimetric analysis - was

used.



The preparation of a biocide by Exanple 2.1 is carried out according to the
known patent RU 2330673. The content of silver and copper was determned in
bi oci des wbtaaiwmgoi7By Exanples 1.1-1.2 and 2. 1. The net hedTaP2010069498
qgquantitative anal ysis based on neasur grent of volume or weight of a reagent
required for reaction wth researched 'substance - the titrinetric analysis
- was used. WD 2011/070175PCT/ EP2010/ 069498 9 The titrinetric analysis for
determ nation of the amount of silver and copper in the given exanpl es was
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Biocides obtained by Eexamples 1.1 and 2.1 were tested by IR-spectroscopy (infra-red
spectroscopy) for confirmation of efficiency of the process. The condition and the degree of
efficiency of intercalation of nanodispersed particles of bentonite (montmorillonite) in the
Ag-form were tested.
Water solutions of biocides in the Ag-form by Example 1.1 and Example 2.1 have been used
in the comparative test.
As a result it is ascertained that IR-spectrum of tested biocides in the Ag-form essentially
differ for the content of ions of silver (Ag") in interlayer space of intercalated bentonite
(Fig.1).
Tests of biocides by Examples 1.1-1.3 and 2.1 have been carried out for confirmation of
efficiency of bactericidal and fungicidal properties of biocide obtained according to the
invention.
Appropriate tests were carried out with use of the Standard for «Control of sterility of
dressings» RD64-051-87. It corresponds to standard ways of determination of
microorganisms on work surfaces of gauze, fabric bandage, napkins and so forth, on metal
and silicon surfaces of the medical equipment, etc.
Tests were carried out in sterile conditions using sterilized equipment and materials. The
following materials have been used in the tests:
- Petri’s cups treated with a sterilized beef-extract broth (BEB), with pH 7,2 -7.4. The
thickness of cooled layer BEB is 2-3 mm;



Tests of biocides by Exanples 1.1-1.3 and 2.1 have been carried out for
confirmati on of efficiency of bactericidal and fungicidal properties of
bi oci de ovbDabnedoascordi ng to the invention. Appropriat @CTEPRGIOWe408 carri ed
out with use of the Standard for "Cbnﬁ ol of sterility of dressings”
RD64- 051-87. It corresponds to standard ways of determ nation of
m cr oor gani sns on work surfaces of gauze, fabric bandage, napkins and so
forth, on netal and silicon surfaces of the nedical equipnment, etc. Tests
were carried out in sterile conditions using sterilized equi pnent and
materials. The followng materials have been used in the tests: - Petri' s
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t he t edtetiresdhpf the tasisehe arpdygts OhExppBige tlsl - ack bitds Ay NE%anpl es 1.1 and
1.2- 1. i . : i es;:
SbsbiftE Q)?%ogo\ﬁﬁés?/off &Ecr&&g%ﬂg{n;‘g‘t@?ﬁl{%ﬁoccﬁp %?P&g a P (?tﬁ’él?t?yeﬁﬁllso b the

m cr oor gani sns phyl ococcus “aur eus e surface o sted sanpl es
pr ocessedadeyoft the tgxeelpangid¢soproassal by thg frodexsaaqbsali?e fo EeampBledayisandTh2s, the

carrieﬂrout resefr hig qgnéirn1as a whol e high efficiency of bactericidal
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of application of the invention:

samples processed by the preparation according to example 2.1 for § days.

Thus, the carried out researches confirm as a whole high efficiency of bactericidal and

fungicidal properties of biocide under the present invention, in relation to various colonies of

microorganisms what testifies to expediency of application of the invention:

- for antimicrobic processing of wounded, burn, ulcer zones of integuments;

- for processing of surfaces of building products.

Obtained biocide has no contra-indications and possesses high absorption, ion-exchanging

and anti-inflammatory properties.



for antim crobic processing of wounded, burn, ulcer zones of integunents;
for processing of surfaces of building products. Obtained biocide has no
cont ra- i mipeativongsand possesses hi gh absorption, ion-epchargdngosns
anti-inflammtory properties. WO 201%070175PCT/ EP2010/ 069498 11 CLAI M5 1.
Process for obtaining a biocide conprising the follow ng steps: bentonite
in Na-formis activated with sodiumions by reaction with a water solution
of sodium chloride foll owed by the renoval of chloride anions by washing
and filtration; the obtained internmediate product is intercalated by ions
of netals of bactericidal action by its processing in water solutions of
inorgarﬁIeAIsl\éﬁts of the nentioned netals with the subsequent renoval of

sodi um ;s pld.3s1%: YRsii Eibadpemyﬁgm%&ﬁefroﬁ&ivfa iszeggl. water, filtration,
drying and grinding up to partictes dinensionS 20-150 nm characterized in

t hat ul t rasdendsaitevirt Natfhen fiy aqivetedywilOsedilf ikidzbyaredction eithiat wat@Osolutlé@)
W /cnR are applied in the eps. qQf activation_and jntercal ation_ of
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cl eani ng of fifhgidyt ercal ated product fromsodiumsalts is carried out in
two stages: at the first stage the product is decanted and at the second
stage it +s thmshathedi ihterdediotei peduatak antecaahttead by rign30f metdld ob practeficalal

conpl exi ng agent for the ions of al(hal.i ne tals osen amng crown et hers

with nol ecul®&sfomBy étﬁtprqufm%plew?tﬁéﬁ yigons o inorganic sgltc]s the mentioned metals

with the subsequent removal of sodium salts by washing the product with deionized

water, filtration, drying and grinding up to particles dimensions 20-150 nm
characterized in that ultrasounds with the frequency 20 — 50 kHz and intensity 10 — 100
Wt/cm® are applied in the steps of activation and intercalation of bentonite.
2. Process according to claim 1 characterized in that the cleaning of the intercalated product
from sodium salts is carried out in two stages: at the first stage the product is decanted and at
the second stage it is washed with deionized water containing 30 - 100 ppm of a complexing
agent for the ions of alkaline metals, chosen among crown ethers with molecular weight not
more than 264.
3. Process according to claims 1 and 2 characterized in that a 3-7% water solution of chloride
sodium is used at the stage of activation of bentonite in Na-form by sodium ions and a 8-15%
water solutions of inorganic salts of metals having bactericidal action is used at the stage of
intercalation.
4. Process according to claim 3 characterized in that 3% water solution of chloride sodium for
activation of bentonite in Na-form by sodium ions is used and processing of the mentioned
mineral clay is carried out at a ratio bentonite : water solution 1 : (10-40), weight parts.
5. Process according to claim 1 characterized in that 9% water solution of inorganic salts of
metals of bactericidal action for intercalation of intermediate product of bentonite by ions of
metals is used, and processing of the mentioned mineral clay is carried out at a ratio
bentonite: water solution 1 : (10-40), weight parts.
6. Process according to claim 1 characterized in that silver nitrate, copper sulfate, zinc sulfate
or nitrate as inorganic salts of metals having bactericidal action are used.
7. Process according to claim 2 characterized in that crown-ether 18-crown-6 as a complexing

agent of ions of alkaline metals is used.



3. Process according to clains 1 and 2 characterized in that a 3-7% water
solution of chloride sodiumis used at the stage of activation of bentonite
i n Na-f orwolytigodi7am i ons and a 8- 15% wat er sol uti ons ofCrrregansasal ts of
nmetal s having bactericidal action is E?ed at the stage of intercal ation.

4. Process according to claim3 characterized in that 3% water solution of
chloride sodiumfor activation of bentonite in Na-formby sodiumions is
used and processing of the nentioned mneral clay is carried out at a ratio
bentonite : water solution 1 (10 40), weight parts. 5. Process according
to cIa|n11 characteri zed 9% wat er. _sol uti on of inorganic salts of
met al s Sof BRSEErRosiegsine a@f%ﬁi f odi Reerecifalt PrORCIBIES | ?ﬁt@P?Peg%Yaﬁl?? PESGETt  of
bent oni b &, b iOBRiRS | Mt al s is used, and processing of the nentioned

m ner al clay is carried out at a ratio bentonite: water solution 1:

(10- 400, Unelog mocphatstascordﬁg tPretmsS faquoredsing ahp koldadfmutfach ar be tismfewet i n

t hat SI| ate, copper sulfate, zinc sulfate or nitrate as inorganic
salts 8P ﬁ “havi ng bactericidal action are used. 7. Process according
to claim2 characterized in that crown-ether 18-crown-6 as a conpl exi ng
agent of ions of alkaline netals is used. WD 2011/070175PCT/ EP2010/ 069498
12 8. Biocides possessing fungicidal and bactericidal properties obtained
by the process according to clainms 1 - 7. 9. Use of biocides according to
claim8 for processing any kind of surface to be disinfected and
sterilized.



