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ABSTRACT

The present invention relates to a process for forming
stabilized metal salt particles.
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METHODS FOR FORMING STABILIZED
METAL SALT PARTICLES

FIELD OF THE INVENTION

[0001] This invention relates to methods for forming sta-
bilized metal salt particles.

BACKGROUND OF THE INVENTION

[0002] Processes for forming colloidal solutions and pow-
ders of silver (0) stabilized by polyvinyl pyrollidone (PVP)
have been disclosed. In the first step of these processes PVP
has been mixed with silver nitrate to form a PVP-silver ion
complex. The silver ion is then reduced with agents such as
hydrazine hydrate or glucose and sodium hydroxide. A
process which uses the PVP-silver ion complex to for
stabilized metal salt particles is not disclosed.

SUMMARY OF THE INVENTION

[0003] The present invention relates to methods for form-
ing stabilized metal salt particles. Specifically the present
invention relates to a process comprising

[0004] a. forming a first solution comprising at least one
salt precursor;

[0005] b. forming a second solution comprising a com-
plex formed from at least one metal agent and at least
one dispersing agent in a particle size stabilizing effec-
tive amount;

[0006] c. adding said second solution to said first solu-
tion to form a clear product solution comprising stabi-
lized metal salt particles having an average particle size
of less than about 200 nm;

[0007] d. drying said product solution to form an anti-
microbial metal salt powder comprising 0.01 to about
10 weight % metal in the antimicrobial metal salt
powder.

[0008] The stabilized metal salt particles may be added to
a wide variety of polymers, either in the reactive mixture or
in a compounding step. In one embodiment the metal salt
particles are antimicrobial, and impart antimicrobial prop-
erties to the polymer to which they are added.

DETAILED DESCRIPTION OF THE
INVENTION

[0009] As used herein, the term, “antimicrobial” means
that the article exhibits one or more of the following
properties, the inhibition of the adhesion of bacteria or other
microbes to the article, the inhibition of the growth of
bacteria or other microbes on article, and the killing of
bacteria or other microbes on the surface of the article or in
an area surrounding the article. For purposes of this inven-
tion, adhesion of bacteria or other microbes to the article, the
growth of bacteria or other microbes on lenses and the
presence of bacterial or other microbes on the surface of
article are collectively referred to as “microbial coloniza-
tion.” Preferably, the articles of the invention exhibit at least
about 0.25 log reduction, in some embodiments at least
about 0.5 log reduction, and in some embodiments at least
about a 1.0 log reduction (z90% inhibition) of viable bac-
teria or other microbes. Such bacteria or other microbes
include but are not limited to Pseudomonas aeruginosa,
Acanthamoeba species, Staphyloccus. aureus, E. coli
Staphyloccus epidermidis, and Serratia marcesens.

[0010] As use herein, the term “metal salt” means any
molecule having the general formula [M?*] [X*7], wherein
X contains any negatively charged ion, a, b, q and z are
independently integers =1, q(a)=z(b). M may be any posi-
tively charged metal ion selected from, but not limited to, the
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following Al*?, Cr*?, Cr*3, Cd*', Cd*?, Co*?, Co*™®, Ca*?,
Mg+2, Ni+2, Ti+2, Ti+3, Ti+4, V+2, V+3, V+5, SI'+2, Fe+2, Fe+3,
Au+2, Au+3, Au”, Ag+2, Ag+l, Pd+2, Pd+4, Pt+2, Pt+4, Cu”,
Cu*?, Mn*?, Mn*?, Mn**, Zn*?, Se***? and mixtures thereof.
In another embodiment, M may be selected from Al*>, Co*?,
CO+3, Ca+2, Mg+2, Ni+2, Ti+2, Ti+3, Ti+4, V+2, V+3, V+5, SI'+2,
Fe+2, Fe+3,Au+2, Au+3, Au+1,Ag+2, Ag+l, Pd+2, Pd+4, Pt+2,
Pt Cu*!, Cu*?, Mn*?, Mn*3, Mn**, Se** and Zn*? and
mixtures thereof. Exam}gles of X include but are not limited
to CO3"2, NO3"1, PO, CI'L, I"!, Br'!, 72, 072, acetate,
mixtures thereof and the like. Further X includes negativelP/
charged ions containing CO,~2 SO,~%, PO, CI™', T},
Br !, 72, 072, acetate and the like, such as C, salkylCO,™ .
In another embodiment, X may comprise CO,~2S0, 2, CI™!,
I!, Brl, acetate and mixtures thereof. As used herein the
term metal salts does not include zeolites, such as those
disclosed in US-2003-0043341-A1. This patent application
is hereby incorporated by reference in its entirety. The
preferred a is 1, 2, or 3. The preferred b is 1, 2, or 3. The
preferred metals ions are M%"z, Zn*?, Cu*l, Cu*?, Au*?,
Au*, Au*t, Pd*?, Pd*, Pt*?, Pt**, Ag*?, and Ag*’ and
mixtures thereof. The particularly preferred metal ion is
Ag*'. Examples of suitable metal salts include but are not
limited to manganese sulfide, zinc oxide, zinc carbonate,
calcium sulfate, selenium sulfide, copper iodide, copper
sulfide, and copper phosphate. Examples of silver salts
include but are not limited to silver carbonate, silver phos-
phate, silver sulfide, silver chloride, silver bromide, silver
iodide, and silver oxide. In one embodiment the metal salt
comprises at least one silver salt such as silver iodide, silver
chloride, and silver bromide.

[0011] For embodiments where the stabilized metal salt is
to be incorporated into an article in contact with water
miscible solutions, including water miscible bodily fluids
like blood, urine, tears or saliva, and antimicrobial efficacy
of greater than about 12 hours is desired, the metal salt has
a K, of less than about 2x107'? in pure water at 25° C. In
one embodiment the metal salt has a solubility product
constant of not more than about 2.0x107*7 moles/L.

[0012] As used herein, the term “pure” refers to the quality
of the water used as defined in the CRC Handbook of
Chemistry and Physics, 78th Edition, CRC Press, Boca
Raton Florida, 1993. Solubility-product constants (K,,)
measured in pure water at 25° C. for various salts are
published in CRC Handbook of Chemistry and Physics, 78th
Edition, CRC Press, Boca Raton Fla., 1993) For example, if
the metal salt is silver carbonate (Ag,CO;), the K, is
expressed by the following equation

Ag,CO3(s)—=2Ag"(aq)+CO5” (aq)
The K, is calculated as follows
K,,~[Ag"T[CO5’]

As silver carbonate dissolves, there is one carbonate anion
in solution for every two silver cations, [CO;>7"Y4[Ag*],
and the solubility-product constant equation can be rear-
ranged to solve for the dissolved silver concentration as
follows

K, ~Ag (Al Ag D2 [Ag ")
[Ag"T=(2K )"

[0013] The term “salt precursor” refers to any compound
or composition (including aqueous solutions) that contains a
cation that may be substituted with metal ions. It is preferred
that the salt precursor is soluble in selected solvent at about
1 pg/mL or greater. The term does not include zeolites as
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described US2003/0043341 entitled “Antimicrobial Contact
Lenses and Methods of Use,” or activated silver as described
in W002/062402, entitled “Antimicrobial Contact Lenses
Containing Activated Silver and Methods for Their Produc-
tion”. Examples of salt precursors include but are not limited
to inorganic molecules such as sodium chloride, sodium
iodide, sodium bromide, lithium chloride, lithium sulfide,
sodium sulfide, potassium sulfide, sodium tetrachloro argen-
tate, mixtures thereof and the like. Examples of organic
molecules include but are not limited to tetra-alkyl ammo-
nium lactate, tetra-alkyl ammonium sulfate, tetra-alkyl
phosphonium acetate, tetra-alkyl phosphonium sulfate, qua-
ternary ammonium or phosphonium halides, such as tetra-
alkyl ammonium chloride, tetra-alkyl phosphonium chlo-
ride, bromide or iodide, and the like. In one embodiment the
precursor salt comprises sodium iodide.

[0014] The salt precursor solution is formed by dissolving
the salt precursor in at least one solvent. The concentration
of salt precursor in the salt precursor solution is desirably at
least about at least about 1500 ppm up to the solubility limit
for the salt precursor in the selected solvent, in some
embodiments between about 5000 ppm and the solubility
limit and in some embodiments between about 5000 ppm
and about 50,000 ppm (5 wt %) and in other embodiments
between about 5000 and about 20,000 ppm (2 wt %).
[0015] The term “metal agent” refers to any composition
(including aqueous solutions) containing metal ions.
Examples of such compositions include but are not limited
to aqueous or organic solutions of silver nitrate, silver
triflate, silver acetate, silver tetrafluoroborate, copper nitrate,
copper sulfate, magnesium sulfate, zinc sulfate, mixtures
thereof and the like.

[0016] The metal agent solution is formed by dissolving
the metal agent in at least one solvent. The concentration of
metal agent in the metal agent solution is desirably at least
about at least about 1500 ppm up to the solubility limit for
the metal agent in the selected solvent, in some embodi-
ments between about 5000 ppm and the solubility limit, in
some embodiments between about 5000 ppm and 50,000
ppm (5 wt %) and in other embodiments between about 5000
and about 20,000 ppm (2 wt %). Suitable solvents (a)
dissolve the metal agent, salt precursor and dispersing agent,
(b) do not reduce the metal agent to metal and (c) can be
readily removed by known methods. Water, alcohols or
mixtures thereof may be used. Suitable alcohols are capable
of solubilizing the metal agent and salt precursor. When
silver nitrate and sodium iodide are used as the metal agent
and salt precursor, alcohols such as t-amyl alcohol, tripro-
pylene glycol monomethyl ether, and mixtures thereof and
mixtures with water may be used. Water may also be used
alone.

[0017] At least one of the metal agent solution and the salt
precursor solution further comprises at least one dispersing
agent, and in one embodiment, the metal agent mixture
further comprises at least one dispersing agent. Suitable
dispersing agents include polymers which comprise func-
tional groups with lone pair electrons. Examples of dispers-
ing agents include hydroxyalkylmethylcellulose polymers,
polyvinyl alcohol, polyvinyl pyrrolidone, polyethylene
oxide, polysaccharides, such as starch, pectin, gelatin; poly-
acrylamide, including polydimethylacrylamide, polyacrylic
acid, organoalkoxysilanes such as 3-aminopropyltriethox-
ysilane (APS), methyl-tricthoxysilane (MTS), phenyl-
trimethoxysilane (PTS), vinyl-triethoxysilane (VTS), and

Apr. 19,2018

3-glycidoxypropyltrimethoxysilane (GPS), polyethers, such
as polyethylene glycol, polypropylene glycol, boric acid
ester of glycerin (BAGE), silicone macromers having
molecular weights greater than about 10,000 and comprising
groups which increase viscosity, such as hydrogen bonding
groups, such as but not limited to hydroxyl groups and
urethane groups and mixtures thereof.

[0018] Inone embodiment the dispersing agent is selected
from the group consisting of hydroxyalkylmethylcellulose
polymers, polyvinyl alcohol, polyvinyl pyrrolidone, poly-
ethylene oxide, glycerin, boric acid ester of glycerin
(BAGE), gelatin and polyacrylic acid, and mixtures thereof.
In another embodiment the dispersing agent is selected from
the group consisting of hydroxypropylmethylcellulose,
polyvinyl alcohol, polyvinyl pyrrolidone, polyethylene
oxide, gelatin, glycerin and BAGE and mixtures thereof. In
yet another embodiment the dispersing agent is selected
from the group consisting of polyvinyl alcohol, polyvinyl
pyrrolidone, and polyethylene oxide, and mixtures thereof.
[0019] Where the dispersing agent is a polymer, it can
have a range of molecular weights. Molecular weights from
about 1000 up to several million may be used. The upper
molecular weight limit is bounded only by the solubility of
the dispersing agent in the metal salt mixture, the salt
precursor mixture and the reactive mixture. For glycoside
polymers such as gelatin and methyl cellulose the molecular
weight may be above a million. For non-glycoside polymers
like polyvinyl alcohol, polyvinyl pyrrolidone and poly
acrylic acid, the molecular weight may range from about
2,500 to about 2,000,000, in some embodiments from about
10,000 to about 1,800,000 Daltons, and in other embodi-
ments from about 20,000 to about 1,500,000 Daltons. In
some embodiments molecular weights of greater than about
50,000 Daltons may be used, as dispersing agents in this
range provide better stabilization in some polymer systems.
[0020] Alternatively, the molecular weight of the disper-
sion-stabilizing polymers can be also expressed by the
K-value, based on kinematic viscosity measurements, as
described in Encyclopedia of Polymer Science and

[0021] Engineering, N-Vinyl Amide Polymers, Second
edition, Vol 17, pgs. 198-257, John Wiley & Sons Inc. When
expressed in this manner, non-glycoside dispersing agent
polymers may have K-values from about 5 to about 150, in
some embodiments from about 5 to about 100, from about
5 to about 70 and in other embodiments from about 5 to
about 50.

[0022] Stabilized metal salt nanoparticles may be formed
by forming a salt precursor solution comprising at least one
salt precursor;

forming a metal agent solution comprising a complex
formed from at least one dispersing agent having a weight
average molecular weight of at least about 1000 and at least
one metal agent;

[0023] adding one solution to the other at a rate suffi-
cient to maintain a clear solution throughout addition
and to form a product solution comprising stabilized
metal salt nanoparticles having a mean particle size of
less than about 50 nm; and drying said stabilized salt
nanoparticles.

[0024] Any of the dispersing agents described above may
be used. The dispersing agent is included in either or both
the metal agent and salt precursor solutions, or can be
included in a third solution, into which the metal agent and
salt precursor solutions are added. In embodiments where
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both the salt precursor solution and metal agent solutions
comprise at least one dispersing agent, the dispersing agents
may be the same or different.

[0025] The dispersing agent is included in an amount
sufficient to provide a particle size of less than about 500 nm
(“particle size stabilizing effective amount™). In embodi-
ments where the clarity of the final article is important, the
particle size is less than about 200 nm, in some embodiments
less than about 100 nm, and in others still, less than about 50
nm. In one embodiment, at least about 20 weight % dis-
persing agent, is used in at least one solution to insure that
the desired particle size is achieved. In another embodiment,
between about 20 and about 50 weight % dispersing agent
is used. In some embodiments the molar ratio of dispersing
agent unit to metal agent is at least about 1.5, at least about
2, and in some embodiments at least about 4. As used herein,
dispersing agent unit is a repeating unit within the dispersing
agent. In one embodiment the metal agent solution com-
prises dispersing agent. In some embodiments it will be
convenient to have the same concentration of dispersing
agent in both solutions.

[0026] The upper concentration limit for dispersing agent
in the solutions may be determined by solubility of the
dispersing agent in the selected solvent, and ease of handling
of the solutions. In one embodiment, each solution has a
viscosity of less than about 50 cps. In one embodiment the
product solution may have up to about 50 weight % dis-
persing agent. As described above, the metal agent and salt
precursor solutions may have the same or different concen-
trations of dispersing agent. All weight % are based upon the
total weight of all components in the solution.

[0027] The mixing of the solutions may be conducted at
room temperature, and may beneficially include stirring.
Stirring speeds at or above which a vortex is created may be
used. The selected stirring speed should not cause frothing,
foaming or loss of solution from the mixing container.
Stirring is continued throughout addition.

[0028] Mixing may be conducted at ambient pressure, or
decreased pressure. In some embodiments, mixing may
cause the solution to froth or foam. Foaming or frothing is
undesirable as it may cause pockets of higher concentration
of the metal salt to form, which results in larger than desired
particle size. In these cases decreased pressure may be used.
The pressure can be any pressure between ambient and the
vapor pressure for the selected solvent. In one embodiment,
where water is the solvent, the pressures may be between
ambient and about 40 mbar.

[0029] The rate of addition of the salt precursor and metal
agent solutions is selected to maintain a clear solution
throughout mixing. Slight localized haze may be acceptable
so long as the solution clears with stirring. Clarity of the
solution may be observed visually or monitored using UV-
VIS spectroscopy. Suitable addition rates may be deter-
mined by preparing a series of solutions having the desired
concentration, and monitoring the clarity of the solution at
different addition rates. This procedure is exemplified in
Examples 2-7. Including dispersing agent in the salt precur-
sor solution may also allow for faster rates of addition.
[0030] In another embodiment, where faster addition rates
are desired, the metal agent and dispersing agent are allowed
to mix under complex-forming conditions, including a com-
plex-forming time before mixing with the salt precursor
solution. It is believed that the dispersing agent in the metal
agent solution forms a complex with the metal agent. In this
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embodiment, it is desirable to allow the metal agent to fully
complex with the dispersing agent prior to combining the
metal agent solution and the salt precursor solution. “Fully
complexed” means that substantially all the metal ions have
complexed with at least one dispersing agent. “Substantially
all” means at least about 90%, and in some embodiments at
least about 95% of said metal ions have complexed with at
least one dispersing agent.

[0031] The complex-forming time may be monitored in
solution via spectroscopy, such as via UV-VIS or FTIR. The
spectra of the metal agent solution without the dispersing
agent is measured. The spectra of the metal agent solution is
monitored after addition of the dispersing agent, and the
change in spectra is monitored. The complex-forming time
is the time at which the spectral change plateaus.

[0032] Alternatively, complexation time may be measured
empirically by forming a series of metal agent-dispersing
agent solutions having the same concentration, allowing
each solution to mix for a different time (for example 1, 3,
6, 12, 24, 72 hours and 1 week), and mixing each metal
agent-dispersing agent solution batch-wise with the salt
precursor solution. The metal agent-dispersing agent solu-
tions which are mixed for complex-forming times will form
clear solutions when the metal agent and salt precursor
solutions are poured together directly without controlling the
rate of addition. For example, 20 ml of metal agent solution
may be added to 20 ml of salt precursor solution in 1 second
or less.

[0033] Complexation conditions include complexation
time (discussed above), temperature, ratio of the dispersing
agent to the metal agent and stirring rates. Increasing the
temperature, molar ratio of dispersing agent to metal agent
and stirring rate, will decrease complexation time. Those of
skill in the art will, with reference to the teachings herein,
can vary the conditions to achieve the disclosed complex-
ation levels.

[0034] Ifthe metal agent and dispersing agent are not fully
complexed, the mixing conditions may be selected to bias
reactions in the mixture to forming the dispersing agent-
metal agent complex over the formation of uncomplexed
metal salt. This biasing may be achieved by controlling the
(a) concentration of dispersing agent in the salt precursor, or
the solution into which the salt precursor and metal agent
solutions are added and (b) rate of mixing of the metal agent
and salt precursor solutions.

[0035] Once the metal agent and salt precursor solutions
have been mixed, the nanoparticle-containing product solu-
tion may be dried. Any conventional drying equipment may
be used such as freeze dryers, spray dryers and the like.
Drying equipment and processes are well known in the art.
An example of a suitable spray dryer is a cyclone spray
dryer, such as those available from GEA Niro, Inc. For spray
drying the temperature of the spray inlet is above the flash
point for the selected solvent.

[0036] Freeze dryers are available from numerous manu-
facturers, including GEA Niro, Inc. Freeze drying tempera-
tures and pressures are selected to sublimate the solvent as
is well known by those of skill in the art. Any temperature
within conventional ranges for the method selected may be
used.

[0037] The product solution is dried until the resulting
powder has a solvent content of less than about 10 weight %,
in some embodiments less than about 5 weight % and in
some embodiments less than about 2 weight %. Higher
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solvent concentrations may be appropriate where the solvent
used to form the stabilized metal salt is compatible with the
reaction mixture used to form the polymeric article. The
powder is a stabilized metal salt nanoparticle having a
particle size of up to about 100 nm, up to about 50 nm, and
in some embodiments up to about 15 nm as measured by as
measured by transmission electron microscopy or dynamic
light scattering by dispersing in water.

[0038] The stabilized metal salt powder may be added
directly to polymeric reaction mixtures, or compounded
with thermoplastic polymers, which can then be used to
form polymeric coatings. The stabilized metal salt powder
may also be added to a wide variety of coating formulations.
The amount of stabilized metal salt powder to be added may
be readily calculated to provide the desired level of func-
tionality. For example, where the metal salt is antimicrobial,
the amount of metal salt powder added to the bulk polymer
or coating formulation may be readily calculated to provide
the desired level of antimicrobial metal ion.

[0039] In order to illustrate the invention the following
examples are included. These examples do not limit the
invention. They are meant only to suggest a method of
practicing the invention. Those knowledgeable in contact
lenses as well as other specialties may find other methods of
practicing the invention. However, those methods are
deemed to be within the scope of this invention.

[0040] Particle size was measured using laser light scat-
tering or dynamic light scattering. For samples with a
particle size range greater than about 500nm a Horiba-
L.A930 laser diffraction particle size analyzer was used. The
instrument check was performed from the blank % T values.
One mL of the sample solution was introduced into the
circulation bath which contained 150 mL of water as
medium. A relative refractive index of 1.7-0.1 i and a
circulation speed of 5 was used. The samples were ultra-
sonicated for two minutes prior to measurement using
ultrasonication in the instrument. Triton® X-100 (commer-
cially available from Union Carbide) (0.1%) was used as a
surfactant in the analysis. Triplicate analysis was performed
and the traces were compared to make sure that they
coincided with each other. The instrument provided a report
containing a graph of the particle size distribution along with
values for the mean particle size.

[0041] For samples with a particle size range less than
about 500 nm a Malvern 4700 dynamic light scattering
apparatus was used. The instrument check was performed
prior to analysis of the samples using NIST traceable stan-
dard size polystyrene particles. One ml of the sample was
diluted to 20 ml with water and the samples were sonicated
for one minute using Branson Ultrasonic probe and both
relative refractive index and viscosity values were entered in
the software. The instrument provides a report containing a
graph of the particle size distribution along with values for
the mean particle size.

EXAMPLES

Example 1: Formation of Agl Nanodispersion

[0042] Metal agent and salt precursor solutions were
formed as follows: 10,000 ppm AgNO, was dissolved with
stirring in 200 gm of a 50 w/w% solution of PVP K12 in D1
water. Nal (10,000 ppm) was dissolved with stirring in 200
gm of a 50 w/w% solution of PVP K12 in DI water. The
metal salt solution containing AgNO, was added to the salt
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precursor solution at a rate of 200 gm/hour with stirring at
2013 rpm. The metal salt solution was spray dried in air. The
inlet temperature was 185° C., the outlet temperature was
90° C. and the feed rate was 2.7 kg/hr. The stabilized Agl
nanoparticles had a water content of less than 5 weight %.

Examples 2-4

[0043] A 100,000 ppm solution of PVP K12 was made in
DIl water. This solution (solution A) provided the base for
making Nal and AgNO; solutions. Solutions of approxi-
mately 1500 ppm, 5000 ppm and 10000 ppm of each of Nal
and AgNO; were made. Each solution was stirred until no
visible particles were observed. A 20 mL portion of Nal
solution was placed in a clean jar and magnetic stirrer was
placed inside. The stirrer was set at 300 rpm and 20 ml. of
AgNO; was added to the Nal solution at the rate shown in
Table 1, below. All mixing was conducted at ambient
temperature. The haze of the solution was subjectively
assessed at the end of the listed addition time and results are
reported in Table 1, below. The Example was repeated for
each concentration and addition rate shown in Table 1.

TABLE 1
Addn rate  Addn Time Ex 2 Ex 3 Ex 4
(ml/sec) (sec) 1500 ppm 5000 ppm 10,000 ppm
20 1 clear milky Milky
4 5 clear Mild haze Milky
2 10 clear clear Mild haze
1 20 clear clear Clear
0.67 30 clear clear Clear
Examples 5-7

[0044] Examples 2-4 were repeated, except that the Nal
solution was added to the AgNO3 solution. The results are
shown in Table 2, below.

TABLE 2
Addn rate  Addn Time Ex 5 Ex 6 Ex 7
(ml/sec) (sec) 1500 ppm 5000 ppm 10,000 ppm
20 1 clear milky Milky
4 5 clear milky Milky
2 10 clear milky Milky
1 20 Clear Milky Mild haze
0.67 30 Clear Clear Clear
Example 8

[0045] Example 7 was repeated, except that the metal
agent and salt precursor solutions were mixed for about ~5
days, and then batch-wise mixed (poured together in about
1 second). The result was a clear silver iodide solution.

Examples 9-15

[0046] Approximately 10 mL of 700 ppm AgNO; solution
was formed in PVP K12:Dl water solution at the PVP
concentrations shown in Table 3 (1% to 35% PVP K12 in DI
water). Each AgNO; solution was dropwise-added to 10 mL
ot 1100 ppm Nal/Dl solution (no PVP) with manual shaking
to form dispersions. Example 9 was milky. The remaining
Examples remained clear throughout addition of the AgNO;.
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Particle size measurements were carried out on the resulting
Agl dispersions using laser light scattering (Examples 9) and
photon correlation spectrophotometry (Examples 10-15).
Data is reported as z-average of the particle size distribution

TABLE 3
Particle Size

Ex # [PVP K12] (wt %) (nm)
9 0% 10600
10 1% 270
11 2% 40
12 10% 540
13 15% 400
14 25% 40
15 35% 20

[0047] The data in Table 3 clearly shows that the presence
of PVP during metal salt formation decreases particle size
substantially (at least two orders of magnitude).

Examples 16-19

[0048] Example 10 was repeated, except the dispersing
agents listed in Table 4 were used instead of PVP, and at the
concentrations listed in Table 4. Particle size measurements
were carried out on the resulting Agl dispersions using laser
light scattering (16, 17 and 19) and photon correlation
spectrophotometry (18, 20). Data is reported as z-average of
the particle size distribution.

TABLE 4
Particle Size
Ex # Dispersing agent (nm)
16 5% PAA 2K 2760
17 5% PEO 10K 7020
18 10% PEO 10K 475
19 GLYCERIN 6380
20 PVA 120K 470

1. A process comprising

a. forming a first solution comprising at least one sodium
iodide salt precursor;

b. forming a second solution comprising a complex
formed from at least one silver acetate metal agent and
a polyvinyl pyrrolidone dispersing agent in a particle
size stabilizing effective amount;

c. adding said second solution to said first solution at a
rate sufficient to maintain a clear solution throughout
addition and to form a product solution comprising
stabilized metal salt particles having a mean particle
size of less than about 200 nm;

d. drying said product solution to form an antimicrobial
metal salt powder comprising 0.01 to about 10 weight
% metal in the antimicrobial metal salt powder.

2. The process of claim 1 wherein said second solution has

a metal agent concentration of at least about 1500 ppm.
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3. The process of claim 1 wherein the dispersing agent is
present in said second solution in a concentration between
about 20 and about 50 w/w%.

4. The process of claim 1 wherein said first solution has
a salt precursor concentration of at least about 1500 ppm.

5. The process of claim 1 wherein said first solution has
a salt precursor concentration of at least about 5000 ppm.

6. The process of claim 1 wherein said first solution has
a salt precursor concentration of about 5000 ppm to about
50,000 ppm.

7. The process of claim 1 wherein said mean particle size
is less than about 100 nm.

8. The process of claim 1 wherein said mean particle size
is less than about 50 nm.

9. The process of claim 1 wherein said first and second
solutions are aqueous solutions.

10. The process of claim 1 wherein said product solution
has a viscosity of less than about 50 cps.

11. The process of claim 1 wherein said first solution is
stirred as said second solution is added.

12. The process of claim 9 wherein said solutions are
maintained at a pressure between about ambient and about
40 mbar during said adding step.

13. (canceled)

14. The process of claim 1 wherein at least one of said first
and second solution comprises at least one solvent and said
powder comprises less than about 10 wt % of said solvent.

15. The process of claim 14 wherein said powder com-
prises less than about 5% of said solvent.

16. The process of claim 14 wherein said solvent com-
prises water.

17-18. (canceled)

19. The process of claim 1 wherein said polyvinyl pyr-
rolidone and metal agent are present in said second solution
in a molar ratio of at least about 1.5.

20. The process of claim 1 wherein said metal salt powder
comprises at least one metal salt having a K, of less than
about 2x107'° in pure water at 25° C.

21. (canceled)

22. The process of claim 1 wherein said second solution
has a metal agent concentration of at least about 5000 ppm.

23. The process of claim 1 wherein said second solution
has a metal agent concentration of about 5000 ppm to about
50,000 ppm.

24. A process comprising

a. forming a first solution comprising Nal;

b. forming a second solution comprising a complex
formed from silver acetate and polyvinyl pyrrolidone in
a particle size stabilizing effective amount;

c. adding said second solution to said first solution at a
rate sufficient to maintain a clear solution throughout
addition and to form a product solution comprising
stabilized Agl particles having a mean particle size of
less than about 200 nm;

d. drying said product solution to form an antimicrobial
Agl powder comprising 0.01 to about 10 weight % Ag
in the antimicrobial Agl powder.
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