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CLAIMS 

1. A composite resin for coating a surface comprising: 

(i) silver nanoparticles; and 

(ii) a polymer having functional groups capable of interacting with at least some of the 

silver nanoparticles to prevent or minimise agglomeration of silver nanoparticles; 5 

in which the silver nanoparticles are formed by reduction of silver ions by the functional 

groups of the polymer without the application of UV light, or heating at a temperature of 

100 °C or greater, or the addition of an external reducing agent, or addition of a radical 

initiator; 

in which the polymer is selected from the group comprising methyl acrylate polymers, 10 

ethyl acrylate polymers, butyl acrylate polymers, methyl methacrylate polymers, butyl 

methacrylate polymers, acrylonitrile polymers, polyether polyols, polyester polyols, 

polycarbonate polyol, poly(meth)acrylate polyol, polyamines, bisphenol A epoxy 

polymers, and bisphenol F epoxy polymers; 

in which the functional groups are selected from the group comprising ester, ether, 15 

amine, imine, nitrile, epoxide, hydroxyl, carboxyl and carboxylic acid; 

in which the silver nanoparticles are stabilised by the functional groups of the polymer. 

2. A composite resin according to Claim 1, in which the silver nanoparticles are stabilised 

to prevent or minimise agglomeration of silver nanoparticles without the addition of an 

external stabiliser. 20 

3. A composite resin according to any preceding claim, having a Ag0 concentration of at 

least 0.01 wt%, or  between 0.01 wt% and 5 wt% or between 0.01 wt% and 0.5 wt%. 

4. A composite resin according to any preceding claim, in which the composite comprises 

strong associations between Ag nanoparticles and the functional groups. 

5. A composite resin according to Claim 4, in which the strong associations are covalent 25 

bonds.  

6. A composite resin according to any preceding claim, in which the polymer is a self-

cross-linking poly(methylmethacrylate) polymer. 
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7. A protective coating comprising a cross-linked composite resin according to any 

preceding claim, applied to a surface.  

8. A protective coating according to Claim 7, having a silver leach rate of less than 1 part 

per billion per cm2 per day, when submerged in distilled water at 35Úc in a shaking water bath. 

9. A protective coating according to Claim 7 or 8, having antimicrobial activity measured 5 

against E. coli, S. aureus and L. monocytogenes using the Japanese Industrial Standard 

Committee method JIS Z 2801, of at least 99.9%. 

10. A method for preparing a composite resin containing silver nanoparticles comprising 

contacting a polymer having reducing functional groups with a solution of silver ions in which 

at least some of the silver ions are reduced to metallic silver nanoparticles; 10 

in which the functional groups are selected from the group comprising ester, ether, amine, 

imine, nitrile, epoxide, hydroxyl, carboxyl and carboxylic acid; 

in which the polymer is selected from the group comprising methyl acrylate polymers, ethyl 

acrylate polymers, butyl acrylate polymers, methyl methacrylate polymers, butyl methacrylate 

polymers, acrylonitrile polymers, polyether polyols, polyester polyols, polycarbonate polyol, 15 

poly(meth)acrylate polyol, polyamines, bisphenol A epoxy polymers, and bisphenol F epoxy 

polymers; 

in which the silver nanoparticles are formed by reduction of silver ions by the functional 

groups of the polymer;  

in which the reduction of silver ions to silver nanoparticles occurs without using UV light, 20 

heating at a temperature of 100 °C or greater, addition of an external reducing agent, or 

addition of a radical initiator; and 

in which silver nanoparticles are formed before polymerisation of the polymer to form the 

composite occurs.. 

11. A method according to Claim 10, in which the composite resin  has a Ag0 concentration 25 

of at least 0.01 wt%, or between 0.01 wt% and 5 wt% or between 0.01 wt% and 0.5 wt%. 

12. A method according to Claim 10 or 11, further provided that no stabiliser for preventing 

or minimising agglomeration of silver nanoparticles is added. 
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13. A method according to Claim 12, in which the stabiliser is selected from the group 

comprising trisodium citrate, polyvinylpyrrolidone, polyvinyl alcohol, oleylamine, cetyl 

trimethylammonium bromide, polynisopropylacrylamide, sugars, fatty acids and sodium 

dodecyl sulfate. 

14. A method according to any of Claims 10 to 13, in which the polymer is contacted with a 5 

solution of a silver salt. 

15. A method according to Claim 14, in which the silver salt is selected from the group 

comprising silver nitrate, silver acetate, silver carbonate, silver perchlorate, silver phosphate, 

silver trifluoroacetate, silver benzoate and silver lactate. 

16. Use of a composite resin according to any of Claims 1 to 6 or a protective surface 10 

according to Claim 7, 8 or 9 as an antimicrobial coating. 

17. Use according to Claim 16, in which the antimicrobial coating is an antibacterial 

coating. 

18. Use of a composite resin according to any of Claims 1 to 6 or a protective surface 

according to Claim 7, 8 or 9 as an antifouling coating. 15 

19. Use according to Claim 18, in which the antifouling coating is a coating on a surface 

submerged in water. 
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