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SHIELDING BASED ON METALLIC NANOPARTICLE COMPOSITIONS AND 
DEVICES AND METHODS THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit to Application No. 60/892,407, filed March 1, 

2007, “SHIELDING BASED ON METALLIC NANOPARTICLE COMPOSITIONS,” the 

entirety of which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention pertains to the field of nanoparticles. The present 

invention also pertains to the fields of electromagnetic interference shielding and radio frequency 

interference shielding.

BACKGROUND OF THE INVENTION

[0003] The unique properties of metallic nanoparticles make them candidates for various 

applications where metal flake is currently being utilized. Metal flakes establish a conductive 

pathway by incidental contact, a relatively inefficient process because the points of contact are 

inherently highly resistive, essentially acting as an impurity in the system.

[0004] Electromagnetic interference (“EMI”) and radio frequency interference (“RFI”) 

shielding are two commercial applications that incorporate the use of highly conductive shielding 

materials. In such applications, shielding material is typically sprayed onto the inside of the 

plastic housing of devices such as mobile phones.

[0005] Presently, metal flake is currently used as the conductive constituent in shielding 

materials. In some methods, metal flake is formulated with adhesion promoters and other 

additives in an organic solvent. Some commercially available metal flake formulations include 

organic solvents.

[0006] When metal flake is processed - typically under comparatively high-temperature 

conditions - the flakes coalesce into a rough conductive network that may be used for shielding. 

Metal flake networks, however, are not perfectly continuous.

[0007] Furthermore, metal flake can not be sintered to form a metallic network shield, 

and the comparatively high temperature conditions required to form metal flake network shields 

limits the range of substrates on which such shields can be formed. In addition, organic solvent
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metal flake systems are not optimal for some applications because of the difficulties inherent in 

handling of the organic solvents used in metal flake formulations.

[0008] Moreover, formation of metal flake shield structures can require several minutes 

of processing time.

[0009] Accordingly, there is a need for a method for forming continuous, highly- 

conductive metallic structures capable of shielding electronic equipment from EMI and RFI, 

where such method allows rapid formation of such structures under moderate processing 

conditions, such as sintering, while minimizing the use of metal and of solvent. There is also a 

related need for a composition capable of forming such structures under such moderate 

processing conditions so as to enable formation of shielding structures on substrates unable to 

tolerate the harsh processing conditions associated with metal flake shielding systems.

SUMMARY OF THE INVENTION

[0010] In overcoming the challenges associated with providing a metallic shielding 

structure that uses a minimal of metal and is capable of forming a cohesive shielding structure 

under moderate temperature conditions, the present invention provides, inter alia, a cohesive 

metallic shielding structure, comprising: a population of metallic nanoparticles deposited on a 

substrate and sintered to form a cohesive metallic shielding structure, wherein the cohesive 

metallic shielding structure has a characteristic thickness of less than about 20 micrometers; and 

wherein the cohesive metallic shielding structure has a sheet resistance less than about 50 

mohms/square/mil.

[0011] In another aspect, the present invention provides a method for forming a cohesive 

metallic shielding structure on a substrate, comprising: depositing a composition comprising a 

population of metallic nanoparticles dispersed in an aqueous medium onto the substrate, wherein 

at least a portion of the population of metallic nanoparticles comprise individual metallic 

nanoparticles characterized as having an average cross-sectional dimension in the range of from 

about 1 nm to about 100 nm; and wherein each of the nanoparticles comprise at least one ligand 

bound to its surface, the ligand comprising a heteroatom head group bound to the nanoparticle 

surface and a tail bound to the heteroatom head group; and curing the composition at a 

temperature of less than about 140°C so as to give rise to a cohesive metallic shielding structure 

having a sheet resistance of less than about 50 mohms/square/mil.

[0012] The present invention also provides devices, comprising a population of metallic

nanoparticles deposited on a substrate and sintered to form a cohesive metallic shielding

structure, the cohesive metallic shielding structure characterized as having a thickness of less 
-2-
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than about 20 micrometers and a sheet resistance less than about 50 mohms/square/mil. Uses of 

such devices for shielding electromagnetic radiation are also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The summary, as well as the following detailed description, is further understood 

when read in conjunction with the appended drawings. For the purpose of illustrating the 

invention, there are shown in the drawings exemplary embodiments of the invention; however, 

the invention is not limited to the specific methods, compositions, and devices disclosed. In 

addition, the drawings are not necessarily drawn to scale. In the drawings:

[0014] FIG. 1(A) depicts a transmission electron microscope (“TEM”) micrograph of 

silver nanoparticles synthesized by the present invention;

[0015] FIG. 1(B) illustrates a scanning electron microscope (“SEM”) micrograph of a 

trace comprised of a composition of the present invention cured for 1 minute at 100°C; and

[0016] FIG. 1(C) depicts a SEM micrograph of a trace comprised of a composition of 

the present invention cured for 3 minutes at 85°C.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0017] The present invention may be understood more readily by reference to the 

following detailed description taken in connection with the accompanying figures and examples, 

which form a part of this disclosure. It is to be understood that this invention is not limited to the 

specific devices, methods, applications, conditions or parameters described and/or shown herein, 

and that the terminology used herein is for the purpose of describing particular embodiments by 

way of example only and is not intended to be limiting of the claimed invention. Also, as used in 

the specification including the appended claims, the singular forms “a,” “an,” and “the” include 

the plural, and reference to a particular numerical value includes at least that particular value, 

unless the context clearly dictates otherwise. The term “plurality”, as used herein, means more 

than one. When a range of values is expressed, another embodiment includes from the one 

particular value and/or to the other particular value. Similarly, when values are expressed as 

approximations, by use of the antecedent “about,” it will be understood that the particular value 

forms another embodiment. All ranges are inclusive and combinable.

[0018] It is to be appreciated that certain features of the invention which are, for clarity, 

described herein in the context of separate embodiments, may also be provided in combination in 

a single embodiment. Conversely, various features of the invention that are, for brevity, 

described in the context of a single embodiment, may also be provided separately or in any
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subcombination. Further, reference to values stated in ranges include each and every value 

within that range.

Terms

[0019] As used herein, “mil” means 1/1000 of an inch. 1 mil is also equivalent to 25.4 

micrometers.

[0020] As used herein, “sheet resistance” means the electrical resistance divided by the 

number of squares.

[0021] As used herein, “square” means the length of a film or layer divided by the length 

of the film or layer.

[0022] As used herein, the term “mohms” refers to milli ohms, or 1/1000th ohm.

[0023] As used herein, the term “aqueous” means containing water.

[0024] As used herein, the term “bonding” means covalently bonding, ionically bonding, 

hydrogen bonding, coordinate bonding, and the like.

[0025] As used herein, the term “tail” means a straight, branched, or cyclic chain of 

carbon atoms, wherein the chain may be aliphatic, and wherein the chain may have one or more 

additional groups bound to one or more of its member carbon atoms. An example would be a 

chain of aliphatic carbon atoms with an alcohol group attached to one of the chain members.

[0026] As used herein, the term “heteroatomic head group” means a group including at 

least one atom wherein at least one atom within the group is atom other than carbon. Examples 

include nitrogen, sulfur, or oxygen.

[0027] As used herein, the term “cohesive” means united as a single entity and resisting 

separation.

[0028] As used herein, the term “complexing” means forming coordinating bonds with a 

metal atom or ion.

[0029] As used herein, the term “ligand” means a molecule or a molecular group that 

binds to another chemical entity to form a larger complex. Examples include a molecular group 

that becomes bound to a metal or metal ion by a coordinate covalent bond through donating 

electrons from a lone electron pair of the ligand into an empty metal electron orbital.

[0030] As used herein, the term “agglomeration” means two or more particles reversibly 

clustered together, wherein the surfaces of the particles do not come into contact with one 

another.
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[0031] As used herein, the term “floe” means two or more particles reversibly clustered 

together, wherein the surfaces of the particles do not come into contact with one another.

[0032] As used herein, the term “bulk resistivity” means the inherent resistivity of a 

material that makes up a specified object. For example, the bulk resistivity of a ingot made of 

silver would be the inherent conductivity of silver. As another example, the bulk resistivity of an 

ingot made of an alloy comprising silver and gold would be the inherent conductivity of the 

silver and gold alloy.

[0033] As used herein, the terms “aggregate”, “aggregation”, and similar forms mean a 

unified structure comprised of two or more particles irreversibly fused, connected, or necked 

together.

[0034] As used herein, “corresponding metal” means the metal or metals that comprise 

an object or objects.

[0035] Provided are cohesive metallic shielding structures, comprising: a population of 

metallic nanoparticles deposited on a substrate and sintered to form a cohesive metallic shielding 

structure, wherein the cohesive metallic shielding structure has a characteristic thickness of less 

than about 20 micrometers; and wherein the cohesive metallic shielding structure has a sheet 

resistance less than about 50 mohms/square/mil.

[0036] The cohesive metallic shielding structure suitably has a sheet resistance of at least 

about 1 mohms/square/mil. Suitably, at least one of the metallic nanoparticles comprises silver, 

copper, gold, zinc, cadmium, palladium, iridium, ruthenium, osmium, rhodium, platinum, 

aluminum, iron, nickel, cobalt, indium, silver oxide, copper oxide, gold oxide, zinc oxide, 

cadmium oxide, palladium oxide, iridium oxide, ruthenium oxide, osmium oxide, rhodium oxide, 

platinum oxide, iron oxide, nickel oxide, cobalt oxide, indium oxide, or any combination thereof. 

In some embodiments, at least one of the metallic nanoparticles comprises silver, copper, gold, 

nickel, aluminum, or any combination thereof.

[0037] The composition is capable of forming the cohesive metallic shielding structure 

following sintering at a temperature of less than about 140°C. In some embodiments, the 

composition is capable of forming the cohesive metallic shielding structure following sintering 

for less than about 90 seconds.

[0038] It is contemplated that the population of nanoparticles is characterized as having 

an average particle size, based on number, of less than about 100 nm. The population of 

nanoparticles can be characterized as having an average particle size, based on number, of less 

than about 50 nm.
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[0039] The population of nanoparticles is suitably characterized in some embodiments as 

being substantially spherical.

[0040] The population of nanoparticles when sintered is characterized as being a 

continuous network film.

[0041] It is contemplated that the cohesive metallic shielding structure has a density less 

than the density of the bulk metal. Without limiting the scope of the invention, it is believed that 

the cohesive metallic shielding structure can have a density as low at 40% of the density of the 

corresponding bulk metal.

[0042] The cohesive metallic shielding structure can be characterized as being a 

continuous porous network of sintered nanoparticles.

[0043] Also disclosed are methods for forming a cohesive metallic shielding structure on 

a substrate. These methods comprise depositing a composition comprising a population of 

metallic nanoparticles dispersed in an aqueous medium onto the substrate, wherein at least a 

portion of the population of metallic nanoparticles comprise individual metallic nanoparticles 

characterized as having an average cross-sectional dimension in the range of from about 1 nm to 

about 100 nm; and wherein each of the nanoparticles comprise at least one ligand bound to its 

surface, the ligand comprising a heteroatom head group bound to the nanoparticle surface and a 

tail bound to the heteroatom head group; and curing the composition at a temperature of less than 

about 140°C so as to give rise to a cohesive metallic shielding structure having a sheet resistance 

of less than about 50 mohms/square/mil.

[0044] Suitable deposition steps comprise coating a formulation comprising the metallic 

nanoparticles in an aqueous medium using one or more coating or printing methods.

[0045] Suitable printing methods include flexographic printing, rotogravure printing, 

lithographic printing, intaglio printing, relief printing, screen printing, inkjet printing, laser 

printing, or any combination thereof.

[0046] Suitable coating methods include spray coating, dip coating, spin coating, blade 

coating, or wire rod coating.

[0047] The nanoparticles can be deposited on a substrate to a thickness of less than about 

150 microns, or to a thickness of less than about 50 microns, or to a thickness of less than about 

20 microns. In some embodiments, the composition comprising at least one metallic 

nanoparticle in an aqueous medium is deposited to a thickness of less than about 10 microns, less 

than about 5 microns, less than about 3 microns, or even to a thickness of less than about 2 or 

less than about 1 microns.
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[0048] The cohesive structure suitably has a thickness of less than about 50 micrometers. 

In some embodiments, the cohesive structure has a thickness of less than about 10 microns, or 

less than about 5 microns.

[0049] The methods can, in some cases, include one or more pre- or post-curing drying 

steps. Without limiting the invention to any particular mode of operation, it is believed that the 

additional drying steps enhance the formation of a continuous, conductive shielding network by 

removing any excess solvent or aqueous species.

[0050] The nanoparticle population of the methods further comprises particle 

agglomerate comprised of two or more individual nanoparticles, nanoparticle floe comprised of 

two or more individual nanoparticles, or any combination thereof.

[0051] It is contemplated that the ratio, by weight, of the population of individual 

metallic nanoparticles to particle agglomerate is in the range of from about 1:99 to 99:1. It is 

also contemplated that the ratio, by weight, of the population of individual metallic nanoparticles 

to particle floe is in the range of from about 1:99 to 99:1.

[0052] A nanoparticle agglomerate or floe can have an average cross-sectional 

dimension in the range of from about 100 nm to about 10,000 nm.

[0053] Individual metallic nanoparticles of the methods can include silver, copper, gold, 

zinc, cadmium, palladium, iridium, ruthenium, osmium, aluminum, rhodium, platinum, iron, 

nickel, cobalt, indium, silver oxide, copper oxide, gold oxide, zinc oxide, cadmium oxide, 

palladium oxide, iridium oxide, ruthenium oxide, osmium oxide, aluminum oxide, rhodium 

oxide, platinum oxide, iron oxide, nickel oxide, cobalt oxide, indium oxide, or any combination 

thereof.

[0054] Aqueous media contemplated by the methods are capable of solvating metallic 

salts in a range of from about 10 grams/liter to about 600 grams/liter.

[0055] Nanoparticles of the composition of the disclosed methods are present in the 

range of from about 0.5 wt % to about 70 wt %. Ligand can be present in the range of from 

about 0.5 wt % to about 75 wt %, and the medium is present in the range of from about 30 to 

about 98 wt %.

[0056] The composition is capable of forming a cohesive structure of less than about 10 

pm in thickness following curing at a temperature of less than about 140°C for less than about 60 

seconds. In some embodiments, the cohesive shielding structure has a resistivity in the range of 

from about 2 times to about 15 times the bulk resistivity of the corresponding metal.
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[0057] In some embodiments, the methods include depositing the composition onto a 

first substrate and curing the composition curing the composition at a temperature of less than 

about 140°C so as to give rise to a cohesive metallic shielding structure having a sheet resistance 

of less than about 50 mohms/square/mil. These embodiments further include affixing the first 

substrate to a second substrate. Suitable ways of affixing include laminating, gluing, bonding, or 

any combination thereof. One or more pre- or post-cure drying steps can also be performed.

[0058] In other embodiments, the methods include affixing a first substrate to a second 

substrate, wherein the affixing comprises laminating, gluing, bonding, or any combination 

thereof. Affixing can be accomplished adhesively, cohesively, or electrostatically

[0059] The first substrate can be affixed to a second substrate. Suitable means of 

affixing are described above.

[0060] These other embodiments further include depositing the composition onto the 

first substrate, onto the second substrate, or any combination thereof, and curing the composition 

curing the composition at a temperature of less than about 140°C so as to give rise to a cohesive 

metallic shielding structure having a sheet resistance of less than about 50 mohms/square/mil. 

One or more pre- or post-cure drying steps may suitable be performed.

[0061] The composition of the disclosed methods can include adhesives, rheology 

modifiers, thickeners, or any combination thereof.

EXAMPLES

[0062] Example 1 : An ink composition was prepared by adding 0.44 grams of a 25 wt. 

% polyvinyl alcohol solution (Aldrich 9,000-10,000 Mw) and 1.14 grams of an acrylic 

nanoparticle latex dispersion to 22.2 grams of 35 wt% silver nanoparticle dispersion. The 

materials were mixed well together and a film of the resulting ink was deposited onto 0.005 inch 

(5 mil) thick polyester film with a 0.0003 inch (0.3 mil) diameter wire wound rod and then cured 

at 130°C for 30 seconds resulting in a cohesive and conductive silver film. The adhesion of the 

film to the substrate was evaluated by utilizing the tape test method previously described in 

Example 2. Some of the material was removed from the substrate was removed from the 

substrate

[0063] Example 2 : A composition comprising an aqueous suspension of silver 

nanoparticles (approximately 42 wt% silver) was mixed with 3 wt% polyvinyl alcohol (PVOH) 

solution (25 wt% PVOH). The samples were dried at 80°C for 5-15 minutes. These samples 

exhibited sheet resistances of 30 - 45 mohms/sq at an estimated thickness of 1.5 microns. The
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normalized sheet resistance (per 25.4 microns or per 1 mil) was approximately 1.8 

mohms/sq/mil.

[0064] Table 1

A
Material

B
Wt% Ag

C
Coverage 
sq m/kg

D
Coverage 
sq m/kg 
(a) 1 mil

E
Sheet

Resistance
mohms/sq

F
Thickness,

micrometers
(estimated)

G
Sheet

Resistance
mohms/sq/mil

Al 41 55 6.50 129 3 7
A2 41 31.7 6.24 57 5 5

Comparative 
Material 1

47 7.11 3.36 25 12 25

Comparative 
Material 2

50.8 4.69 4.62 15 25 15

[0065] As is seen in Table 1, inventive materials Al through A2 exhibit certain 

characteristics that differentiate them from tested existing materials Comparative Material 1 and

2.

[0066] First, the inventive materials are capable of covering, on a per-weight basis, a 

greater surface area of substrate than are the tested existing materials, as is seen in Columns C

and D of Table 1.

[0067] Second, the inventive materials exhibit a higher sheet resistance than do the 

tested existing materials. This is shown in Column E of Table 1. As seen in Column F of Table 

1, the inventive materials achieve such sheet resistance at lower thicknesses than do the tested 

comparative materials. As a result, the inventive materials present greater sheet resistance on a 

per-thickness basis than do the tested comparative materials, as shown in Column G of Table 1.

[0068] Accordingly, as shown in Table 1, the inventive materials are capable of 

providing a higher sheet resistance on a per-thickness and per-area basis than are the tested 

comparative materials. Because the inventive materials are capable of covering, on a per-weight 

basis, a greater surface area of substrate than are the tested existing materials, a given weight of 

the inventive materials provides greater shielding coverage for a given surface area of substrate 

than a greater weight of the tested comparative materials.

[0069] Example 3
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[0070] To test the present invention’s effectiveness for shielding, a formulation 

prepared according to the disclosed methods was sprayed onto the surface of polyester film and 

cured at 130°C for 1 minute. The silver coating was estimated to be 1.5 mp thick, and the sheet 

resistivity was measured to be 0.080 Ω/square at the coating thickness of 1.5 mp. A bag, 10 cm 

by 15 cm, was fashioned by folding over silver coated polyester film having metal on the inside. 

Opposing surfaces adjacent to the fold were heat sealed together. A cell phone was then placed 

inside bag, and the bag was completely sealed.

Before placing the cell phone in the bag, the cell phone signal strength was 4 bars, 

according to the cell phone’s signal strength meter. The silver coating thickness was thin enough 

to allow the cell phone display to be seen through the metal/substrate matrix.

After placing the cell phone in the bag, the bag was completely sealed. Upon sealing the 

bag, the cell phone signal strength showed zero bars. An attempt was then made to call the cell 

phone, but no connection was made. When one end of the bag was reopened, the cell phone 

signal strength returned to 4 bars, and calling the cell phone resulted in a connection.

[0071] Example 4

[0072] To further test the shielding effectiveness of the disclosed formulations, a 

procedure similar to that of Example 3 was followed. A formulation made according to the 

disclosed methods was sprayed onto a polyester film and cured at 130°C for 1 minute. The silver 

coating was estimated to be 0.5 mp thick, and the sheet resistivity was measured to be 0.30 

Ω/square at the coating thickness of 0.5 mp. A bag, 10 cm x 15 cm, was fashioned by folding 

silver coated polyester film with the metal on the inside. The opposite surfaces adjacent to the 

fold were heat sealed together. A cell phone was placed inside bag, and the bag was completely 

sealed.

[0073] Prior to placing the cell phone in the bag, the cell phone signal strength was 

noted to be 4 bars. The silver coating thickness was thin enough to allow the cell phone display 

to be seen through the metal/substrate matrix.

[0074] After placing the cell phone in the bag, the bag was completely sealed. Upon 

sealing the bag, the cell phone’s signal strength meter showed one bar of signal strength. An 

attempt was made to call the cell phone, and a connection was made. One end of the bag was 

opened and the cell phone signal strength returned to 4 bars. Calling the cell phone resulted in a 

connection. While the bag fabricated according to Example 4 effectively reduced the signal to 

the cell phone, it did not completely stop the signal.
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[0075] Comprises/comprising and grammatical variations thereof when used in this 

specification are to be taken to specify the presence of stated features, integers, steps or 

components or groups thereof, but do not preclude the presence or addition of one or more 

other features, integers, steps, components or groups thereof.
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2 THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A cohesive metallic shielding structure, comprising:

a population of metallic nanoparticles deposited on a substrate and sintered to 

form a cohesive metallic shielding structure,

wherein the cohesive metallic shielding structure has a characteristic thickness of 

less than about 20 micrometers; and

wherein the cohesive metallic shielding structure has a sheet resistance of at least 

about 1 mohms/square/mil and less than about 50 mohms/square/mil.

2. The cohesive metallic shielding structure of claim 1, wherein the sintered 

nanoparticles are characterized as being a continuous network film.

3. The cohesive metallic shielding structure of claim 1, wherein the density of the 

cohesive metallic shielding structure is less than the bulk density of silver or silver oxide 

when the nanoparticles are silver.

4. The cohesive metallic shielding structure of claim 1, wherein the cohesive metallic 

shielding structure is characterized has being a continuous porous network of sintered 

nanoparticles.

5. A method of forming a cohesive metallic shielding structure on a substrate, 

comprising:

depositing a composition comprising a population of metallic nanoparticles 

dispersed in an aqueous medium onto the substrate, wherein at least a portion of the 

population of metallic nanoparticles comprise individual metallic nanoparticles 

characterized as having an average cross-sectional dimension in the range of from about 1 

nm to about 100 nm; and wherein each of the nanoparticles comprise at least one ligand 

bound to its surface, the ligand comprising a heteroatom head group bound to the 

nanoparticle surface and a tail bound to the heteroatom head group; and

curing the composition at a temperature of less than about 140°C. so as to give rise 

to a cohesive metallic shielding structure having a sheet resistance of less than about 50 

mohms/square/mil.
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2 6. The cohesive metallic shielding structure of claim 1 or the method of claim 5, 

wherein at least one of the metallic nanoparticles comprises silver, silver oxide, copper, 

gold, nickel, aluminum, or any combination thereof.

7. The method of claim 5, wherein the depositing step comprises coating a 

formulation comprising the metallic nanoparticles in an aqueous medium using one or 

more coating or printing methods,

wherein the coating methods comprise spray coating, dip coating, spin coating, 

blade coating, wire rod coating, or any combination thereof, and

wherein the printing methods comprise flexographic printing, rotogravure printing, 

lithographic printing, intaglio printing, relief printing, screen printing, inkjet printing, 

laser printing, or any combination thereof.

8. The method of claim 5, wherein the composition comprising at least one metallic 

nanoparticle in an aqueous medium is deposited to a thickness of less than about 10 

microns.

9. The method of claim 5, wherein the cohesive structure has a thickness of less than 

about 50 micrometers.

10. The method of claim 5, further comprising one or more pre- or post-curing drying 

steps.

11. The method of claim 5, wherein the nanoparticle population further comprises 

particle agglomerate comprised of two or more individual nanoparticles, nanoparticle floe 

comprised of two or more individual nanoparticles, or any combination thereof,

wherein a ratio, by weight, of the population of individual metallic nanoparticles 

to particle agglomerate is in the range of from about 1:99 to 99:1,

wherein a ratio, by weight, of the population of individual metallic nanoparticles 

to particle floe is in the range of from about 1:99 to 99:1,

wherein the particle agglomerate has an average cross-sectional dimension in the 

range of from about 100 nm to about 10000 nm, and

wherein the particle floe has an average cross-sectional dimension in the range of 

from about 100 to about 10000 nm.
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2 12. The method of claim 5, wherein the nanoparticles are present in the range of from 

about 0.5 wt % to about 70 wt %.

13. The method of claim 5, wherein the composition is capable of forming a cohesive 

structure of less than about 10 [mu]m in thickness following curing at a temperature of 

less than about 140°C. for less than about 60 seconds and

wherein the cohesive structure has a resistivity in the range of from about 2 times 

to about 15 times the bulk resistivity of the corresponding metal.

14. The method of claim 5, comprising

depositing the composition onto a first substrate, and

curing the composition at a temperature of less than about 140°C. so as to give rise 

to a cohesive metallic shielding structure having a sheet resistance of less than about 50 

mohms/square/mil, and

affixing the first substrate to a second substrate, wherein the affixing comprises 

laminating, gluing, bonding, or any combination thereof.

15. The method of claim 5, wherein the composition further comprises adhesives, 

rheology modifiers, thickeners, or any combination thereof.

16. A device, comprising:

a population of metallic nanoparticles deposited on a substrate and sintered to 

form a cohesive metallic shielding structure, the cohesive metallic shielding structure 

characterized as having a thickness of less than about 20 micrometers and a sheet 

resistance less than about 50 mohms/square/mil.

17. A method comprising shielding electromagnetic radiation using the device of 

claim 16.

18. A cohesive metallic shielding structure substantially as hereinbefore described 

with reference to the examples.

19. A method of forming a cohesive metallic shielding structure substantially as 

hereinbefore described with reference to the examples.
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2 20. A device substantially as hereinbefore described with reference to the examples.
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