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[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 — tk;e 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



limts the range of substrates on which such shields can be forned.
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wherein each of the nanoparticles conprise at |east one liga
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 shiclding 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
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pur pose wﬁlcﬁécsrm a parhof thardisclogtrar Itdsade miﬁeustsmodb;hat 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] Itis 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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way of example only and is not intended to be |imting of the clained
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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 clectron 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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compr resistance less than about 50 mohms/square/mil.

[0036] The cohesive metallic shielding structure suitably has a sheet resistance of at least
about I 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 shiclding 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] Itis 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.



an object or objects. [0035] Provided are cohesive netallic shielding
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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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sur f ace sndvag angickcebosabebnt or dguneousapeiadat om head group; and curing

t he conpositi t t enper.ature of |ess than .ahout 140C so as to
give rise to @%@h@% Wélgﬁaé{@fe PP‘%ulfg}?Péﬂ?%eﬁﬁe@qum EOHBRAH §AEC e heet
resi st anggglonidrat @6HptidRf abe bl mbf inAIided| Sehpaicds| nanbfRdds SHEdRRsed of
deposition steps.conprise coatjng a fornmulation conprising the

met al | i ctWOrREFRaindl vl Dpqppaicles, i G coraiinaieniaerery: one or nore

coating or prigpéiing i hag i : 11 | ude
f | exographi c [:)’ri r%ti rlg%r ot Qgti(g{\i}gftgi E)arﬁlgn]%yla‘ﬁgghtpﬁt? igﬁgzla%ﬁlhgf)glrﬁll‘)ﬁ%lng

i nt agl i omplellismiapeparticldsite pargicic peglagieratis dxthe piniga of frgm abeikj1e29 tp9P1t iThig,

| aser ppitd [ ' _ . SU .coatin
ot hods | ReI pEeABe BRERAR, 7GR, bAE Bl ol b Rlagthll BRLBLGRRbMN b
coat i ng, togartide focrip th tho sanign gf frpDGBYt 190 @8rloparti cl es can be
deposited on ess than about

[gos':ﬂb trate 1o a Fohiecéners of | %501

mcrons, or ti9 A tRIEKITELL CHeeloMelAty ALIlo BB VSR AR HESS- Sl o

t hi cknesdimehsidremshd hage ofofberh abadd 100 Gihad sbouk M0,80MEmenbodi ments, the

conposition ising, af | east one tallic nanoparticle in an

aqueous medi NILGEigerd gt i gl 65 e gretiads Gan ReRdaibist copper, gold,

M Cr ons, zih® $&dmitiMaPal HARIM, iBdiFnCH@RRiunt, 83fivkd) ARAREN trhkiifih CH 19 m, Hon,

even to a thickness of |[ess than about 2 or  |ess than about 1

m cr ons . nickgl, 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] Aquecous 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
um 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.



WO 2008/ 115681 PCT/ US2008/ 055446 [0048] The cohesive structure
suitably has a thickness of |ess than about 50 microneters. In sone
enbodi nent esive structure has a thickness of tha
about 10 nﬁ%?%ﬂ%ﬂﬁ%&. | ess than about 5 m crons. [0049]1’%&@J ﬂgﬁ?
can, in sone cases, include one or nore pre- or post-curing drying

st eps. Wthou ti invention to a articular node of

oper at i on, q“él”g]g} oé‘%‘eeanq{ grenty, the %ﬁ@@l"&%‘&{) ¢ dgpgsiting the epapasitien e a
the for matdt @tibsﬁﬁte ané @tﬂldgﬁﬂ@étﬁnpc%%ﬁ Wehikg/Be Sbthsd Sﬂ:iOBglt R f‘etrr#ﬁféfm@l’)f less than
renovi ng aug excess sol vent or aqueous species.

nanopar t #RqUé I HEpuoas tOBIVeFist tect soReshGaBetpllie ﬁhl@ﬂlfkgémm@élﬁvlpa fatshestt gesistance
aggl oner gf Esﬁﬁ@éﬂoﬁ?fb ﬁ’lf)hﬁ%)@cgﬁfe/ B! @nél bbb %@:%g ohddg laﬁ'ﬁm t(l’:l gnést

nanoparticle floc conprise two or nore indi Vi nanopar tJ
or any ceubirstatd osecombsubstiate. [&@@bm ways béafcﬁ@mgemqumiammhm, gtuives, bartding, or

by wei ghy, t .ndi vi JoS. Dan es to
p;rt icle Jg&ﬁ%bgn%?lg gfpe?ésoqpi Eﬁ? ﬁgm%e ) Org’ %ﬁr E’ﬁﬁ r%mgtS egs ¥iC] E{I)s(%af’gé’e%owefi
is also cont Bﬂﬁs]airemiheﬂwtbotiim&ntsaﬂmmetﬁmﬁs ml@hhfﬁxﬁlig 4 fist sudpudt@iol ayacaid

i ndi vi dual t al an artlcles 0. Ieflo |S|nthe range
of 1 v om Sibsle secte BROSESNE ponESes hinBibhiavie toS Gk sny EUEBIN oc

can havethefofVAFBES: @h%‘é%c&ﬂ&ﬂﬂsﬁmladdhesﬂ\?eﬂﬁe@&&ﬂe%oﬁdﬁ&h’b@t@&%l@f from
about 100 nmt about%fﬂgoo nm [0053] I ndivi dual nmetallic

nanoparti cl esl 0 9l he BlEate s tiengé"f’&ﬁéiéo aisopad substippePuitaglst weans of nc,

cadm um apRinbatd Thriledia@biyn rut heni um osmi um al um num rhodi um
plati num iron, nickel, cobalt, indium silver oxide, copper oxide,

gol d oxi de, Zi0he0lohase othenembadiments fther lpdhdea@hpgmlwihdéommaﬂmnmto the
01 e DGR QI e OB MBSO 45 an FLSH I R A8 ol WY 8% fifion

pl ati num oxi i’ron oxi oXI OXI urh ox
or any caminigrlat ¢cxmposnt1ha|ae:ofemp[eﬁﬁﬁd]>f Im;um(mmmc soad o igpleatse to HyoHekiee

t hod e,.ca ol vati ng.net al. lts in a n of from
Thous S oPbAURIRRRS: Hushe MO Eraite 0B Fodsft [ MRl
of the cOnpeShbicPhc- @frpbéieuwcﬁgﬂngs&p\smeﬁmasle%@eﬂdhﬁ&ant in the range

of from about % to abou % Lig can be present in the
range of from 8@3 'ﬁﬁe @@W‘OW%@egﬁﬁlﬁ?edﬁerS%‘n merde Adhosivas. ghojogy

present inpditibR, thaReferbr hiyotbnaieibn 3rdo?  about 98wt %

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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[ 0056] The conposition is capable of form ng a cohesive structure of

| ess than about 10 gmin thickness follow ng curing at a tenperature
of less thgp,aheHisedfOC for |l ess than about 60 seconds
enbodlnents e cohesive shielding structure has a reSIStIVIQ P46
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mohms/ square/m | . Cne or nore pre- or post-cure drying steps may

sui tabl e be p@o&sIr AR scEORBRIbIT NEnERATROSEHAB AQfthlohigh ﬂQ%Séllﬁﬁeéham
met hods can i nclude adhesives, rheology nodifiers, thickeners,

any conb?%cre@ﬁtwsrféﬁﬁébﬁferﬂﬁmnhﬁ@@orr[ 56 pipingmpfierisls Comparhiire Matorial 1 and
conposi tpon was prepared by adding 0.44 grans of a 25 w. %

pol yvinyl al cohol solution (A drich 9 000- 10,000 My and 1.14 grans

of an acr yI i cl00GfnBipsirthe mvgntmtlmter@hlsq@e eapiabls of 00VZDING, cglr@cs—wighsbaswt %

U UL

|
Foget her ot A ?‘%ﬂ&% REbPRRLRI SR F PR LhENE LR Lh S Reelh Colygms ©
i nch 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



(5 ml) thick polyester filmwth a 0.0003 inch (0.3 nmil) diameter
wire wound rod and then cured at 130C for 30 seconds resulting in a

cohesi ve aqg g&gﬂﬁﬁ% ve sil ver fi I m The adhesi on of thgza:THSJé%%g%H;e

substrate was eva ed by utilizing the tape test neth
described in Exanple 2. Sonme of the material was rem)ved fromthe

substrate was ved fromthe  substrat 0063] . Exa 2:
conposi ti on cgﬁﬁﬁf ?ﬂéﬂsﬁ e&Eﬁﬁ‘é‘Hd%"egﬁ%"p%#gﬁ gﬁeﬂﬁFS for shied mgnaaf‘i’ﬁrﬂ’élﬁ"t“?lbl es

( appr oxi ﬁfpet[p@[lea abcdrdhacsthk uﬁsmseaaﬁetm&s%s Wik eddnvd %e@&lf%wo@g&l @dt&@i&ﬁland
(PVOH) solution (25 wt % PVOH).  The sanples were dried %

5-15 ni n6tied at R8s rdampwiss Thesilyasicosmestrs estimated f@tb&ric%@uémcls@nd thatsheet

nohns/ sq
D005 11 et 3l ERLAA b Bt 01080 Pucflice bt he Bt Micknbifor £ 8m oor %51 em

m crons by 1pem, wagifdshionad by fydiog pvatsdyey coated pcrirymrm ﬁkq havihg me@D6@he inside.
Sheet

Thi cknes PPt ke it b G el BARAARIRE B BrddSie omateent
m | nohmilsgig bagsini Iﬁﬁlﬂl@)wmbmpl’e&dy sreialed Al 41 55 6 50 129 3 7 A2 41
Comparat i ve SBeB P BBu s 8o 1 & e B felhong pepbprae wedts
Tabl e 1, adcauimy ovRe B 1 oha’ls Sighh! strBii gl GdteATIRX VB doafi@ thddkRess was thin enough
characteristic trlt d ent ate themfromtested existing _
materi al & %@Hﬁ)‘g? &% f Rho %&S@ eisea*ﬁ through theymgig)/substrate matrike | nvent i ve
urf ace aron of gy O cCP KR e Rls OB B pleRT? Ihied o SRR tre
i s seen b2g, ths|oghnbong 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
S)/square at the coating thickness of 0.5 my. 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 stréngth 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.

-10-



and D of Table 1. [0067] Second, the inventive materials exhibit a

hi gher sheet resistance than do the tested existing materials. This
is showmn in Colum E of Table 1. As seen in Colum F of Table 1, the
inventive materials achieve such sheet resistance at | ower

t hi cknesses than do the tested conparative materials. As a result,
the inventive materials present greater sheet resistance on a
per-thickness basis than do the tested conparative materials, as
shown in _Colum G of Table 1. [0068] Accordingly, as shown in Table
1, the Rﬂb@ﬂfF@é“ﬂﬁterials are capable of providing a higher sheet
resi stance on a per-thickness and per-area basis than are the tested
conpar atli ve madodediod metaBROAUSENE Reuckhity,eBdpvisingRt eri al s are capabl e 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 nmahebpuhisorpsfaidtaltis nghcpattRles sdepbediidt bg aGovehtgmdishterad @ féBNa
surface area of substrFt§6 than a greater weight of the tested

conpar ati ve felteaive fredallic grigldngsiusiiiee 3 -9 WO 2008/ 115681

PCT/ US2008/ 055446 [0070] To test the present invention's

ef fectiveness for shieldjn farnyl ati on prepared accordi, to the
di scl osed metHBEN \?e&g%w& allf hieleing sipiplz b BFhgsetsrile ickheptatdsra
cured at 130fhah@houk 20ibictnetckt@ngi | ver coating was estinmated to be
1.5 mthick, and the sheet resistivity was neasured to be 0.080

S2/square at the coating thickness of 1.5 m A bag, 10 cm by 15 cm

was fashi onedhbin Bk dbigivevitalfié bHEIBingQaL@GkeAs ¥ Sifletlesiiahd® 1B@&MhNhbout 50
nmetal on the inside. Opposing surfaces adjacent to the fold were

heat seal ed fehesfievare/mikel | phone was then placed inside bag, and
the bag was conpletely seal ed. Before placing the cell phone in the
bag, the cell_ phaone signal strength was bars, according to the

. . St 4 bq : ) .
cel | phéne' sThs gpgpive pekllis thisiding structyre of plaips 1. wopaein fhp sheFtaryiEanse i

thin enqughpota AbhAYsdlac/mfl | pPhone display to be seen through the
metal /substrate matri x. A{ter pl acing the cell phone in the bag, the

bag was conpletely seal ed. Upon sealing the bag, the cell phone

si gnal §trenghicHRAVE thetAliOsHIARg sthbtdb bEBRIm 1oFhd-6iR At RBYSnt 8f §letallic
the cell phone, but no connection was made. V%hen one end of the bag

was r eoparpdrticle gomptises sHoecoppirg geld, zing, eadyninmg palindiven) itidiva, bahenjunand
cal l'i ngognrlll%m? ?Aoldil.ﬁlp,opq&in'ﬁﬁs, 'ﬂlu‘i‘n%juﬁ%o%, ﬁﬁQ&?gotbiaRﬂhdium, 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.

4, The cohesive metallic shielding structure of claim 1, wherein at least one of the metallic

nanoparticles comprises silver, copper, gold, nickel, aluminum, or any combination thereof.

3. The cohesive metallic shielding structure of claim 1, wherein the composition is capable
of forming the cohesive metallic shielding structure by sintering at a temperature of [ess than

about 140°C.

6. The cohesive metallic shielding structure of claim I, wherein the composition is capable

of forming the cohesive metallic shielding structure by sintering for less than about 90 seconds.
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[0071] Exanple 4 [0072] To further test the shielding effectiveness
of the disclosed formulations, a procedure simlar to that of
Exanple 3 was followed. A formnulation nmade according to the

di scl osed net hods was sprayed onto a polyester filmand cured at 130C
for 1 mnute. The silver coating was estimated to be 0.5 ng thick,
and the sheet resistivity was neasured to be 0.30 S?Jsquare at the

coating.t hi ckness, of O. A .hag, 10 cm.x, 15 c was, fashi oned_by
fol ding” sil 5@? C@beakvsaﬂeiadﬁ%/&?@wgﬁrvﬁmof lafR &, Hhsret ths POPRIation of .
The oppashdpartRWsfiacRsactdjze€ eaving da@erab®bshivBsRe R8dd SEAIMSE:, of less than
together, A cell phone was placed inside bag, and the bag was

conpl et @Pgut 18@aMed. [0073] Prior to placing the cell phone in the
bag, the cell phone signal strength was noted to be 4 bars. The
silver coati t hi ckness was .t hin enough to allow the cell phone

di splay® to E‘Ee ‘g@ﬁ“’f’ W%%S't‘ﬁgmﬁé?'é‘lt‘/‘@ whskeiad eVhraeinithe PqrolTan ofif t er
pl aci ng phdipairles iPHARRPed REnNBE an%b@ra@@?arﬁ@i@ sﬁ@,rgﬁlse%tcﬁ YRR Fkss than
Upon sealing the bag, the cell phone" s slgnal strength nmeter showe
one bara@ﬂﬂéggﬁal strength. An attenpt was made to call the cel
phone, and a connection was nmade. One end of the bag was opened and

the cell phone signal strength returned to 4 bars. Calling the cel
phone r&sul t &b ¢ahesive pstmlécihidding yiidtere ofelaiya g, Whavein deet populatooptii ng

to Exa : y reduced the signal to the cell phone, it
did no?négﬁ%?g%%ﬁ§£§¥%g'the signal. -10 What is clained: 1. A

cohesive netallic shielding structure, conprising: a popul ati on of

metal i @O.nan?ﬂéécf#ﬁsﬁ%ﬁioqggﬁﬁ ot Gfler@f Re §Htt@§atc]!r6nr§é<?pﬁ?t qeessa%é(;ﬁ@gﬁgeerﬁgd o8 Me

a cohesive netallic shielding structure,

met al | i 8 catingbel mgwettkrfiot ure has a characteristic thickness of |ess
t han about 20 m croneters; and wherein the cohesive netallic
shielding structure has a sheet resistance | ess than about 50
mohs/ sdlar el ¢ohedve Wetalloothéddiug smmtwat of claghi ebidireiy tistraucpanidesodre
cl Al m LpathSLELR L B S NRSholi ) Shange 1S at  Teast about 1

12. The cohesive metallic shielding structure of claim 1, wherein the density of the cohesive
metallic shielding structure is less than the density of a bulk metal consisting essentially of the

metallic portion of the nanoparticies.

13. The cohesive metallic shielding structure of claim 12, wherein the density of the cohesive

metallic shielding structure is less than the bulk density of silver.

14.  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

-12 -



3. The cohesive netallic shielding structure of claim1l, wherein at

| east one of the nmetallic nanoparticles conprises silver, copper,
gold, zinc, cadmum palladium iridium ruthenium osm um rhodium
pl ati num alum num iron, nickel, cobalt, indium silver oxide,
copper oxide, gold oxide, zinc oxide, cadm um oxide, palladium

oxi de, iridium oxide, ruthenium oxide, osmum oxide, rhodium oxide,
pl ati num oxi de, i ,0n. 0X| i ckel oxide. cobalt .oxide,, indium

oxi de, or any con@%HgFPgﬁg?ﬁgwggﬁwIﬁpq¥wgﬂ%ﬁﬁ%@PV%”H&V@PﬂﬂﬂayﬁfeIding
structure of cl ai mdgpanivdssehiraetbritedas havinga®hverdpe ci®kakdtiofal dimension in the
nanoparticl es conprise sil%$r, copger, ?ﬁid, ni ckel , al um num or
any conbi nation t K&8SSE fron abpi! ugHe abaps TRG R gndovhaseia phiepsy oas panopytiele
of claim1, wherelhmbhgseORBADhE liRthd tour@RAR! BirfaQf tHeQleBhd'eorbhfHRing a
cohesive nmetallic shielding structure by sintering at a tenperature

of less than abotietematrm had group kapnd &1 e narspatticlecsusfh¢aedndiartgil bound to the

structure of clai L&) e nposition is capable of formng
t he cohesive netaﬁ}%gmﬁﬁfe%ﬁg%%ﬁg?ﬁﬁcture by sintering for |less than
about 90 seconds. -11 7. The cohesive netallic shielding structure
of claimil, whereing cbi @l thGh@sod |
as having an avé?ggg pg?ﬁﬁﬁf% s%zé?g%gge gﬁ%§3ﬁ§3ﬁ§03§sf%@é%fﬁg%%ﬁ?g
about 100 nneol@sivEmestabhgdgemgrsaticthie lmvimgiashekit nepistancelof lassethaf atmuasin
1, wherein the Hg%ulatjq of nanoparticles is characterized as.

i

havi ng an anggg ﬁ%?? ‘e size, based on nunber, of |less than about

50 nm 9. The cohesive netallic shielding structure of claiml1,

wher ei n ;the ti,0 f anpparticles .i.s sintered. 10.. Th .
compost tFon THEH|eRldaE o d oM RARRah<IBal e AR G er g A Fgrmutation
char act esmpgsin@thchedtaific nanapanicles iroasadquebwanddibir lusing die orlerecohisy ore
netallic.shieldinggstructure of claim1l, wherein the nanoparticles
are ch&FRREMFHads-as being substantial |y spherical. 12. The cohesive
metallic shielding structure of claim1, wherein the density of the
cohesiv metal | i hi.e] di structure.is less than the density aof a
bul ket A cfismefheR Elatdfs Shersin e e rithads Fom el GREGPNY REninE
nanopar kdt6gr@sure printing, lithographic printing, intaglio printing, relief printing, screen printing,

inkjet printing, laser printing, or any combination thereof.

18.  The method of claim 16, wherein the coating methods comprise spray coating, dip

coating, spin coating, blade coating, wire rod coating, or any combination thereof.

19.  The method of claim 15, wherein the composition comprising at least one metallic

nanoparticle in an aqueous medium is deposited to a thickness of less than about 150 microns.

20.  The method of claim 15, wherein the composition comprising at least one metallic

nanoparticle in an aqueous medium is deposited to a thickness of less than about 50 microns.

21, The method of claim 15, wherein the composition comprising at least one metallic

nanoparticle in an aqueous medium is deposited to a thickness of less than about 20 microns.
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13. The cohesive nmetallic shielding structure of claim 12, wherein-
the density of the cohesive netallic shielding structure is |ess
than the bul k density of silver. 14. The cohesive netallic shielding
structure of claim1l1l, wherein the cohesive netallic shielding
structure is characterized has being a continuous porous network of
sintered nanoparticles. 15. A nmethod of form ng a cohesive netallic

shi el di structure 0 .suhstrate, conprising: depositing a i
conposi tfon el Ciallaﬁ_guwﬁ?rﬁmh%@%%wli%emﬁaﬁg%atrlﬁtse:P'éf‘smeta"lc

di sper se@ndgartaile RGMERAUSUIREHJUI RteBodilde (S IRkhads&f |80 88 B0t 0 hBaShs. @
portion of -12 the popul ation of netallic nanoparticles sconprise
individual netallic nanoparticles characterized as having an average

Cr 0Ss- st i Omak nfbitivRAINSIciimi 19, WhgeintBO@tnkitioh @BMBAGHE atleddbiomaRDit
100 nm and wherein at |east_one nanogparticle COH?FISES at | east one

| i gand BBEARITUCE ntag agpequgsnedivng is depepitid todihinkness of less thae ebaw Ataisione ad
group bound to the nanoparticle surface and a tail bound to the
het er oat.om head group;. and curjng the conposition _at a tenperature of
less thad abdilt TEH9E ol lei 1§ owhETein the cOIlA comPusing & Ipast and metallic

shi el di Rencpabthdd 8 2§AKUE heRidR Ipsshsd & AMERnOE of RIStHEHE
nnhns/squgﬁglni“.alga T#e ne%hod o? clain115,nwﬁgrein theﬁﬁggggg??%g
step conprises coating a fornulation conprising the netallic

nanopar s Cl eShb etddATYRAHI 5 RRE LI MSE A 00BN L5mPRSiLy SA8st B Btallic
printing nethods. 17. The nethod of claim 16, wherein the printing
met hods neepprticieinfan agerpua redanpisidaposiigd to 7 bickgesawlitess {hen abdusg microns,
lithographic printing, intaglio printing, relief printing, screen
printin%, inkjet printing, laser printing, or any conbination

t her eof 2618 Tirnacrodiobalabn 1) whateinghe eamnositian eprapieses dtiepshencoeallic
conpris 0at i . . .
wre rod SBa IRl etk W it TR Ry BB A A T s,
15, wherein the conposition conprising at |east one netallic

nanopar b ol € T fiahodBY At | SRhdeh. | tep f

t han about 150 hicpogg. 20.° f%&h@?ﬁ%ﬁggﬁi%ﬁgPﬁfTﬁFiﬁﬁéé%?%ﬁ%ﬁﬁh&ﬁﬁ%ut
conposi tPoncroowri.si ng at | east one netallic

28, - The method of claim 15, further comprising one or more pre- or post-curing drying steps.

29.  The method of claim 15, wherein the nanoparticle population further comprises particle
agglomerate comprised of two or more individual nanoparticles, nanoparticle floc comprised of

two or more individual nanoparticles, or any combination thereof.

30.  The method of claim 29, wherein 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.

31.  The method of claim 29, wherein the ratio, by weight, of the population of individual

metallic nanoparticles to particle fioc is in the range of from about 1:99 to 99:1,

32.  The method of claim 29, a nanoparticle agglomerate has an average cross-sectional

dimension in the range of from about 100 nm to about 10000 nm.
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nanoparticle in an aqueous nmediumis deposited to a thickness of |ess
t han about 50 mcrons. 21. The nethod of claim 15, wherein the
conposition conprising at |east one netallic nanoparticle in an
aqueous nediumis deposited to a thickness of |ess than about 20
mcrons. -13 22. The nethod of claim 15, wherein the conposition
conprising at |east one netallic nanoparticle in an aqueous nedi um

i s deposiit ed i 0 S 0 mcrons. 23..Th
ot hod of of e dl RaR0p kb SR AABRALL b Ak kBT croatpril
nmet al | i climemmoparthd mhge offfran abguédli® abedi 108900 amdeposited to a

t hi ckness of |ess than about 5 mcrons. 24. The nmethod of claim 15,
wherein the conposition conprising at |east one netallic

nanopar t3#cl e Tiha nethagicpfeturs Irpdheminias iokbpidsaltnedaltio nancphitickervesprieds sileas
t han ab%gt e:;; rri1 rons. , 25. Taﬂ@ nmet hod of ﬁ]lai m 15 .whel'ei.n th% .
conposi LRSI ATST FRgmiP™y palidiugl, Fdiupufheptum, oibivg. afuotigum,hggdjum,
aqueous preidumiros, nikekeR Sbba ifdound, silRérc RS Soppbr 6:686 gbRARIRDAHE 0ide,

m crons. ,26. The nethod of claim 15, wherein the conposition )
conpri siCARM PEds Pallpiumexide; iridiumyeride vtheniyia oxjdeqosmigmasiss, Humingm

i s deposifddmb@iuth SHIE bReREmYxideSRch HNEN nRROUxide, Dot Qe ﬁﬁi T88de, o
met hod of claim 15, whérein the cohesivé structufé has a thi ckness o
| ess t hany epyobinati@Gheieef oneters. 28. The nmethod of claim 15, further
conprising one or nore pre- or post-curing drying steps. 29. The

met hod of claim 15, wherein the nanoparticle popul ation further

conpr i sé8- pardfip gleghodad glagnd p avkereio i dqueehsahediuo issrapade ef §oiditing dueitallic
nanopart_i i f ri f or nore individual
nanopar H‘lg ngd:fan%r an@ﬁ%% tiqPlﬁaﬁrgsr/llﬁ?ﬁgragg‘ﬁgogé?ar&fm%err‘ret hod of claim
29, wherein the ratio, by weight, of the population of individual

metal | i ggnan { ridcl . LS, : r f

from abadt - 1286 ey g5 fon I3 WEHE RS ORFAGH Car B i BRI Bom about
rati o, By wehghtbowf70miée.popul ati on of individual netallic
nanoparticles to particle floc is in the range of fromabout 1:99 to
99: 1. 32. The nethod of claim?29, a nanoparticle agglonerate has an
aver age 3¢r os $hseethodwéklaimil fprisiren theligahé isregat iofthd raoga efifoarh aldd 015wt
to abouty t1005%90 ,};Sm @14 33. The nethod of claim29, wherein a

nanopar t'f ¢l Y 9"h%s an aver age cross-sectional dinension in the
range of from about 100 to about 10000 nm

38.  The method of claim 15, wherein the medium is present in the range of from about 30 to

about 98 wt %.

39.  The method of claim 15, wherein 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,

40.  The method of claim 39, 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.

41.  The method of claim 15, 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.
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34. The nethod of claim 15, wherein an individual netallic
nanoparticle conprises silver, copper, gold, zinc, cadm um
palladium iridium ruthenium osmum alum num rhodium platinum
iron, nickel, cobalt, indium silver oxide, copper oxide, gold oxide,
zinc oxide, cadm um oxide, palladiumoxide, iridiumoxide, ruthenium
oxi de, osm um oxi de, alum num oxide, rhodium oxide, platinum oxide,
iron oxide, nickel oxi ,. cobalt oxide, indjumoxide, or any

conbi nati<on %ﬁ%%l??&(‘%fgﬁalﬁ“h‘@’ﬁﬂrﬁbﬁm&“s&%fﬂ’f‘%,thevﬁfétrsé‘f’ﬁralt%@ aF§eRus
medi um isabgaRaMherenf the akwahd Bdn@ise®ladlidifg, S&hb HoAdR ré}%? Bfhbink Q8
about 10 grans/liter to about 600 grans/Irter. 36. Tﬁe met hod of

cl ai m 18herg@fer ei n t he nanoparticles are present in the range of from
about 0.5 w %to about 70 wt % 37. The met hod of claim 15, wherein
the ligand is present in the range of fromabout 0.5 w %to about
75 wt %338, TrRasthaci¢lam b Brenempkisersng of mernmidi erposscyse deyéng stips.
the range of fromabout 30 to about 98 Wt % 39. The nethod of claim
15, wherein the conposition is capable of form ng a cohesive

st ruct ur¥é- of Thegaethadgf cladmuss, omrpising atfixiag adiss spptalip agecond isweptiate. a
t enper atyiefeiPthel £{Sink B@rﬂ%ri&@%inét‘ﬂ%,cgﬁlﬂ{g, Bc‘ftﬁiﬁlg\[,/ gtaés}}yfég%tina@gﬂ BREQRS.

40. The nethod of claim 39, wherein The cohesi cture has a
resistivity in the range of fromabout 2 tines to about 15 tines the

bul k resjssti vink ¥ne@od dTR 1RAM41EARABA S %aakﬁxiﬁlé-thefﬂ?ﬁ sHﬁsttlfﬁ%dto Aseddngl M
15, conprising depositing the conposition onto a first substrate and
curi ng tsHestigsnpbetetn the a%ft%ww toenpisealemiratiog, gdlésg bohdingalyeny cdnbiGatsm as
to givetﬁ&gq-to a cohesive netallic shielding structure having a
sheet resistance of |ess than about 50 nohnms/ square/m|. -15 42. The
met hod of claim4l, further conprising affixing the first substrate

to a seg@nd t e, e} £ Xi i 1 i

a1 ut g, “Bondi g N eeyt 1R Bk ot oA R s PR B P
41, f ur toherthe ssrpnd sitngatons aoy combmaterethereof. post - cure dryi ng st eps.

44. The nethod of claim 15, conprising affixing a first substrate to
a second substrate, wherein the affixing conprises |amnating,

gl ui ng, 4BondiThg methrodariylatro] whdrtinnhd dremmeition is cured 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.
48.  The method of claim 47, further comprising one or more pre- or post-cure drying steps.

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

modifiers, thickeners, or any combination thereof.
50. 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.
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45. The nethod of claim44, further conprising affixing the first
substrate to a second substrate, wherein the affixing conprises

| am nating, gluing, bonding, or any conbination thereof. 46. The

met hod of claim44, further conprising depositing the conposition
onto the first, onto the second substrate, or any conbi nation
thereof. 47. The nethod of claim44, wherein the conposition is cured

at a tenperat f | ; n @about 140C sq as to give rise t .
cohesi vrem fret edzl fnl%'(::h%(si r‘?f’%ﬁg‘?ﬁﬁg UpldE T reromagh er%fﬁ g dsl%tf%'é'g “1133%? getvé‘?‘?cog CE'B'P 50.
| ess than about 50 nmohns/square/m|. 48. The nethod of claim47,

f urt her Bonpriihsinmeghahe chaimnicdy hpresr thocurpess effentel whidyt agessérgiply am8@nt
The net@g% of claim15, wherein the conposition further conprises
adhesives,°$’gglogy nodi fiers, thickeners, or any conbi nation

t hereof. 50. A device, conprising: a population of netallic
nanoparticl es deposited on a substrate and sintered to forma
cohesive netallic shielding structure, the cohesive netallic
shielding structure characterized as having a thickness of |ess than
about 20 mcronmeters and a sheet resistance |ess than about 50
mohns/ square/ml. -16 51. A nethod conprising shielding

el ectromagnetic radiation using the device of claim50. 52. The

nmet hod of claim 15, wherein the curing is effected under an
essentially anbient atnosphere. -17
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