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AND DEVI CES AND METHODS THEREOF CROSS- REFERENCE TO
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nanoparticles. The present invention also pertains to
the fields of electromagnetic interference shielding
and radio frequency interference shielding. BACKGROUND
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Presently, nmetal flake is currently used as the

conductive constituent in shielding materials. In sone
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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



and the conparatively high tenperature conditions
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under noderate tenperature conditions, the present
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mohmSNBSEALE, conprising: depositing a conposition
comprising a population of netallic nanoparticles
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nanopar% R aflatlrlagtlerelzsed as IEB{IllnE %n %%erlagea glrtossog]e%tlloﬁaq %Hnensmn 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
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bound to its surface, the [igand conprising a
het er oat om head group bound to the nanoparticle
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only and is not intended to be limting of the clained
unlessj thy eqitexd gleaply sestatgssothermdse. nlhe 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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t he specification including the appended clains, the
singular fornms "a," "an," and "the" include the
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used herein, the term"tail" neans a straight,

bF9Reh & used hergian ihe temmi iPiapatemititd £ris MSAAR EToPtiRguding at
least ocflg tdh %&eﬁfi‘atg%isp&?et ét?m v@iﬂgn m%gﬁrﬁistal&ﬁn Bﬁl%ir ﬂlaH%XrbBﬁl.V %xarnples
one or nore additional groups bound to one or nore of
include nétragenpsait fuc @ baygeat ons. An exanpl e woul d be a chain
0 | phati ¢, carbgn atops wi.th an al cohpl gr.o
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g entity and resisting

[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.



[0026] As used herein, the term "heteroatom c head
group" neans a group including at | east one atom
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ot her than carbon. Exanples include nitrogen, sulfur,
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structure conprised O WO Or nore partICIeS

I [0086E Thi lebestweseetallic GhidREi Erucalic RetikBohdsaghtdii@tsistance of at least

0034] As used herein, "correspgonding netal" nmeans the
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-~ Pr ovi . Lic ol di '
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form.a cohesive netallic shieldin . . . . :
cadmium ox1c?e, palladium oxide, iridium oxide, rut em%rn 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.



structure, wherein the cohesive netallic shielding
structure has a characteristic thickness of |ess than
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metallic shielding structure has a sheet resistance

| ess than about 50 nohns/square/m|. [0036] The
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a subshRRETHKE rﬁ@t‘h@lﬁ ddmpiie %Eﬁésﬂﬁlgsé 6dﬁ9ﬂdéftﬁ)nfc‘8h1pﬁ\§fng% populatlon of
sintering for |ess than about 90 seconds
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havi ng an average particle size, based on nunber, of

about [l @& smg prchwheyetnt caslp ofike F]@@(ggt}'tlct%‘ecogm@p at icay oe hgand bound to its
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tail bolihé taohp ik @tdatdim ﬁf:ad’@’ﬁ@lﬁ) amti icatieg thMb@fhpSBlﬁbﬁ k€dtehfperature of less than
characterized as being a continuous network film

about [l i 4150 gstto glyedbhtR ﬁﬁP%ﬁSé’& npgfalfic shigldingndaictiec hating p pleect resistance
ofbﬁﬁﬁg§y§h@g?ﬁ%ﬁggggpéegﬁ§ a density less than the

density o metal. Wthout limting the scope
ot00t4h]e Suttstda tief@sitiontstdps chbtisvadtihg atformhgatmnlvesipvsing the metallic

E%|IC shi el di ng structure can have a densitélﬂgpjow
nanol’%‘lnc 98 8} AqUSRUHRRLIIMUISHS QMeOT CIF SSHBIRAT RGNS
[ ng NN Eﬂﬁt%‘@’ ﬁefﬁ%ﬂ@in'clu‘ae SRk &l HRY pSEAHLC L6 &aG@R printing,

be characteri zed elng a
lithographic printing, intaglio prlntlng, 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.



conti nuous porous network of sintered nanoparticles.
[ 0043] Also disclosed are nethods for formng a
weowediisel netal lic shielding structure on a SuPGL/DS1088/055446
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remov@rﬁgm@@dxbtsmoﬁfentaartaq{l&ﬁl@ apewi@ Of | ess than abOUt 1400C
as to give rise to a cohesive netallic shleldlgge)18
t

s{(}(’é@l dihe nﬁ%ﬂnaﬁgleapwéaéwn@ééhes%the@s rthprecpgmprisgnp
agglorﬁgra{p&qgfr t%onar OI%Q \L}l]duﬁlﬂah clgse R&rd h&ne ﬁ&f?&l&prlsed of
ris coa ornu ation conprisi'ng t
two omm@padlmdmhletmnbparanleaqm eoy sombidation thstenf) one or nor e

n@’?’ﬁéﬂgt i e “ gl aﬁ%&e@éﬁ%&%@&ﬁ?@ g%etrp?&?% Hly aF fpdMaual

metalerﬁdﬁB?ﬂgclek td M&l@@gﬁlﬁm@fa&@fs'lﬂ the rhﬁgea&ﬁ fffn BB IR0 99:1. It is
relief printing, screen printing, inkjet printing,

also corgsmplatedi th¢t|thrg1;atlo;b§awy1ght; obihegopuolatiothef wdividyadeuGi]lic nanoparticles

abl e oat t hods .in pray coating, dip
to parfefs PRRl indf e Bl Torh SE8r o e Phr Y o oo 1 2% o4
C SR NO ndrdB4rfiklch alggldﬂee@&@ 8f flb€ bASha8An Recrd@POBsd-Q4tiOul
a substrate to a thickness of |ess than about 150

dimengion i i rarge afdram ebut RAG 881 tofabpetsl9.A08am.about 50
m(ﬁlrsgﬂslndl? du!il galtll éécﬂ)%%%‘ctlé)s ofltﬁesl%eﬁlhaggﬁ blﬁ%i%ldggﬂver, copper, gold,

zinc, AAGARAITh Spalllgdlatn hrﬁﬁﬁﬂh fftenigeh ajshhu&nnﬁtﬂmﬁﬁﬂiﬁ ireddtutn/iplatinum, iron,
aqueous mediumis de osited to a thickness of |ess
nickelg mlta@éw féV%Oéict?n gopneedde el erHdezing axids: spmiumeapdde,
|
palladﬁﬁgﬁxﬁg AHbiu 5@418 gg@e?ﬂgln&ggég Stgrg]i]_Lgnt%lrdg nl ol ﬁ?@gﬁ%ﬁ}!@% $hodium
ox1de,q1bzkt&mnvmlé¢,nmtotxrch, sigktlalxlide, balmltaoxtidu, aldnes sxwlf, dresmg combination
han about 50 microneters. In sone enbodi nents, the
‘ohesi ve structure has a thickness of |ess than about
19)0@113 QfiSousthedi®esntéhipRtcaR he mctHols HapdtlO8Ro1HMB g metallic
net hods can, in sone cases, “i ncl ude one or nore pre-
salts ipp rap@gtof éngpm a{g)ud ty glralgls/ liter to about 600 grams/liter.

thereo

[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 shiclding structure has a resistivity in the range of

from about 2 times to about 15 times the bulk resistivity of the corresponding metal.



steps. Wthout limting the invention to any

particul ar node of operation, it is believed that the
w@dwstiimserl dryi ng steps enhance the fornmati onP@Ff/US2008/055446

conti nuous, conductive shiel ding network by renoving

any excess solvent or aqueous species. [0050] The

NRJORPR Tk §&hé eﬁ,@@(ﬁhﬁﬁﬂs%e AethdiR imBidy 0 iHﬁ% JEh%rcorn(g)osition onto a
ed of two

conprises particle agglonerate conpri r
first substreteiand icviigzitie cnenpoption cwiresthe nampgsatian alagemberature of less than

ised of two or re individual,.nanopartjcl.es, or :
sbout JRIRE o Gtvegh e pERPR e piaals SHElE oR Rl b ifa si¥et resistance
of lesd thad aBdu@ 50 Alohehs/sQiare@hid M hes@ brbb&inR@RWAhEAACIRle affixing the first
i ndi vidual netallic nanoparticles to particle

substraig de &renoad substraicn Suitable avage obaffixmgrnelbdutamingmgt glugg; bonding, or

1..11.15 also contenplated that the ratio. b hght
amy cooipo BT B g e e v RS Rl T A T gl bY drifgrmed

t (008 thh 61her Erhb&dimSnts tht Rethcds gehafe Jffioiy adRittsuBstA® foa second
99: 1. | 005213 A nanopartjcle agglonerate or floe can .
substrafgy whegpinghe pliiginecqonysisseRTiiaE. grmenkensing. AT theconhiagion

f )
thereafy ARG ERPLE ack iR NMLAARARSy, EOARAP T cledfiically
I [0S & hsiflrstanbstacp@arbe afted, to z2isa@ndcablstratim Suitable means of
rut heni um osm um al um num

.pal | adi u i.ridium

afﬁx“fg_%ﬁlaﬁﬁ?flg]fﬁ RYVEUm | ron, nickel, cobalt, indium
S [d(%@f TOX AR rCHRAIM N HRthe IRk R dOKk itind! thE c&ﬁf)(%ﬁion onto the
cadm um oxi de, pal |l adi um oxi de, 1ridium Oxide,

first substrite ndntontlexdcdend substiraienon xing eombinamémtharcokiadé cumhgidhic womposition

curin b S BARALTTRERus PEED §5 fy EARECRRRe e o s cones
metal i@ @@hg sirfQadlhadid@0nsctTBHitan COTI R aata®ButB0 thb@ns/square/mil.
nmet hods are capabl e of sol vati na(% netallic salts in a

One oy m@geeprl@f Olfmsh@al@éiming@teg&@lﬁﬁﬁlﬂilt trbaperigsoed. 600
OIMFRL 3t Semabd855h AEABOKL Bl B3a0kar 0, RETPEEALL Btooss

s are presen

modiffeis mhiclauits, & mywonfidadoallaéof70 Wt % Li gand can be
present in the range of fromabout 0.5 w % to about
75 w. % and the nmediumis present in the range of

EXAMPL#Sabout 30 to about 98 wt % [ 0056] The conposition

i f Qi A6 0f o
LR 1] A NS ey PR 5 oru 25 .
% polyenperathot olaion @ddri¢thyA0&bHA.000 MaQ0@df lor4 grees of hancrylic

S LN 0 ML R
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

-8 -



fromabout 2 tines to about 15 tines the bul k

resistivity of the correspondi ng netal
wendpsdissent s,

[

0057]

conposition onto a first substrate and curing the
conmposi tion curing the conposition at a tenperature of

normali$SE He@tar%m

AR

rreta

lic s

LADDLFGoRS ot

ng structure

oD Lhofels

mohmefsqingss t han about 50 nohns/square/ ml.
enbodi nents further include affixing the first

substrate to a second substrate.
af fi xi ng i nclude | am nating,
conbi nation thereof.
drying steps can al so be perforned.

One or

g
nmor

Sui t abl
ui ng,

e pre- or

bondi ng,
[ 0058]

These
e ways of

post-cure

In sone
t he met hods i ncl ude depositing tPET/US2008/055446

tXiRaRRNESI Ve

resi'st ance

or any

I n ot her

H@gg RSt the nmethods include affixing a first
ate‘io a second substrate, wherein the affixing
aonprises pam pati@g, @luipg, Qondipg, qr any G
Matfiti NBW 94 A@ eCSGém é\f ido¥eriedan shget@C GO MMidiaagd Sheet
adhesi yvely, cop g m ?Ctﬁ Riatded %ic}‘m&f&é@ Resistance
Ths_f[rSt SUbS ann 1 mi L g/sa SFE i mohms/sq/mil
& ool 1At CA- OUI CUJI e ddit 65 Al I i )\ €& €S L«! i UCJ 7
apove {6 %“] Fhese ot!‘er FbedireRts f'rther Fretdde
A Ir_mci |m4 t he Pn$r]n71c|t 2r4ntr the/firdt substrat <N 5
Compgrative he ddcon( sﬂ%%trdte§3ér any &dmbi nati oh2t her pof, 25
Matemal Icuri ng t he| conposifion curilng the canposition at a
Compiaeathey gt UT0e8 of | | e469t han dlv@ut |[14006 so |as ta@5gi ve 15
Matéisle2 t o a cohesive netallic shilel di ng stiructure hayi ng
a sheet resistance of Iess than about 5

nmohns/ square/ m | .

One or

nmore pre-

or post-cure dryin

s[@pé] m)is sqg:intiaﬂ]ableb]e ilp@nfim m‘@ria{s@ﬁgBtil}rou'gheA2 exhibit certain

charaJGTRET Il AP RbuhBTuH S

closed nmet h

4T FEre ex?%?gclﬁ‘%ﬁg?'l&

ds can

&g}pa&aﬁve Material 1 and

2. conbination thereof. EXAVPLES [0062] Exanple 1 : An
i nk conposition was prepared by adding 0.44 grans of a
20081 Fustp Gioyipyegive aragstady arg 6rabicorf comrdtg, €A a per-weight basis, a
glreate%9 %&ga%g r%‘?ea%ggul#\éﬁa%ei{ﬁ%} %1’8 él?estg%‘.g Xlg a%ﬁélﬁ,és%; segn 11\}WC(%umns C

amiD&ﬂthkyhanoparticle di spersi on.

m xed

V\B@%b

testedr S gﬂ}é%‘mta

wel |

P69 de

get her. and a
g‘edﬁ‘fe@“@e owtery
Eﬂ%lso TQIQSOig shMm(@olﬁmW]i %f ’f‘ﬁlﬁ@qt As s‘%ﬁ ﬁl @QHH]ﬂ F of Table

d then cured at 1300C for 30 seconds resulting

aLscq:fh{

The materi al s mere

m.of the r

sultln

t anli11g51erts s Res&squg élila@rdo the

1, the inveatimhwsrlvle aaindvecsonabl wicdet vasissinks efrlofviet thickfibecatihe gb de tested

Compamlﬁ“fq I??tﬁ‘@al'? hes eapelt

e fi.lmto

the,s

e ahe S

al uat e

inseRePL2

ra@élbw%ter&sletﬁnce ona

per-thfekAER b&sig thaPATRh Ofes el 8omPAi8Ii{ A atdfs]s! RTYRE if COMMNE of Table 1.

substrate was renoved

fromthe

[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 arca 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



substrate [0063] Exanple 2 : A conposition conprising
an aqueous suspension of silver nanoparticles

wo appnosssmat el y 42 w % silver) was m xed w t h BCTS2008/055446
pol yvi nyl al cohol (PVOH) solution (25 wt % PVOH). The
sanples were dried at 800C for 5-15 m nutes. These

S ﬁﬂiﬁbFS TEXL B Iﬁgseﬁn%%ntfoﬁ% éffe%ﬂggl%ssofor §1@iel’dnfé5 a formulation

mohns/ sq at an estimated thickness of 1.5 m Cfons.
prepartt ecqrdmp it the dsdobstd neshosls g spréymtonm} th¢ smfacqu)objrester film and

cured RET0RC Sl MR SRR e i) HAREH Rl gt Wit e shee

resistifidy % hRhdur&BiotRI 00050NRa64r€ bi thE béfinsRickalst ber 8yl ah®ag, 10 cm
themfromtested existing materials Conparative

by 15 gt evdsdhshiongd di)yiold[r@]zy@} sifsjcr gpated p@lyq:s;tﬁréﬂm haaing metal on the inside.

mat eral s are capab , [
Opposo%ésurfaces a I‘]ace tetror%geu #o % \évgrearegaseal}% t%enl%er lH) oge was then placed

insidetbag, atnﬁ&h@ﬁhgeo&assddnﬁiﬂetﬁ‘@ts%lb@ s, as is seen in Col unns C
and D of Table 1. [0067 Second the inventive
nBe®re plaging fh qsalltphan% inghe Pags el phons pignglestichgth vy 4 bars,

accorc&ﬁ%ottﬁé %ﬁﬁpl‘i&ﬂeissé@ﬁé %E‘Péln%ﬂ%@]le T@é s de?raﬁ%&?hlkﬁhe??wmln enough

to allomnthe etlil yroneatigrdyalodbeactn tvaughubdhmstadeibstresimsdtarnce at
I r thic sses than,do the tested co rativ )
atter Plaflgglﬁ)@s ip?]egmthe P the e #A oML 6y 57160, Upon sealing the

bag, tl{ér RAYAbn L8Rk R IreRIR Shol &SIc8S BASEARNBmMBEYaS Mk KRBS %o call the cell
basis than "do the tested conparative materials, as

phoneshgwio donn@sbuwas Gade. Véisnent end 0068bagoasraipantdy theawll phone

signalggo%gl&%qq -Ta Itoe4 %iirét h clgﬁve fl# <\é§ Oéﬁiéﬂﬁh%d lglraeco%%gc%bolne
PRYO7H i E&am‘ﬁnd per-area basis than are the tested
conparative materials. Because the inventive materials

a[%%hpi pifertlest t@bt}@rshwghng) pifectiyencspef tjlﬁtdlsﬁhzwc}, forgaulations, a
procecglrrg gl%gfar o tﬁlfP@OCfGE)i%%l%‘rIle 9 a§ %ﬁotxx;e%t %t I?oh'% S n]ialag %ceo%hgg to the
exitsting nmaterials, a grven wel I nven

disclosgatiatthadssway Ppyiyde sn@r aﬁ@il%stéi lﬂhﬁﬁJ afd RYreday QB @tgefof OmiAute. The silver
gi ven surface area of substrate than a greater weight

coatmsffvaﬁ lsetimaied Enbe® apat Bigky andie shech F%Slstlmm 89p st © be 0.30
Q/ squ%r[eggaﬁ]co?%l%ﬁ%kn&%%f @rseﬁ Nta b4V 88 EHANT §c1ﬁf &/%@%éﬁﬁ?ﬁ@itslﬁrefolding

ornula i on prepared accor
silver doged pxﬂg@ktarfﬁlimm thasna groaytbel 1mrdeoThdnep1m91té swtacef adjacent to the

ol yester film an d at 1 far m nute. The
fold wEfq §rgf Sed éttp%ﬁéh%ag cEL it e HIeEan s i M2 g compltely
scaledt e sheet resistivity was neasured to be 0.080

Wsquare at the coating thickness of 1.5 nm A bag, 10
cH073] 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.

-10 -



by 15 cm was fashioned by fol ding over silver coated
pol yester filmhaving netal on the inside. Opposing
waBacwsl adj acent to the fold were heat seal ePICT/US2008/055446
together. A cell phone was then placed inside bag, and
the bag was conpletely seal ed. Before placing the cel
Vthﬁ@@ﬂﬁnka the bag, the cell phone signal strength was 4
bars, according to the cell phone's signal strength
nmeter. The silver coatlng t hi ckness was thin enough to
U B @pebhencehlc BORR, il BodfyRoeen L Nf ough Lhe
neta strate matr ter acing the cell phone
in the bag, the bag mas conpl etely seal ed. Upon
S
Zg ?éﬁlﬂ%}iﬂhﬁgﬁ&&{hcﬁﬁﬁqp Jles g@ﬁtea gg%asglb%tgﬁifﬁgﬁgn%g(aﬁ@@orm a
phﬂnﬁyebmﬁdhoﬂndﬂmg&hmomHM@s made. When one end of the
bag was reopened, the cell phone signal strength
returned to 4 bars, and calling the cell phone
I @4eileireic cohaiveandigitit isbiBldid O@itiurEX ampdarstdrROd 2lickk@ss of less
further test the shielding effectiveness of the
dthap pbE FOmpicrAMAe P omd, a procedure simlar to that of
Exanple 3 was followed. A formnulation nmade according

to the disclosed net hods was sprayed onto a pol yester
f Whekcinidc colrastycanctalioslneldgie strusfuigihes a shiget repibtgrge less than about 50

timated to be 0.5 mmthick, and the
sﬁl ?ﬂg%S|SPﬁ€|ty was neasured to be 0.30 Wsquare at

the coating thickness of 0.5 mm A bag, 10 cmx 15 cm

2. W\A@ﬁ%g(%arﬁglv(?)ngl%e lp%ﬁhlglﬁmg Sgglgtléllle'ev oefl:lcr]a(lel%a ,pv(sgh T 1n¥‘ﬁ%%b?ergt reigils{ynce is at
least aBeitaiCRBhmE/Qquiddendiiol d were heat seal ed together. A cel

phone was pl aced inside bag, and the bag was
conpletely sealed. [0073] Prior to placing the cel

3 PR EoHeivE R tdRgshitlamgGeubtuRrOMEaiti DR crih bEREK Bn¥BSthe metallic
noted to be 4 bars. The silver coating thickness was

nanopﬂmch:s eABnLestSEven Pawet igeld aine, ganemdpaligiian. diddibe, selkenium,
osrmu ﬁolﬂigur}nt gtlrrr%lﬁ % / 1 Bﬁlt {rgﬁ,trh&%% oéal 119(9 1%] ﬁe}’ &Lide, copper oxide,

’aci ng e ce one’irn

gold ommfphﬁt ekMe Sc%dhﬁidn om@ﬂpﬁla&iuhﬂ@xﬁicﬂ eniuag], oxtldke r@tﬁbﬂlum 0X1de
phone's S|gnal strength neter showed one bar of sig
osmiugy ey ity oatqeehlﬁtmwa@XWEdléort %Xlé%mﬂck@h@ﬂ%wr)bﬁh@ﬁée indium

OMdGQanea&BﬂgﬁﬁﬁiﬁBm s made. One end of the bag was

opene e cell phone signal strength returned to
4 bars. Calling the ceII phone resulted in a

4. CRRO& e's %Q g}emc% ngl]la cﬁl?éo&} gﬁaq{nefj V@&?&{; gf 138t LBe of the metallic

Exanpl € lve uced the si’gha
nanoparticles comprises silver, copper, gold, nickel, aluminum, or any combination thereof.

5 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 less than

about 140°C.

6 The cohesive metallic shielding structure of claim 1, wherein the composition is capable

of forming the cohesive metallic shielding structure by sintering for less than about 90 seconds.
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the cell phone, it did not conpletely stop the
signal .What is Cainmed: 1 A cohesive netallic
w@hioehtiesy structure, conprising: a popul ati onP@Ff/US2008/055446
nmetal lic nanoparticles deposited on a substrate and
sintered to forma cohesive netallic shielding
7. SThUESHSe H‘Mﬂaﬁfl@ blﬂelﬁﬁl S%Bﬁlsé Y& 141RL lal\xlfﬂe?elﬁ Iﬂieeﬂogul?ﬁon of
structure has a characteristic thickness of
nanopaiioles 12hardctarzne tehaingmdawhegegiartid hegza dhgsliongrumber, of less than
b tq@@alllc shi el ding structure has a sheet resistance
about 18¢8™ han about 50 nohns/square/nmil. 2. The cohesive
metal l'ic shielding structure of cIa|n1A mherein t he
sheet resista at | east ns/s [.m |
8. 3 MhptoteoRe S ERne et R ar AxgoPeRah T
nanopatic¥ 8 @lafacilriZb@ashavafiLarPivet IR Iﬁﬁ{d'l’é ilk& bﬁ&ﬁ%arfutrﬂbcek & less than
conpri ses silver, copper, gold, zinc, cadm um
about p@ntmadi um |r|d|un1 rutheni um osm um rhodi um
plati num alum num iron, nickel, cobalt, indium
silver oxide, copper oxide, gold oxide, zinc oxide,
9.  caberrehesior inthtyllipsthiéldohiguwmuotirae, claim Hiwherox ildepopulation of
eni um o |de, osm um oxi de, rhodi um oxi de, platinum
nm“m6§W éls??% H%xi de, nickel oxide, cobalt oxide, indium
oxi de, or any conbination thereof. 4. The cohesive

allic Shleld n structure of claim1, erein at
nié%@oraw 0 Qf et Rheren hegpard Nrtaparticsgrg ghagacterized as being

acontﬁiubﬂ@ﬁetw‘aﬂm%{ gol d ni ckel, alum num or any
conbi nation thereof. 5 The cohesive nmetal lic shielding

structure of claiml, wherein the conposition is

11. C@R@p(l)ﬂ%sf% g{e%lm nglh SRR Y1 R f"le/He?elﬁ lﬂ}e%laﬂb 1cles are

structure sintering at a tenperature of less
characadronatl a&hélﬁg:sulﬁta‘ﬁltlelly: sptesicale metal |i ¢ shi el di ng
structure of claiml, wherein the conpositionis
capabl e of form ng the cohesive netallic shielding
12. sThecdhesiee yetdlio tlﬁ'elidmg stractulestscldiman velteatin tiRQdensity of the cohesive

seconds. 7. The c alli el ding structure
metallggs %&qq S HUCTRCdS sw ﬂéh%%aau%ﬁ; %ﬁ%@%ﬁ@%ﬁqgﬁ&nﬂﬁgy of the

Inddﬁgf&ﬁgﬁgﬁhg%gx?%ﬁn@%lng an average particle size,
based on nunb | ess than about 100 nm 8. The

cohesive netallic shielding structure of claim1,

V‘?ﬁé Eos v B RARY Llﬂ&'d A ARNGRALiE B Shel the. density of the cohesive

aracterrzed as havifig an average particle size,
metallixagheddiap structieris losf thae sise Wiladensity 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.
15. 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

-12-



about 50 nm 9. The cohesive netallic shielding

structure of claiml1, wherein the popul ati on of
wmawepswsi cl es is sintered. 10. The conpositi oPCD1S2008/055446

claim9, wherein the sintered nanoparticles are

characterized as being a continuous network film 11.

The c ,O%giﬁﬁfraﬁta%b{lﬂ Cnhtb §bslitnao Siht; Ykd WhereH edech %T fﬁe]nanoparticles

wherein e nanoparticles are characterized as being

subst acdmprideyat Spktemicdimhnd b@undThets cuifiesi the ligendtdmyprising a

hi el dj t t f.clagim1, wh in t d ity of
the cohdgralmhEdiero® il i Bttt e st s PRI piipd to he
t he depgblodtonf hédblp; AR al consisting essentially of

the nmetallic portion of the nanoparticles. 13. The
cohesive netallic shielding structure of claim12,

WagtRl e bR dt% t%péﬁﬁr&@ﬂ[‘l@%i M MRJudh 4o s giﬂ%gise to a

structure is less than the bulk density of silver. :
Teahesioh esitatiee shaeldingi scrustuirehatingp dteetuesistarcad! ledsahan about 50

mhepeip th cphesive metallic shielding structure is
cH] g%?@?ﬂ?@ﬂ‘has bei ng a conti nuous porous network of
sintered nanoparticles. 15. A nethod of formng a

6. COREebRATE B F e BB LE U SR SRS Fimution
compiR@REHRR th @A i@ harBphlcldsGn BRBQRANLS hehRish NiSPEISQdndR ctaﬁgng or

~aqueous nediumonto the substrate, wherein at |eas
printingonethods. of t he popul ati on of netal lic nanoparticles
conpri se individual netallic nanoparticles
characterized as having an average cross-sectiona
17.  dirhemsthod of klaithdbawbercofthé pomirgbmethods eompree dlsmograplfo printing,

n and.wher.ein each.of th anoparti cl. C ri se at. ..
rotogr e PrIgYE P At ot Hineo el O8R4 Sl T s ren Prining.
inkjet 9ﬂﬁﬁﬁg’,$éseg?mh@t, 6f A3t @MbIeAdn ghQegT. bound to the

nanoparticle surface and a tail bound to the

het er oat om head group; and curing the conposition at a

18. U eAPRIAoH 0 cRim 18S9 hiBRANhE BRI ds2OnSisd S ¥&uting, dip
rise to a cohesive netallic shielding structure having

coating, spiveeqatingshladcagostngfwirerod confarg, abant catbination thereof.
nohnms/ square/ m . 16. The method of claim15, wherein
the depositing step conprises coating a formul ation

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.

22. 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 10 microns.

23. 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 5 microns.
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conprising the nmetallic nanoparticles in an aqueous
medi um usi ng one or nore coating or printing nethods.
wazeosTiesnet hod of claim 16, wherein the printP@IUS2008/055446
met hods conprise fl exographic printing, rotogravure
printing, lithographic printing, intaglio printing,
24, T ?hé ﬁlfeﬂl%ﬁ'orf‘klaﬂﬁ’lis@ﬁ@@ﬂl tRE b&h SY&ion Jb’ﬁh fsir?gr dt Makhe metallic
| aser printing, or any conbination thereof. 18. The
nanopamticleod aofaqedcais mel6im whizpesitedtthie tluolatcisngf lasst thadsbout 3 microns.
conprise spray coating, dip coating, spin coating,
bl ade coating, wire rod coating, or any conbination
25. t e mwfhod b claithd Snehéronh thé cahposindibconvirasing at 1dakieone metallic
conposi tion conpr,ising, at .| east ane netal | i .
nanoDRiT A R Ao A SR teRdorP S RS Rl faehayt 3 microns.
t hi ckness of |ess than about 150 m crons. 20. The
net hod of claim 15, wherein the conposition conprising..
26. aiFL? wsthod o éﬁ‘ﬁétlél Wh%reﬁlaiﬁ% BAPPISEYN GHNPAIFINGA] defsisone matalic
nanop&idleUlah S.qHERS Ficdfifn Esode?oﬁ{%'dqg RefiskaRls bERS hRLARPPWicrons.
50 n1crong. 21. The nethod of clalm1l5, erein the
conposition conprising at | east one netallic
n i1Cleer i ' ' it
27 RRERRlEr o 13 RS RS TR aRR TG ofless than about
50 mieretnteds. of cl ai m 15, wherein the conposition conprising
at | east one netallic nanoparticle in an aqueous
mediumis deposited to a thickness of |ess than about
28. 10h¢imethodsf cRdn 1Thiurtiet dodehriingcdr@i onnddre prder podi-cutigg drying steps.
conposition conprising at |east one netallic
nanoparticle in an aqueous nediumis deposited to a
29. tMhekRe®d 00tlaisS, WhabinaheUindpaftictd fpslatién fiteer GBIPASES particle
of claim 15, wherein the conposition conprising at )
agglomergtorcoguispbORING @ TR disiyidpd nanpparticlcs garengiche Hpqsamprised of
' ' 1 - about 3
two of o ARAId) Bt B A B S BB Sl BTt AE 27t e
conposition conprising at | east one netallic
n ti.clee i n dium.j osited.. T
0. ¢ AReRREby B 22"y R RS sRob 1Tl B STREIh FRubR oFgyicuat
metallgf naglopartickd to pureEle bfglbmeratoRp SHetrafie cfargm asdudd:Bito 99:1.
| east one netallic nanoparticle in an agqueous nedi um
is deposited to a thickness of |ess than about 1
31. NTREE MRthod Df clatieowh&eth tBé reloabyiviipht, \Wi@egiopulafin of individual
cohesive structure has a thickness of |ess than about
metallgonagppigples & rartigg flogireingtee Hoge of fremabant1599 % her
conprising one or nore pre- or post-curing drying
steps. 29. The nethod of claim 15, wherein the '
32.  nihopathodef elago gl andnenattighe dggloneesptp hps e aysagaci cepss-sectional
dimen3 PR PTRIALE S LEET 155 18 B TRDG hAC! Vi dual
nanop icle

artirctes, nanopar oe conpri sed of

33. The method of claim 29, wherein a nanoparticle floc has an average cross-sectional

dimension in the range of from about 100 to about 10000 nm.

34. The method of claim 15, wherein an individual metallic nanoparticle comprises 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
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two or nore individual nanoparticles, or any
conbi nation thereof. 30. The nmethod of claim 29,
wab@sa13est he rati o, by weight, of the popul atiPCT/U82008/055446
i ndi vidual netallic nanoparticles to particle
aggl onerate is in the range of fromabout 1:99 to 99:
oxide,]rhoca%m okige, Pﬁﬁﬁfﬁﬂ o deC{réh BXidE: nihe b&idR. doB&lt baidk Gindi¥h oxide, or
wel ght, of "the population of individual netallic
any canainogpamtthekes to particle floe is in the range of from
about 1:99 to 99: 1. 32. The nethod of claim?29, a
nanoparticl e aggl onerate has an average
35. cThssetedtof ohah 14 wkersindhe hquebhemedingeis ahpdbl oofi sabating the

100, nmto abaout 10000 nm 33. The nethad of claim 29,
et QR A o dioat 10K 40 B HemoahoavaD agens e
cross-sectional dinension in the range of from about
100 to _abouyt 10000 nm  34. The nethod of claim 15,
36.  \whbs ’éieﬂloér?l#icﬁgp\}isdw @re%b%p@rw@amifa FEG RIEqng I8 apes @6 from about
0.5 wi iy Shout §ORRGE ., 9ol d, zinc, cadm um palladium
iridium ruthenium osm um alum num rhodium
plati num iron, nickel, cobalt, indium silver oxide,
7. PPl S TS B e BLR LS BRI Pt bout 05
% to absuti 1wl de, al um nunoxi de, rhodi um oxi de, plati num
oxi de, iron oxide, nickel oxide, cobalt oxide, indium
oxi de, or any conbination thereof. 35. The nethod of
38. CTht meftbd oflbRirRi18, Whercimote aiddiviedipidschisintap@abeodfrom about 30 to
solvating the netallic salt in a range of from about
about 9YWi’ans/ i ter to about 600 grams/liter. 36. The
met hod of claim 15, wherein the nanoparticles are
present in the range of fromabout 0.5 W %to about
39.  7dheumethod pf claimd Snherstn the cempesiHons's coprbleqfrformiag a cohesive

' ' (I f f o) %

seuc b 971 80 B5GF Pl gL T6 O LSO PR s
about i @ (hfod iagsthiaa apows®necomast he range of from about 30 to
about 98 wt % 39. The nethod of claim 15, wherein the

C osi.ti,on s apl e. of farni ng a cohesive.structyre
10, SRR ERloR claiip S3P ReySinthe FMME BB SRER iRy iR fHsGange of
from @oufl HBRPERY MoHl €5 Bfned BRDUINRBsARBHST hé B8fes Qﬁdihggﬁetal.

t han about 60 seconds. 40. The nethod of claim
wherein the cohesive structure has a resistivity in

41. URc HROREA o?Llalha™ alitsike aé;pﬂﬁﬁng 916%%tsi§?n bhitesfitsh&bstrate and

bul k resistivity of the correspondi ng
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.

42. The method of claim 41, further comprising affixing the first substrate to a second

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

thereof.
43.  The method of claim 41, further comprising one or more pre- or post-cure drying steps.
44. The method of claim 15, comprising affixing a first substrate to a second substrate,

wherein the affixing comprises laminating, gluing, bonding, or any combination thereof.
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41. The nethod of claim 15, conprising depositing the
conposition onto a first substrate and curing the
W@ 0Up0si68i on curing the conposition at a tenpePEL/USW0L055446
| ess than about 1400C so as to give rise to a cohesive
metal lic shielding structure having a sheet resistance
0 t Inmm
4. oﬁhéﬁgﬁﬁﬁgﬁeb?ﬁ?%hggggonpr|%l%b égﬁ%¥$%%ﬁfﬂﬂgagfg§£§&%nd
substratasherainehe affiainpemondissulbstinaing, glwingr eondintgdher arfyf ¢onngation
thereogorrprises | am nati ng, gluing, bonding, or any
‘onbi nati on thereof. 43. The method of claim41,
further conprising one or nore pre- or post-cure

ste met hod. of cl ai.m r.i s
aﬂ‘/ F aF& d g‘fg‘?”r AT @8%18%%’?&8 P@n ont the first,
onto tH@&%@ﬁd‘sﬁbQ@at@fcﬁ kYl REmERAERGA BRReofam nat i ng, 9' ui ng,
bondi ng, or any conbi nation thereof.45. The nethod of
claim44, further conprising affixing the first
47, SYRShab8 otfelaﬂnsﬁ C&}ngﬁﬂgé E&ﬁﬁ qtld@h@ ol at Q?enﬂ;efrétﬁﬂe'}g less than
conprises |am nating, gluing ondi ng, or an
about ¢40fi6i svextsito givichresc eoh cohle@lve'ﬁn@alhets]mehﬂn[g‘ stmlcmrﬂhdlumg a sheet resistance

f risin siting the conposition onto the
0fb“ﬂ5?§?‘“%ﬁﬁgﬁpﬂ§“ g@gﬁﬁ?substrate or any comnbi nati on
thereof. 47. The nethod of claim44, wherein the
C osition Jjs cured at a tenperature of |ess than
48. aﬁggmeﬁwé@%cl_@&né@, ﬁl&haﬁ GRENTSELE Q15 OF TRQSR RS- PEDPARTCHTY Grying steps.
shi el ding structure having a sheet resistance of |ess

t han about 50 mphns/square/ml. 48. The net hod of

49. oIk metied of glaimdp. whersi the pomeewiics fupBererogsiseygdhesives, theology

difReS ki k&l s8R oRb cofhe nethod of claim 15,

o lmﬁiré?n e %5ﬁﬁ8§¥??%ﬁnﬁgxt Her conpri ses adhesi ves,
rheology nodi fiers, thickeners, or any conbination
t he evi ce, conprising: a popul ation of

30. ngfgﬁ 1 COqjg%op ‘ticles deposited on a substrate and
sintered to forma cohesive netallic shi el di ng
%1 8@1}1%{0% ofI al?g Eggdpaﬁlcng 1;Ceds Iﬁl %ug tPe gri({]ﬁﬁte tforrn a

3 erized avin ness % ess an a

20ohEkiet Heedl BE §hlalﬂd1ga;t@bmed, theafolhsilwﬁletalllﬁsssmdldna@ s@tﬂ@wﬁe
50 nmohns/square/m . 51. A nethod con2r|3|ng shi el di ng
efhacacieiaed Aehrng adiigencsnofisisiben shoulid mierometcsy anidm sheet

Ssistance less than about 50 mohms/ square/mil.

51. A method comprising shielding electromagnetic radiation using the device of claim 50.
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