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ARTI CLES MADE FROM SAME Cross Reference To Rel ated Application This

appl i cat iwo 20ésaisB®4priority to U S. Provisional Patent pppluseatioorsidNo.

1060/ 825216, filed Septenber 11, 2006, the disclosure of which is

i ncorporated by reference herein in its entirety. TECHNI CAL FI ELD 15The
present invention generally relates to el ectronagnetically conductive
articles, including tapes and other articles useful for shielding

el ectromagnetic radiation. The invention also generally relates to nethods
for maki ng and using el ectromagnetically conductive articles. 20BACKGROUND
Devi ces of many kinds and types emt electronic or electronmagnetic

radifmti on. These sour DENSIFIEBATQNDMCTIVE MATERIAESANDg i ncreasi ngly
prevalent in today's envir qRIEICLES MADEUERON SAMIEpr obl ens wi th ot her

el ectroni c devices. Electromagnetic radiation emtted fromcircuits of sonme
el ectroni c appliances can, for exanple, cause 25interference or mal function
in other electronic devi &resoReferencedorRelatedApplication near t he source

circuits. Deleterious effects of .ihi enti al, 4 nterfer. an include a
degradati on oﬁlhﬂ)seq’pﬁ’g%’é’r‘?ccialpﬁ pgﬂng]t][f) chg'ggcfoﬁ'él\ﬂ%%le}%ate Zé@ﬁ%ﬁ%ﬁ il\gor'\ of

el eg r onigp/§23008 Fildd w?c@m &} BH6Ethe disciine ofevhieh i9incdrpdedted By ref@dnet i on in
the useful |ifespan of electronic devices. Various approaches have been
appl i ed thsrepr oxitscantiedtect roni ¢ devi ces fromthe 30effects of undesired or
excess environnental el ectromagnetic radiation. One such approach incl udes
the use of a shield or shielding material to protect the internal
conponents of a device. Ceneral TECHNKIAEIFIEL®s or shielding materials act
to conduct el ectromagnetic radiation away froman area in which the
protected conponents are housed. Metal plates, netal plated fabrics,
contfuct i ve paiThepresenridvantion geneapbsrelates to electromagnetically conductive articles,

including tapes and other articles useful for shielding electromagnetic radiation. The

invention also generally relates to methods for making and using electromagnetically

conductive articles.

20 BACKGROUND
Devices of many kinds and types emit electronic or electromagnetic radiation.
These sources of radiation, which are becoming increasingly prevalent in today's
environment, can cause myriad problems with other electronic devices. Electromagnetic
radiation emitted from circuits of some electronic appliances can, for example, cause
25 interference or malfunction in other electronic devices or peripheral components near the
source circuits. Deleterious effects of this potential interference can include a degradation
of performance in an affected device, deterioration of electronic images from generated
electronic noise or a general reduction in the useful lifespan of electronic devices.
Various approaches have been applied to protect electronic devices from the
30 effects of undesired or excess environmental electromagnetic radiation. One such
approach includes the use of a shield or shielding material to protect the internal
components of a device. Generally, such shields or shielding materials act to conduct
electromagnetic radiation away from an area in which the protected components are

housed. Metal plates, metal plated fabrics, conductive paints, conductive tapes and



conductive polyneric-based nmaterials are anong the materials that have been
adapted for shielding applications. Because environnent al

el ect r omagoevesm3sadi ati on can be observed across a w deptrageenoyisspect rum
the effectiveness of a conductive shielding material is determ ned by 5its

ability to conduct radiation along a desired frequency band for which

protection is nost desired t he fre enc or whic u

D ot ect | GANSEHYD ARSI AP GRS BAFHAD AR PRISbD AR b

shi el di ngheaRAbidIicNidS, general |y desired. Mst typically, the
effectiveness of a shielding material is neasured by its ability to prevent
radi ati on frorBepa@mengermpghlqctromegmg redlatroemcgaerbepbmv@eacmsemvad@ut 100
MHz to ahout 1000 ‘fﬁl effectfl verrllﬁ S of a hi el % pgan be
measur ed EF&&E‘HYFB‘E‘E 3}heb SepEenegpld dndye E’Ffsér}? eld §"‘p’€g‘ﬁ e“%r:“ﬁsl Whi ch,
expressedtsiapiliee pbscttaiition oskef 1aadd Bqhdiey badd Rr dhidi frbREtidnie nkwer  or
voltage transmtted through the nmeasured nmaterial conpared with the power

or vol t aglesiraslc eMhéld thi ﬁrmmncyt baad fer which Bucrhmg@ﬁmon IFiseughé can depeahppanys
expressed . 1 [ =
coner -t caaral® apRtitiod B sHiphe Mok B Pl el Mo SRRaG e
adj acent dffecfiviPed¥rif@rshizldindateripoweieafi@ 6@ by BﬁlaM/ht}h@lpfre\Ieheraﬂﬁtl@ﬂi fraln present
bet ween the source and a point adjacent to the material; V1= voltage

recei ved nbsing thraughatasrosa frsauensirangstfiase Abaus d 08 iz to abeyt F009HENt
ad] ent to t hﬁle gtrde%LSS o\f[?l Sgle}/(ﬁ)lllé ﬁ%nﬁlec%ﬁ'b\é%ieag\ﬁrte@ allféntl{tzﬂ%eww al

pr esent bet ween "t'he sou
"Shielding Effectlveness" (or "SE") which, expressed in decibels (db), is defined by the

ratio of either the power or voltage transmitted through the measured material compared
with the power or voltage received without the material present. The relationship is

expressed as follows:

15
SE =10 log(ﬁj
P. 2
SE =20 log[ﬂ}
V2
where:
20 P, = power received with the material present between the source and a
point adjacent to the material;
P, = power received without the material present between the source and a
point adjacent to the material;
V; = voltage received with the material present between the source and a
25 point adjacent to the material;
V, = voltage received without the material present between the source and
a point adjacent to the material.
Because shielding materials are generally used to protect small electronic
30 components, there is typically a desire to construct protective articles made of the
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a point adjacent to the material. Because shielding materials
are generally used to protect snmall electronic 30conponents, there is

typi cal | ywe 20@%038®4t 0 construct protective articles madecefustés/o7isad eri al s
as thin, light weight tapes or filns. Such tapes or filnms can be used to
encase or enclose one or nore surfaces of an area for which protection is

desired. The.ta .and fil. of t en _i ncl an adhesive (such as a pressure
sensiti v@%ﬂ%@%?ﬂl@)n ?‘8’5“ wejg t@?esé’ﬁg;hp?:a#‘ll%ﬁaﬁeéofﬁg“%ﬂnf%‘@ &t SRR ng for
an el ect rQpjoge SRIRINGB Surfsoes of anaarlaﬁ !fd?tvﬁﬁclpkrro?ééh@)n RRRsHA. Ol‘hei}nﬂe@%@
frequency identification (RFID) device OF THE | NVENTI ON

In one gasfiimstOften h@ltme@g@dhesuwgmhl a3 pressviccessitve asheuve)domgpedf cal |y

conductive ]é rtltc ﬁ%q—fs en5|fl ?d core material and | e st one
el ect r onegRETACAIT P eCBRAC ?1‘&% i 2g & ectronic compoy fh%raa%é‘??“

I nvent i onoRFdH A488iodbqBERG iGNNI RFIDY d&aaduct i ve article conpri 5| ng at
| east one layer of a densified fabric material at |east a portion of at

| east one surface of which is plated with one or nore el ectronagnetically

conductive particul ate 15rr$tJ 0 mg?{lb not her aspect, the
i nvention provides an el ec m cl?arlrwE e article conprising at
| east one layer of a fabric material at |east a portion of which is

cal endered and at |east a portion of which is g@at ed with one or nore
el ect romagnet iloan¢ ysm@tndx@mmse@t mmnénon @ravidesenleistromagneisally eondnctive

ele romantlca o ri.si a, fabri ated with at

| ea Q oné™ & %S?IP%%% ?néaﬁd Ore é {:1? a\?g S On\%,%% g?’ﬁla%rf'?glcmr permeability
of the fa}aﬁa&tﬁslﬁmﬁured al ong a plane dissecting the fabric through its
smallest width is no greater than about 0.5 nB/mn

present i nventlpenothersaspesitdbe wwsntinn medeson Wrwgemqaﬂy GPRIEYS %THFlley

25conduct f
el gg?rg(r:ralg}r@{ig{n I f§§(§)rl‘]léﬁh gﬁgfeae&agﬁg eﬁ%:rbcﬁr%%leg@sp%%&pow (;lgaéens y| ng a

fabric; anfface of whic B)plaatdivith9né bﬁnbﬁbtﬁld:dtrovmtghet&aﬂy osnduotie: particulate
el ect romagnetl cally conductive materials to forman el ectromagnetically
condfuict | veateials.cl e, 30The el ectromagnetical |y conductive articles of the

invention, by 1Guph QYidg aspect, the invention provides an electromagnetically conductive

article comprising at least one layer of a fabric material at least a portion of which is
calendered and at least a portion of which is plated with one or more electromagnetically
conductive materials.

20 Also provided is an electromagnetically conductive article comprising a fabric
plated with at least one electromagnetically conductive metal wherein the air permeability
of the fabric as measured along a plane dissecting the fabric through its smallest width is
no greater than about 0.5 m*/min.

The present invention also provides methods of making electromagnetically

25 conductive articles. In one embodiment the method of making such an

electromagnetically conductive article comprises:

(a) densifying a fabric; and

(b) plating the fabric with one or more electromagnetically conductive materials to
form an electromagnetically conductive article.

30 The electromagnetically conductive articles of the invention, by employing
densified fabric core materials, can be used to provide effective shielding against

undesired electromagnetic radiation with relatively thinner constructions, particularly
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densified fabric core materials, can be used to provide effective shielding
agai nst undesired el ectromagnetic radiation with relatively thinner

const r uctwonses/pasosi cul arly when the articles are madepcmus2eheetsss t apes
or films. In another aspect, the invention provides an ability to construct
el ectromagnetically shielding articles exhibiting conparable or inproved
shielding effectiveness wth smaller cross-sectiopal dinensions _.conpared

Wi th t hosuhaRe Pk Srramads intog bR Rgs o BIRS oI ARRURE PRECH BEIREIER o WO
20081033594 P63/ WSAAAG 1O EdRicBREEmRERGRMRT UG aRie RRAMMES FIG 1
provi des ‘a conpari son graph of the shieldi'ng effectiveness of a densified
conduct i wempatabld @& imprbvedshighitng effegtivengsawith sinelder chrss-Gectipnpl dimieddensa
conparison graph .of .the_ air. perneabili ..shieldin ectiveness and
curTace. rdoterRf morSyliisR AR mrdeift SRl Fhbi biauce v
artigles. FIG 3 provides a conparison graph of the results of taber
abrasion testing of various densified and undensified conductive articles.
FIG 4 provides a conparison graph of the shielding effectiveness of a
densified 10(cal endered) article and an undensified (uncal endered) article.
FIG 5 provides a conparison graph of the shielding effectiveness of a
densified (calendered) article and an undensified (uncal endered) article.
15DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS The conducti ve
articles of the invention contain a densified core nmaterial generally nade
of a nonwoven or woven fabric. The conductive articles additionally contain
an effective anount of at |east one el ectronagnetically conductive
material. The 20el ectromagnetically conductive material may include one or
nore el ectromagnetically conductive organic or inorganic particulate
materials, including nmetals such as copper or nickel, or organic

particul ates such as carbon black. The fabric, which preferably is nade in
a flexible sheet-like form may optionally include an adhesive on one or
nmore of its surfaces. The adhesive may include an additional anpunt of one
or nore 25el ectromagnetically conductive materials. The article may include
a seal coat opposite the surface or side on which an adhesive |ayer is

pl aced. Alternatively, the article may include a seal coat applied to each
side of the densified fabric. The article may al so include a rel ease | ayer
or liner adjacent the adhesive. The densified core materials of the

i nvention can include any woven or nonwoven 30fabric or fabric-Ilike
material that includes a degree of interstitial separation or space within
the fibers or threads making up the fabric-like material. Al though webs or
sheets of natural or synthetic woven fibers or threads are useful in the
articles of the invention




nonwoven materials will generally be preferred because of their relative
cost and ease of nmanufacture. Fi bers having a dianeter of about 100
m crons (wokoewosb®ss, and particularly so-called "m crofclassiozhasihg a

di aneter of no greater than about 50 m are useful in the 5manufacture of
nonwoven web-based materials. These fibers and microfibers are typically
used in the formof no C o ed | e manufacture of a
wi de variety of producgiﬁﬁswggm%{]ﬁ;@mgﬁmggégrators, air
filters, vacuum bags, oil and chem cal spill sorbents, thermal insulation,
first aid dressings, nedical waps, surgical drapes, disposable diapers,

wi pe materi al Flénd ptcrvéddSialcempakjmmgreph olctbe sloeldingedfestivemessid@palensied ar | y

desi rabl e b cause tlgeh rovid er.i,al with a high surface area and
gener al | y*°R \‘/Céwgaﬁfc ngfyp i it 5‘?0 I‘EI§S The fibers can be nade by a

vari gty of melfiGp PEREER % cotpatisth %}9% Of thé At esiiaBRR AhR N BlifdctiRbRee
processes. In a spunbond process ers are extruded from a pol ymer nelt

st r eam t handsytiageuresistplity qﬁam@usciengﬁbm@dm@n@ﬁccbcwdmatp‘imﬁryclmw ng, porous

15belt thereb ener al. fornln n unb b is then
passed thr oug#lg' g(gﬁoaféchéé(atcympgg I&grﬁpth?ﬁﬂﬁﬁsuﬁe?%&g?e)ra Raen %?ﬂ‘ one of the
fibers tovapdhaganificliiahe ufdensidied condudase AfitRgrity to the web. In a typical
mel t- bl omn process, fibers are extruded through fine orifices using high
velocity air dilGefpravidas asemparisqnograph @fgth@lﬁlupﬂgmg efsetiyenassaitacigasifeds| y
bon d we nt.r t cess, a nelt- 20bl own

pro gss dgﬂeré¥$§apgﬁﬁ%Pé§‘no %@ﬁ%ﬂ@n&ﬂxﬁQﬁﬁglﬁﬁe Both of these processes
are detail ed ipIGas padvidisy compatifin gaih efithe shielaing®ffotivnedasfarichsificGuper f i ne
Thernnplastlc Fi bers | ndustri al Englneerl Chem stry, vol. 48, pp. 1342
et seq. ( ggﬁkﬁﬂAﬁvwkﬁﬁ@ﬂmdm engpiagst Kﬁ?ﬁ@ck fiber by melt processing,
including in the processes descrlbed |nned|ately above may be enployed in
maki ng a suitabl e nonwoven 25material. Useful, generally preferred
exenplary polyneric materials include polyesters such as pol yet hyl ene

terepht hal ate; pol yal kyl enes such as pol yet hyl ene or pol ypropyl ene;

pol Y des such DISTAUIER TESGRIELIQN o BREXERRED FMBORIMESTSs . Al 5o
useful are slightly elastomeric materials including olefinic elastoneric
material s such as sone et hyl ene/ propyl ene or ethyl ene/ propyl ene/ di ene

el astoneric conmlcpn&mivaaﬂictetsImétheaﬁeftnltiyhea:ixtaincaximbiﬁe&ceresmmmagemﬂw ene

vinyl acet at es The vvove onvvogen core §I’I al._is densified
prior to 1ad¢ QfgaenpeYeR eToMoveRd; rt“h iCANQYrEYe é?’lcieé dditigpallyyroniain,aht i on.

Densi fi caleQfivd SAGHT of & 188 of¥ Q€D ABNetMAIF RofdiRtive material. The

20 electromagnetically conductive material may include one or more electromagnetically

conductive organic or inorganic particulate materials, including metals such as copper or
nickel, or organic particulates such as carbon black. The fabric, which preferably is made
in a flexible sheet-like form, may optionally include an adhesive on one or more of its
surfaces. The adhesive may include an additional amount of one or more
25 electromagnetically conductive materials. The article may include a seal coat opposite the
surface or side on which an adhesive layer is placed. Alternatively, the article may include
a seal coat applied to each side of the densified fabric. The article may also include a
release layer or liner adjacent the adhesive.
The densified core materials of the invention can include any woven or nonwoven
30 fabric or fabric-like material that includes a degree of interstitial separation or space within
the fibers or threads making up the fabric-like material. Although webs or sheets of

natural or synthetic woven fibers or threads are useful in the articles of the invention
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interstitial area or space in the woven or nonwoven material is reduced by
the application of pressure, or by the application or renoval of heat, or
by both twe 2a@u3swati on of pressure and the applicati onpon/usesmmaisiof heat,
or by any other nmethod of reducing interstices in the woven or nonwoven
material. Densification may be accorrpl i shed, for exanple, by 5standard

calenderln rocesses. whereb e core.material is ssed t hrough
a pair or® “E’é‘?rf pategpl Sr"f}ﬁlg@{‘é @H\Qeﬂreg‘i’@ H’é?ﬂ‘sﬁﬂﬁ@?“ﬁ?@%‘é"lﬁ"é ‘%h“@q %é | er may
be eitherpheaiggeor cooled. The core material may al so be pressed by the

application of heated or cooled plates such as with the use of a Flatten
Press. Densi fiEJhd:rishawm@ndanmdriOé‘abmtlﬁamlbenemrm)mid@s and particubanky sor nore of

sever al S | u . b fne_ or he .fo n uction in
The ¢ hi ckled jerqlitstS teTiops it B e heabogbrLiy A st REDEhe Ul o
redugti O”mbﬂhfédu!irelé?h&?@&} hivieb-baded RdtdFihlsOThbdR fwéfﬁidtrﬁlcﬂfﬁb@rs%@ﬂ?ﬁ:ally the
surface resistivity of the core material. Irrportantlfy no absol ute

ag

t hr eshol duscdun the fetef simeawogen Wh@ thit cak e sised ndhsinayyiagiurerad abvide verietpor osity

or surfac tiv mat er i efore an after

Gensi 11 catimucBeintlitbelthes mays b rBrpio0T GRSy aFuflteg ot ease i n t he
per f or manggmadal §3iB GbIHEABAAGHIaf Blshtie® TG dRsshfids] ﬁlk:@n%al Wwiags, GofgRcalt eri al s
of the articles of the invention will generally exhibit a relative

reduct i ordraWSthepqsablprdmeer@fWIppsnaﬁr&Ssarsiethc iikeraNonwiovervesbs of fibers are

e85 e B ke B BRRES 5 B b o PR RS 15 0ol

construct@ﬂeraﬂpha&éwhlgnueg}besf (ﬁomyhl bit the same or even 20i nproved
el ectromagneti c radi ati on shielding pro ertl es corrpared with articles

construct ed of Thedihesretasibrineade bytastariglysof melt procasgesnimng Udfngé)b’al?ﬁﬁ’l"\@ a typical

t hi ckness_of, t v n CR ut 1 to
about 10 Sl%uflbonﬁoeape e?{[;?lgalfl{ﬁ?&%?\é% é’gguﬁl @%{lﬂ)@%ss ner%ﬁ Qil(}ﬂé(?)dge?(r‘)lldl ng on
t he mat erpoaymetpeesirdadr thidugh wilple Bank3ATEPIVIAECR @hﬁb, a iabﬁlly:ﬁhlb%n\gl pdrote

250al endered pressed or_ otherw se processed. (i densified) to reduce

i ts18 hi ckhréishernly eanstally formiag an upandedtvebndhis uab@@dézmbys theg FRSBOUt 25 to
60 perceny, ? ?Rdeggﬁglctay}g ? ’them Rine %a%?l?ds sbin¥ o?F}}etﬂgersCf&r jace) Cfr i al

(and/or an a erl a enera

Typi cal | Yﬁbeﬁr.h@déprbwﬂwm&ghtyl totthe wéb th@t\yopmelnndt-bmmues&s dibess arat er i al
nmeasured al ong a pl ane dissecting the material through its snall est

cr oss- sectiigfed thagiehfisg orifigesysing gh Melogitseait afenppfign %Q)alrot@tngg $EBIPN,
Pt o S T b R 0o 5 0,008 UG RFS EBp0, o ot
al s@0i nclblown preessrgenanby edqairts mnfigthet proedskiyg c Bothueftthase poscgsses areor
' norgani CdeE[)aél1 eEi I1r? g lvgrtieef\y g? plﬁ)hcatlosnsdI Sl?lglngq)y%ente in "Superfine Thermoplastic
Fibers," Industrial Engineering Chemistry, vol. 48, pp. 1342 et seq. (1956).
Any material capable of forming a fiber by melt processing, including in the
processes described immediately above may be employed in making a suitable nonwoven
25 material. Useful, generally preferred exemplary polymeric materials include polyesters
such as polyethylene terephthalate; polyalkylenes such as polyethylene or polypropylene;
polyamides such as nylon 6; polystyrenes; and polyarylsulfones. Also useful are slightly
elastomeric materials including olefinic elastomeric materials such as some
ethylene/propylene or ethylene/propylene/diene elastomeric copolymers and other
30 ethylenic copolymers such as ethylene vinyl acetates.

The woven or nonwoven core material is densified prior to its incorporation into

the finished articles of the invention. Densification refers to any process by which the
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wi thin the densified core woven or nonwoven material. Useful

el ectromagnetically conductive particul ates include: noble netals;

non- nobl ewoeb@/s3smobl e net al - pl at ed nobl e 5or non- nobl ecmaisadesj07150n- Nobl e
net al - pl ated nobl e or non-noble netals; noble or non- noble netal plated
non-netal s; conductive non-netal s; conductive polyners; and m xtures

thereof More particularly, the conductive parti.cul ates i ncl ude. nobl e
motals sUBKIGRLEFAOT Shr b Sodet SRS Ralsr Hetdeed BY g MRetibeRer
copper, téffhreshrdMbrBithe apslicali&KS! remdOR oF hERt & byPbth B Apphtfiodlof PREsIODLI e
metal s such as silver-plated copper, nickel, | "0alum num tin, or gold;
non- nobl eandghaappbicatiandorienpeal i Heaiorr-hyainy @thes methpdafeeduamgriniekséices ipl at ed
copper or,silver; noble or non:nqbl t al ated non; al s such, as silver
or i ckel tB MY B pEiaffaL Bl fimad s AEcolBt IR ST SaBPE DS T ca
condgict i veardari®ilchlderisgeiocéSesCaliddely Divals kf Bk ceRMmbaeridl iPpdsiedCBilidh i ve

pol yners such as pol yacetyl ene, Bolyaniline, pol ypyrrol e, polythiophene,

pol y sul fRaimgrtarseries ofgellers puhigheany heldanderpmessing( Jihe mglles mayhgl sitherdyeated or

hove” non B edndtheRie il P EpthSie by BeBburefol bialebSoBlasy Soni it

conduct i vﬂ,laﬁes tikhek esthrihérag@ndta lMatteadtradsi on across a w de frequency spectrum
Because of their relative abundance, specific preferred nmetals include

si | ver, ni ckelDensificatioip oncesrhiavedmaebe ¢vidansed 1napyipne o Bwore ofrigyerat i cal |y
. i . . . . -
g ? ngyct i V\%?ﬁg%lr%@'d%bg%{ng l’Hr g}o‘ﬂé &f t?x]:: f&?o‘%%ﬁ%f‘!é f&ldﬁéﬁ?zi’nelﬁgtg@g{wngﬂ dJifhd N woven

nonwove y coating or or chemcally) an

ef f ect i veariciountinGkasehie tiealedsiot dfitke amickl & adducidrointaivepeeraebilim] £fedattionThe
conductive material may be applied to the core naterjal before or after
densi fi cafiPSFRSItARy2 Shanga in e sudprgaesistiaty phths Goa¢ mateyiab dmpepreedot hat
provi des I i I r t0i t wll
necessari ﬁgl@gertéﬁg%(ggg%e ('? ﬁélg g %&g‘%lﬂ%{kggﬁ g%g%’ﬁ%epga Iﬂ‘;}p’cl(?)or{%ﬁ} ve

mat eri al anfdcorsistiatyaglthe cat nciteriats bdfivre and hfteradehsi€ication IBecheeelnpl oyed.

Wher e the chosen el_%%trorragn,eti cal |y conductive terial is l? met al ,
exempl ar yINEFMON PRV adelatifeingisesh inithe paTEoTRgRes qhstestrmperetisaliange from 5 to

100 gi nﬂ’cofnﬁl%ﬂv%g{t&:? séi&e%ﬁ%teﬁaﬁ i 20id&R O?ere%o&ﬁoﬁ%n%ee&s%}fﬁé%ﬁ%ﬁpf the

invention can In e an adhesive [ayer on at [east a portion
exteri or seidtiae eecdnttidrig oneve mone oficnuossesectimmabthivkness] aik pennchbiigr,. \Where the

core material. is in the formof a substantjall i at b or eet, an
adhesi ve ROAQBY "ééwa‘lf@ TRSHVAY Or 8] Ingfeape Uglfs C!f“ﬁ@?/ Qf;eéﬁe%?mﬁ noﬁ.nﬁ ESf t he
top and . i ; : l?e’q%h% r this
pur pose, @hﬁaﬁ%yﬁ%ﬁ)‘%ﬁﬁ’ @g%@g@g@%ﬁg ﬁith ﬁgicgﬁﬁgg?&\l}gﬁ&m I )é)?g\r’l%gen to be
conpat i bliepnéted eldoromagrstic asdatomt shiaMing prapheica compdred withlartidesadher ed.

Generally, when the articl.es are to be used for the protection of
el ect r oni ©™® WrgngéeﬁSlg%%W&HF‘ ~el ectronics grade adhesive will be
sel ected. Any Woﬁ%ﬁ?&%t#ﬂ%@ﬁ&%&'ﬁ the SRV be ﬂ&m%%@ébr\é%%&érfh‘l " PSAs")

may be used, including natural or synthetic tackified rubber

r eposi t i onalvirgePSAs almut ddo ghaut 10 ash cd@SHpicalbe fiwnadbopt pites el e@engdlly, be
ccryl o~ besed achepLves.and spech el thoss serial nmnaigest 11ty
acr yki c- hagederrENR8ds¥ B0l thétnisel (28&dsdd!Ti ., densified) to reduce its thickness by about
10 to 80 percent, more preferably from about 25 to 60 percent. When so densified, the air
permeability of the core material (and/or an article made of the material) will generally be
reduced. Typically, the air permeability of the woven or nonwoven core material
measured along a plane dissecting the material through its smallest cross-sectional
30 dimension will be no greater than about 0.5 m*/min, preferably no greater than about 0.25

m*/min and more preferably no greater than about 0.2 m’/min.



10U. S. Patent No. Re 24,906 which describes a 95.4/4.5 wei ght percent

i sooctyl acrylate/acrylic acid copolyner pressure sensitive adhesive. Also
usef ul arwopbeywopkyi neri zabl e acrylic-based adhesi ves. pEhnarss@ecised
adhesi ve conposition may be applied to one or nore surfaces of the woven or
nonwoven core material by any suitable known nethod, including by solvent

or holt nelt atin r processing techni ques. 15The adhesive conposition
may al so be fgﬁ}ﬁﬂoag‘é‘:gw? Brttcg‘??toiiﬂ??g%ﬁ%’%(?? aﬁﬁr”é‘:hé‘%ee(ff’ter% MHgfetical Iy
conduct i V&ed%hﬁ::g]h&i(ﬁ}ly Whenicaededarie of her@dReskiRiats BalrdRi&Poddort@n aid in

further enhanci the shielding or protective properties of 'the article.

The el ectwithin engidgied yorgovrign or nenwiemea ma¢riabh bisefnl ¢logtramegoeticatlzt i on i nto

t he adhesiv be. t sa or di fferent om t.hat . chosen to be
oed it reohaucTRE pafichiafs S8TSed ol metfs St A e ol BR Rersd B STt
condsict i vg ﬂ&ﬁir@bie&heﬁﬂ's! hondgobieped]- Etad%bw%h%ble%&ﬁ’l@?ﬁdbﬂ%ﬁl&ﬂ ween 0
and 75 percent by wei ght of the adhesive conposition, preferably from1l0 to

50 wei ghtnobésrmetal platpd apn-mitals| condycsive goemetas; icpndustivie pelypersapnd mixuies made

out er - surt e JORANERAEE, bR e ERaBRfates B SRR %R ) Lae

ot her f ungid,eiadr, slananaithsnoble Mo@IGUEN ¥ clel Cdoppés, SR h@hiniBY, EndCHIEK&SI ONn
inhibitors or one or nore corrosion resistance additi ves. A seal or

top coat infglemgtabpleiedmableypr ben-appleineatals snchips sdvarenatediegnpes niskel he

el eghr OGNl aRLh Yo CORINER Bl AidhiGhRea TRUS SRR RIS BPEIIR 5 plcRoPr OF €Ct
the woven Of “HORWOVEIT COre materiar and Sear “or ‘he P gecure the eonducti ve
mat eri al platedcsppeher silvet; @bble o8 Boraybleaictdliptdted fidi-meRys sach bsdllet 6r Seal the
core material nay be used as a top or seal coat. One such useful material
is a vinynckshiplated erapiatesglass, eqramicssplastics.eiastampers ob sHgh cprqucyve nar vi ny|
acet at e- vj C = Vi j t may be
coat ed odr[ll%%istsﬁéeh %t(;b(ra}ebo\élygés{: rog'lta ér%,% %ﬁg?{gg esul}5 {r}gg ?%g’?gﬁfs ﬁa{bﬁsﬁ{ O\}\% aI%Pty%g%’er ally
be appl i gwhlyanilie, potppyirtols phivititibpheine ml¥ kil furitridey psty apherlyleyef i | |t he
surface voids in the core material to provide a substantially snogth
surface. Dey@Rhenylang sulfidpkained (P4 @nsé@gima}enﬁbanéawueeaﬁh%%fo)éﬁéem ¥ nul at ed

to incl u&ge@}e@q;ﬁi[ t,+ Haad V&ﬁ@??ﬁ* d%(gif-ndﬂi'ee Bfa]sRAE mPkthl 6?%9@1%%}%5&

conduct i mat eri al s. to the top coat (as en a to the
adhesi ve)exhibitcondn@ivitg s elearongietiitiratliativh ecroenheitei freguety spbdteindi ng or

protective properties of the article,_ The. el ectromagnetically conductive
Tt er i al RaauEP s e poHndancsnsRertis nreferre @e@gﬂamglﬁﬁfwlﬁ@ra igkelante or may

be di fferc%Bg%{fa'iﬁEﬂikﬁ?%gﬁé}Q&e” to be used with the densified core materi al

and/ or the hesi ve. nerally, when present, the conductive material will
be a@ided t o t h&hdé&ladhmsignetidally condiictiveitnateniel (oe enxtireasftnat&ig®msnte by wei ght

of the coathn{g Cﬁ osition, nore CIprefera%:?/ from 10 t.o Eﬁ? wei ght percent.
Any numbePPEEd LIRS BRY To O PV b e Hafer toanng OBPIaHH%E S ’Frgy be added
to one orchHaRE&IIP) ard &feclity ShSul of HRMBARKHEVS nf%.ftqrfahgntg 'tﬁ&é&r@ﬁﬁ&?ﬁi'ﬂ'ﬁ' Iy
conductive articles of the invention. Anti-oxidants, ultraviolet

st abi | i zeosdudivd haterimbmap S appliadod thet wremateyial Hedore b eftemdshsifictwnaddwd t o

t he adhesive or,.seal coat (or both) t r,ovi de ot ect.i for. the

el ectr on’&?&f?é‘??%%‘iqngu‘@gﬁ&??éérwg‘aﬁﬁbﬁe@pg(?gd&%Bfoﬁ%ﬁ&@gﬁ%nm&un% f unct i onal
addps i vesshdiaghroypaity, and@is ShBhintadilhe®RsAH¢ 08ty based on the chosen

electromagnetically conductive material and on the application to which the article will be

employed. Where the chosen electromagnetically conductive material is a metal,
exemplary application of the metal to the core material can range from 5 to 100 g/m?, from
10 to 80 g/ m” or from 20 to 50 g/m>.

30 The articles of the invention can include an adhesive layer on at least a portion of
one exterior surface of the woven or nonwoven core material or layer. Where the core

material is in the form of a substantially flat web or sheet, an adhesive layer can be placed
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The articles of the invention can be used in any application where an

el ectromagnetic shield is desired. The articles, for exanple, can be forned
i nto tapesoanes/@8esed for shielding applications rel ati pgTtus2@7@ctsnoni ¢
devices, circuits, RFID devices such as RFID tags, or other devices
benefiting fromel ectromagnetic shielding. The articles may al so be used to
contain, block or mask radiati an itted fromthe. devices or copponents

whi ch t heSP Tt BEOGS 8Lt T Ly heiRa g bBHO U e Y sellehlE e e
shi el di ngmgy Be¥heRyed 28 1S BEHbQTBANGE tER! dritom@DEHEA bV Bie @likdsRlevifibedensi fi ed
core material 25thereof should be positioned in close proxinmty to the

devi ce, sthoberdte befcompetitzerplith, theviubirate 28tormhith tearthcde wall beadhesadd pr ef er abl y

| than.5 nm f he devi B | oyi i fied
nonaoven GEFEPErR I e 719 b wed 7 R ERISHR BT SR RS reagirn
pot ent i al supeaRlcBESScs BUdPEMEETE RAl bOSclcetér Anhhbid Siberdidifoarcent r at ed

use of one or nore electromagnetically conductive materials within the
30densi f i pesshretsengitive ddiiesisgsear ISALipmap be usask inchidingmitureborsysibbie r at e

material ,, th rticl rovi.de for reater shi Kng.effectiveness per
unit vol N lﬁ?(?‘f"ﬁ?éeraﬁ%%fe@f’Sl R?@?ep?g‘égare%crﬁff'%f“ﬁg@&f 9?“‘?%@ 6t uct i on
of thi nnegilsty fRbdicrhsé@d 4dhesiess dndapedSIGIRoLEBhiumliBNAt 184st fiftTpEMR by

shi el ding properties conpared with articles that enploy nondensifiéed core
subst r at eweightearinzire acrylage fapetinabity. dPnerswetablp aenylic-based|adbesyeerie distloyedoinovi de

i nprpved r Fesy Sid V.l Jed hysical angd/or glectrical

per rrlrgabi Illﬁ’lfgl fé%@ﬁl\.l%ii,esfrzfé%i&\g}gﬁ%ﬁé}ggh?s ﬁﬁ%ﬁg@%&el %ﬁre(r)c\?ggw%?cé}?t rical conduit
properti efr@md/atilic aviddopblgmr pregdursSRabitingadtesiper NiRssefubdiee densified core
material s can provide nore consistent cross-sectional dinensions (e.g.,

t hi cknessiwopahingsizable deryliphased adhesiness iTon selected adhesine eampesitighi ey bhey nay

be attac %%g}ie(ﬁor %l‘é%ﬂﬂo QsdrfhcBO5G &%%v&p l%rm}%%g%%ghﬂa'té%l 8{5 @f&i&t?fee
material s €0 al  ows Tor Hore erficlent Use of adhesive a op coat

mat er i al sknomaaghod, atdledin®by tdlecrt behsdlt MR gosingaa|processimgieckniygesmat eri al s
wthin the densified core materials reduces corrosion and aids in the
10ptevent i on of [hstadBesiretoBnosition smayralsochesfopnulatsrl 49 condain 9HC AP ty. The
densifie f :SUS [ Lcal I d
oo o RSB R e S5 SRl bt A no s 0L A0h R0 20
addi t i vesaidimdfuptherentiencingithe shieldingegpeeteaivechtopddiidsi dfithe ZUEAWPIRS Sanpl es

Fi ve product sanpl es_were prepared f%r testing and eval yati ﬁn_as provi ded
in Tabl e cleoyemagnetieglly gonductive material chosen for incorporation into the adhesive may be

the same or may be different from that chosen to be used with the densified core material.

20 Generally, when present, the conductive material will be added to the adhesive to
constitute between 0 and 75 percent by weight of the adhesive composition, preferably
from 10 to 50 weight percent. When the electromagnetically conductive article is made in
the form of an adhesive tape, a release liner may also be applied to the outer surface of the
adhesive. The adhesive composition may also include other functional components or

25 additives such as one or more corrosion inhibitors or one or more corrosion resistance
additives.

A seal or top coating may optionally be applied to the outer surface of the
electromagnetically conductive article. This coating can be used to protect the woven or
nonwoven core material and seal or help secure the conductive material within the article.

30 Any material that may be used to seal the core material may be used as a top or seal coat.
One such useful material is a vinyl polymer and specifically a clear or substantially clear

vinyl acetate-vinyl alcohol-vinyl chloride copolymer. The seal or top coat may be coated
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Sanpl e Description 1 6.0 m | uncal endered product 2 6.0 m| uncal endered
core material 3 4 0 m| uncal endered product 4 4.0 m| cal endered product 5
4.0 m| owbeneassd4core nateri al The 6.0 m | uncacendessd’ oL e
material sanple and the 4 0 m| cal endered core material sanple (Sanple
Nos. 2 and 5 respectivel y) were prepared by plating the core material with

copper and _ni.ckel ta S, on et.h ere | ate. (PET) fabric. The
6 b7 | eI e W R sy oS Geiel, BN rnRae R bt g e eePuinp! o

and 4 0 ndyfiGaltes 88roR dutRiAaHes g @rraoélefaéesacrmi ﬁlth@@@l‘e hatéla@ vidggapectivel y)
were prepared by first plating copper and nickel netals on PET fabric. For

t hese sanqyb@tgnt(@ampjogth\ngfacel Agwith e aﬂhpes@éhq $eab¢1yt)>p coat cawalgd be adhesi ve

| oaded wi subseaguen m nated to.on e of the
perf abr 1 Eraiates T ot af 6N aBNECRE ot thegt A RREehE it

| anm pat edmhteriilbe Wieh @ ded 16 @hedlopichat (BRVhédRided to the adhesie s@haRkteriff cdn gur e 4
and Figure 5 show a conparison of two sanples: a 4 ml| cal endered core

mat eri al i ithfuglh prpmhaem@g ?]ilﬁékléldllpg erpreigetavecprapitaes afdhe/articls. hai |

uncal ende rlec?ro?n%ggrelenc fly con uctlve matenglp %osen or 1nccc)rlf>(e)rat1%}1 %tlo rﬁ% t%}ral g:oéa% Crir?aeysb

the same or may be different from that chosen to be used with the densified core material
and/or the adhesive. Generally, when present, the conductive material will be added to the

10 adhesive to constitute between 0 and 75 percent by weight of the coating composition,
more preferably from 10 to 50 weight percent.

Any number of conventional or optional additives or adjuvants may be added to
one or more of the layers or components of the electromagnetically conductive articles of
the invention. Anti-oxidants, ultraviolet stabilizers, and/or corrosion inhibitors may, for

15 example, be added to the adhesive or seal coat (or both) to provide protection for the
electromagnetically conductive articles. Other functional or nonfunctional additives or
adjuvants may similarly be added.

The articles of the invention can be used in any application where an
electromagnetic shield is desired. The articles, for example, can be formed into tapes and

20 used for shielding applications relating to electronic devices, circuits, RFID devices such
as RFID tags, or other devices benefiting from electromagnetic shielding. The articles
may also be used to contain, block or mask radiation emitted from the devices or
components which they might be used to shield. When used in the application of
shielding a device, the electromagnetically conductive article or densified core material

25 thereof should be positioned in close proximity to the device, such as, for example, within
25 mm from the device, and preferably less than 5 mm from the device.

By employing a densified woven or nonwoven core material, the articles of the
invention provide several potential advantages. By providing for a more efficient and
concentrated use of one or more electromagnetically conductive materials within the

30 densified interstitial area of the woven or nonwoven core substrate material, the articles
provide for a greater shielding effectiveness per unit volume of the article. This provides

an ability for the construction of thinner shielding articles that possess equivalent or

-10 -



10 Shiel ding Effectiveness Each of the Sanples were eval uated for

shi el ding effectiveness according to ASTM D4935-99 using a Hew ettPackardTM
8510 Net wyoko#dnsbspzer and Transverse El ectromagnetic (LEW/usedd7o7i6he graph
shown in Figure 1 shows val ues col |l ected over 15the frequency range of
100MHz to 10001\iiHz. The values shown in Table 3 and in the graph of

Figure 2 are the,average of. the individual v es collected.oyver the

fr equencyln}pziﬁ‘{geg1 nge\{‘i%ﬁﬁfelftlgs 198 Wltgﬁglcéﬁ;sgb# eg}?g%nqrﬁeﬁlﬁffi/@rﬁ shows

val ues codubegite cha®Rls. (e i @SUTIRY ink @RRA aWo ané’raf}?‘érévﬂie]iﬁ%murf;&e graph
shown in Figure 5 shows val ues coll ected over the frequency range of 0.3

MHz to 20renstvitionand reduced phresi¢ad and/pr glectrical permigabilities (igsireduced cyrrent

f | di .0 {/ASTM F43 '
P conn Jacpebcr B B, Eabi roref B i RGP el B ohetil S

syst ém Thige desifietl SoRmgateil¥\an proidb hdréc@nibtendclobPibcoral dBRerBions (e.g.,
Per neabi IitCXfg Ai r perneabi Iitg nmeasurenments were perforned on the

Sanpl es udigkgessesPRg PV Idg cpbuwedpelicsioarte sestrptes s whish ey et broatiachad: y
Tester . A RBth oA o Y oA BB >
(ft 3/ m n)effiaiegrise o adliesive 2A@ yp dal mtedals ( ERapoienom @l the electromagnetically
conductive materials within the densified core materials reduces corrosion and aids in the
10 prevention of other deleterious effects of moisture and humidity. The densified materials
are also less susceptible to physical abrasion and fraying, provide for the more effective

addition of pigments and other additives and provide a greater degree of durability.

EXAMPLES
15
Samples
Five product samples were prepared for testing and evaluation as provided in Table
1 below:
Table 1
Sample Description
1 6.0 mil uncalendered product
2 6.0 mil uncalendered core material
3 4.0 mil uncalendered product
4 4.0 mil calendered product
5 4.0 mil calendered core material
20

The 6.0 mil uncalendered core material sample and the 4.0 mil calendered core
material sample (Sample Nos. 2 and 5 respectively) were prepared by plating the core

material with copper and nickel metals on a polyethylene terephthalate (PET) fabric. The
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D anmeter (in.) 1 26.2 Sensor 1 - 0.5
2.75 3 1.3 Sensor 1 -10.00 1.0 2.7

10

15

20

25

30

0 4.0 2.75 2 33.4 Sensor 1 -0.50 4.0
54 1e
WO 2008/033594 PCT/US2007/071514

6.0 mil uncalendered product sample, 4.0 mil uncalendered product sample and 4.0 mil
calendered product sample (Sample Nos. 1, 3 and 4 respectively) were prepared by first
plating copper and nickel metals on PET fabric. For these samples (Sample Nos. 1, 3, and
4 respectively), an acrylic adhesive loaded with nickel particles was subsequently
laminated to one side of the PET fabric and a seal coat consisting of a vinyl binder and

silver was laminated to the other side of the PET fabric.

The graphs of Figure 4 and Figure 5 show a comparison of two samples: a 4 mil
calendered core material with copper and nickel plating and adhesive vs. a 6 mil

uncalendered core material with copper and nickel plating and adhesive.

Shielding Effectiveness

Each of the Samples were evaluated for shielding effectiveness according to
ASTM D4935-99 using a Hewlett-Packard™ 8510 Network Analyzer and Transverse
Electromagnetic (TEM) cell. The graph shown in Figure 1 shows values collected over
the frequency range of 100MHz to 1000MHz. The values shown in Table 3 and in the
graph of Figure 2 are the average of the individual values collected over the frequency
range of 100MHz to 1000MHz. The graph shown in Figure 4 shows values collected over
the frequency range of 0.3 MHz to 1000 MHz. The graph shown in Figure 5 shows values
collected over the frequency range of 0.3 MHz to 20 MHz.

Surface Resistivity
Surface resistivity measurements were performed on the Samples according to
ASTM F43 using a Delcom™ 717 eddy current detection system and/or a four-point

measurement system. The results are shown in Table 3 and in Figure 2.

Air Permeability
Air permeability measurements were performed on the Samples using a Frazier™
2000 Differential Pressure Air Permeability Tester. The results are shown below in Tables
2 and 3 and in Figure 2.
Table 2

-12-
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2.75 5 3.4 Sensor 1 -0.50 1.4 2.75 Taber Abrasion Each of the Sanples were
tested for taber abrasion using a Tel edyneTm Model 503 5abrasion tester was
used wi t hwOS0s/d3sdots wheels. Prior to testing, each SanpleTwasooerghed and
measured for initial resistance. The Sanpl es were wei ghed again after the
conpl eti on of 1000 and 2000 cycl es to determ ne weight | oss and neasured

for resistance—after—the—conptet+pr—of—1606,—260,—14606—310 Upﬂcééglgzvoo
cycles. The [results _arge Pehavbilit) ure 3.. 10TablieNgl §@@p| Ail r
Per meabi | i ty| SAPBIeNG) + Shidghidi ng ég gebpg (i@ dbmsyr flabeaEE stivity
(ohns/sq) 0.[076 1 (in.)

1 26.2 Sensor 1 - 0.50 4.0 2.75

2 334 Sensor 1 - 0.50 4.0 2.75

3 1.3 Sensor 1 - 10.00 1.0 2.75

4 less than 0.1 Sensor 1 - 10.00 1.0 2.75

5 34 Sensor 1 - 0.50 1.4 2.75

Taber Abrasion
Each of the Samples were tested for taber abrasion using a Teledyne™ Model 503
5 abrasion tester was used with CS-5 felt wheels. Prior to testing, each Sample was weighed
and measured for initial resistance. The Samples were weighed again after the completion
of 1000 and 2000 cycles to determine weight loss and measured for resistance after the

completion of 100, 200, 400, 1000, and 2000 cycles. The results are shown in Figure 3.

10 Table 3
Air Permeability Shielding Surface Resistivity
Sample No. (ft*/min)" Effectiveness (db) (ohms/sq)
1 26.2 69.5 0.076
2 33.4 74.6 0.038
3 13 67.1 0.055
4 0.1 72.7 0.044
5 3.4 70.3 0.046

* cubic feet of square feet of sample per minute
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.,26.2 69.5 2 33.4 74.6 0.038 3 1.3 67.1 0.055 4 0.1 72_.7 0.044 5 3.4
"703 0.046 * cubic feet of square feet of sanple per ninute

CLAIMS

We claimi:

5 1. An electromagnetically conductive article comprising a densified fabric core

materia] and at least one electromagnetically conductive material.

2. The article of claim I wherein the densified core material is a nonwoven
fabric, and wherein the nonwoven fabric comprises a thermoplastic polymeric
10 material, and wherein the thermoplastic polymeric material includes a polyester or a
polyethylene terephthalate, and wherein the densified core material is positioned

within close proximity to an RFID device.

3. The article of claim 2 wherein the nonwoven fabric is made from a melt
15 processable polymeric material selected from the group consisting of polyesters;

polyalkylenes; polyamides; polystyrenes; and polyarylsulfones.

4. The article of claim 1 wherein the densified core material comprises a
woven fabric made of a natural fiber material.
20
5. The article of claim 1 wherein the ¢lectromagnetically conductive matérial
includes one or more materials selected from the group consisting of* noble metals;
non-noble metals; noble metal-plated noble or non-noble metals; non-noble metal-
plated noble or non-noble metals; noble or non-noble metal plated non-metals;

25 conductive non-metals; and conductive polymers.

6. The artiele of claim 1 wherein the electromagnetically conductive material
includes one or more materials selected fiom the group consisting oft gold; silver:
platinum; nickel; copper; tin; aluminum; silver-plated copper, nickel, aluminum, tin, or

30 gold; nickel-plated copper or silver; silver or nickel-plated graphite, glass, ceramies,

Plastics, elastomers, or mica; carbon black or carbon fiber; polyacetjrlene,; polyaniline;
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-, CLAIM5 W claim 51.An el ectromagnetically conductive article
‘conprising a densified fabric core material and at |east. one
el ectromagnetically conductive materi al . 2. The article of claim1l
“wherein the deftsified core material is a nonwoven fabric, and
wherein the nonwoven fabric conprises a thernoplastic polyneric
10material, and wherein the thernoplastic polyneric material includes

a pol yest er opolgpypoley etlytHiehend; eolypiifunairaierpoly(pdhemdene); polyifshenylene
densified core erial, i sitioned within close proximty to an

| t FI D devi ce. Smﬁ?%.”r Hﬂ%@ﬁfﬁﬁ?’@vwﬁﬁaﬁﬁ%W@@?fﬁ"fhe nonwoven
fabric is made froma nelt 15processable polyneric material selected
fromthe group consisting of polyesters; polyal kyl enes; pol yam des;
pol ystyrenes; ardd polbhasiirleef clgives wherenythe gispiromagneticallp pondugiiye material
whereiga the iy fd E%&; erial conprises a woven fabric nmade of
a nat u?al fi g%?ﬂ?r{ftcgg?eg%ﬁ& b 5. The article of claim1 wherein the
el ectromagnetically conductive material includes one or nore
material s selected fromt.he group.consisti -y nobl tals:
non-nobl & et al B - noBReEEar et SeRiste A ted ePR dufte safpdered o
non- nobl e nmetgksspd.at ed nobl e or non-noble netals; noble or non-noble
netal plated non-netals; 25conductive non-netals; and conductive

pol ymers. 6. The article of claim1l wherein the

el ect ygragneti cgl |y eRNAMEILILY B2 ART BirkiR} cd S B heliPE Gisposed on at
mat er ?gl s sel ec?'ed f?gmgpﬁeogr oup consl cstnlﬁi&%siﬁ%f : a%gl d; gl I vqrsl?osc ona
pl ati num ni clsst a poiopef at ledshonessurfagernfle asli¢le.and phategdhe aghssive contains
ni ckel , alum nulfr'Ql tin, or 30gold; nickel-plated copper or silver;
silver or ni cR&plated graphite, glass, ceranics, plastics,

el astoners, or mca; carbon black or carbon fiber; polyacetyl ene;

pol yaniline; pol ypyn-oleg' pol yt.hi ophene;, pol.ysul fum,tride;

pol y( p- phenyl ené?‘_; pépy; ﬁgrq@,gngwl'éllllé’&pyruag\;e egpgle comprising at?eastone layer ofa
pol y( ps pheny| gngvbdmbaB SaterR 4 180 pHrBSn 48 le8&tfone surface of which is plated

with one or more electtomagnetically conductive particulate materials.

11.  The article of claim 10 wherein the densified fabric is made from a melt
processable polymeric material selected from the group consisting of polyesters;
20 polyalkylenes; polyamides; polystyrenes; and polyarylsulfones, and wherein the

densified fabric mnaterial is positioned within close proximity to an RFID device.

12.  The article of claim 10 wherein the electromagnetically conductive material
includes one or more materials selected from the group consisting of: noble metals;
25 non-noble metals; noble metal-plated noble or non-noble metals; non-noble metal-
plated noble or non-noble metals; noble or non-noble metal plated non-metals;

conductive non-metals; and conductive polymers.

13.  The article of claim 10 wherein the electromagnetically conductive material
30 includes one or more materials selected from the group consisting of: gold; silver;
platinum; nickel; copper; tin; aluminum; silver-plated copper, nickel, aluminum, tin, or

gold; nickel-plated copper or silver; silver or nickel-plated graphite, glass, ceramics,
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. 7. The-article of claim1l wherein the el ectromagnetically conductive
‘mat erial 5includes copper and nickel. 8. The article of .claim]l
~wherein the densified core material is calendered or pressed. 109. The
varticle of claiml further conprising a | ayer of adhesive di sposed on
at |east a portion of at |east one surface of the article, and
wherein the aqgﬁsiv ontains.nic An el ectromagnetically

e ; i
conductive arPPel® ‘%’8 % h e oA 26K,k cRrgoR Fbgsy P@Y%H&agsim@whne;
fabric materigdly@troles dsk fid; @R s Qfundi ’eégg.- . i£h
is plated w t%} one oe;?@rmyrﬂgolglleecltp.r@]grm nefr%dga |y@?3§‘é’3ﬁe?’3§fyé§‘$°%‘¥@%fat e
materials.  sufde) pReolyprpheRdensvinglens wenbmpaeethercohe dens! f i ed
fabric is made froma nelt processable polyneric material selected
fromthe group consisting of polyesters; 20poiyal kyl enes; pol yam des;
pol ystyrenes; andi pollhaayitkwf tlaine3) wherdinthesledttontdgaettans tdndedive aludral
material is positioned wi(ihjg\ﬂcl ose proximty to an RFID devi ce.

12. The arti &S CPEF A48 %0ker ei n the el ect romagnetical Iy
conductive material includes one or nore nmaterials selected fromthe
group consi sti ng of :_noble netals; 25non-noble netals; noble

metal - pl at ed nobf-e ofheaHelaebslamyid whesein fenrensified fabsic i caleptieredor nobl e
or non- nobl eoﬂfgsrs@d.s; nobl e or non-noble netal plated non-netals;
conductive non-netal s; and conductive pol ymers. 13. The article of
cl ai 00 wherein the el ectromagnetical |y conductive materi al

30i ncl udes one e t.eri.als ected framthe gr congi sti ng

of: gold; sil ve% g?iéli‘% %ﬁﬂf Qtﬁ@ﬁ’eﬁf@@%ﬁ@?@f‘?ﬁ a?aé'ﬁg?ﬁo"f%g Ve disposed o

si | ver - pl at ecit bagpeortion dfieeleast ahs!§HrALEDT thé ArticlR! aPOEbreil iels8hesRleat €d

copper or silver; silver or nickel-plated gr aphi te, glass, ceramcs,

plastics, el &SP@WEACkelsr nica: carbon, black or carbon fiber;

pol yacetyl ene; polyaniline; polypyrrole; polythiophene;

pol ysul fum tride; poly(p-phenylene); poly(phenylene sulfide) or

pol y(¥- phenyl enk¥i nyz?:@dg?’t,ronaﬁmf:ﬁﬁauy conductivieartiodd confitribinfrae leastion€ lageraff a

L 10 aanerolh i uPehd § TBRRE L GRlchYs GRS LParTBR o A
is plated with one or more electromagnetically conductive materials.

18.  An electromagnetically conductive article comprising a fabric plated with
20 at least one electromagnetically conductive material wherein the air perineability of the
fabric as measured along a plane dissecting the fabric through its smallest width is no

greater than about 0.5 m>/min.
19.  The arficle of claim 18 wherein the air permeability of the fabric as
25 measured along a plane dissecting the fabric through its smallest width is no greater
than about 0.25 m*/min.
20.  The article of claim 18 wherein the air permeability of the fabric as

measured along a plane dissecting the fabric through its smallest width is no greater
30 than about 0.2 m’*/min.

21, A method of making an electromagnetically conductive article comprising;

~-16-



. 15. The article of claim 10 wherein the densified fabric is
cal endered or pressed. 10 16. The article a claim 10 further
conprising a | ayer of adhesive disposed on at |east a portion of at

" | east one surface of the article, and wherein the adhesi ve contains

ni ckel . 1517. An el ectromagnetically conductive article conprising at
| east one |ayer of a fabric material at Ieast a portion of which is
cal endered and at depsifinga fabri¢iiapd of which is plated with one or nore

el ectromagneti cal | .y .c ugti.ve.materials. 18., An . .

ol oot romagnet i cal BPERHR b BudBbe troBbed slesrompanetediy Shrdugtiys mpteres.
wi th 20at | east one el ectromagnetically conductive material wherein
the air perneabi]ity_of the fabric_ as neasured . along a pl an )

di ssecting the £4br i The Wﬁﬁ%oﬁlﬁ%‘%‘ﬂ%@f%d&f‘ﬁ&@ m%@%a&nd@rﬁxgnand
about 8.5 nB/{hdiein Wk elebiBmBEAtEAS &:‘hdﬁdtigé ﬁﬁ}at%ﬁaié‘ikﬁﬂ- @e%obﬁh‘? aRd hickel, and

perneability of the fabric as 25reasured along a pl ane di ssecting the
fabri c t hr oughirthersompriting positivningthe fabrio withimalase praxamityisr RO vice.
nB/ m n. 20. The article of claim18 wherein the air
perneability of the fabric as neasured al ong a pl ane dissecting the
fabric through its smallest width is no greater 30t han about 0.2
n8/mn. 21. A nmethod of naking an el ectromagnetically conductive
article conprising: densifying a fabric; and plating the fabric with
one or nore electromagnetically conductive materials. 22. The net hod.
of claim 21 wherein the densifying conprises cal endering, and wherein
the el ectronagnetically conductive materials include copper and

ni ckel, and further conprising positioning the fabric within close
proximty to an RFID devi ce.
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