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mat substantially surrounded by a fiber—coat and a polymeric carrier
carrier material, The fiber-coat may be sprayed onto the mat or, as

typrcatty ustng—am—etectricatty

A shaped article having EMI shielding properties, having been shaped by thermoforming of a planar sheet, and having a shape
requiring the planar sheet to exhibit a stretch ratio of at least 300 %, and up to 500 %. The article consists essentially of a fibrous metal

for support of the mat. The fiber mat may also be embedded into the
a themnoplastic material, may be forced together with the metal fiber

mat to surround it, and such procedure may take place before or after attachment to the carrier material,




30 are required in many applications.

-1- "W099/29492 For exanple U.S. Patent No. 3,272,292, PCIUSe$/32921
di-scl gsest a non-woven unitary netallic sheet which is fabricated by.
extrudi ng-a nolten stream METAR FIBERMATRPOLYMERICOMPOSITEt NnOSpher e
which reacts to forma stabilizing filmabout the peri phery of the
-metal stream The spun netal filanments are allowed to solidify, and 5 ~
then coll ected as a nonwoven fi br kTR o-fﬂl%lq@e?mﬁaﬂf filaments is then

conpr essed into a sheet-1ike ard grven strength by binding akl
or selected adjacent fibers t 0g8idido6£ the Invention U. S. Patent No.
4, 689, 089 (Gaughan) discloses an EM_ shiel di ng sheet conprisin

a
| ayer of nonwoven r elkis gventen providesimppad nonppeiengnass pfapedonaly Ofﬂélitag, low

whi skers or fibers. formed.from a ducti netal or netal all gy. al, |l ayer
oot on 8 o ERHAS sl B et iof e o Sheoted aadpartibs i pardd

"U.S. Patent No.mgmﬁg,ﬁ R8Pcomposjtesthi ch provides a stanpable EM shi el di ng
sheet. Another sta agl e EM shi el di ng construction appears in U S
Patent No. 4,678,699 (Kritchevsky et al). This patent not es that,

"The shielding |ayer nust be abl e Descriptiontofitie Re¢lated ire| di ng ef f ecti veness
15 upon stanping." Sugh a_statenent ref] e&;?ﬁkt he fact .that stanpin

processes tend to A VaugyHf GOMPeSigs RSAIpINgG wgetal, aeToRaterigg
which. in th " ohi ol di. > e ! .
~waich, 1n the C?ﬁ’?ﬁﬁ‘%ﬁe E%éaxﬂﬁ:%an;? é}r;.frsx.gcgapphcatxons.r %%H{pg%éégpr}ﬁmﬁ/gﬁlélg&e &%ﬂﬂg@g

effectiveness o one nethod for
form ng shaped fokn oficostinmliongsiter, perforaed shddi, snesh, woveh érsemgr HoRoheWEnG@Ibs Wa s
devel oped in the netal indust rciﬁf or formng thin nmetal 20 objects. It

‘i nvol ves rapi d, ofxendorlyidisiibyedifbersisSiapladyc pelymer sruckershegmbiaed wh ke t o

Shoets may Ve iR AR s ugg RN Prds BeSie BEF BT RGRrHE
‘metal shi el di ngod @yteWoveR TaRdrs with random e ARkrttion N Ohe iBpoHERAS uddor #Aodul us of
the plastic, allowing it to flow while the netal shi el di ng conposite

responds to t hemistalfpolymes semposits irgsiarshicld fay slegfromagnetic angradip guengyr ess.

"The speed of,. this pracess demands hi.gh | evel s of ducti.li,ty for the t al
and P IS wava%. esmte erence caused%y suc wavesom egctromc dexXces 15 commorrx]j?'

referred to as electromagnetic interference (EMI) or radio frequency interference
(RFI), hereinafter jointly referred to as EMI. EMI shielding is often placed around an
EMII source to prevent it from radiating EMI and interfering with surrounding devices.
Also, the devices themselves may be provided with EMI shielding in an effort to

20  shield the device from incoming electromagnetic radiation.

Effective EMI shielding requires the formation of a2 uniform conductive
enclosure around the EMI-sensitive or EMI-emitting device. A shielding léyer,
associated with the conductive enclosure, may be in the form of a continuous layer or
a discontinuous grid, such as a metal mesh. Any enclosure formation process that

25  significantly increases the maximum void dimension in the shielding layer, sometimes
called the “slot effect”, could canse faulty EMI shielding performance of the shielding
material.

Previous disclosures reveal ways of producing and shaping sheet material that
has EMI shielding capability, typically using an electrically conducting layer, which

30  are required in many applications.
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hlgh plasticity for the remainder of the conposite, to absorb the applied

force vm'ttWBt 00492 TUPLUrE. This nethod, applied to sheet #E&bﬁ@daﬂ ﬁi)rrpound
(SMC), providés aut onoti ve body panel s and busi ness nachi ne F[O_U§i ngs

using reinforced [ ' . LS OR-\Wav en |.ass=-fi ber-- -

rei nforcing Iayerr‘l,g? a’g#lgLnUﬁ -Pcaéeﬁ‘?%?235282’6(”@%"#@3@?‘59%“3%% rvgovfegr EM

shi el di ng, hetskytaellioeheetmibichis Fbsichted by RxaadiAL A YeSliehstrealifoma SMC is a
flat sheet prior to formng i-n conpression dies of high tonnage presses.

- 2- metalljp mel into 4srabpesphereswhichirgactstie forsea stabifiking fidmsibopt the
relatively shal] ow gshapes. ndi tion ed for sharp, draws.. e.q.

mul tiple ri B #%P?Hﬁw%aﬁr&a@ngﬁsa%mfa}ﬁ nts are aﬁ%"&@’emrsf’ﬁ%ﬁhémgf the
shi el di ng | 3§/ coMREted 86lH bhWEVenfitrblls MiNsE TRk MhsP6F ARAERRGSthen compressed As
a substitute for stanping, the use of thernoformng or injection nolding 5
may be consiivterassheetililerfonhandigieggn strength bydiading all or $dbertql ljemant fibevent i on,
conpri ses eating a sheet and formng it into a desired shape. The
process i ncl® Theating a t her nopl astic conposite sheet above its
sof t eni ng poi nt, e ' s oo (& - Vi3 o defl ect

t he sheet towardsr't]'t% hgatgraer aié‘gé of a(?g‘fl% uﬁ? ?PFOF Sems%hégéhl%ig@gté gg EI[;the

shape of t heompridingu laper@f nbipwovenaeinfsigingtiitersshisich syplofts alayleh6f meli r ed
shape allowi ng 10 renoval fraomthe npld. Eur opean patent EP
529801, l8omiskeraaxiibpreipriged fronheduaiile metal appiciat alloyo Metal layer fgrmationses EM

mat ot 1 eastopgien i B BasdbRLs 2ot Bty P! et Pulenlo SRR ML et <
provi de whiEﬁ/Proizliue@Ia@'tmam 0 SiGERIthgMebtS Aotiter sagpABle ¥MEiQkmgCt ur e

Successful use of these 15  add-on sheets requires that they possess or
devel op por ocxnstyuctiosappe¢ass indf Sr RatentiNo. 4,678,699(Kirscttevshiyt ¢t at)h Thispatend or mabl e

NG T ——
possi bl & 5f orydopdiatidingb §dc§%rs§atérﬁex{{%ﬁec?s”tﬂe AP E&aﬁigiriixg{préée&@éé fend¥yCh as

during stretchihg and shaping, wth resulting rusions or "bunps”
of netal at dibmpphHbnons nétwdtks, breakiag Hte fivers Which, indhe cade of EMIyshildieg,t EM

shielding efficiency due.tq.increased si of voids in the shielding
Cayer, afterpHisihaPeRkhgtine iieaiyerestof femstal YRS may
Stamping is one method for forming shaped EMI shielding structures. This

forming technology was developed in the metal industry for forming thin metal

20  objects. It involves rapid, almost instantaneous application of mechanical force to
distort a sheet into a shaped object. Stampable plastic/metal composite sheets may

require heating, to soften the plastic surrounding the metal shielding layer, prior to

stamping. This reduces the modulus of the plastic, allowing it to flow while the metal

shielding composite responds to the high pressure, shaping force of the stamping

25  press. - The speed of this process demands high levels of ductility for the metal and
high plasticity for the remainder of the composite, to absorb the applied force without
rupture. This method, applied to sheet molding compound (SMC), provides
automotive body panels and business machine housings using reinforced material
comprising a non-woven, glass-fiber reinforcing layer, and a mat containing

30  conductive fibers for EMI shielding, held together with a resin such as polyester. The

SMC is a flat sheet prior to forming in compression dies of high tonnage presses.
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formas conductive projections fromthe surface of the shielding |ayers in
el ectroni c ~ wO992e¢a3si ngs. Such projections cause potential ACTAINIB/EERI
shorting problenms if they cantact circuit elenments or mcrodevices in
the restrict edviafesiabproperties imitshogsealf SMOd Himple, relativelt shaliow shapekages. Al so
bunmps may adversely affect injected resin flow when the shi el di ng

-

h
conposite is apondiliensiusedforishirp draves, e gomyitiplp rib formation in the shaged, pangl, may
alternative so|lution ayg heen,. at t ad 1 DF Q) .effect | ess
of conductive ?%%B%?Pﬁgg 85%%&6 If'%lltaﬁ‘ir’}pr?&s rﬁ%@“#tﬁ?@l‘ﬁghﬁiqm%ﬁ %rgosr#g Wwel ds or
si ntered bondas hehweiafte fiStantpes, $he 5B bOHREmM SoAfiing of Mje@RRIIEInE t Y,
but reduces overall 30 flexibility and extensibility of the wel ded mat.
Conposi t e rfet ainay bb eodsidergdrerheghefetrning, as it relases taithe prgseptiinivention; coreprisest al
mat s cannot be, t her nof or med_wi t hout breaki man ] .
"5 ek A Shect 5B STRUREL NG & Qooti e e BERCRERCIpiES heRBRE S or
both, thus dr ' : . | | ' [ . | gher
streich rati os ERLoAs compatiELaBobe s &g AR dihePlic i O

Wth the incregsvdtgumse deflectheabest towdrlid thestfhdeiof @ nidle ahtilaheé siseet alopete
exists 5 for inproved materials for shaping into EM shielding housjings
that reliably ptapee€the mold sanfacet Upancopling thgsheet sets iroths required shape gpwing

shi el di ng ructures.rely u t he use of nol dabl e conposites with
ability tofé et §%°V§ﬁﬁ'3ﬁn&?{%6’%gd;pabi lities even when conpl ex “shapes
demand | ocal i zed el ghgpbarPphtétt EPO29801 YomMtbndy £813H¢d WRA tHeSinRAIbPli&ties] NY
conposite structures of the invention conprising a thernoplastic sheet of
carrier 10  mdiseloses EMUghieldingnafdaor sheets, aimprizingeatrier diatarial with ednetaldiber
melting nmetal fibers ed a%ai nst fiber ruq%éure and foryation

of bunps duri n§atatlsash Bmﬂﬁnﬁ’s’r%‘;ﬁ!%‘idéé mythe Carrier pgtefial, 0 shests proyideot a

t hernopl astic . ' ' | '

i mproved EM smﬁyégﬁi%n%er % ?ﬁ%ﬁ’ggggﬁé ﬁnﬁf}ﬁ?%?ﬁ?dngﬂ‘?ﬂ%&?%é’asrsfiw Q%%Dgﬁ%t en
met al strabfls ddd-onghdebarequitessien thaypossegodbndeveiop perosity aheimn thenhofohrmed in
conposite sheet. umrary of the

15, LD .
| nventi on contact with thg thegmatosmable gybstratediank te Whithsthey wereserlied
t her mof or mabl e pl anﬁepéﬁ(ﬁﬁ’é; S melting point of the metal fibers in the EMI shielding layer,

it is possible for individual fibers to melt and rupture under stress, such as during

stretching and shaping, with resulting protrusions or “bumps” of metal at the point of

20  separation. This can adversely affect EMI shielding efficiency due to increased size
of voids in the shielding layer, after thermoforming. In addition, metal bumps may
form as conductive projections from the surface of the shielding layers in electronic
housings. Such projections cause potential electrical shorting problems if they contact
circuit elements or microdevices in the restricted space usually associated with

25  electronic packages. Also bumps may adversely affect injected resin flow when the
shielding composite is an insert for injection molding.

Several alternative solutions have been attempted to improve the effectiveness
of conductive fiber based EMI shielding. The formation of pressure welds or sintered
bonds between the fibers improves electrical conductivity, but reduces overall

30 flexibility and extensibility of the welded mat. Composite metal-fiber/polymer sheets

containing such sintered metal mats cannot be thermoformed without breaking many

3-



conbi ni ng a non-porous carrier sheet with a mat or grid of random,y
oriented, lyayognog9z Nelting netal fibers. The netal fibers ®cens9sr2921
.substantially surrounded by a thernoplastic coating material, Whl ch
may be Coat ege fieiffers' herfiiol ! b LBAA AT the il er BEthAnol kSficg0 L0 the
non- por ous sheet. The i1-nvention further provides a”shaped
articl e havi regluéing tisdshidldinggroperties aptheirglier ssetch sation golnamnlysiequies iny -

t her nof or m nﬂFOf pl‘gnar sheet, and having a shape requiring the
pl anar sheet Hn@éﬁ‘inﬁ PadS-stretch ratio of at |east 300% The article.
consi sts essenti akdw AL :f..Ll E@%é UDSLA0L | : H{F%q by a
fi ber-coat and ZSIWM}A&S(% f%r%sg}l{ cgﬁéﬁlc%?%%g%lﬁp ég@!:tﬁne@%? 8 e&¥i ber

mat may a$ sofardmprded deseridlé for shaping inf€EM Ishiekling/Bdirgs ithat TélRbly fretecc oat
may be sprayed onto the mat or, as a thernoplastic material, may be

forced toget Rigetrowie packages. i Methads iocshape BMH shislding stenghures rely unea thejuse o
brocedur e MRy, kS ShasSiR R Aot B il AP RIBMPLIE FRE S ene 11 ng
poi nt of the shRedlethhitElotalizd Rfbngh®NESE 30025D084) erﬁ@&&ﬂiﬁ&gisg)r%?g;?lé u@A@gel ther

t he non-porous 'sheet material or "the fiber- coat mat :
t her nof or nmi ngompositerstiotuess, of theinvers nsiomprisingta therswiplastie shefet bfcarderat
- 4- material is higher than the viscqgsity of the |ten nmetal of
the metaldfi mer@ﬁ§@po,ggxqgarayer@{; Mtdés“@u"?‘ﬁ oy %‘ﬁ?‘@m}rg\?‘irs or soften
at tenperat urgs: : SR regnki ' EM
shi el di ng shgg‘t%ﬂiazgﬁﬁgﬁlgmﬁfor \t/%rg and pgéﬁgﬂnlgnng%%&%grt | c@%g}’ :ﬁ%a\r;%gﬁa
formed into destingifivercedtingpsf atheingplastietpplymeti Mdnipositsiteets off thedhveansionp t o
500% .. . The resulti _n?_corrposi te sheet, material, may itself be
t her nof or ned Psevideimpraved EMI shielding-perfarmanee byomaintaining the inteeritpfpolisad
structure wh | ace e .2 ' t
nol di ng cavi ?@et%rslﬁr%;&% %‘ﬁrﬁlgs%%gfgﬁeagﬁkolﬁ&mvgg deep dra%gg &f‘?@g?ﬁlp {zlsgte\?g%tbus
enbodi ments of the invention require coating of the strands 10 of the
fibrous mstal mat. This | eads to $iiembrufakehwsiitiorassoci ated with the
i nvention including reduction or prevention of flaking of the netal fibers
during handl reseat myerinD e videsaerraposite, thermpforapbleplaear structare of
fiber ruptur . Lo ey gz t . [
separation o?c o?iﬁ)gn%%t% Sh PP Be™ {_Egé B%had mb'tF ghﬁ%%ﬂogﬁ)}; %em&ﬂ%w

melting metal fibers. The metal fibers are substantially surrounded by a thermoplastic

coating material, which may be coated prior to or after attachment of the metal fibers
20 tothe NON-porous shg?_at.
The invention further provides a shaped article having EMI shielding
" properties, having been shaped by thermoforming of a planar sheet, and having a
shape requiring the planar sheet to exhibit a stretch ratio of at least 300%. The article
consists essentially of a fibrous metal mat substantially surrounded by a fiber-coat and
25  apolymeric carrier for support of the mat. The fiber mat may also be embedded into
the carrier material. The fiber-coat may be sprayed onto the mat or, as a thermoplastic
material, may be forced together with the fibrous metal mat to surround it, and such
procedure may take place before or after attachment to the carrier material.
In preferred thermoformable structures, the melting point of the metal fibers is
30  lower than the softening points of either the non-porous sheet material or the fiber-
coat material. At thermoforming temperatures, the viscosity of the softened fiber-coat

4-



di sruption of the fibrous netal mat neans inproved retention of EM

shi el di ng f oWOM8/2949%8onposite sheets of the invention. PCT/US98/2%921 s ed
herei.n, there ternms have the follow ng neanings. 1. The-
terns "fiber - anatetialdnHighés that the oistositofithe melten mytabofthonstah Sbergeid. All
herein to refer to that coating _or nmaterial which substantjally surrounds
the metal mat components,pfithe gpmpositeamsl grsaftemat temperatuees lowerdhaptiet o 1 edute

i sl acerent . @perayee of hermfotorming "od ETHERY SecARRIG BAR 2 | aver

which is attac _ varr ous nmeans, i means, “heat
attachment, adjeeRinencd] pAAONERN when fobifled inkSdeep-drawn Sl Wit Pbékets FRivingnd
fiber-coat. The term"carrier material" is synonynous. 3.

The term " el tstugtghpatiostup taS$08¥pl i ed to a nmetal means that point at

whi ch the netal begyns tq.becone nolten, i..e., the |1 onset. ,The t al
not 25 conpl etel %wFf\ggn%@nmﬂsge WFW?"‘CHEI thay itself be IO °“ne4’ﬁémtag$ﬁ1
“sof teni ng poifitis Rk st i | € oY BT
begins to chan%em%eggﬁlgofro%%ﬁ%“%gﬁhl%%?cﬁ%%%ﬁa#? ?ssa%gr%ar ul T’y

l'i quefi ed. pre-form, into th&moldingldawity prior foxksih irdédtient " refers to the
phenonenon that the rrEunt of .EM that passes through a gi ven void is
dependent on the Ie’?&@to thervarigs epahadiments pbtbs dnvgption AWEHRQaYAE ghthe §Bandsn ¢ he

total areaqpf &h[ﬁ% gg%oqﬁu m?#ﬁ %ﬁ-?ﬁﬁﬁaﬁiﬁ%ﬁé grﬂgfﬁw{,&té’ %Jsgcigl%ixl withthe .\ 1 er

S

-5- an a squar
di mensi ons havinWéhtion includiBg Yedhbti@SorigiéventiO@oLflaliiiCofi the thela®Eibers durin
6. A "bunp" is a protrusion fornmed fromflow ng of the netal fiber when

" nolten. The prhandlisg and esaentiabshsence; af cliivetedsetparatufe, Bffibes upstngiang metal
oL eet T ol ks o UB A T e S5 AL BBt EafH |, oo
el ectroni ¢ packg@pfen of the fibrous metal fat meafﬁ‘ﬁnﬁr@&é@ﬁeféﬁﬂ'i&{ SEMiBliakinggbr and
"metal fiber mat" are synonynous

15  composite sheets of the invention.

As used herein, there terms have the following meanings.

1. The terms “fiber-coat™ and “fiber-coat matrix” are synonymous as used
herein to refer to that coating or material which substantially surrounds the metal mat,
providing stabilization thereto, in order to reduce displacement.

20 2. The term “carrier sheet” means a layer which is attached, by various
means, including mechanical means, heat attachment, adhesive attachment or the like,
to the metal mat and fiber-coat. The term “carrier material” is synonymous.

3. The term “melting point” as applied to a metal means that point at
which the metal begins to become molten, i.e., the melt onset. The metal is not

25 completely melted at this point.

4, The term “softening point” of a polymer is that point at which the

polymer begins to change state from solid to liquid; however, it is not fully liquefied.
5. The tetm “slot effect” refers to the phenomenon that the amount of
EMI that passes through a given void is dependent on the length of the void’s longest

30 dimension and not on the total area of the void, such that a very long thin void may



and nean a mat formed fromnetal filanents. Al'l percentages,
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[ t | ndi ng._to shape. formati lng a variety of nolding
techni ques. - B B A S Pe AR Asryp B SERMIGT e, A horing
el ectrically problems SAREH S dofact With SREHY cRfeRRIE iEﬂoHé\H&f‘s i eAestiBled
conprising a low nelting netal or metal alloy, nelting ina
t enper at ur e Spargashaliynastodiated ithtetecBdficgackages. Wt hin this 20 tenperature

range, fibers in the fifJrous al mat becgme polten as required during
t her nof or mi ng  pr odessest AedFERS: dibreysppgtal mafy; apd | wgtal fiber mat” are synonymous

Unf or t unat el | ey e influence of surface tension,
Creates a te%ﬂg%?ﬁ%gﬁat%%g{%ﬁ%aﬁ%gf £I]‘hi s flow disrupts the
filamentary form ofll percentagesgepdrisiand satioghefeiitiare by lweight WaRES §edificllly néted®! t €N
metal fi Rgr is susceptible to either 25 thickening or separation, both of
whi ch cafdVgeMheswiser punps”. A thi ckened fiber may exhibit a
spheroidal "bunp" inits length with thinned sections of fiber on either

si de of the bunp. WWen §{ | QR QGCUr the nolten ends of
fiber, at the point of bk& Edﬁ?Pc?f h : fiv and produce a gap in
the Iength of the HieammagBeidintdrieeence (EMI) sHiéldink 0 cREFoGBSVIERIGAENh
shielding effectiveness of the netal fiber mat. 30  Avoidance of these
condi ti ons prib&maiosity pEcases, paaserial that hlocksithe tinteferientresignalassociated withs ent
i nvention fr lLelding .articles. . .
5 R 8VRE dhdase S e R ol Simet sopse i roiage prsentally
subst ant i18! | Viaglajitigeiéctdmagnetic waveS.NEHE&IVR fterrl} hits: MBLEMI iHA8ASgI N @ form
as simlar as possible to that of the solid

requirements while responding to shape formation using a variety of molding

CD

techniques. EMI shielding articles herein depend on the use of an electrically
conductive, randomly oriented fibrous metal mat comprising a low melting metal or
metal alloy, melting in a temperature range from 70°C to 370°C. Within this

20  temperature range, fibers in the fibrous metal mat become molten as required during
thermoforming processes related to this invention.

Unfortunately, in such molten condition, the influence of surface tension,
creates a tendency for the metal to flow. This flow disrupts the filamentary form of
the fibers. Consequently, unconstrained, a molten metal fiber is susceptible to either

25  thickening or separation, both of which can generate “bumps”. A thickened fiber may
exhibit a spheroidal “bump” in its length with thinned sections of fiber on either side
of the bump. When fiber separation occurs, the molten ends of fiber, at the point of -
rupture, will form a bump and produce a gap in the length of the fiber. Both fiber
thinning and gaps reduce EMI shielding effectiveness of the metal fiber mat.

30  Avoidance of these conditions provides the improvement that distinguishes the

present invention from other EMI shielding articles.
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fibers. This may be acconplished by surrounding the fibers with a
fiber-coat "woosmiezial, which linmits the ability of the fi bRCHUSB22¥ImM
bunps, anél gaps. As the fiber- 5 coat and netal fiber mat change shape-
during ther mof or m n@ibef tiendibPeid gpAbroi@ioninfay be substaitailyl dlizfisatédigy nol t en
metal fiber and limts its flow. Suitable materials for the fiber-

coat include tn@rsmmmgsmplten mpﬂahﬁbmmm@nmsymbs anpossiblithatof dhefsolidi ng

poi nt bel ure r t he,,t her nof or m ng
process, but hﬁgﬁér thge acc ?’lsﬂﬁo‘ﬁg’? tﬂ%?g?rﬁéwﬂ %ﬁ%eﬁ§ Hetal mat.
10 Wi akeial) Qﬂulﬂi HRit8 %é&llh? opﬂié'l’ﬂ)ei%\‘to E6YRPbmps dndigap €A fGbef-hat
the fi ber-coat provi des channel s or passageways t hat” nai ntai n netal

fibers in f5l acesttand ynetal fiber mat changs é.}mperﬂdxrmg'therm;xfomgng,hhs fiodrevont mafrix
dopendi ng. on. : REDTHFES e Rstiep et iber &0 Imiieit Bpw. Pifavle tuatenals g Hogr-

ot . d 15
witn the mat of PAIRAE hEnkRAbE mBLARhiE oSS RhicRRE } RS O

pod

until s ulpslosnthe mgmstqaﬁpéradre r&&xem ﬂ@dhdrﬁommmo&ss thabhigh&ah@psi t e
sheet s i ncl udes heati n %ﬁt he carrier material to a softened condition
and | am nating thmchmsmmcﬁ fibequs metal matoget her. Al ternatively, the

i ber- cont By such nEBRERerag Rsiout iy tsdS, iaprir EEMR BeBBRy o of 20
a liquid coat mlaﬁ%hlmﬂ@s or?%aké\gﬁlettﬂﬁ n?é?ﬁﬁiﬁq?é'f?tﬁlﬁ?s\’inl?ﬂmﬁ& tayTeEh t 0 the

carrier |ayer, by nean sive, or o orcing the layers
t oget her or ot heileanolteanduningathermdoming, Chann€her ImxsagGWawfonhwqd ing of the
coated netal fiber WLFéiepends upon_the thickness of t fiber- coat

and the form i RCGPRISDed bY ¥augdnetheds, Qegﬁnemgpn@lmxgsgfﬁ@ capics fnaterial.

previ ously des t | uptlon
of the 25 %Ecinﬂ |ng Pﬁyér &%@8 45 ﬁllelé{rnsg%&po&(?ﬁ?b% Blrtg&o ﬁ?dr%'rd
carrier matlerl akith ﬂ%em ofimetal fiberb bYQKlbadidlhgﬂﬁ Thll it $he Gaekieriniderdal uintiler | ayer
can be provided with a further "backing | ayer", which may be the sane
or different. substantially covere%@m@céﬁo wwm@lmmqsm shegtsdpelpdess

carrier materi

‘not linited to%eg?%ﬁhgﬁém%oat Y%nﬁi;tf’flsgﬁgneélb fi§ ?23 ersanngtr}ﬁ gne \?ﬁgﬁiﬁ?re

acet ate copol yr@%&heﬁt&lﬁéhﬁﬁ@el?%@ ﬁﬁfdﬁk infetfl Ghal nta9 M| H6RIo8ted with the
. thernopl astic polyesters, e.g PETG', available comrercially from

East nman thermoplastic fiber-coat by such mechamsms as softening of a yolid coat, spraying of

20 - aliquid coat and the like, and then the coated mat may be attached to the carrier layer,
by means of adhesive, or of forcing the layers together or other conventional means.
The extent of burying of the coated metal fiber mat depends upon the thickness of the
fiber-coat, and the form in which it is applied. Any of the composite sheets,
previously described, may be molded directly without significant disruption of the

25  EMI shielding layer, due to the non-porous nature of the carrier material. Where a
thick article is desired, the carrier layer can be provided with a further “backing
layer”, which may be the same or different.

Examples of polymeric materials useful as carrier materials, fiber-coats and

backing layers, include, but are not limited to, ethylene-butyl acrylate copolymers,

30 ethylene-vinyl acetate copolymers, ethylene-methacrylic acid copolymers;
thermoplastic polyesters, e.g., '6763 PETG", available commercially from Eastman
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Chemical, "Bynel CXA" resins, available comercially fromE. |I. duPont de

Nenour s (DWDd)Sg?,)g » DAF" 801, and "DAF 919", avail abl e comrepergksgniésiom Dow
Chem ca E?onpany pol yam des, or bl ends t hereof, acrylic adhesives,

hot mel-t h&ﬁbﬁ% B C c?d&cﬂémﬁp ROLIMBRS éomrneﬂcismeﬂd?@gep duPGiike! hy! enes,
polypropylenes graft pol yrrers and copol yners, functionalized
copol yner s, Neheirs (BuPord); "Dk 80d) arld "D AR D19", availablediohimetciatip floymbow, -

polyesters, copolyesters i nders, on r et hane di-sp rS|ons
styr ene- et hy¢R4fi #feqmeany; B&W‘@K@ Siﬂ AeEylicadhesivesohqt

(2000 1€ e HRREEANOEs, BAYAEEH By ?ﬂfé%ﬁ?%@%ﬂem §af%§8'vfé‘la' ’
desired ¥ opgslymes and cbﬁﬂyﬂa@rs funstidnatiréPeshobymbérs, mfaleit RNy diaes, dicBdictabd sane

i f desired. | ymers useful as backing | ayers include such -
pol ymers as mdnﬁedﬁpmlmnérs, pOlYeSt%tﬂOndNéﬁ@tsslﬁVKéﬂﬁéierspmlymgat e,

[ | ul d
copol yner o ngpaons yfehE e WPienc styrene cqpolyndrt ekl SOBLHENES i cn
are espec al ki hilindtBVA dcportibhs, BHARK] S, AR IEY WEAL BERALS thelS

anti oxi dants, dyes, and the I'ike in"small percentages such w || not
di sturb the ﬁber—coatedmhhc carsier metfmamnaimlkﬂlffﬁi\lb psdwide désirgd propesties imtheof t he

article. e va of ne nd nmetal alloys may be used
in EM s%et@nﬂﬁhﬂ?@lmae’ ‘b e SAmgG eaqre tal has a melti ng

temperature in the EanaR.af, 1;95 s AR b polymers AHBEIAM on Lhe

carrier polyner. avi ng the appropri ate errperaftures

must be sel ebiitadiehy stgtene gHolydacitbnate, édihlatdmstenﬂb,aetndtthehmr rier polymer will
not degrade at the thernpoform ng tenperatures required for the article.
Exanpl es of Thesezolxragry and ¢onodymers gayeadse| contain filless sueh as@lasssi t es of

a1 um 21 R R i epeciay eft iR syl SEEstves R Bl O

may be aygmeghigskidints} di ey and i tlike v ﬁﬁalﬁ‘ﬁéxﬁérﬁagﬁstsﬁcﬂhsgbﬁrndﬁﬂiswrﬁﬂm?5
points, including such nmetals as antinony, alum num copper, silver, gold,

ni ckel , eleemsallnerfoamnqerqerMhnMémgwmeé@slqﬁthem;udpt will also be able

(0,26t oot 01T 2l Q. ok et Bl PAL S BT b SREFACRN

shiel ding, coRAGbA.CA useful metall BEY émefnnrgh&npaxﬁfg 1'nQHe fhiag@ef 7090t et gh
| npact net hods such as forceable 30 stanpi ng even if "the stanping

proceeds at depsndingbrnt tbnpemr polgmer. NMietsdchavingthe approprigse afekmged met hod
enpl oys %o cl %&Bper uIers ?nrrlFst t]echci lgiyS oxgeh kilfed 1h %?e ar‘f3 sos% e&le carrier polymer will

not degrade at the thermoforming temperatures required for the article. Examples of

relatively low melting metals for use in composites of the present invention include
tin, lead, bismuth, cadmium, indium, gallium, zinc, mixtures thereof, and their alloys.
The alloy group may be augmented by alloys containing metals with higher melting
25 points, including such metals as antimony, aluminum, copper, silver, gold, nickel,
cobalt, and iron. Those skilled in the art will also be able to select other alloys to
fulfill the requisite melt temperature criterion.
Thermoforming procedures used with improved EMI shielding, composite
sheets of the invention do not include high impact methods such as forceable
30 stamping even if the stamping proceeds at elevated temperature. Instead, the

preferred method employs a clamping frame that holds the composite sheet for
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- 8- exposure to heating devices or ovens |located on either side
of the sheef WQ¥%29492 absorbing heat, sufficient to suitafIGI/EYRER! t he
conpasité sheet, and noving the frane to effect a seal bet ween t he-
sof t ened "sheet e)amdunehehmtmgrdewbesaorsiveqm lngated)bld¢1theh&deofﬂ1eabq:ﬂtl A8ei on of
vacuumtothe$& os|% into the mold until there 5
is intimte coRSIERNGHRFRHY ‘m‘ﬂ’é lyéﬁ e’% chppasite shectand mgyipgthen; -

met hod uses am%%&b’ffé@t%@eﬁ'ﬁ@ﬁ%eﬁﬂ&e%@ﬁ@%e& BbQ ol e TRbih of b safirpARSIDE 1O
use external air pressure t eet Into t

contact with t agplivatich sfvacana t@ﬁxelmﬂd) deawsAhs mrnposne shd@’émi@thalnmldmhm thered in

the exanpl e_.my be replaced by a male nold suita desi gned for
ei t her preskur i igimatgcquiactatweenghe shget and the mold ﬂyﬂéf‘% gWhHe fhinethgg uses

L oaul e 2 RSB 8187 el P B e BREC T BFEI S bamat el

netal mat and iR ﬁ@mdeﬁhtdmé ﬁ{dldiﬁnd ihtY ConPlcAGRA e xﬁélﬁ%hffa&%s%@fbré nAEGr ity

of the netal i bers which | ose EM shielding capability if they
rupture. Hovvev&re femaleanmldmlseﬂsmdhe ¢:ample may be raptaved byra maleemoldl suigablyret al
fiber, surroun ubstantially enhedded in a 15 thernoplastic
fi ber-coat sho ‘&‘F Q’E"‘ T PRESYERRL VAP EFBHd f or m bunped or br oken

flbers he neta k1 zed
A A8"T1 Dor - Oyl shibit b5 HEEBorki, PRb 0P HleoldsBRESignfil ARl

cont acts not ostrstchiedimegiiring elevatemtemptsrdmté elokgaticaeofifidaeB 0086 & 560% diyahes t hey

are fused together, to inprove th per formance of the EM _shi eId 20

Even with a coaetalgnasaad ﬂﬁ%@}%n@rertahérhimmlaqes patraingndbe infegaity elohe mstal t y
bet | f ted
A LT T e e e

as heat st aki ngnvaftlo’ e folten metal\Fbedi Mrohﬁdmfsubﬂzﬂxﬂiﬁ? éinbkdﬁéﬂ'in aAny
nmet hod may be used for electrical connection, bet ween the EM

shi el di ng~ 15y ethemeplastinGibericeat shows slmnstao tepdeney defowand forpt buseped 25
polyer Lo % P0aS RS ek he HR i S5, B AIPL Shc gl SLAK Mty
et 5 8AlGRR i o L e RAPREL  i, ln
conposi t e sheefistactfbut,las thenfitenicoatstratelestthey are fused together, to improve the

performance of the EMI shield.

20 Even with a coating over fibers of the metal mat, electrical continuity between
the EMI shielding layer and e.g., a ground plane of a printed circuit, may be
established using special connection techniques, such as heat staking and sonic
welding to access the metal layer. Any method may be used for electrical connection,
between the EMI shielding layer and associated structures, provided it displaces

25  polymer to expose bare metal fiber. As an example, heat staking temperatures are
such that polymer melting occurs allowing metal fiber, under the influence of
pressure, to penetrate and push aside the overlying polymer.

The benefits of EMI shielding composite sheets of the invention may be
extended to other applications following the discovery that the planar sheets or

30 thermoformed preforms, made therefrom, can provide EMI shielding to injection

molded articles. For this purpose, the EMI shielding structure, either in sheet form or
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extended to other applications follow ng the discovery that the planar

sheets or 3§o ohpspsof ormed preforms, made therefrom can pr%%gﬁ%gél
.shielding to injection nol ded articles. For this purpose

55, ¢ N9 ! Il Eme pletStin, xS Htin WY o prior so injecting thespolding wsipne. ol o

prior to'inj &bisproviteea yebfIEMI stiélding materialtaks ?aﬂ@ ofitiedRiection MyRed of EM
shielding material as part of the injection nolded structure.

The inventi oSyt her understood by ref erence to the follow ng
non-limting 5

Conposi te Sheet Fg)rﬁga |e§ﬁ°n is further understgg%yégfege'nc%m m&@&"ﬂ?&ﬁ”ﬁhf”@@?ﬁal ,

made acco$ di egarhples.ne fol | ow ng exanpl es, were evaluated by
thernmoformng to the same shape, under the sane shapi ng conditions. In
particular the sanples were inspected, during the 10 thernoform ng
process, for evidence of fci¥pgrmenta 5lll!u':-oa etk orimatipher s or ][ret al .

beads at fiber fr thcndt sar undesi rabl e for the
reasons i ndi cat ed%ﬁe%ﬁ?mﬁ @ng material, made according to the tr"ﬁo""mg Met al

Fi ber Mat Pr epanples,3here evaluated by theﬁﬂ%hﬁﬁiltg'te'ﬂleoganﬁ sﬂﬁ}fh Whaer 'th I1ic sheet
i nvol ves the steps of extruding a 15 ten streamtfroma netallic nelt,

di stributi ng Shamnscm@ammﬂrapgtladwtheuamlaleem iaspected, duringah¢ y ori ent ed mat
of net al rs aki care to ayoid f SIOI’I between fibers at poi nts
i nter %é ?%W“ﬁiﬂi"\‘?é?ré’ﬁ?sﬁ T ey ?%er‘?ﬁ QLR O b“‘ﬁﬁ% on metad fibers or metal NEt al
F| ber Mat A Qri.e rret al
b(ej:ads at fiber fra&ﬁ%@itesf l]?cﬂ!é c&?&fu@x da?@%c?és & ng %fqng én

fibers, fornmed as previous escril
tin/bismth epkdvmgusiy bers wei ghi ng about 650 g/ Merr] and nelting at
138[err] C.-

Metal Fiber Mat Preparation

Fabrication of a non-woven metallic sheet involves the steps of extruding a

15 molten stream from a metallic melt, distributing the stream on a planar surface as a
randomly oriented mat of metal fibers, taking care to avoid fusion between fibers at

points of intersection and thereafter allowing the metal mat to cool.

Metal Fiber Mat A

Metal fiber mat A, contains randomly oriented metal fibers, formed as

20  previously described. The fibers comprise tin/bismuth alloy fibers weighing about
650 g/M” and melting at 138°C.

Polymer Fiber Mat B
Fiber mat B, used in comparative Example 1, is 2 melt-blown, non-woven,
pblymer web formed using a 50:50 blend of ethylene vinyl acetate copolymers
25  VYNATHENE EY 902-30 (available from Quantum Chemical Corp.) and
ESCORENE 7520 (available from Exxon Chemical Co.). The resulting melt-blown
web weighs about 160g/M?. -

-10-



Pol ymer Fi ber Mat B Fi ber mat B, used in conparative Exanple 1,

is a melt- bl wopsisem- woven, pol ymer web formed using a BETBSPH of
et hyl. ene vinyl acetate copol yners 25 VYNATHENE EY 902- 30 (avail abl e.from
Quant um Chem cal Corp.) and Exathative B3@Mplealai | abl e fr om Exxon

Fggfn cal Co.). The I\yleetglu tt>cir rr]r(i:]at rzge\!vztxs_ t%l'rgg\(q] directly o\r,x\eegHég(lfeg{ Isp\9 ?;%é%‘wéf ,ggég%)er rl.
vetal Tiber Mio/ud@omBidE bl d égﬁe%i‘lr@g?rye}%ﬁa loRRIEBRpL et B

to provi de a conposite com i ber Tayer w

m crofi ber poliyyeer The compayie fwas pitected@péitlieesideby Reveiat clieets cfRilRbhdRlcase de
by several sheets of silicone release 5 paper and pressed for 5 seconds
in a platef preps asgeressedigr dsceondeinreplaten peeso pperdingrat p@@mperature ¢{J87Ca | oad

of 341-454 kg t tia jve the.netal fibers Lnto.th ol ymer |ayer.
Ml tiple | ayer‘g‘gfﬁﬁ:o@ﬁll 8&%1'%%% to&a&ag@td%{vlqéhwftgq ﬁt?ﬁ’%’é’&%&fg&’ff% IAYEFi ng
and distorti OMViultiple 1ap&Qt bf ﬂiea%éi)'@r %ﬁ%&c@ﬂ'ﬁé%e@ﬁ e tfdRs bintehifg BhA dRfirgédi ng
ef fectiveness of Subsequently her mof or med structures. 10

The resul ti ng mthrpbwhick netyradedrsely afféct ExeaFMll slieltingzeffeptivenass afisebsequdnitly
conmbi nation of an ynprotected, randomy oriented nmetal |layer with a nelt
bl own p 0 SUPSNESSs structures cannot be thernof orned, as

descri bed | ow, Qﬁﬁﬁﬁi: ' Qas nting
defl ecti onllbgf t he sri(‘)’}etreene iogneqadgte iﬁﬁ??%ﬁ’g%gﬁ ¥ g%? ?%?ﬁ%&e\?%%eﬁm or air
pressure. Therginbigatiohlbf an afppRcRE] MedsYIIriensd teld laye aithiaigelt Mot a
conti nuous sheet of 0.25 nm pol ycarbonate backing prior to the

t her nof or ni ng ReA¥Nen Wein. Parewsstriciuges cannat fhe thesmaformed as deseribed balew,
ther mof orm ng because air passes through the sheets preventing deflection of the softened sheet

during application of vacuum or air pressure. Therefore, this comparative sample was
15  combined with a continuous sheet of 0.25 mm polycarbonate backing prior to the

thermoforming operation. Inspection of the metal fiber mat after thermoforming

revealed evidence of bump formation and fiber separation because the metal fibers

were not substantially surrounded by a fiber-coat.

Example 2
20 Fiber mat A was formed directly on a surface of a sheet of 0.25 mm thick

polycarbonate (LEXAN 8010MC from GE Plastics-Structured Products). A 0.20 mm
thick film of ethylene vinyl acetate (BYNEL E 418 available from E.I. DuPont de
Nemours), extruded at 235°C over the top of the metal fibers, sealed them between
polymer layers. The resulting composite then passed through a gap of 0.50 mm

25 formed by nip rollers operating at 121°C, A silicone release cover, over the roller

contacting the BYNEL side of the composite, prevented sticking at the interface.

Example 3
A 0.64 mm thick film of ethylene viny! acetate (DUPONT ELVAX 350) was

extruded at 177 °C onto metal fiber mat A, which was supported by a silicone belt,
30 The two materials were joined by passing them through chrome plated steel nip
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reveal ed evidence of bunp formation and fiber separation because the netal

fibers ot substantially surrounded by a fiber-cqitpnsesae
.Exanmpl e 2 2v(\)10‘§9/"2§‘49i‘ Fi ber mat A was formed directly on a sur"f’ace gil a

sheet of 0. 2588, tAbBlkem x 20 0 stk TSN & < fiber

Pl astics-Struclﬁgr elg Pr g‘dﬁc(t)g . A ﬁ%ﬂm Iﬁ% é@ﬁ?c%&%&%ﬁ%ﬁ%ﬁbﬁe vi nyl

acet at e ( BYNEide Bp41® a¥@tmaddecrh sheet 6f 0.26 Duftahitk sleeet of LEXABNEDIOMG extr uded
fi bers, seal ed them between

at 235[err] C over . the p.of {he netal . [ :

pol yrre£ I ayePgl.ycqfh%nart%g‘&tﬁm?pg&%l%glaﬁﬁcst‘mﬂﬁﬁ@ g&ﬂ“@ﬁ)-oﬂyr\ cgmg@qatecylvaso. 50
mm 25 for | I | t efde].C. I licone.rel ease
cover, over ”F%ggb\rdot P%eglrlér% a%'ia?% oﬁ‘t%‘gs?ﬁa%g tgﬁg%%gﬁ%cfgﬁ@ se[cﬂ)é&)sc ﬁq’ﬁos ite,
prevent eds st resklting cainpobiee ¢onipist§i& Polycarbonate carrier base, an intermediate layer of
Exanpl e 3 A 0.64 mmthick filmof ethylene vinyl acétate

( DUPONT ELVARIIS3)50\984 a top layerofitin bisnjutht fiberysubstangadiycemiedded mto heber nat A,
whi ch was su ted by.a silicone belt. 30 The two naterials were joined
by passing tﬁg‘% eﬁg&%@v%b%% pl ated steel nip

-11- WO 99/ 29492 rollers. A 20 cmx 20 cmsanple of the
resul ting conposite was placed netal fahgiple4 Side up onto a 30 cmx 30
cm sheet of 0.26 mmthick sheet of LEXAN t MC pol ycar bonat e

(obt ai ned from GETmasheets of @trylic adhesive eociprepared ad fullowso 3V adrykc adigsive
Ceconds. | qne RiEo7sd (afiele Bou S Srasdnus i iicea ol A Guat B0mBiewRoar r | o
by St h 1 Doy ey acr G ges spbores petfePbn ¥atefl hRd il Porsbirdny o,
350. NJ. This mixture was coated onto a sheet of release lin¢fiiih®a fiotched bar coater at TWO
Sheets of Ayl Gilliess of 028 e, RREP&fyfng the adhesive layer sheers. obe was
laminated onto a 0.13 mm thick sheet of LEXAN 8010MC polycarbonate (obtained
15 from GE Plastics-Structured Products) measuring 30 cm x 30 cm, by placing the
adhesive side of one of the sheets against the polycarbonate, pressing it down from the
release liner side and then peeling off the release liner to transfer the adhesive layer to
the polycarbonate sheet. A layer of Mat A was then placed on top of the adhesive
layer. The second adhesive layer was then applied to metal fiber mat A, as described
20  previously, producing a metal layer sandwiched between layers of conductive
adhesive. This composite was placed between multiple sheets of release liner to pad

the material prior to pressing in a platen press set at 455 kg load for 20 seconds at
100°C.

The Process of Thermoforming
25 Thermoforming, especially associated with the present invention, refers to the

process that combines a shaping mold, heat and either pressure or vacuum to change a
planar sheet of softened, thermoplastic material into a contoured structure which, on
cooling, substantially replicates the shape of the mold. Equipment for the basic
forming method includes parallel acting frames, to hold the thermoplastic sheet;

30  heaters above and/or below the sheet-stock to be softened; molds, either male or
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10 RD20789 (available from3M, was m xed with 1.2% by wei ght of 30

m cron T avenomi9d92 si |l ver coated gl ass spheres obtained frdteTAG39882%21
Industries, Inc., Parsippany, . NJ. This mixture was coated onto a_ sheet
of rel ease |i nfefalts torgrotide dhiecshage spainst @hichithedoftened shdetWeill Belthersdgsitedf 0. 26
mm After drying the adhesive |ayer sheets, one was | am nat ed onto a

0.13 nm t hi ck aKespipsent foXiperesTgNMCreicing aitpessus to dpflect thegoftenedshesty GE
Pl astics-Structureﬁ) Products) measuring 30 cmx 30 cm by placing the
adhesi ve si de SPOREBAPNE e sheets agai nst the pol ycarbonate, pressing: it
down fromthe rel ease liner side and then peeling off the rel ease

liner to transfer the adhesive TRy¥@bfdRed Sampleem@dtihar bonat e sheet. A
layer of Mat A was then placed on top of the adhesive | ayer. The ,
second adhési ve | ayepmpesitetshests efithé invantian hediaeplariar stzuctune befvre shapingdn ei bed
20 previously, produci.ng. a nmetal |ayer sandw ched between | ayers of
conduct i ve %ﬁengﬁtﬁgg?rvl@gmgm &n Jtioge ngsyge é\é\ﬁ@@r? %ﬁheﬁy@n

sheets of rele ' : | - OF | : ' in a
et en or eos chgiters bafford apatt and beloyt 18 clEftd SatidH. '1atih oA Eotipdiie
The Process of shEbemayfise ¢ithagonztof the heaters or totietogether. MExagnplesipé asedl dnyy the

associated with the present invention, refers-to the process t hat
conbi nes a shalsWeg hasierpperaiag abytemperaue op p3%'C riheets werrarpasaddo dhitinge a

pl anar shetleé o{enip%g%tﬁgggr%%ggﬁg%pl astic material into a contoured structure

whi ch, on tially replicates the shape of the nold.

Equi prent for the bagdifof the compdRitdsii@ts BT EHXApleld 2| and 8 TilreadyaintiBlie P faly B f
frames, to hold the thernoplastic sheet; 30 heat ers above and/ or "bel ow

t he sheet - st ocR.26 anibdhick polypastionatmowhids Exdnople # inslidedar0.13 mm polycarbonate.

-12- femgle, t rovi,de the shape.agai nst whi.ch the.saften
Sheet wi 1 be t her nafet patfpe’d St wotoastiRen AP bt TrRuide s SRORE S ng
air pressure t 5 f | :

Ther ot or med Sg%pﬁﬁievhgﬁielg gfrigl[p?:%fn deRiBRitk. Sﬁf'eqixermofonneﬁts%ble, ed SR Rtion,

15  was a cylindrical bowl having a flat, circular base of 17.6 cm diameter with a circular

wall extending 4.1 cms vertically from the base. With the sheet and clamping
structure suitably positioned to form an air-tight seal with the upper edge of the
circular wall of the mold, vacuum was applied to draw the sheet into the mold until
the surface of the sheet was in close contact with the mold wall. This shaping

20  required significant stretching of the composite sheet between the upper edge of the
circular wall and the juncture between the wall and the base. After cooling the
composite material adopted the shape of the cylindrical bowl.

Metal fiber stretching is at a maximum in the corner formed by the circular

wall and the base portion of the bowl-shaped composite material. This portion is

25  therefore most subject to fiber rupture and separation during thermoforming. When
the fibers become molten, extension of the metal strands is limited only by the surface
tension of the molten metal. Any means to preserve the molten metal in the form of 2
fiber will improve potential fiber elongation. This is demonstrated by the results of
forming the composite sheets of Examples 1-4, described below and presented in

30 Tablel.
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5 Conposite sheets of the invention had a planar structure before

shapi ng i n 3o 99/20493 her nof ormer having a centrally positi oneq,d;ll,‘gggg}'z 1
.systemto hold a sheet between heat ers positioned above an e?%w t he

cl anpi ng stati on. e Bbrk e . izt her _one’ of
the heaters or botIh toggtﬂ)ﬁ%%c.lB%‘)%gﬁ%ﬁ%gﬁ%’iheﬁggayggﬁv%ﬁ%éﬂéﬁtSlf—#ebei?‘/g? heat er
operating at betweemenzgiarative dxamPR] kusing.a ihtalahat witicut pslgaRedvértodings 10
tenperature for 0.5 mnute, . Each of the conposite sheets of
Exanpl es 2 afd eqthersrgmples invobingmeta) matsgither substagtiglly smbeddedina

pol ycar bonat | 4 ] 13. ol ycarbonat e.

After softenfng. éﬁ?ﬁééﬁ%@%g %gélﬂn:égﬁxgeé@?ag a%ﬁ%?@?’%?%éﬁr? RPOFY REFRIaaNgsi ng
mol d 5 byfBasnply I was bk ap?{aPﬁcé,tdtﬁﬁE%&znoﬂiﬁxiﬁ@@ﬂ’tﬁ@ﬁ&hﬁ@ﬂe%ﬁé@,' ¢, used
for eval uati on, was a cylindrical bow having a flat, circular base of

17.6 cm di arrmféﬁllhﬁﬂ@&b)aeiﬂier thigkgning of individhal motalestrdndsorandtalchend femiationl | y
posi t1 oned t &Y ASFHTRRSIOR: FIgh REtal po erowbey gt vo By roRiEe the flow
ol unt 1 oF ol el ot o RETNR FoBR 1! SN M SR ond 6Se 1 ”
mol d wal | . THibsrss incip nyer2uringthermodornsing (.. tlecbeadsbacoineivendlatyle), theresult
U6t ur o 1Bot ABL B aher Raireic ot i sccoapd Bbercssonsisaghanieith cither conosi {
??Lgi ?{ rgsgﬁ%ﬁgi@mgggﬁé - iﬁlt}%e%y%a.h'gd(rzi)?ﬁlar b?\(l)wr med by the ci I’CHFEB.?J

wal | and the base Therappesarat of hretd) GeddssiaRRdided iBRAthSleSBUE IThad showd tie
portion is 25 therefore nost subject to fiber rupture and separation

during ther mdMBFayeAgnt prrided by proteqtiagithemetal mat byreveredatiop or subistantialbn of t he
nmetal strands g 4 M. 1. t he .surf.ace . tension, of nol t en
netal . Any n%éﬂ#?d{hé@“ [ljtﬁlggepr yerx?r&}ebeﬁﬁﬁté’ﬁaq%gﬁﬁor? beating a'f“g?}}?PH’lg' abfe | fiber
wi Il i mpnsve shows tHeiradultsiolf istifd EGARGSite SheeldbfSthé IvERTRNS de@Sthe Mcilbfe

results of formng the conposite sheets of Exanples 1-4, described
bel ow and pr @ &mta depdifoxmatiomans] BMI shielding efficiency.
-13-

Examples 1, 2, 3 and 4 the thermoformable composite comprised 30 cm x 30
cm polycarbonate sheets laminated to 20 cm x 20 cm EMI shielding sheets of the
invention.

20 Example 4, having an adhesive coating over the metal fiber mat, may be
adhesively attached and is capable, where needed, of establishing electrical
connection with a suitable ground plane. Housings thermoformed from Example 4,
attached to conductive surfaces by pressure, provide connections with electrical

resistance less than 100 milliohms between the metal fiber mat A and the conductive
25  surface.

-14-



I n thernof ormed bow preparation, there was a very significant difference
bet ween ConpwoegorzpenExanpl e 1, using a metal mat without pol WeFUS822921

over coat f ng, and the other exanples involving netal mats either : -
substanti-al | y enbedded in a Table 1 p@heremfornedsSheetiPefavmameea pol yner over coat

applied. Evide
appear ance, durfiExampler nof orjni KyeafDwelbTimerpos EMI Shielding 0t Metal Bead ol

. beads by eitherf thickening gf indiyvi, du net a] st r@i)gs or maL.aT bead
f ormati on by fiber sepdrati offmindte {he nefal s grow, 'S'f‘ﬂ'air'
vol unme by accepts Y 9] C Ol $ort llg

. fibers. 1f sufffie€t hetal |is rem)\ge fromthese% flbervaHg%dthe oven

~during thernof QrERhIED - €. (JNE DEadp 48ECONE VETY | &z0€), UNE TN
“wll be either E|Ebe ruptureg or at | east redufed fi ber Cr@ss sectlon Mth
ei ther conditi qrExample 3r educji ng EM 03Ri el dingfin tigse argas. None

The appearance jof _noetal bhe was avoided in Exanples 2-41 This_shows i he
i mprovenent pr gk ectl ng P4é net aI rat byOover cdat i nijone
substantially | i L i ber—coaty

heati ng and shapi ng. Table 115 showsthe results of testing conposite
sheets of the invention to determ ne incidence of metal bead
formati on and EM shyi el di ey . 3 and 4
t he t her nof or mabl e ?hcﬁubl?gie&%ﬁ ot Cliflosite Shects a Themm%%—pﬁ'é%masrzbonate
sheets |am nated to 20 cmx 20 cm EM sgkahglesg sheets of the

i nvention. 20 npl e 4, haV|n8éan adhesi ve coating over the

metal fiberS mat, nayxméycarbonateameégfmuy 8 marg e ckngp LEX AN BRLOMC wher e
ded, of t t th d
MOt T IR G o T RO e

surfaces by pr g b‘th?lcn@ﬁéﬁi%Q?O%%TWFEDPEZ@Otlﬂnﬁh@%thyP@tone using 4851 st ance
| ess than 100 m[liohns between the netal fiber mat A and t he conductive 25

surf ace. Meyer bar. After oven-drying these sheets at 105°C for two minutes, a sample of

metal fiber mat A was applied to the VYTEL PE 200 layer. The composite was

10  protected on either side using multiple sheets of silicone release paper, then laminated
for 10 seconds, using a heated platen press operating at about 340 Kgms and 127°C.
Upon cooling, the resulting samples were overcoated by hand-held spray bottle, using
a solution of 10% solids ADCOTE 37P295 wax dispetsion in water to a wet coating
weight from 10 gms/100cm? to 30 gms/100cm®. The completed composite sheet was

15  dried in an oven at a temperature of 105°C for 10 minutes.

Injection Molding of Example 5

A pre-formed insert was made from the material of example using the
thermoforming equipment previously described. The top heater of the thermoformer
was turned off and the bottom heater was set at 538°C. The sheet was heated before

20  forming in the thermoforming oven for 0.23 minutes. The sheet of example 5 was
formed into a substantially rectangular pre-form having dimensions of approximately
3.5cmx 9.8 cm x 1.0 cm deep. This part was pre-formed to fit snugly inside an
injection mold. The pre-form was then placed into one side of the injection mold (the

side opposite the gate) which in turn was mounted in a 70 ton Arburg molding

-15-



-14- Tabl e 1 - Thernof orned Sheet

Per f or manceyp g9r29492 Exanpl e Oven Dwell Time EM P'ibx‘/@ésg}z?%fj
.Metal Bead (i Zét e) 2.0._)~

Format i on ; | : . s . -

O machlgg.g’fnggglogd Was closed and the cav1tyaya% dnjected with a full charge of ¢

None ' [Eerarpl 44 R3polycarbonate obtained frofd. GB Plastics, having a melt temg&ature of -

None Exaor’rcpl e 4 . 0. 46 _ . 0

None 300°C. The injgction rate wre PO P8 the mokhisowerabirsivas #8°G radd Theesowbf or ned

Preforms =~ Exanpl e 5 A
pol ycar bonat 8™5hE4 1%t Lissmpldgvarppgnsd affex theat “(YE%% and the result

pol ycar bofiat evab af injEHtionl meiied farbivith Glsiiodth Bhackistsa in\éﬁaix%%té?ﬁ:tﬁﬂéatﬂ? a thin
| ayer of pol yet hyl ene using a 10% of VYTEL PE 200 1 methyl ethyl

ket one, usi ngorduggve netwoplegktin bismuth/lloyfibersdrvingys sugfachresistanbeof lessthan 105C
netal fiber nmat A was_applied to the

' .a. f C
WTEL e 200 2P BliohFRGrn B fo.soRes a3 measipruis SBINGR Metdehds Mtdiaetes ng
mul tipl e shegbmiml fijsh IR BKEMERSEo RARET - then | ani nat ed for 10
seconds, using a heated platen press operating at about 340 Kgns and

127[err] C Upon cooling, the resulting sanples were overcoated by
hand- hel d spray bottle, using a dedaniple6 of 10% sol i ds ADCOTE 37P295
wax diSﬁS@sion in ter to a wet coatin wei ght from 10 %’r(r)s/loocrr[err]

to 30 gmif100cn] efiger WA WahTAraY ever inge %%égi‘lﬁmngETG( RARi n an
oven at a tegpes flolf Bastthan CRéfichl é:os ﬂfmé@xyf@n@ thiSHide. Spray application of the
overcoat by a Binks spray gun with a #63B nozzle gave a wet coating weight of
between 20.0 g and 30.0 g per 100 cm”. After drying at room temperature, the
resulting fiber mats were heat laminated onto a 0.13 mm thick PETG (KODAR 6763)

15 plastic sheet for 5 seconds using a heated platen 'press as in Example 4.

Injection Molding of Example 6
A pre-formed insert was made from the material of example 6 using the

thermoforming equipment previously described. The top heater of the thermoformer
was set at 316°C and the bottom heater was set at 260°C. The sheet was heated before

20  forming in the thermoforming oven for 0.28 minutes. The sheet of example 6 was
formed into a substantially rectangular pre-form having dimensions of approximately
3.5cmx 9.8 cm x 1.0 cm deep. This part was pre-formed to fit snugly inside an
injection mold. The pre-form was then placed into one side of the injection mold (the
side opposite the gate) which in turn was mounted in a 70 ton Arburg molding

25  machine. The mold was closed and the cavity was injected with a full charge of
Vistolen P2000 polypropylene having a melt temperature of 240°C. The injection rate
was 40 cc/s, the mold temperature was 40°C and the cool time was 30 s. The mold
was opened after the part cycle was completed and the result was an injection molded
part with a smooth inner surface including an electrically conductive network of

30  tin/bismuth alloy fibers having a surface resistance of less than 200 niilliohms from
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I nj ecti on Mol di ng of Exanple 5 A preforned insert was nade
from the maf W0 939492 exanpl e using the t her mof or mi ng eqUIGIVEY?8/22921
previ.ously described. The top heater of the thernoforner was turned
off and the bmormtmgmneramsmeduangsfaﬂ@rl\@dﬂ75Mﬂ'smer0bvamed1ﬁam&hbef ore
20 formng Ir‘k‘, Qeﬁwoé(ggform ng oven for 0.23 mnutes. The sheet of

exanpl e 5 was luke Mfg BCinto a substantially rect angul ar pre-form having
di mensi ons of approxi mately 3.5cmx 9.8 cmx 1.0 cmde€ep. This part
was pre-forned to fit snugly inside an hNj ection nol d. The pre-form
was then placed into one side of the in]E‘)%nrm%Tz nold (the si de
opposite the gate) @hhpd)miiershédwWew@sepamdmddsdnfbeﬁmﬁmmﬂe Bexeepytheol di ng
-15- machi ne. was cl osed _and the cavity was injected

with a ful I3 cheyeswabef ADCOT@%W%‘LMRO%‘F% arbowas rot yeeded singe thegnatemal
Pl astics, haw&gélgﬁzﬁp HRS‘foﬁ‘ gi’&?IétrorTedl%Sooc The injection rate was

20 cc/s, the erature wa d the cool time was 15
s. The nold was opened after the part cycle was conpleted and the result 5

was an injection nolded part w tlﬁie’tti&ﬂM&I&ing' BﬂBj‘(a{ﬁ%Eﬁace i ncludi ng an
electrically conductive network of tin bismuth alloy fibers having a
surface resistance bhe filss somprsite of Examyple 7rwds| tapsdrontof the fieneale side of hecor ner as
”Megsurogd usi ng, & ELUKSIADIE miR WAl SR h a 150 TR BT b ggmg” uke

I nc.
Fi ber mat fy WagjcRbAYaok4s gﬁﬁ@ﬁlﬁé ’FﬁéﬂGIdawgk/ﬁx&PélHiéd%&B theAm (&R ulted
6763 from East man Chem ca .) in nmethylene chloride. Spray application of
t he ov er incant iniial eol&%fmrhsngm"thy plastic/mietahfiberA681Positez Tyeolpa\HF 1420t

s B G S, B i
| am nat od ont o 13 a5k BTG WTPARMORcliod e whk I6LUE, il O S

seconds usi ng a en press as I n
temperature was 40°C, and the cooling time was 15 s. The mold was opened after the

15  part cycle was completed and the result was an injection molded part having
dimensions of approximately 4.8 cm x 9.7 cm x 0.4 cm with a smooth inner surface
including an electrically conductive network of tin bismuth alloy fibers having a
surface resistance of less than 200 milliohms from comner to corner as measured using
a Fluke Model 75 Multimeter obtained from John Fluke Mfg. Co. Inc.

20 Example 8
Composite sheets were prepared as described in Example 6 except the
overcoat of PETG was omitted. This was not needed since the material did not

require thermoforming prior to molding.

Injection Molding of Example 8
25 The film composite of Example 8 was taped onto the female side of the

injection mold. The film was preheated on the mold using a hand held heat gun for
approximately 15 seconds. The mold was then closed around the film which resulted
in an initial cold forming of the plastic/metal fiber composite. The mold was closed

and the cavity was injected with a full charge of Cycoloy HF1120 ABS/Polycarbonate

-17-



I nj ecti on Mol di ng of Exanple 6 A pre-fornmed insert was nade

fromthe ' f exanple 6 using the t her nof or M N@QRILHIRE
. previ ousl %@gégﬁ%’gd. The top heater of the thernofornmer was s_e'gt at

31 6[ert]C a t. @%af& NASVEEt 60l : el.. was: heat ed
before 20 f’(ca)lr‘inrﬁ1 Egtaiﬁﬁht et erlgrr%lfco’r mvﬁlg aor\?/‘élﬁlL Fe?%&%g fr#nu 'Z?&e '%lhe\é’ﬁé%eet ~of
exanpl e 6 waste was 30 to's,ithelmiold lemperatirs as 708C,| and tiscéodtigy kide waserSf O rThehavi ng

di mensi ons of roxi mat ely 3.5 cmx 9.8 cmx 1.0 cmdeep, This part
was pre-for rrE’d’?‘f ‘33% Pﬁe@a abwh? R¥t gyelg was completed;apd theggsulbwas amminiectior - f.or m

h | ' i t e i nj.ect] | he si.de
hee e Pl SRR 100 Ao RGO FBES ST R 504 BB i ng 2
machi ne. Fhesimobtd ies safacedtcladitg bh eleomichlly coifuctive R&vesk oFitinbishmhtlallog har ge

of Vi st ol en P2000 pol ypropyl ene having a nelt tenperature of
240[ err] C. THbershpwingiasuripes resistance ofiless tham 200/ milliotnes fromdotmentrecanerras was

40 C and_th l. ti e | d . ened after the
par . cycl o witeatip s PR Nisde 73 M GlES oftainer oot T HIGkgS: Co. nc. o
with a snmooth inner surface including an electrically conductive network of

30 tin/bismuth alloy fibers having apuhiice resi stance of less than 200
mlliohns from - 16-

corner to corner #spotpcasbonatt sheetrod ahowl Quldemivbihédknss (MEXIANIBBaS obt ai ned

f Joh Fl uke : | nc. L .
Sampi o 0 polycarbofine iy G Plastoe firusrureqBradysts pa eeeted bydapinatien it
Exanple 5 ex Qﬁ! BNIXS ' Thi s was
not mr::eeded S?E@gr?ﬁith?ﬁlg?eeiﬁl?ég{ﬁ%ﬁla@dﬁo? 0 él:—r(eqw rgp?%@r%todrh%gwa prior to

mol di ng. Chemical Co.- Specialty Polymers), about 0.1 0jnes thickl ’Mi)éliihﬂ@_,tigh s aﬁﬁd g 7
The fil mconposite of Exanple . 7 was taped onto the fermale side of the
i nj ection no a@teérﬂ@tmfeﬁswaefa%&ﬁ&%oqﬂﬁl(af nrsssurdfor 20 sesgnds ¢d25%eh 150610 10

i nj ecti on ol di ng MEGTHEE mal AS whR blcPh HIHEMACSEL0T IS AT Gortbostle W1 ©1

resul ted
15 was protected on either side using multiple sheets of silicone release paper, then

(@]1=

laminated for 20 s, using a heated platen press operating at about 25,000 Kgf and
110°C.

Injection Molding of Example 9
A pre-formed insert was made from the material of example 9 using the

20  thermoforming equipment previously described. The top heater of the thermoformer
was turned off and the bottom heater was set at 538°C. The sheet was heated before
forming in the thermoforming oven for about 0.3 minute. The sheet of example 9 was
formed into a substantially rectangular pre-form having dimensions of approximately
4.8 cm x 9.7 cm x 0.4 cm deep. This part was pre-formed to fit snugly inside an

25  injection mold. The pre-form was then placed into one side of said injection mold
(the side opposite the .gate) which in turn was mounted in a 70 ton Arburg Allrounder
700-230-305 ECO molding machine. The mold was closed and the cavity was
injected with a full charge of LEXAN 940 polycarbonate, obtained from GE Plastics,
having a melt temperature of 300 °C. The injection rate was about 20 cc/s, the mold

30  temperature was 90°C, and the cooling time was about 15 sec. The mold was opened
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“inan initial cold formng of the plastic/netal fiber conposite. Cycol oy
HF1 120 " WBI9Eed9gcar bonat e bl end obtai ned from GE Pl asti cPCTRISV Y2k
melt tenperature of 270[err]C, was then injected into the nold. The

i nj ection’rat e aflesti8@actcyele i eomplettd and thd resgiewsad afr igjection ¥olded phCwithnd t he
cooling tinme was 15 s. The_no] d s opened after the 15 part. cycle was
conpl eted and twoae@mswﬁee wrludinganielestricatly gendugtiye netwoskpf tin bismuth alloy

di nensi ons of i : e ' ot | r

surface i nc : %"% agénl*%#eé getsﬁﬂélg ?g/lzscso n %‘] UZC(@I rélelﬁ !n]i he%( gv\{r)ér;x‘fg %S&Pﬁ?n%é_g %gt h
al l oy fibers hauefgred using a Flaky Mode 75dulinits @boinel ot JohaFIAQ0MB. |0, BivTs
fromcorner to corner as neasured using a Fl uke Mbdel 75 Multineter

obt ai ned frém John Phaweendsgnplesf a preform offExample 9, made as described previously,

Exanpl e 8 Conpogsi t e, sheet.s wer. r e s descrihed i

Exa%l e 6 exceptaimigred, as arg)rﬁf?@%ﬁ‘tse fiR ggqlﬁaﬁagﬁgﬁ{otqd@ﬁﬁon%{sgrgvégro%r
needed since t oPE0e30 I3 : ol ] kOl O

nol di ng. o 05%CO lﬁje&% molding Iﬁ&?ﬁeé?ﬁegﬁﬁﬁgé’ﬁfxng o% %gr‘r"pﬁg e 8 25

The fil m conposfilies byf infexGomivith 8 futh shargepaftiA BSpolycirbofhaterblend (Cytolayf C1200HF,
ated on _the nold usi a hand hel d heat

gun for e bR Desh ok Rl o0 os danmdlin e
T bor " compadyt acmitate pratll ARC B bl infilih o ool 2d S BUBRBABY TT' U

a full charge adooliig €drapoutt 51se2chdBTRE Hidcyien iddedtipart had the same performance as
-17- bl end obtained from GE Plastics, having a nelt tenperature

of 270[err]C. Themoldiagproghced with EEXAN\A40.30 cc/s, the nold tenperature was
70[err]C, and the cooling tine was 15 s. The- nol d was opened after

the part cycle was conpleted and the regylt was an injection nol ded
part havi ng di nensi ons of approxi mat el y 9.7 cmx 0.4 cmwith a b

Eums)(r)rL [1 hi 2 Inle g sur f aceA ippBicatBbidde fitet B&it0. BAhinthitRNIEXAN 881§ bvalakleGforh | N
15y GE Plastics - Structured Products) was coated on both sides, by laminating 0.10 mm
of ethylene methyl acrylate copolymer (EMAC SP2207 available from Chevron
Chemical Co. - Specialty Polymers) using a platen press operating at about 22,000
Kgf for 20 seconds and at a temperature of about 125°C.
Metal fiber mat A was placed against one of the layers of EMAC SP 2207
20  before placing the composite between multiple sheets of silicone release paper then
applying pressure using a heated platen press at 25,000 Kgf for 20 seconds at about
110°C.

Injection Molding of Example 10
A pre-formed insert was made from composite sheets of Example 10 as

25  previously described for Example 9. The preform was placed in a mold attached to a
70 ton Arburg Allrounder 700-230-305 ECO injection molding machine. After
closing, the mold cavity was filled by injection with a full charge of high density
polyethylene (Petrothene LM6187, available from Quantum Co.) having 2 melt
temperature of 210°C. With mold temperature held at room temperature, the resin

30  injection rate was about 20 cc/s followed by cooling for 20 seconds. The resulting
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~John Fl uke

fibers having a surface resistance of |ess than 200 milliohns from corner
to corner @999,294 rreasur ed using a Fluke Mdel 75 Miltinet efcotdoghsed from
60 ‘Exanpl e

10 po yca%oﬁﬁ?&@#% o g i 4 BN o] TR AR ), O

| ami nat i'on, hatltalbmooth infed @yﬁée mﬁllﬂh@fdrml&tﬂmﬂlby:bnmyé atovoslopbtiy mer  ( EMAC
SP2207 from Chevron Co. - Specialty Polynmers), -about 0.10 nm

thi ck. The |basmuthalloy fﬂaeéryltbwface resmtlﬁéalewhm &@Qewﬂbpb@s megeired WRE. at
22,000 Kgf gggg Metal fib
mat A, V\g.S pﬁ @cﬁ:gﬁﬂ@ggﬁse% 3&? éé%&ﬁhﬁ’ke C Sl t1é1°15 Wag1 e

protected on either side using nultiple sheets of silicone rel ease paper,

t hen | am nated for 20 s, using a heated platen press operating at -
about 25,000 Kgf and 110C. I nj ection
Mol di ng of Exanple 9 A pre-fornmed insert was made fromthe

mat eri al of exanple 9 using the 20 thernoform ng equi pnent previously
descri bed. The top heater of the thernoforner was turned off and the
bottom heater was set .at 538[err]C. The sheet was heated before

formng in the thernoformng oven for about 0.3 mnute. The sheet of
exanpl e 9 was formed into a substantially rectangul ar pre-form having
di mensi ons of approxi mately 4.8 cmx 9.7 cmx 0.4 cmdeep. This part
was pre-forned to fit snugly inside an 25 injection nold. The pre-formwas
then placed into one side of said injection nold (the side opposite
the gate) which in turn was nounted in a 70 ton Arburg Allrounder

700- 230- 305 ECO nol di ng machi ne. The nold was cl osed and the cavity was
.injected with a full charge of LEXAN 940 pol ycarbonate, obtained from GE

Pl asti cs, having a nelt tenperature of 300 [err]C. The injection rate
was about 20 cc/s, the nold 30 tenperature was 90[err]C, and the cooling
time was about 15 sec. The nold was opened
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after the part cycle was conpleted and the result was an injection nol ded
part with awogszsmepoth inner surface including an el ectri caPFH/UESRAWt i ve

network -of tin bisnmuth alloy RNl MH Bho a surface resistivity. of

| ess than 200 milliohnms from Jmmulﬂ IMI! as. measured using a

Fl uke Nodel 75Whdili¢ élaiedris:obt ai'hed fFonf John*Fl uke Mg. Co. Inc. 5

A second sanple of a preformof Exanple 9, made as described previously,

was placed, as a preformed insert, in a nold attached to a 70 ton Arburg

Al'lrounder 700~ 230$Bﬂ_ﬁpﬁtlﬁlclnjh_awzmgm{llr\shieﬂlng propetiies,saidartide havingi ng,

ABS: pol ycar boNMEBPEHEY ETEUPBYIRE 5B aRar Sheet, b e e e SAYEPEcs)

having a melt (. TR Qe : ?m o Qi dLEmE Esidtife Of about

40[err] C the rsélgi n Iaﬁj&ﬁeé%ﬁo?%(h?;?t e \)\C/gcglq'g%%ﬁita@e cc@s,/g;g%ﬁ | owed ‘g{? e .

coo:ci ng fos alkedehtidlly @ﬁcﬁmdh 1|ssd méfabmiat) j;&etdémmimﬁieﬁe&ﬁﬁggnmmo drh @ nsedateor

per f ormance as t he nol di ng produced wt A 0. . .

ng ggm e _1:) . meftal 'anoi having p@nel}f@wtmm_ pwersmEhe sag@gng ?lmt@ Oﬁmthq:isaré,ntoeh EXAN
available fro astjCs,- ruct ur ed..Product s s_coated on

both o1 des. by TOHRSHER oR 6 Aot o Sid margring e sBinal i ordsd BT £

copol yner  ( EMAGSRRAAH . 8k Al Bmbt faAhG MM pported by VAL SoRbusGarrier sheet,

Speci alty Polyners) using a platen press operggl ng at about 22, 000

Kgf for 20 secanidshapedcartitie being spostantialiyfroé ofunetal bunRds amd mpatal mat gaps.

Metal fiber mat A was pl aced agai nst one of the |ayers of EMAC SP 2207 20

before placing the conposite between .rmltif)l e sheets of silicone release

paper ther0 apbl yi ryskaped suicle havingEM! shielding poopertéas apeardiog 4e claim doo

Kgf for 20 seconds. at..ghout .11 OC. . .

o) ect 1 on Nt ARPGeB AR TSt o seid Sariet sheat ar fogped frgm EfFeTeRLERETRS rmde

fromconposite sheets of Exanple 10 as 25 previ ously described for

Exanpl e 9. The prefprm | .

Arburg Al lrounder 7:80- 2%%%%8&%‘4 ﬁr%ﬁvgb1 [ ogs@%@%ﬁ&g&%ﬁﬁaﬁ?mﬁﬁigamIi'

cl osing, the nphéeimadidshapeeqiirds/said phanat she@tiol b al srefthiritid of308%ge of hi gh
density pol yet hyl ene (Petrothene LM6187, avail able from Quantum Co.)
having a nelt tenperature of 210C. Wth nold tenperature held at room
tenperature, the re&in 3A shipefl articleimvirg EMilalsickiingropftiesccsorfligitowhaim By

cooling for. 20 seconds, _The resultin ,
-109- J 15  wherein said fiber-coat was applie% to said fibrous metal mat prior to attachment to

said carrier sheet.

5. A shaped article having EMI shielding properties according to claim 1
wherein said fiber-coat is a thermoplastic resin selected from the group consisting of
ethylene-butyl acrylate copolymers, ethylene-vinyl acetate copolymers and

20  dispersions thereof, ethylene-methacrylic acid copolymers; thermoplastic polyesters,
polyamides, acrylic adhesives, hot melt adhesives, block copolymers, polyurethanes,
polyethylenes, polypropylenes, grafted polymers and copolymers, functionalized
copolymers, maleic anhydrides, acrylic acid modified copolymers, polyesters,
copolyesters, latex binders, polyurethane dispersions, styrene-ethylene butylene-

25  styrene copolymers, and paraffin wax.

6. A shaped article having EMI shielding properties according to claim 5

wherein said fiber-coat is ethylene vinyl acetate.
21-
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B hacyd s a;’ﬂe?'nﬁ& bih?ﬂﬂ]ﬂl Iﬂﬁmﬁhﬂlﬂg]ﬂllﬂfei??. EQﬁ rcoondmse
an a
.networ k of tlﬁﬂg‘g‘}i@& busmuth alloy ftbheér With a*surface resistivity {éess t han

?gg . mF: Iu Ik_gh &B g rre?:os,u r Ied Al ﬁ?ﬁgd article }ﬁvﬂg%ﬁl mgﬁkngp?omg &g&rﬁlngQO L Aingd from

wherein said ﬁbrous metal mat was attached to said carrier sheet prior to the

application of said fiber-coat by means of pressure or heat.

8. A shaped article having EMI shielding properties according to claim 1
5  wherein said carrier material is selected from the group consisting of ethylene-butyl
acrylate copolymers, ethylene-vinyl acetate copolymers and dispersions thereof,
ethylene-methacrylic acid copolymers; thermoplastic polyesters, polyamides, acrylic
adhesives, hot melt adhesives, block copolymers, polyurethanes, polyethylenes,
polypropylenes, grafted polymers and copolymers, functionalized copolymers, maleic
10 anhydrides, acrylic acid modified copolymers, polyesters, copolyesters, latex binders,

polyurethane dispersions, styrene-ethylene butylene-styrene copolymers, and paraffin

wax.

9. A shaped article having EMI shielding properties according to claim 8

wherein said fiber-coat is an acrylic adhesive.

15 10. A shaped article having EMI shielding properties according to claim 9

wherein said acrylic adhesive contains microspheres.

11. A composite, thermoformable planar sheet consisting essentially of a
non-porous carrier sheet with a mat of randonily oriented, low melting metal fibers,
said metal fiber mat being substantially surrounded by a thermoplastic fiber-coat

20  material, said material being attached prior to or after attachment 6f the metal fibers to

the non-porous carrier sheet, said sheet being capable of being formed into a shaped

article according to claim 1.

12. A shaped article said article having been formed by injection molding,
said article having as an integral portion, a composite, thermoformable planar sheet
25  consisting essentially of a non-porous carrier sheet with a mat of randomly oriented,
low melting metal fibers, said metal fiber mat being substantially surrounded by a
thermoplastic coating material, said material being attached prior to or after

attachment of the metal fibers to the non-porous sheet,

22-
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said planar sheet'havi'ng been i)lacegi into the mold, and the mold thereafter being T
filled with a resin.

S

******
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1. A shaped article shaped by thernoform3ing of a planar shegt, said .
shaped article having a shape requiring gaid planar sheet tc exhl b|t= ; a
stretch ratio of at |east about 300% .saixd artijcl®e conpyisifg ° "e a
shield for electromagnetic interference consisting essenti aﬁ I y of ~ a
unitary fibrous netal or netal alloy mat, including fused netal fi-
ber-to-fiber contacts, said netal nat bei ng surrounded by a ther-

nopl astic coating, and a non-porous carri S.r/ih,e_ery_su&pmﬂ'ﬁg sai d
nmet-al mat and said thernopl astic c@himg said netal

mel ting point |ower than the softening point o &m Hﬁ - por ous
carrier sheet or sai d thernoplastic coating, u‘“ i€l e being
substantial ly free of netal bunps and netal nat *gabs . A shaped
article according to claim1l wherein said thernoplastic coating and
sai d non-porous carrier sheet are formed fromdifferent materials. 3.

Bl anar shoetl-t ARG ATUClS sPERePaPy HHar MgovnIng OB RITEAT Sheeh sad -
according to ol gigdg %Ié’lﬁ]a@br{%tggﬁﬂag@%ﬁa[hng sa?@'p‘i’aﬁ%‘r%ﬂ%@ﬁ?téfhlb

coating was ap o sad attachnment
sai d non- por ousa saratchrratiteef at least about 300%, sald article comprising: - 2-

a shield for electromagnetic interference consisting essentially of
a unitary fibrous metal or metal alloy mat, including fused metal fi-
ber-to-fiber contacts, said metal mat being surrounded by a ther-
moplastic coating, and

a non-porous carrier sheet supporting said metal mat and said
thermoplastic coating, said metal mat having a melting point Ibwer
than the softening point of either said non-porous carrier sheet or
said thermoplastic coating, said shaped article being substantially
free of metal bumps and metal mat gaps.

2. A shaped article according to claim 1 wherein said thermoplastic
coating and said non-porous carrier sheet are formed from different

materials.

3. A shaped article according to claim 1 wherein said shape requires
said planar sheet to exhibit a stretch ratio of 500%.

4. A shaped article according to claim 1 made by a method wherein
said thermoplastic coating was applied to said fibrous metal mat
prior to attachment to said non-porous carrier sheet.
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5 A shaped article accord| ng to claim1:wherein said therngpl astit,
coating is a thernoplastic resin sel ectied fron1the—_TUUp—Coﬁsrs%rﬁqujq; of

et hyl ene- butyl acrylate copol yners, ethylene-vinyl o] yners
ahd di spersions thereof,  ethyl ene-nethacrylic acid mﬂ"ﬂ“m’ Mmmr
t her nopl astic pol yesters, pol yam des, acr4lic adhesiv

adhesi ves, bl ock copol yners, pol yurethanes, polyethyl- enes,

pol ypr opyl enes, grafted polyners and copol yners, function- al i zed

copol ymer s, gl £i $h ARy Qﬁf’a&%rrﬁri aCtl‘élr'ﬁD‘i' Wiehepradio- thermHBfa%tlc

pol yesters, copolyesters at ex I"n ers pol yur et hane di spersi ons,

st yrene- et hyl errmdttﬂg/hs:raatbemnepmstmpoésmmslecmw from thee grbup eensisting. A
shaped article according to claim?5 wherein said thernoplastic coating
i s ethyl ene vi r3fi €5l leé‘teebUty|7aCW|§E%rﬁ9PQiVﬂ’leSe %t&wdﬁrmeﬂ@nylo ages@t omade

e por ous. car fayers St ispetdEs Heeols iath it Btk ﬁé‘wﬁoa Oisti o
coating by gfﬁer@‘ R PP I8sAE ;ﬂﬂ%ster% p%hzéﬁﬁass%wk@gm 110 to

claim1 wherei d nén-porous car- I e IS selecte

group consi sti ripptofmelthpdaesivas; yblock cepojyrates,c pudyyrathanes) hyblgethyi-nyl
acetate copol yners and di sper- sions thereof, ethylene-nethacrylic acid

copol ymers; t h@fﬂﬁﬁpl a@kyp@opyleqﬁﬂ, yarafad. inbmm aled C%Rﬁlym%'sad‘hl@ﬁl@é‘s

BSfySfLLyf‘Sﬂii' Gha ufmersy G il £ SEL S R gRe

copol ymers, Fsangi&yesterg” @Po )él'éc ek MpgihdibRd CEB W&Bhéne
pol yesters, copo yest 1 at'ex er§ pol yur et hane 'di rsions,
st yrene- et hyl enfispertsibese- styrene{ethqltme:obotwleaesstyaedepmo@bﬂ\}rme\mx. and

paraffin wax.

6. A shaped article according to claim 5 wherein said thermoplastic
coating is ethylene vinyl acetate.

7. A shaped article according to claim 1 made by a method wherein
said fibrous metal mat was attached to said non-porous carrier
sheet prior to the application of said thermoplastic coating by
means of pressure or heat.

8. A shaped article according to claim 1 wherein said non-porous car-
rier sheet is selected from the group consisting of ethylene-butyl
acrylate copolymers, ethylene-vinyl acetate copolymers and disper-
sions thereof, ethylene-methacrylic acid copolymers; thermoplastic
polyesters, polyamides, acrylic adhesives, hot melt adhesives, block
copolymers, 'polyurethanes, polyethylenes, polypropylenes, grafted
polymers and copolymers, functionalized copolymers, maleic anhy-
drides, acrylic acid modified copolymers, polyesters, copoiyesters,
latex binders, polyurethane dispersions, styrene-ethylene butylene-

styrene copolymers, and paraffin wax.
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9: A shaped article accord| ng to claim@8-wherein said thernoplastic

coati ng is an acrylic adhesive. 10. A shaped art |_1£_accox_d4-ng—-t%—e* al m 9
wherei h said acrylic adhesive contains mcrospheres. 11. An | F‘Iec.t*

nol ded, shaped article conprising a corrpo&'lﬂllﬁl‘"ﬁ!wﬂllt“u tegral
portion of said shaped article, sai d éorrp05| te
essentially of a non-porous carrier sheet and a hettal “fiber’ mat of

randomy oriented, |ow nelting, nmetal or netal alloy fibers, said netal

fiber mat bey, ”gAsﬁﬁébéﬂtaﬁﬂiélé accor%m AP Y8 %ﬁé@ﬁ%@smgﬁgyaﬂ&

mat eri al , saldtherrmp astic coatTng material being attac | or

or after attachoeatingfistdmeacrylio@difaésivebers to said non-porous carrier
sheet, said conposite sheet bei ng thernmoformable, in a nold, in contact
with aresin at tem perature used to injection nold said shaped

article. 10. A shaped article according to claim 9 wherein said acrylic adhesive
contains microspheres.

11. An injection molded, shaped article comprising

a composite sheet as an integral portion of said shaped article,
said composite sheet consisting essentially of a non-porous carrier
sheet and a metal fiber mat of randomly oriented, low melting,
metal or metal alloy fibers, said metal fiber mat being substantially
surrounded by a thermoplastic coating material, said thermoplastic
coating material being attached prior to or after attachment of the
metal fibers to said non-porous carrier sheet, said composite sheet
being thermoformable, in a mold, in contact with a resin at tem-
perature used to injection mold said shaped article,
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