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FI BERVAT/ POLYMER COWPOSI TE ~ 166166'" _ Background of the Invention Field
.of the Invention This invention provides inproved non-wven nmats of
random y owicess2oeB2 | ow 5 nmelting, netal fibers, for use in nREBHUSH29Her
- corrposi tes, and particularly for shaped net aI/poI ymer conposites. .
he Rel atMEBTAT FIBERMATYPOL YMEREOMPOSITEAI ni ng bot h

netlm““ ﬂmﬂl‘ r| c materials are known for use i n many

ggg cat ions. Conposites may include netal in the 10 form of
contl nu sheet, perforated shgel Sy diBSDrt SLhtRG €en or non-woven webs

strl buted fi bers. rstructures, conbined
W{M&mﬂ“ W W)us forns of netal, nﬁ}gldaﬁihedﬁ?ve‘nlubﬁs sheet s, perforat ed

material or non-woven |ayers with random fi ber di strl but| on.
One | 199%9%f ant use b@rmaewaarwéwmowﬁ@swm @atés)faar@ﬁm an%? , low

electro net nd r uenc The, i nt rfer sed ,by
such waves | edie fiebf HoRin, b e T bemaleS Sompeies B B ABRE BT SR s
interfer encen(campblﬁﬁerrc@mpgs,ftgsequency i nt erfer ence (RFl), herei nafter
jointly referred to as EM. EM shielding is often placed around an EM

source to prevent it fromradiating EM and interfering with surroundi ng
devi ces. Al so, the devices thendsompiionsf theRelatedi Add with EM shi el di ng in

ffort to 20 | d the d f t di at
Bt oct ive EM shi & TRy Poeimyeties umFipibdats Aees 50 AP PRT B s
encl osure ar QHHWn EdeusEvh nﬁﬁp%ﬁedfspmcaﬁéﬂg RTBrhjdsits Hﬁ%'l&%de%&m ialtdt ng

| ayer, associated with the conducti've encl osure, e inthe formof a
conti nuolg | dgror oforongindowscdiaet, perburstegrshekts, suesh, weven mealormsMovAnwebs

S e T HOMEA RS e s en D, phBRS diPs e T
coul d cause fiatbiyroRih oﬁmefah %sggmragrdfeqlgﬁ%%e@fpegm SR (v EPaleka] -
Previ ous disclosures reveal ways of produci ng an %apl ng Sheet materi al
that has EM oshorivdiveg loepawith rdndont fiberchdtiipution. MOneimpelriaat usedad 4 y

conducting layer, which 30 are.required in many applications, 1 4 MAY
2002 WD 99/ 2@%@‘@%1‘?1@9‘87022928121“%13&13@ AiAtomagactiqapdaadioiequency7o 292,

(Nicely),sdi 5\94v‘8§e?h@nd?§}ﬁer¥\?c‘é%u%'ﬁ E@é tr) ﬁ‘i%&ibﬁfctdc‘%vegﬁk doglrh i cat ed

by extruding a nolten streamfrom a rretal I'n an at no whlch

reacts to forrsfesredtald éleatrmgag‘riellmrﬁmEndd‘(Eme ot pdaiés ffetﬂ)fentjﬂmtd&fﬁrarhcest ream
The spun netal filanents are allowed to _solidify, and , 5 then collected as

a nonwoven f i(BFbyBerginaster jppelygésredsto ms EMe I F@C@H@HSQG%P@s%%@opm #a

sheet-1like f

fi bers toget ﬁﬁe@ %ﬂge %Fpa? @Hﬁg&gzg%g‘éné)%gﬁ(a B;ab‘g{%‘er ?l{gdl sC ollggglda%l ‘%I\/F(:%TS
shi el di ng shegliso cheHEViSéNBemsdiRsahaPbe pRvdRdarith EMIfshietding irf anbeffait whi ch
supports a layer of nmetal 10 whiskers or fibers fornmed frorn-a ductile

metal or 2Qet adhiedd theydevigstiegm jinppanng elepiemagnetic sedigidd in U. S. Patent No.
3,272,292 (N cel S Pat.ent 4.689.089..whi ch row des a
st arrpabl e (EM shy)lﬁtg?‘ﬁgemtg“e g%rﬁ%?lreéttg%omago%Magwlf%%c r{‘é1 st ruction
appears_in U e%cld?ﬁxteeéiéurl\@lheﬂh@ﬂ&n@ﬁﬁe@'ﬁ(ﬂl\ﬂpé]ﬁi‘fﬁﬂfg’d@lw@'Ashlaﬂl'u? lRpéent notes

that, "The shielding | ayer nmust be able to maintain its shieldin
ef f ecti venes sasseciatpd witht therpdmtpicti veSendho ires naatydresinithe ﬁmneqftaqzonhmduadztyer at
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25  significantly increases the maximum void dimension in the shielding layer, sometimes

called the “slot effect”, could cause 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  arerequired in many applications.
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results in poorer shielding effectiveness of the netal |layers. Stanping is
one. net hod for form ng shaped EM shiel ding structures. This form ng
.technol ogy was devel oped in the netal industry for formng thin nmetal 20

obj ects. |{ydsy¥£s rapid, alnost instantaneous applicati on pefrysegbmni cal
force to distort a sheet into a shaped object. Stanpable plastic/netal

conposite sheets i i t t i I di ng the
metal shi el di ng |g§%?’{aﬁg’?%9?sp§a%§‘§?f’p?r%ﬁ%i BT dRicRips £ nOHWOHR T N, L
plastic, all eyitdrygnidtallio siideoWhidh it €abiritatedityadxt®idirg LinbPercarsaasirb@ o esponds
to the high pressure, shaping force of the stanping 25 press. -The speed of
t hi s processmgtabimars!tintgianiagmesphens whightredcts tp foon atstabilimegfilma aboutitlesh
plasticity for.the reminder of t conposi t to absorb':?g a ci(i'ed orce
i Ehout - r upt Brieneenp ERR iR, e dBus et dlomEr SRR B st A ey

provi des fut aRichMEEPEYa RENGS Mo lRUDiaSke SEh TRERI T Gil AR RARer&dniStessed
reinforced material conprising a non-woven, glass-fiber reinforcing |ayer,
and a nmat comtanshewy-1%0 fommdndtgiven stichethshyf indallallsiniselected gdjabait ibesget her
with a resin sugh as polyester. The SMCis a flat sheet prior to formng in
conpressi on HBEWEHE high tonnage presses. l:rrtl E~~2 WD 99129492

PCT/ US98/ 22921 Magegi plie RPN 44 | d¥ubhdd & i §§/E R18} "
relatively shall ow shap%s.l@%ohéﬁgﬁgn(gﬂgggdhﬁé#%ﬁgr% ras\r/lvs, 2@£w| tiple
ri b formati onompritihg adayp e npaweVen eimfoicingsiebars phichgupportshelagén efingtalg | ayer
and reduction of EM shi el di najfperfor mance. As a substitute for stanping,

the use bf tNdvsksrsorrribess formed fost # ductie matd @t mgel sdox o lisital daxeq formation
Ther mof or m Nng;s.ASed [n fj?§t.?»fa€eﬁt N%.§,‘2?z,§%§’g§%%’A}égﬁ‘és'té?'ﬂy.sﬁ% t RS GR6RLNI 2@
g1t In ape. e pro g a

sheet and formn 0 a desiTed™s cess i ncludes heatin

't her nopl ast i eviieHTPrRvides ash@giabROME shiekis®Heen Agother simpdbeBMIShR@igs t her
air pressure or vacuumto deflect the sheet towards the surface of a nold
until the shéerstagbpr appdaes wHaSeParntNe. 4o HOSUKmickevskpeirals obhip patent he

TR Ly S R R N R
appl i catijgn, @bﬁ@iaﬁﬁﬁﬁ%ﬁmueﬁm sedtehn Bt reAGs O fRAQRAtSta prioséd3es teAd td er
material with a netal fiber mat at |east partially enbedded in the carrier

mat eri al . Thelistdpt-fimoghesswerksy breiakiog EM fibdrs eihiéhnin the cassl fdiMbisipelding, of a
t her nof or med structure. gru% essfgelg.use of heseﬁé ~ add-on sheets requires
that they podSRtS 1 pogrsr g al GiEsstiyspesnahihe MSHd#6 T ed in contact with the

t her nof or mabl e subshmahg i?B?@quU%dW@i- %ﬁ}gﬂ%aﬁﬁd EMIRBldI Ry steRerRel TRison t he

melting point of the netal fibers in the shielding layer, it is
possi bl e for fondingitelhalboldgybeassieveloped in thadetal padusey dordiermsigrtbmanetsluch as

during stretchin d shaping, with resulting protrusigons or. " s" of
metal at 2Phe "B?éﬁ%-a@f“%veéé?fgf‘am“&ﬁ?mﬁ‘ﬁ?@“%‘&% Balicaie] merisisel e t

shi el di ng ef fj;gi t.0H d @i i j [ ' | ayer,
2t or 1 her mof e et g T e P L TORet ST B Pl el et s e

proj ecti ons frequird heatinpy toasofiewihet piastichuabandigg kieyreetal shieldihg ddyeamirior to

housi ngs. Such projections cause potential electrjcal shorti n»g@i” blens if
they contact S¥PRigE: [dissdwaes thy madulug abthe plasticralioyang 849 flpw estgse@tal

usual I'y assocgh%lgﬂg\@omosite 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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25 el ectroni c packages. Al so bunps nmay adversely affect injected re15|l*r,'“YIo 0
when the shielding conposite is an insert for injection nolding. Several
.alternative solutions have been attenpted to inprove the effectiveness of
conducti ve W bgsonsed EM shiel ding. The formati on of presspicrnsbasner
. sintered bonds between the fibers inproves electrical conductivi ty, but

reduces over i

Composi t o, met ST TP TEar A 08, AP OACaD Sl e B IR PR s
cannot be t hﬂolmdftmm@mded/\iotr Bivarp dpaves leign enutuiply ribJormdtioh iVt 2APS PNe)Th2P492
PCT/ US98/ 22921 of .the fjbers thensel ves, the bonds between the fibers or
both, thus dEAsCitERAINgofbeshickling yesadaedvdigne JoMdl shigling perfrmangher
stretch ratios commply, fi bt Sl 8 TR0 SRR AL B o LB eas! O

use of advanced, senS| i ve oni ¢s, a nee exi

mat eri al s5f oS EPEdBiderddo THYImsfir s, agitheldtes rttgﬁaetda@stenﬁaberamdcmpi@@t
el ectroni c packages. Methods to shape EM shielding structures rely upon

the use of mbkatas @smmmwmtmoamesurwsfmperElmapn@csﬁsueqldilqsgmeatlnga
capabilities ven :(J\énen co l.ex s twﬁ)es derréaﬁd | ocal i zed el on%?ltl an of

300- 500% Th| SPFSH‘“ SIS PEF 10V IF %‘b‘i&p%%?‘t PR eSO PITHES
i nvention conprhsiig (R déitet RRha& tbFaR ¥ suPfacC8f & fn%[d defil TR c'efaédopts the
supporting a layer of randonly distributed, low nelting metal fibers

stabilized aghapesof the lerid sugbdcer éJpwmd:obbngmhe sheeosethimrths reduired ghdperaionmingy
means of coati n%‘nf(fl ber - c ting) of a thernoplastic polynmer. Conposite
sheets ofl Ot haemgyaitemsh E'pEnS -de inproved EM shieldi nc perfornmance by

mai ntai ning the i nﬁ&%g&%n]}'p 2ot B 3BROTEL AR 3&]?%@@%%1‘&991&1{? thépﬁ%’nng

i nvol ving deep draw n the conposite s umary nventi on
The present | discdodtels GM pshoel dihg s add-o0 Bl bemp:tnheg vatier matekial withmanctsl fibest ur e

conbi ning a non-porous carrier sheet wwth a mat or grid of randomy
oriented, |ovnAEtdsasyPaBekly empedded inthrcapgisranateriior. e&ﬁ‘é‘°§l§h§‘-‘tt¥aﬁltq"&1q y

surr ounded by 0e 0PI AR L 9P 29 TBLEF e MLGR. T NeaRQat fyRKd o

to or after ata non-porous sheet
i nvent i on sf urddaesn sHeews rd@sired tﬁahan@d% @héds O deVeAop petodity wheh @kfthéfdrmed in
er

properties, having been shaped b nof orm ng of a planar sheet, and
having a shap@nﬁ@qu\ilm thgthelﬁ@OBerhke syhateate bbnb%-hWblch theyowersphliecht i 0 of at

| est 300% The articl e £ ts senti i br.o

Const ot a1y oo+ DRRGGAESH Hern@RRE Bhinf b ths Mhet el B48e FR3hidMRhe taves
support of thg gBdssiblOrindieiduiBfiber®io lﬂbﬁ@ncbﬁlp@ﬂ@@ﬂﬁkﬁ@tkﬁ Sudhh dudingi er
material. The fiber-coat may be sprayed onto the mat or, as a thernoplastic

materi al , maystiiciog eedishaping Math rgsulling heotiusions ok bwsps!’ ofrenetal ot theroinied i t |
ﬁg? efiuglh.% che%glr’a%omi%hgsacl%% a versgly a%}e(c){ EMT shle{dgr?gr ef?i%feﬁg}h 45 ntto 1¥1crease size ' her
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
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In preferred thernoformable structures, the nelting point of the netal
fibers is 30 lower than the softening points of either the non-porous sheet

.material or the fiber coat material. At thernoform ng tenperatures, the

vi scosity wo wmhed4goft ened fi ber-coat -4 1 4 NMAY 2002 WO 9RCTRIDE/22921
PCT/ US98/ 22921 material is higher than the viscosity of the nolten netal of

the netal fidfakic fbére theflselvestnebemdsoedVedntBe €ibER @S bbth, Rk draaticAlf t en at _
tenperatures | ower than the tenperature of thernoform ng. The EM shiel di rp
sheet exhi biredudirgihsbiglding prapaeirs at thedvighes sireteh jatigh spmmenterequisgdin

deep- drawn stﬁgrpe§ Wi tﬂ Eockets having 5 stretch ratios up to 500% The
resulting co SRS "material may itself be thernoforned or may be an
integral portion WithaRe iU BPhEARE ST ENILs#nSitiVOBRcROAEE dinedbedsi! anar
sheet, or pre-form into the nolding cavity prior to resin injection. Al

of the vari olirs irepiowed materslsofor shepingwenEM shietting hausogathatgeloblyt pretest r ands
10 of the fieﬁrous.met | mat Th(%)s Iﬁads t t.hgwjl r?rovemen S assgci ated with
the i nventi oneHRIGRACKRES e Mithodiioshans RV abiekdingsiructuzes rﬁg‘/ yron tAg usFeR!a)
fibers duri ngoRARAldcAghosRa wREERTiLA RRRPHIAMIR bR oh JRRELANDIR Of
fiber rupture and nmetal bunping-up at the rupture polnt, and separation of
t he nol ten fsHapes ddnsanld lodalided eloptatoom aff300k@084. bTloisisomditied isrpissibieantig

i nproved retention of EM shielding for 15 conposite sheets of the

i nvention. AROTRASHE sEREHTEs of i ¢rdiopconppisingrrehermapiasiin gheek ahfay.  The
terns "fjer- Cfiber-c X" . : d herein to
refer tolo?ha?q%%g%{ ?u%gg%lrngn@? ?atrriog?&ﬁ@% d'ssltftl)@{tgdri? %‘g%@gﬁF g‘ﬁﬁggrgt he net al
mat, provi di fgbitizéadaimatiberublie etdformatiek 6Eburhes d@ﬂg@&:ﬂiﬁgtﬂyaﬁ@ﬂg Bfa 20

2. The terns "carrier sheet" neans a |ayer which is attached, by various
means, i ncl uekatigetBberanvabag) afedhermandastic otymetméempositthesepeol the iguentiont or
the like, to the, netal %fﬂld.]ﬂq‘er-foay The tegarp."c [r. Fr mat I’il§| "is
synonymous. BrOHFePEYR-LMT shiplg s ormadce by mpinipinige the Jnfegrinpofmalign, o,
poi nt at whi gl BRanmidatinp @il RpRRGATSIVIFR! de8p drawify of thBRofMpbiieaReal . The
metal is not 25 conpletely nelted at this point. 4. e term"softening

point” of a polymer is that point at which the polymer begins to change

state frbmsolid to |iquid; howevarmmany gfdhespvention y | i quefied. 5. The term

"slot effect” ref h henaonen asses -
e

t hrough a given v ihg p}rege't&[ 'géﬁﬁ'é’ﬂtprgwg?n‘%%pqa"g%(}gg‘pﬁ’ tgwqﬁé”@%legpwg n%rgﬁé%tgfe 30
\Olli)irrgnfr; Sn_ gn@oﬂ%{ni&na h&epbRudbardicP dhe@f withe &I grid WE ParldbAlly Bri¥@Ed, 16wNng thin
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 to the non-porous sheet.
The invention further provides a shaped article having EMI shielding
properties, having been shaped by thermoforming of a planar shect, 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.
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1 ~4 MAY 2002 WD 99/ 29492 PCT/ US98/ 22921 pass much nore EM thr ougwéthiét é““z
square void with smaller dinensions having many tines the area of the thin
.void. 6. A' bum" is a protrusion forned fromflow ng of the netal fiber
when nol t e obgegar ot rusi on can result in disruption of EM pdn/ekshngzi
el ectrical shorting , 5 problens if there is contact with circuit elenents
or m crodevi ] i Ot i i 8l ronic
packages. 7. Rt FiEher B e R e TSP B R R0k B 20
synonynous aushpomantsaf niet congpasitel nfeltoon sofiembt ttmpanmrtslowdt thapaheent ages;
parts and ratios herein are by wei_ghrg unl ess specifically noted 10

ot herwi se. ‘emperagirgiof ghermatariing. i Bhe BMIshislding gheel exhiptssmmovdgnet i c -

i nterference i i I i c.devices reguir.as) | :

maj or i 1y of atnAnce pEiEhAfy nh SEREERLS 0RFIRRE IR dech g ing
associ at ad WitdicH fagosley ke s®oLhensel ves or i npinging fromexternal sources
that radiate potentially 15 danaging el ectromagneti c waves. Effective

mat eri al s nmust ne€he Eyultingiceigiosids shequinperialmay whilf be thegpaledhedjor may hape

formati on using a variet f moldin chni ques. ,EM  shij el di articles
or 61 deperth i rHidorae gFansshat oSt TRy SER rbee PSS, B3 Abing Sseh aby ed
fibrous netaprel@im GafPiheShdlding daoa%w gﬁbF fogsifeljddiigy, netal alloy, nelting in
a tenperature range from 70C to 370C. Wthin this 20 tenperature range,

fibers in the fibAdu thevaiousembodonerds nbihe émveasion egpiineedatihg ofithe strands

t her nof oy m n rocesses rel at to this invention. ' Unfortupately, in such
nol t en cOhdi gf@‘ﬁ%%f%.rpﬁtf’ﬁﬁ@hc. 13 °a§§JF°f‘QEémE@H§'in8ﬁt,s aéﬁoéé?tt@swﬁﬁf@ndency f or
the metal to;fl.oen iHR|iidd %giﬁr#%évemenpr@gggwaé ,Basm&fr%{lmg' bers.

Consequent | y, unconstr ai re nol ten neta IS susceptible to either
(25 t hi ckeni nhamiling @pdreadental)abeide, atfelavaiedhemperageaeifdiver rupurpand matal

t hi ckened fiber may exhibit a spheroidal "bunp'' in its_length with thinned
sections of PRBEMEH &ithhBiptuePeingsandiepsaten ofthe maltepdibes ebagkatfi on occurs,

the nolten e f f i . j || m nd
broduce. o gagpton LRl e Rk Ricalt ibdBLEY facaitopof ERT U BHER
reduce EM Sbbmb@ﬁiﬁ&g;heétﬁeﬁtﬂe\{ﬁv@ﬁ&npf the nmetal fiber nat. 30 Avoi dance of
these conditions provides the inprovenent that distinguishes the present

i nvention from ot Werusgsvhershi, gheds Frgmaheyethedollowigg mepningsh~nyY t ~~2 WO

991 29492 PCT/ US98/,22921 . Fi ber &hinning_and.gap. fornmati.on may be
substantially eli r’ln nat (JaT et)tf/n%so %ef'gf’%i ﬁﬁd ng‘??récﬁah@ggfx fair‘i)@?'én?'rﬁ‘ogs ?Sotjfsﬁdas
simlar as paggidiogrefed tb it cOtingh® nsdéridl WhikLdubstahtihlty §idoubes e el hadhed
by surrounding the fibers with a fiber-coat material, which limts the

ability of tpeovidipgstrbilization theptiops ozsdar toagsisice displahemeéntber
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 term “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
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s.coat and netal fiber mat change shape during thernoformng, the 14 MY 2002
fiber-coat matrix stabilizes the nolten netal fiber and limts its flow.
.Suitable materials for the fibercoat include thernoplastic, filmformng

pol ymers whiccdvPawse a sof tening point bel ow the highest tenpecpussszpached
in the thernoform ng process, but higher than the nelting point of the .

fibrous net hﬂ%g j 3 is
bel i eved thg% yﬁﬁc?}lg)er%%gt oVl %‘u%g‘%ﬁ@ gv@fr)&%ggg%%&mgs)ggmwﬁnm nt ai (f
metal fiber smamy fxmleﬁmerﬁreertyftheltﬁmw/mdl e nolten, during thernoformng. -

Channel or passageway formation is acco li shed by varied net hods,
dependi ng on the @raturé "GuUMMmds 8 Fratusionqigiraed ﬁ'Pm méﬁ?ﬁﬂ*&lféﬁtabﬁbﬁmﬂmrous

of mocal 1 oepEah, iR iRky e R s B R el ot ™

subst antisal | ﬂroﬁléﬁ%ﬁ?ﬂmereqa%oﬂﬁfch@ﬂh cRclf @l‘éhﬂﬁts&#'nﬁlé‘%ﬂ@vl@&rm@ﬁé feStrivhiet s
i ncludes heating the carrier material to a softened condition and

| ami nati ng t$pacernsuadlydssoaiatédewith slpetrbmic paﬂkatg@s natl vely, the f brows netal
mat may be first goat eghwith t“@ﬁ ther stic., bg?bcoat ?/ such
mechani sns as sof { eni ng “ofrHSs HPr Sé‘beé‘i‘ atpraﬁg mgabfibIgna” pfeYPgnEBars and
the |ike, anQnde'ﬂ%ﬁhéﬂﬁt?&@eﬁqr&mne%)f‘lé}ﬁexﬁ&taChed to the carrier layer, by
means of adhesive, or of forcing the ayers t oget her or other conventi onal
neans. The extent Adlfpelocemydges, pafts ahé rativatherkinreteddy Wéiplerunhas spheffesatly nopan t he
t hi ckness_ of the fiber-coat, and the formin which it is applied. Any of

the conptddit etheR¥igss, previ ous| y“descri bed, may be nol ded directly without
significant disruption of the 25 EM shi el di ng | ayer, due to the non-porous

nature of the carrier materi abeta%@b@;&lptngh%lft%ltnivﬂtﬁmi s desired, the
tcarrier layer can be provided W acking |ayer", which may be
the sanme or diff eEdstrontagaerd m&r&frermel(&lmi} smeldatge)fle&icsromself:wk:emquaesr irer

materials, fiber- coats and backin ers, .include, but are not limted to,
et hyl ene- but $he BEPYI: L8 8 IAtR} t%él%ﬁweéﬁ@r feRgq Sigpals s%semé@adv%e

et hyl ene- et hac 6763
PETG', availa %&cdgwﬂsggﬁggpiﬂméﬁs{mE%%ﬁ&di&ﬁ%tmﬂé a8 20402
PCT/ U89819293&m6@1ﬁ@1€{b@{roma§x¥a&| WA Eff@sm\%maabialls Inaat meamsmmhdg/ from E(
| . duPont de Nenours (DuPont); "DAF' 801, and "DAF 919", avail able :
conmer ci al | y Fequiemoats viikarespand Gt&méhﬁlpe f{@&lnyta@ﬁ wRiRg a waridsy ehmeldingr eof |

actyl i ¢ ahog) yese okTE L) AURERl ke e, bl 86l S RN IEIE s, BRLHERY hanes.

pol yet hyl enes; rs and Copo

functionali Z%dn&ﬂﬂ%yxﬂﬁd&nlyrmle‘ﬂfddq}tﬁl&likyﬂétaﬁﬂﬁt c@ﬁ;bxydmg:a R ﬂhenmgl thétalor
copol ymers, polyesters, copolyesters, |atex binders, E& yur et hane
S

di sper si ons, netylrablos, wekipzane tmvva@m&ﬂa@g?f@ﬁeﬂf@pgﬂy Wl&wlathlfabl e from
Shel | as aton resi ns n_wax,

he. || . Wi |
oo Gar 20t paSRpdsaR BeC ihets RARE BbRS melfui oot igh80Rs e0fired EFing) " | ©

provi de de5| R RITORARS | bﬁ)’ieés@s Hl'@ceérﬁ) tfnqsr;ﬂl,e,ﬁhﬁqped article, they could be
the sanme if desired.. 7 Polyners useful as backing |layers include such

pol ymers as acryl dﬁmfortuhaeelybutsa;dhmnétestcyn@nen, tho Inflnendsarfatigacectendion,osi ¢
materials, and the like. 0 al so contajn
fillers such Cheatg &igadgRcy %‘s F| tg@ﬁ?"’ch f’é g(s‘;bé'ﬁ?tés}]eﬁ%@@tﬁw gﬂ‘i@rf’ay _
acrylic adhesjygged! Eot Qentﬂpluﬁfs@rﬁtrﬁmg&% @n@gbt?ﬁiegd@ béris gt)/s% teeh Liftgec! 1 ke
in small percentages such as ‘W not distur ectr| ca per f ornance or
EM shi eRdi nghigkeqiag bt sspacitiohheothnt Which. cah geneatcydomes’™y mthmlaetmds‘xbanmapret al
alloys may be used in EM sheets of the invention. A use metal has a

mel ting terrpérxﬁthh‘r%sl?hﬁTQ‘% PHWQe“bftS W@W%‘t@%@e@éﬁ‘émﬁ ﬁégéﬁ Qdthensideer
Cel bcted by enSRBEY T FRESGRRER eRRs (Rl AP A e &°
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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not degrade at the thermoforning tenperatures required for the artl &MY 2002
Exanpl es of relatively lownelting netals for use in conposites of the
.present invention include tin, lead, bismuth, cadm um indium gallium

zinc, m xtuyev9kseseof, and their alloys. The alloy group mapclrasasigssent ed

- by alloys containing netal s~with higher nelting 25 points, including such

nmet al s as anti nonyg;walim ‘ Joo 1 : lt, and
iron. Those skill féb?ﬁH{ﬁh{eﬂéar%nfi %Fﬁ%ﬁtg}g rﬁ? %%?fe%%gt@gfégg{lmgtt%ﬁg? alloys to
fulfill the renstranihg meh nheralfevead wnrefoetmi dsaimidar.as phssibtotothal ofyhpsaakdur es
used with inproved EM shiel ding, conposite sheets_of the invention do not
i ncl ude hi gh fibsFackhisial bgacearppished by sprawdingbedibsrsgvitye 80encqd t he -

st anpi ng pro ; ] r enr hod
crpl oy ol Aaene pREbTHAERe LEIRPLFH hors BTG Bunh i Phpbops e fB470C |
t ~~2 WO 99/ 2949ParikdGhé SR r 28 2haenhapd urliky themhdfBmAe Vthe EibePEoad viifrix

| ocated on either side of the sheet. After absorbing heat, sufficient to

sui tably sof tstabilizes theompbien metad fiben anddiditsisy flay- Steisable magerials fof thechibexr seal
bet ween the soften heet and e uth of a shapi mol d. t.he application
o vaouum to PRLIRG TRt HoOBSIErBes TR RS RAPURERDR ¢ her o
Is intimte oMaele mgﬁaw%ﬁcmuéheféhgamﬁehﬁerm&f&nﬁhg pe&ss, MitiHighet fat

met hod uses vacuumto draw the sheet into the nold, it is possible to use
external air the essungpdiot afrthe fibtvas sieedtmatnt o the nold and into contact with
the nol d surface efore. Al so, the f | e mol d used ,in the.exanpl e may
be repl ac@d by a @’Ihger’ﬁﬂ W‘%‘H?&tgthegpoﬂégﬁgﬁ}é"c?w’dP‘S'éﬁeﬁ?]"éfi thatd esﬁpg-cggt vacuum
formng. 10 i L . s g i . becone
i ani T1cant |y S Fa g PR e o R o
'300% t 0 500% Whil¢ heltertduringaheranodorhdigg .c Ghanret onpdsedgeahy fdrfiasioplieices a

strain on the integrity of the netal fibers which |ose EM shi el di.ng
capabi | ity i faqcaaplshadihy wriedangheds, denending;on the ngprerqfdhg ¢arren mafgrialy o

nol ten net al {gﬁf rr I . i.al i

t her nopl ast i cé I é?’-az@gf&Oﬁ%&g‘%ﬂggﬁﬁgﬁlgﬂ%gﬁc@# %%?%%gdgwgﬂfz gﬁ“r%?fﬂrrped
or broken & i b@tth thddmat bfememal Aiberf By embedding tlgdr@ak infotBe bAtitematdeiabntit r ands,
stabilized by the fiber-coat matrix, retain continuity. Metal

fi ber-to-fibefubstntialty sovsemd. dAngmetbadito Pravideciuitable compositgeshestp acludsat
stretches the I her, to i .th | . f J

hi ol d. 20 B srtiBche So e Rl e R EPEPRidBaREP LA Suft aoh Bl

continuity betdpegr.t AtefaMivall @t dbRahs ndtalr mandaEbdfisst Soagddowit thel ane of a
printed circuit, nmay be established using special connection techniques,

such as heat #earpplgstimidbessarichbywichimegharismg e saftening afatsqlid cagtespraying of

nmet hod be used for electrical, connection, between,the shieldin
Tayer - andosBlRark b B ikkema FOURG c R mit Sl TR IR e er B s e
bare metal fiB@incah$ oPRUIRNIERIrS fRRy the fieRUok QAR BtHEF ESnREBoSHI HEahdlat
pol ymer nelting occurs allow ng netal fiber, under the influence of

pressure, to [Jénekteatef amyingws theawiattd métel fbermharidapendo bporethe thiklendse nbthiet s

of EM shieldilng conposite.sheets.of.the invention my be extended to other
appl i cat i ons. FOPT Ao FATSRIVHTY tinaRP e AV ailAhe ORRRSTE dhectig

t her nof or med : ap:Telc ngf N} ' '

i njection nol @éﬁ&g{sﬁ q(lﬁses. F(})ﬁr@tbﬁiréag%ﬁ gggcetglr t ﬁ%(qgﬁ/lfgmsﬁhcﬁgﬂl Cg%rﬂ H%% ?ﬁtg{: ure,

ei ther i n2She&MF shicidimg lay@r, dud@o HH RAEPEroRCRAUISSH/tRC&Rfiert thaterialf OV hed a
preform is inserted in the nmold prior to injecti n% the nolding resin. This
provides a | aylifk articiags dssiresh thefgrisidayar san Be poyided gyith irhas ‘dackisg nol ded
structure.

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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The invention is further understood by reference to the follow ng{ 4 MY 7202
non-limting , 5 exanples. Experinental - Conposite Sheet Formation Sanpl es
.of EM shielding material, made according to the foll owi ng exanples, were
eval uat ed o pdiewenf ormi ng to the sane shape, under the sanePSHASO82921

- conditions. In particular the sanples were inspected, during the 10

t her nof or m n@Ghemivak S BynéloC XAV irebimg avaifabieatomahéroial 19 firdan Epk doRofildcal fi bers

or nmetal beads at fiber fracture sites. Both conditions are undesirable for

the reasons Nemiosex@bensyiBAET $OL.MadaDA BEY'. axailablespamaerrioly feam Dot i on
R e N N R e T T s S b

stream from . rrbuting . ar-surface as
a t. randon ydisiveRtec@ipodiméretlydrbthends, pdikthPRnER p6iypfopiVediesl dratddon
between fibers at points of intersection and thereafter allow ng the netal
mat to codl . piyiers Fidegpolmers, fivaetainalizdskesopaiymets, noaleic anhydridesdisnylic acid
oriented netal fibers, fornmed. as 20 previ ously described. The fibers
conprise ti nmdéﬁlﬁfﬁ?pgm%VSTR%?rWB@‘ﬁV?%ﬂﬁ’B%@F %H%rsgpﬂ}ﬁ'“ﬁﬁﬁhlba“ﬁel ting at

| 38C. Pol y motisbRRins Mt el Eliinc Rty he- U9t Lot ARBA! MBI BAREEL by 1S
mel t - bl own, ngﬁ- \Ao\?g’n,gl%of;rr@?n\%eb%orerreg uesiélbg a 50 50a bl gn of et hsill ene
vi nyl acet at Eretop6l resins, sEVA dSTOENEAENr002¢, 20d (leevidid. aWhde typieali@theit um
Chem cal Corp.) and ESCORENE 7520 (availabl e from Exxon Chem cal /Ca.). The
resul ting me FOSFRARRN G eeipprieral vl gj’/‘frfﬁr.to-Pi‘D‘”de qespred propertiesinthe o
99/ 29492, RCT/, : rat.i . tal fiber mat A was

f or med d?gectqqu%aggéﬁlrc é(%@oémgo y%r%mlégedgemr%a&B to provide a conposite
conbi ni ng a netal Hdlpaershayil aybdcking Ibya@winciidersath peymees asRrylbwiydle, The
conposite was protected on either side by several sheets of silicone

tel ease 5 paputadigng sprrens glycambonats edulesici matgrigh andihplikss operating at a

tenperature of 70G r of .34 i .- 0 rtiald rive the
metal fibers int o%&?ggggllyy%é‘lf 8} acfé)?!)%m% maglél%_O:%g?%}%B@?rs F‘é?kba@;ss@asﬁaper
protect the neicadsphére§nphitk @i cspetiAly GfidMhed iaslyfit biRRivdaatdusell, wWbahtsiay
adversely affect the EM shielding effectiveness of subsequentl

t her nof ol fred astipyidentsedyesimdrthe like busmalhpereeniaass sueh ast willcnas distwb thscanpl es 1
was porous due to the conbinati f .an unprotected, r.andomy oriented
netal |ayer vﬁ??cﬁ“ Hﬁsﬁfic’"%?%ﬁﬁ‘ﬁ@ﬂfﬁbe#@%ﬂ?? asﬁtfe&?iaéetq’{l‘é ures cannot be (
thernof ormed, as dgsgidk ReGet) A AialPREPHERI @mcgsnﬁags@esustebﬁmm dhBérs ShaRt s
preventing deflection of the softened sheet during application of vacuum or

ai r pressur e.infmioaf ¢k esefulhnstabimspamelting dersparptuee invabe tiige ofiB0Hew WG a
continuous sheet of O. ZE nm.pol ycar bgl{)latﬁs backi Bg Bri or. toeihe

{her mof or i ng<BRRFIEE PBRe FHEHRAYBRF SMeBhhaYEn® PPBEP iR mluRe,

t her mof oryy ”&eﬁx‘i}éﬁﬂr@gnﬁ‘éﬂ BERER el byPsHER KT IRATR thelH 89'Ghal !hQ%Eurr&?géf ar YAl

because the net fibers were not sSubstantially surrounded by I ber-coat .

Exanpl e 2 20 tathklegradatt thewrnioformenlg tinpecdtiines aryuired fiorfthe ertle. 2Exangdes af

0.25 mm thick Po_t ygﬁ;}bonat,e (LEXAN 8010MC from CGE.Pl asti cs-Structur eg
Products). A §ayeimpprnelingimeials forgissyn eorapsitag ot the oresert ingsatep ipclude

available fro t . g v d o f
the matal 11 oopdedd SRR i MR, ofef RS oftkufedtheredind B BBy e
conposi t e t heTh@als®egroup ntaythe Aggrptedbytlloys santZhidganerld viayh Righer ratltip S

operating at 121 C. A silicone rel ease cover, over the roller contacting
t he BYNEL23si dpoigts. ingludingpishimetals gs antneny alumiaring eorper.tsHuer, goldy pighel,

Example 3 A 0,64, M thickfi| e I V10 eta P ELVAX 350)
wag. bxtr uded SRR ThoseritnTh e L Ly he BFEIEMTe ST Pleey A
silicone belt f180 td@qhidfe ARIEEMPESIMEERIekioR] Ned by passing them through
chrome plated steel nip
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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A
-11 1 4 her Y ~~~2 WD 99/29492 PCTI US98~' 22921 rollers. A 20 cm1x4 ZLU‘YerﬁEDZ
sanple of the resulting conposite was placed netal fiber side up onto a 30
.cmx 30 cm sheet of 0.26 nmthick sheet of LEXAN 8010MC pol ycarbonat e
(obt ai ned woosw2ek92Pl asti cs- Structured Products). This conpotGraUsgdg29iessed
- together in a platen press heated to 100C at 45 5 kg for 10 seconds. The
resul ting cogRpesiredo Gedting d@ResoPolers dsdatsdaireeitherf silebf thaskeet.aAfient er nedi at e
| ayer of Elvax 350 and a top layer of tin bisnmuth fibers substantially
enbedded i nt @spHung heatspélicientitp suigablnsofBmahe ermppdils sheehandgnedng thef acrylic

adhesi ve wer repared as follows; 3Macrylic adhesive 1 20789

Cavai | ab1 o1 FRE SRPTTEqtaaem BRbuckites S50 ShoarE I e R P PO e e
silver coat e%{ﬂicﬁﬁén SPHRUES 18 RhAMBRIArAWS M Rsfte MUt th8 Inoll NEti) there
Par si ppany, This m xture was coated onto a sheet of release |iner using
a not ched bars interatercoatactbateten theckent asd e RoRiGurface. AVhde this miethgpdtuses

adhesi ve | ayer sheet%, one was. | am nated ont oég; 0.13 mm thi ck sheet of
LEXAN 8010MYHoURrdsandbeshesbinln the dnolg, it ISgrnseiplesp 48§ Fiama) i pregiHgto
Products) ne e . : i j j o] ne of
the sheets aglgéﬁ}s‘?g%eﬁg‘“gﬁ%c"z%%ﬁ“ﬁ‘g? Cgllrltggtlsvlo%%h{éﬁn @g\%gﬁi?érégdr%%teﬁge'r I(g‘lls((g&étse

l'i ner side atid feimale ekl used)irotht ekiraple eh@aasereplaced by o Malamsldesuitable adhesi ve
| ayer to the pol ycarbonate sheet. A layer of Mat A was then placed on top
of the adhesAtagheshiar cithes presers 9 vanasiop@Méyer was then applied to netal
fiber m{oA as d i . I o) J . i ched
bet ween F%yers of %ﬁ&%@?‘?lég bgidtﬁé'lsn?é\fgwl?ﬁi %e%@%%p&(}???gﬂ@&@cg{n%%%x%&% en

mul tipl e sheefrstchéd fegligiag @ldvaftdrerhperp@mee ¢168gARTifRIm PI0% Ko S@0%riBstieng in a
pl aten press set at 455 kg load for 20 seconds at 100C. The Process of

(Ther nof or ni néetd Matandwictaniergnatedgethigiplaces 8 soein andbe inlagkity plthp mesant
invention, refers t.g the ess. t hat .combi.nes a shaping nol.d, heat .and

ei ther ' pr ess Peor S AR Sing S8t TREIE PR B L P prolfefor B

t her nopl ast i enveatieh, e moleR nietfl e BaROwsdedUsi disBbstdtitially e@Beddd ihRg,
substantially replicates the shape of the nold. Equipnment for the basic

form ng At hdkermeplage fibgragaal shawsadmpstnof tendansy to Bowand fereburhpedwipl asti ¢

sheet; 30 heaters gbove, apnd/ or, bel aw t sheet -stock to be, so ned; nol ds,
ol ther mal o Srotenabeny A SR s ma peteh Tt e e b Pre
shape agai nstinyib&cdabmafif t&BEEoARAGEy. Wiklal ASed BETHEP EHERIoRMYy RGHIPIENT
for increasing or reducing air pressure to deflect the softened sheet stock

f or shapi ng. ifftaet bnsf orthe dbSacnat strdfelep theytdre flussd Crpethes.ito énplozethe of t he

i nvention had a_planar structure pefore shaping in a thernoforner having a
baar et e St

central |y podieffognaefeq emto hold a sheet between heaters

posi tioneg above a@%n%i'tl?&"g&%lﬁxgﬁ]v%mb&g of IRl & }mkl?élk%tgrgal%fonﬁnﬁmﬁrkérﬁ

sheet may use either one o eaters or both toget . Exanpl-es -4
used only t heht &MIrshivddihg layependi¢.png gadund plamperagirinted ofcuif3@ay bSheet s wer e
exposed to this 10 tenperature for 0.5 nminute. Each of the conposite sheets
of pExar’rpI es ?smﬁsl@dd}gﬁw&ph@n&ag'tpnéeq,l'g@@resoquc 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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A
0.25 mm t hi ck pol ycarbonate while Exanple 4 included a 0.13 mm AR
pol.ycarbonate. After softening, a sheet was positioned in close proximty -
.to the shaping nold by noving the clanping structure. The thernoforned
sanpl e, usW@%@P4Rval uati on, 15 was a cylindrical bow havi nBCHUPISA2921
circular base of 17.6 cmdianmeter with a circular wall extending 4.1 crs
vertical ly fthamafoendbreforiy, ishinsdredsheed rmhtbrcdraormjcrgin:gtthmnmlmag sesirt. abl y (
positioned tg.form ir-tight seal, with t upper. edge of the circular
wal | of the?%ﬁwmv\lfgé@f] hlf‘zélmsdn%ﬂaa 2 part oh ghetinjeqtion meadsdol d unt i |
the surface gf fpe sheet was in close contact with the mold wall. This
shaping 20 required significant stretching of the conposite sheet between
the upper edge of Thei@venticriisdirthilundastboldty referaice iethe €oN@eIhgtida-1aitingand
the base. After cooling the conposite material adopted the shape of the
cylindriéal asamplespetal fiber stretching is at a maxi mumin the corner
formed by the circular wall and the base portion of the bow -shaped

conposite material. This qué ﬁﬁehﬁl ZEOE p%gﬁggw E{gﬁéa{?“bj ect to fiber
rupture and separation duri bers becone nolten,

extension of the g@hples 5f EMIGHidlding hifitdred, MAde/addyrdidterotné faikavihgnsi on of
the nolten netal. Any neans to preserve the nolten metal in the formof a
fiber wll |m<prrtw@s pereenalizted b)b@prrewbn@mg torthe Smesshape,dedentiesamed by t he
results of formng t osi t.e tso descri bed bel ow
ind pr esent cHPREFoMSsRY T iy 6E shmples WA Ju8BTRcTnsost 22071
I'n ther npf ormsﬁnmwm@rﬁreaésetfop@wd&d&r& fwﬁﬁa@n\mﬁn@g anlnﬁétaafmeréib[f thekence
bet ween Conparative Exanple , using a netal mat w thout polynmer

over coat i ng, beadsl at fiberdtdweure s»t@sm:Bc&b comdidbus arg unde¢siableedbstheirtdseons indicated
(substantiall enbedded in a polynmer |ayer or having a polymer overcoat

appl i ed. Ewé‘é fouskys poorer performance 5 of Exanple | was the appearance,
during thernoform ng of the conposite sheet, of nmetal beads by either

t hi ckeni ng of individual netal sMe@pq}%énggfqir@garQ%d formation by fiber
separation. As the netal beads grow, they gain volume by accepting the flow
of nolten netal oﬁabuixfatignrafamndfwrg/ehlmﬂaﬂlc shéetsmfdlve(sltmste]nﬂad)ﬁadxtnudmgamved

fromthese fib in the oven ur| rm)form t he beads becone |
very | ar bv) , MoHEn siEeein from el el BT R e s Blanderpast

reduced fi beFanElBRﬁ 5 ofEittbd Bk 0Pk lﬁb&ﬁe{agﬁ%'&kéﬂo%ofd%%g%‘&t@@n f?Jéksezltd' ”9
in those areas e appearance of netal ds was avoi d in Exanpl es 2-
Thi s shows t peintsnqff iateeseetion pridtheckatiedallqwiap ¢lot megl tmhetonebll mat by
overcoating or substantially enbedding it in a polymer fiber-coat matrix

before heatigg gr}_d sEgg ng. Table 1 15 shows the results of testing
conposite sh nvention to determ ne incidence of netal bead
formation and EM ngliefiohHatS{ fdoﬁ%%?ﬁndcﬁﬁ@r%leﬁ&d]m tgbﬁ&gs’“fgnﬁecf%eets

t her nof or mabl e conposite conpri se cm X cm po ycarbonate s
| am nat e?0t o pR¥icusi X d&@ribed. EMe Sierebalnprsstiwbismuti altdyefibary eveighdmg about

| 650 g/M? and melting at 138°C.

Polymer Fiber Mat B

Fiber mat B, used in comparative Example 1, is a melt-blown, non-woven,
polymer 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”.
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14 My 2002
y be

20 Exanpl e 4, having an adhesive coating over the netal fiber mat, ma
adhesi vely attached and is capabl e, where needed, of establishing

.electrical

connection with a suitable ground plane. Housi ngs thernof or med

f r om Exanpwe® 9/29422t ached to conductive surfaces by pressure, PEIEH8F292!
connections with electrical resistance 'I ess than 100 m !l 1iohns between the
metal fiber mat A and t he conducCopwaffivelixhmpte 1C14 1 4 |~~~ Y ~C-2 WO
99| 29492 Table | - T nof or red Sheet, Per f.or mance. PCT/ US98/ 22921

e A S & B

Exanpl eOven Dwel | M#t
For mat i onEx
30. 5950None

e rmgd Fqﬁlﬁ@n@@mfm |poI er 11 _er mat B to -
8 o R R B Sk A NIRRE AR erofiber polymr oy

and Ther nof dayerd Theebapositeavadproteeted dn dkhepiide by boveadl sheets-oftdilicorie raleadst
0.13 mm thi ckness (LEXAN 8010MC pol ycarbonate from GE |' | aui cs-Structured

Product sy

wappeviderressed forad saepnds inyadrlatsh PERSE graraineata terapergturg off pO5E,

O e P RLa A Qb R R AL TR B Sl

oven-dn~i n~~

sheéts a

mat A was apylultigtélidyeR dfh€ledée Phber grbtedOfie Indit A fiberseort SRR Higt i dWAS o dn,
protected on either side urine nultiple sheets of silicone rel ease paper,

t hen | am natath p6whidh maceduesseluafifeny the B skigldpgaftestipanessofonbeeauendy at

about 340
over coat ed

in an oven

Ki a | 27C. on cooling, the resulting aanpics were
g@ém%gfrﬂgigr%c "Frgﬁz bottle, using a solution of 10% solids

ADC() ' ~Bo37f" 295 ‘Fﬁéréﬁhﬁiﬂ%@ﬁh@@si

gns/ 100cm to 30 gns/ 1 m .

kstMRERE of PxamMIBs | %_@Pb:’?ﬂs W @hhef rom 10
The conpl eted conposite sheet was 15 dried

atorabinatges fanumpratectéd-randamly Mdienied metal layenwaihtd malt bbdwh ng  of

(ehe Thor mof ob VST B BAEYE Sre0ies SUHp! e QP BUEds (P URLRE R of (he
t her mof or mer bmgs%ﬁ gé‘sgcs%f%%mhé &ﬁ:,c@%é%iﬁgééﬁéctiwﬁﬁf BelkoAlneaiper The

(t he t her nof

sheet was heate

re 20 rmng in‘the thernoformng oven for 0.23

m nut es. Thedwsirgesppdicatioremfplagumwaairfpressed. iTheefere stilssbatparaive samelet wasgul ar
pre-form having di rrenﬁi'ons of approximately 3.5 cmx 9.8 cmx 1.0 cm deep.

Thi s part® waSoppiged 3

20

25

30

QnEinpows g@f)}).?,%@m%oléqgrbonate backing prior to the

thermoforming operation. Inspection of the metal fiber mat after thermoforming
revealed evidence of bump formation and fiber separation because the metat fibers

were not substantially surrounded by a fiber-coat.

Example 2

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
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 vinyl acetate (DUPONT ELVAX 350) was

extruded at 177 °C onto metal fiber mat A, which was supported by a silicone belt.

The two materials were joined by passing them through chrome plated steel nip

-11-



g, .
injection nold. The pre-formwas then placed into one side of the ]rqjhéﬁ\{i%sr{llz
nold (the side opposite the gate)-which in turn was nounted in a 70 ton .
_Arburg nol ding -15 1 4 h~ Y ~~02 WO 99129492 PCT/ U59&122921 machi ne. The
nol d was ev@s®ib4end the cavity was injected with a full chargeusbstmzan 141
R pol ycarbonate obtained from GE Plastics, having a nelt tenperature of

300C. The irjlest i20D0cat £20@mMm sAhpl€dSthe rERIHTY niRRINE Wak Plrcdstaftfiber and t he
cool . time was 1 ~ s. The nold was opened after the part cycle was

: ! y
conpl et ed aside upentoeasdh emsx Hhemshedt of 86 rom thisksbert pALEXANB0X0M koot h- | nne(r

surface inclyding a ctricall uctive net th alloy

I ' k af .tin bi
fi bers havi RYYS" ?Ra?%lgo@??‘ggc’ ?'é‘ncgpe?’gqggfégtm‘ftfi %@“‘iﬁgr Iw?%ﬁﬁ%gg?nwé‘%r ner
to corner agrcERAIYERRYA 2 Wadn E}e%&ea'i@%hobﬁcwss RBE&S100REGBEFhE r om John
Fl uke M g. . I'ncT Exanpl'e 6 10 Fiber nmat A was spray overcoated using a
5% sol uti onresfltiRE EEmpkEIA¢OrHpiigs b popchdbeharcaltiee baseahn Gaermediataiayérydfene

chl ori de. SB ay aﬁpl ication of the overcoat by a Binks spray gun with a
#63B nozzl e [;Vae;éS afid@ tep favengf webigmuthyfibers sulstantialy gmbeddsd 89 .the g per 100
cm . After i nperature, the resulting fiber mats were heat

| am nat ed O%{%&cﬁ%ﬁ%ﬁ%@%ﬁck PETG (KODAK 6763) 15 plastic sheet for 5
seconds using a heated platen press as in Exanple 4. Injection Ml ding of
Exanple 6 A pre-forned insert was nadExdample4 he material of exanple 6 using
t he thernoform ngr equi pnment previously described. The top heater of .the

t her nof or mer  was 13 sheetsdf geryhin adhasevepwere prsnasask asrfollaws:s aM agrylipgulbesithe
sheet h NG B e t,gDf, O L1 - 0.28

m nut e\é\?@Th@%gg??%‘%hggégﬁc{@Egbw‘g]gé ?1(1)% nedalpﬁt“?é?subé}ggg?l@g}l%@ﬁr ect angul ar
pre-form hadidngtéeh siiwestcubdd glhssaphéex bb@imet ¥rot Bokdts IndhisiesMnk., Paldippanyeep.
{(This part was pre-formed to fit snugly inside an injection nold. The

pre-f or m wasVt Hevns piuedwaneagtegmants p gdeeey pI rotease Hpercising pesrlpd(hah eoasgrgs
opposite the whi ch.isn tur s _mounted.in a, 70 ton Arburg nol ding 25
maehi ne. Thé TG iEes B 628 AR IrdRE Ak I B iR IS {U T Char ge
of Vi stol en | RPEARIRGkY ROIABYhANGIcRAKEN DT R ERRAN 8b¢omaélgéa%&{at @Bfaincline
injection rate was 40 cc/s, the nold tenperature was 40C and the cool tine

was 30 45 THemGIEP lnsticsefteuntated Prastuctsh mepsuringBiodne xvidscna.diyplatiegithand t he

| t i | ded t with h i f i.ncl ydi
-6l ect 11 o SRMSNECHIERO S0 1iBE SFEl A8 NS0HE SRPGRCROR. BeFOE ¥ Apap £ ng a
S Slr 232 Szr esirgleaRathePtidb 8Ad thddgReBPoMithd }PATB 1ih&rATUradter the adhdi@eYayer@e W O

{

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

-12-
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PCTNS98/ 22921 corner to corner as neasured using a Fluke Mdel 75

Multi nmeter obtained fromJohn Fluke Mg. Co. Inc. Exanple 7 Conposite
sheets were prepared as described in Exanple 5 except the 5 overcoat of
ADCOTE 37P2d»99%8490ni tted. This was not needed since the nat B¢T/ASII292ot
require thernmoformng prior to nolding. Infection MIlding of Exanple 7 The
fil m conposifematy, t&p@vileahd shups apaipedvitioh thet softehedistleet willde: thérnidferrmed;ect i on
nol d. The nold was tcrounted in a 150 Ton, Denag Ergo_Tech 150610 10

i nj ection noANi YRR forancrepEngor Epdyring aidressnisde deBecs thecsoftered shegi-whi ch
resulted in 5?@‘83 ‘ﬁi %1}%41 cold formng of the plastic/metal fiber conposite.
Cycoloy HF T B o'il%/‘car bonate bl end obtained from GE Pl astics, having a
nmelt tenperature of 270C, was then injected into the nold. The injection
rate was 30 cc/s, the nold tenperadforedBsmpRPrepurstidnhe cooling tine was 15
Ss. The nol d was o&gned after the 15 part cycle was conpleted and the result
was an i Rj ection tempesiipdieetsivdhaigventioamad grplansy supgintsbcfare shapiog B &m x
9.7 cmx 0.4.cmwth spoot h_inner surfa i ncl udi ng a ectricall
conduct ve. B RISr R IRES SRS R hh R SabBRe ihRE Ehoff £ Siek! e ance
of | ess thanhels pbiitibMdadbolve QR BEIbRARe ERnPHRALGS MBARE P cHimpbated Fl uke
Model 75 Multinmeter obtained from John Fl uke g. Co. Inc. 20 Exanple 8
Conposi t e shshecsmag uge pithap anedf the hatstsrartheth logethien nipramdesekd aysed omly the
overcoat of PETG was omi tted. This was nﬁt grgﬁe d since the terial did
not require tOEFREIEE ARG 3L Srie BRI PP 8 Fn _EESWTWW?@ SExanmpl e 8
25 The fid m i e 8 was taped onto the fenal e side of the

i njecti olnd nol d. '?'ﬁ{e“teﬁorpﬁsmﬁggﬁgfeheat ed on the nold using a hand hel d heat
gun for approxi maEetlyofifhic cemposig: shebs offbkamples 2tandr3 ateadethchrdediadayeheffi | m
(whi ch resul ted in an,inioi)i[cgl cold formng of the plastic/netal fiber

conposi te. THe rdmdhiggy hogatgiyhifelexamin)s fynglided 4.-b ey PQRYEROANatE |
561 29499 POT) Usob/ I3 e AR SRrUFARREEd i iy prbiiTul ¥ dhe Eabin bl

t enper at ure ol noAkg thElsdarmping cfrucore; dthe thermodémed sampld) asedtoeletatipmnat ur e

was 70C, and the cool i,n? tinme was |5 s, Thenold was opened after the part
cycl e wab’ comysarcalindmenl AW herdng 2 flab sirgplar ase of i1 416 capdigastes ayith meivguiyy

di mensions o p I I . . | oth inner
surface incl &&?nég{egﬁhrglpégtcﬁsélaeﬁc%“‘ggﬁ’%u%\efﬂ\%éng}tl%ﬁgk%%pt %}fcﬁd%{flg%t h al | oy

fibers havi ngtractat sutablypsithad &efobi anesstighasal A0th ik ubp&tudge bf the cor ner
to corner as
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 juncturc 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 a
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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measured using a rluhe Mddcl 75 Multineter obtained from John Fluke Mg.
Co. Inc. Exanple 9 A polycarbonatc sheet of about 0.13 nmthickness (LEXAN
8B35 10 pol ycarbonate from GE Pl astics-Structured Products) was coated, by
| am nat i orwowbed9a | ayer of ethyl ene nmethyl acryl ate copol yRS&T/YPRAD2EP2207
from Chevron Chem cal Co.- Specialty 1'c~lvners). about 0.10 nmthick. .' Che
| am nation step Uaekkermolfi@aiedbopt] prepargrioasthecpensi verg significanPdif@enkegf
pressure for 20 seconds at 125C. Metal fcber mat A was placed on the EI\/AC{
SP2307 | ayeetwasa (cuppriatiiveExamplad. wing asiesa] roat vathoybpol¥MGEOVRIFQASNGY| ti pl e

olaten presens SR ERECCRRIRR0M 10/ BER TR DrGRh AR bl A 7 S o
Exanpl e 9 Applyendrahyedrihasiasha pdimdraderdoboappiiRe. FRidehésdf por@pafBlRarkeUsi ng

the 20 thernoform ng equi pnent previously described. The top heater of the
t her nof o merof\kxgmpla haads dief apprzrandee divong thermeformingwfshe eampesitg 3BeEt, dthe

heet heat bef . ] i he. th f ' f bout. 0. 3
it o Tho eHEGeagt bk SR BeBehiag of BRATA A vl A g FBA SR gl ar
pre-form hawyghdlis SRR Q) SA 9 {heARAE O AR ERIW, tﬂeﬁga@ﬂ&l_ugr_e%y%bé‘pt%%ﬁ}a@ﬁ%ﬁrgep-

This part was pre-forned to fit snugly irnside’an 25 injection

pr e- f or m wasfinhdrenphetekoutioftsorrouelig flleeref [fssafficientjnestaliio rennwmled f{anhéhese de
opposite the.gate) which in turn S nmoupted in 70 ton Arpur | | rounder
700- 230- 305 fééé’h%ﬂtﬁ%vﬁn BRE Rermp g aemg? hepdLbRFomR ephiar gx\}ﬁ?gFSWés

i nj ect edow t: L EXAN [ GE
Pl ast i cg,o hav\gll”ﬁzgégmﬁéﬁtg é{%ﬁ%g% gl'lt_ure E)Eeﬁ%é(%qéygr%%g??\t}tggf ?’g[h%ﬁtgf&gco&vggggbout
20 cc/s, theredwding BT shigidingtini thosevmea0C, and the cooling tine was about 1
S sec. The nold was opened -18 ~ ~ ~~~~ ~coz WD 99129492 PCT/ US98/ 22921
after the part cyEheappearansepl Be@libeads wasavedsd in Examplah2idnjldds shomwsibe ded
part with a . I . i nel udi I cal hve
etvork of -t Par ARy R 7SRl s HE el by Gl fuk by SOREYERIY

than 200 m |éﬂ1§&ﬁa&1dg’ it @i §OIRHer fide£ &30 Aiatis béeShiattlg Uad Sthpeng| THbRe Model 75
Mul tinmeter obtained fromJohn Fluke Mg. Co. Inc. 5 A second sanple of a

preformlof Eshanysithe gesulineobtestingoseposiie shegkseafi the yvpntiagate dstesmént, ingidence

preformed insgrt,.in nol d attﬂt‘a\b‘ ta.a 70 ton Arburg Allrounder

500- 230- 305 Ha Php SetTpERedhe i M E bRk ReBR o1 sl g, the mold cavity *
was filled by injeghiprsW b and dlide tRABIS R ARRRLY eahPARRL T dh R

(Cycol oy C1200HF, obtained from GE Plastics) having a nelt tenperature of

about 270C. #m palyrattna® sheetpbaminated to20 apou20 adENhshieldingisheétnplibiei on rate
was about 20, eels followed by cooling for about 15 seconds. The injection
nol ded part HYE§'¥9e same performance as the nol di ng produced with LEXAN

940. Exagpl e 10 AER%%M,%O%%%BE&M &ﬁﬂH%errjtﬁe MRt fibeKmad, ka3 8B35
avai lable from15 Gt Plastics - Structured Products) was coated on both
si des) by | andheatviehgat@ch€@l 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.
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4
of ethylene nethyl acrylate copol yner (EMAC SP2207 avail able from Ctlue«/F"
Speci alty Polyners) using a platen press operating at about
. 22,000 Kgf for 20 seconds and at a tenperature of about 125C. Metal

Chem cal Co.

L

fiber

mat A was woaogdsoagai nst one of the layers of EMAC SP 2207 XTTme$osrne92]
pl aci ng the conposite between nultiple sheets of silicone rel ease paper.

then applying preits(LJIE:e usi mabla | hepetid o iriled Shidt Pefoftharte

t
EX

, 000 Kgf for 20

seconds at about . I nfection | din~—~ 0 nple 10 A pre-forned i nsert
was nmade fromExapsiei t e shpetOvai DwetliPinee 10 EMDPShipldéng §usMet:d Breadi bbkd for
Exanpl e 9. The preform was| placed in a nold 70 ton Arbufg

Al | rounder 7(0- 230- 305 ECJ i nj ectmimitedo| di ng hide Ferwatigy | he
mol d cavity ' -» et kgt

pol yet hyl ene [( Rt hene LMB187, &3 1 abl e f 0. ) 'h&é@fhg alnel t
t enper at ur e gfeZ2i0G Wt otd—ter aturehetd—at;g oo tenpe re, | he
resin 30 inj ECEf)I(ag‘HDel’%.te was about tggé eels fol |l owed by coqli ngll\}f:bokg 20
seconds. The |rB&Mdléng - 19 T 4 Togs5o TT;TTT] WD 9%029492 [PCT/ tp98! 229Ft ,
part showed dood_adhesi on Bet ween the polyethyl ene and tHe preforned jnsert
and had a snydidemipiedr surface i ndd.4@i ng an el ectrilcal | y |[condiNsimeve nét wor k
of tin busnut i with a surface resictivity leds than.200

m | 1iohnms measured using, a Fluke Mddel 75 Multineter obtained from John

Fl uke Mg. Co. Inc. 5 -20 1 4 H-;~Y 2002 What is clainmed is: 1. A shaped
article shaped by {DeqaRRR0 N0 ol @SRk SHEF the AR RATRERAL L ©f ©

havi ng a shape re atio of at

| east about 300% said article conpri sgxgnplasshield for el ectromagnetic

interference

consi sting essentially

of a unitary fibrous netal

mat ,

i ncl udi ng® fused métRalydarbenate giee Paboeohi Aee thidktiess EXAYBMOMGg a | ow

nmelting neta
70C to about

poifbeSBady 8. OL

| ] avin

b

a ne

ReliFed piofudls

i nt

in the.ra

P41 PSR

Q
a

ey

t her mopl ast i golgedl/ieng usigdiad 098 HL Ak \natL PERDDER mRaiydeth§URASHE, REinRY #5

non- porous carrier sheet,

nmet al
wherein said

nel ti ng poi nf®

) b e

net al.., al

| o

n% about

said shaped article being substantially free from
bunps MeyenbaralAftitovgaidsyin@ these shegped 185G Biréwa eeiontgs.ragsampledfai m 1

A VROAEDH bRy FEFhEE B

o
lafern e camiosi& Y Eor ous

sheet orjgai grdiBQEBPLRRIsRlcGRM AGlipR: sthe BRBEE R flabEpARE WG Bfiddles! a1 M

wherein said thernoplastic coating and said carrier sheet are forned

of

di ff erent matfarlitedcsonds, uAng hapadd aktdngiressarpemtiag agabait HAKens andd2é7@. sai d

shape requir
5. A shaped

sai d

.pl apar sheet to, exhibit
hon oglibe,abs

ERSHIGnE 5AmPlsF Wete Qrrsreaied Wahap

a stretch

iy

o of , abhout . 500%
BRIBY BRYFIE ISt i ng

was applied tQofifiod Jf'1 BVt dTAISEOTRE 7PRO 9 vak AisPbisfir IHRMrerd 8 aSidt dokg | €F

sheet .

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 S

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-
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6. A shaped article according to claim5 wherein said thernoplastic cl*og' ;{néﬂﬂz
was applied by spraying. 7. A shaped article according to claim1 wherein.
said thernoplastic coating is a thernoplastic resin selected fromthe group
consi st i ngwofesrdddyl ene- butyl acryl ate copol yners, -21 1 ~ HEHASROER]
et hyl ene-vinyl acetate copol ymers and di spersions thereof, _
et hyl ene- metpRbingl ITheatdld waRRMLARNS thel daeityRRk agkdted Pathwaall @hsgeP@! yam des,
acrylic adhesives, hot nelt adhesives, block copolyners, polyurethanes, (
pol yet hyl endsxam bt LR polyghrboaate oftaifeddiom 615 Mastécsahayindp olejtriemperature of -
functionali Lopolyners, malefigc anhydrides, acrylic acid nodified
copol yror s, 001G eShedlEt gt s i & i milSipmaire faf JhitARa e ool
di sper si ons 8t WhEN§sLTHY lnﬁfl'@v&h'b}iérfé@%’&%? ek ﬁ@l@%ﬁé%ﬁﬁﬂet@d‘%d@ﬁ%%%‘l@
wax. 8. A shaped article according to claim?7 erein sard thernoplastic
coating Bs etdsyanangectiomynoldedaiasat with 8 smbothhapadusitd intmdmpemredéongedily cl ai m 1

wherein said fibrous netal nat was attached to said carrier sheet prior to
the appl i catoBpugsvedigiverkipd tindpsmuthjalloy dibershgving sunfags eesistings of leppthan
accordi ng to)gl adye el i i -] i i .brous
ot al . by G AGhE b SoftBE A Rhati e, AERIGRL P ENARfelar ) O
cl ai m 1 wheragbtdin&bfrdmcahh iFbikeSMESICd. $nsel ected from the group consisting of
acrylonitrile, butadiene styrene, polycarbonate, cellulosic nmaterials,

et hyl ene-butyl acryl ate copol yners, ethyl ene-vinyl acetate copol yners and
di spersi ons thereof, ethylene-nethacr B%¥apk&9d copol ymers; thernopl astic
pol yest er.s, pol yags , lJ aﬂtg [ . NOf <ol : ' ;

copol ymeelroz, pol yﬁlfn?g?ﬁ%ﬁlegwééo%pgat y}eerzli}e{;'g,%mﬁ1 Iay%g’%%%tlgﬂgg?ﬁg?};%@éggé! yners
and copol ymegm3 fid Hab@idl CEaicIone) me&ylehaahlatiae.asgwrapphafaxioa@rfmd c acid
modi fi ed copol ymers, polyesters, copolyesters, |atex binders, polyurethane
di sper si ons, owrsaabhe addinky sprey pun yithpet63Bynognle gevpomehesasingaraigipataf f i n
wax. 12. A shaped i cl ccor di to claimll erein said thernoplastic
Coating is ahetem 790 saediEbey b R ARk ripe L o Eab it 86 ol oy m 10
wher ei n sai drea@lkif} ifbeAHRARSKME heANhRIMFd s 29RREhRShick3ETG IKADKR 5Y63002
14. A shaped article according to claim1l wherein said thernoplastic

coati ng End plastit sheetfoed ssérrds using acdheated pldtércprasihassn Exampk 4.A conposite (
t her nof or mabl e pl anar sheet consisting essentially of a non-porous carrier *
sheet with a netal fiber mat of,_rando (Xiori tedll w nel ting netal

fibers, as a shield for electrc;H‘ . €, said netal fiber mat
bei ng substanti al layp@LibrRetNHge Qs tadB ol dsdtbital fof BRAMSIOBtusim@El al , said
fiber-coat material being attached prior to or after attachnent of said | ow
mel ti ng net athefmbformingequipmesprepdeanls desaribédr Thrhteptheatend fthe thepmefarmer

t her nof or mabl e pl an eef bein apabl e of bei faormed intq a aped
article havi §§® g?}saégli@ﬁ‘?c} me%é’ft-gF’g?ef’feB@’tas ot gé&% %ﬁﬁe%‘ﬁﬁﬁéﬁ&te@me?% e
having been fanikdidie s fioforkdth 6l érPfdr 0D8dhitdiesS ahe sRiABEEkAIE 6hashavi ng
as an integral portion an EM shreld, consisting of a conposite, sheet
consi sting ederemtliialol a/subktaatialfnreptanguiar prrfoim hasing @imeisidnsaf approgimatelydom y
oriented, low nelting nmetal fibhers, said mat of_ randonly oriented, |ow

mel ting met NPT mg-oscab et Y part wat Pﬁcfﬁ&@eﬁj w&’ﬁrasnpawa&r Rtic
coati ng mat er.j.al.: Lok ther J Walcl ks 1NG: At i or
o or after sipgiopRblh. THEIERRAT Wk yERTART B LEE Wt cPRICIBROPRARFARE 0
EM shiel d i sidewppogtef ths gatelwhith ihith@rwdsimburied incOTH RatSrbaf) Mokldmgosi t e
sheet fashioned froma planar sheet into said integral portion of said
shaped arPi clreachipej ridermoldgvassilepediand the camivewap injectedwithg ful cherge @1 di ng
nol d before ipfecti esin therei.n. .-23 o S

Ayl AR Ay. ASRIEnAA00Rpolvbrogy itk Raxinea melt tomperaiuieaf 240°G, Khe RSCHRp TR AL
(?1' TV. Hg; 9FGEVRO 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 milliohms from
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Chemical o Specialty Polymers). about 0.10 mm thick. The lamination step used a
heated platen press operating at 22,000 Kgf pressure for 20 seconds at 125°C.
Metal fiber mat A. was placed on the EMAC SP2207 layer. The composite
15 was protected on either side using multiple sheets of silicone release paper, then

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 S38°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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108 RS L BRI S e e
109% & () - f 1 f abidutedBisid@ a Fluke Model 75 Multimeter obtained from John Fluke Mfg. Co. Inc.
5 A second sample of a preform of Example 9, made as described previously,
was placed, as a preformed insert, 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 ABS-polycarbonate blend (Cycoloy C1200HF,
obtained from GE Plastics) having a melt temperature of about 270°C. At a mold
10  temperature of about 40°C the-resin injection rate was about 20 cc/s followed by
cooling for about 15 seconds. The injection molded part had the same performance as

the molding produced with LEXAN 940.

Example 10
A polycarbonate sheet, about 0.13 mm thick, (LEXAN 8B35 available from
15 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 Alirounder 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 a 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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“2110% & &' s(h).eld}fcpt] ¢legttgmagnetic interference consisting essentlally of a unitary fibrous metal

mat, including fused metal fiber-to-fiber contacts, said mat comprising a low melting metal or
metal alloy having a melting point in the range from about 70°C to about 370°C, said metal mat
being substantially surrounded by a thermoplastic coating, said metal mat further being
supported by a non-porous carrier sheet, said shaped article being substantially free from metal

bumps and metal mat gaps.

2. A shaped article according to claim 1 wherein said metal mat is formed from a metal or
metal alloy having a melting point lower than the softening points of either said non-porous sheet

or said thermoplastic coating.

3. A shaped article according to claim 1 wherein said thermoplastic coating and said carrier

sheet are formed of different materials.

4. A shaped article according to claim 1 wherein said shape requires said planar sheet to

exhibit a stretch ratio of about 500%.

5. A shaped article according to claim 1 wherein said thermoplastic coating was applied to

said fibrous metal mat prior to attachment to said carrier sheet.

6. A shaped article according to claim 5 wherein said thermoplastic coating was applied by
spraying.
7. A shaped article according to claim 1 wherein said thermoplastic coating is a

thermoplastic resin selected from the group consisting of ethylene-butyl acrylate copolymers,
-21-
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9. A shaped article according to claim 1 wherein said fibrous metal mat was attached to said

carrier sheet prior to the application of said thermoplastic coating.

10. A shaped article according to claim 9 wherein said carrier sheet is attached to said fibrous

metal mat by means of pressure or heat.

11. A shaped article according to claim 1 wherein said carrier sheet is selected from the
group consisting of acrylonitrile, butadiene styrene, polycarbonate, cellulosic materials,
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 anhydrides, acrylic acid modified
copolymers, polyesters, copolyesters, latex binders, polyurethane dispersions, styrene-ethylene

butylene-styrene copolymers, and paraffin wax.

12. A shaped article according to claim 11 wherein said thermoplastic coating is an acrylic

adhesive.

13. A shaped article according to claim 12 wherein said acrylic adhesive contains
microspheres.
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thermoplastic fiber-coat material, said fiber-coat material being attached prior to or after
attachment of said low melting metal fibers to the non-porous carrier sheet, said composite
thermoformable planar sheet being capable of being formed into a shaped article having fused

metal fiber-to-fiber contacts.

16. A shaped article having been formed by insert injection molding, said shaped article
having as an integral portion an EMI shield, consisting of a composite, sheet consisting
essentially of a non-porous carrier sheet with a mat of randomly oriented, low melting metal
fibers, said mat of randomly oriented, low melting metal fibers 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 sheet, said EMI shield including fused
metal fiber-to-fiber contacts said composite sheet fashioned from a planar sheet into said integral
portion of said shaped article by inserting said planar sheet into the injection molding mold

before infecting resin therein.
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