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NE;AL FI BERVAT/ POLYMER COWPCSI TE Background of the Inventlof1é: qd of Fﬁe O
| nyention This invention relates to non-woven matg of randomgy @Q@ﬁn;ed

metal- fi-bers, "to nmetal/polynmer conposittes formed with such 183 “Aid”
particularly to thernoformable netal/polyger conposites. Description of the
Rel ated Art A variety of conposites containing both nmetal and polyneric
materials are known for use in naéé vari ed applications. One | nportant use

for a'metal/polymer conposi METAL FIBERMATSPQLAYER: COUPPEREBNet i ¢ and radio

frequency waves. The i nterfereg§§k§$@ OF %mﬂ%éq‘l el ectronic

devi ces |sd£onnnnly referred to ;o ectr gneglcthter erence (EM) or

radio frequency interference (RF&}—iﬂeﬁgF%ggkéﬁfﬁghﬁﬂﬂy referred to as EM.

EM shielding is often plehesl ivemd omn dellatesutee non~-woven mats of

' randomly oriented metal fibers, to metal/polymer
composites formed with such mats, and particularly to
thermoformable metal/polymer composites.

‘10

Description of the Related Art
A variety of composites containing both metal
and polymeric materials are known for use in many varied
applications. One important use for a metal/polymer 4

15 composite is as a shield for electromagnetic and radio
frequency waves. The interference caused by such waves
in electronic devices is commenly referred to as
electromagnetic interference (EMI) or radio frequency
interference (RFI), hereinafter jointly referred to as

20 EMI. EMI shielding is often placed around an EMI 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 shield the
device from incoming electromagnetic radiation.

25 Another important use for such composites is
for the protection of sensitive electronic parts from
static charges. Static charge build-up can result from,
e.g., the tribo-electrification of surfaces, and can lead
to high electrical potentials. A sensitive electronic

30 part that may come into proximity or contact with a
statically charged surface can be damaged or destroyed.
During shipping or handling, shielding of an electronic
part from static electricity can be accomplished by
placing the part in an electrically conductive metal or

35 metal/polymer container, with the metal providing a

shielding or Faraday cage-like surface to protect against
static fields. Many applications require that the
shielding be thermoformed into a particular shape or
structure. A thermoforming process comprises heating the
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It fromradiating EM and interfering with surroundi ng devi ces.

Al so, the devices thenselves nay be provided with EM shielding in an
efifort to shield the device fromincom ng el ectronagnetic radiation.
I nportant use for such conposites is for the protection of
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ahenyeappﬂsumft@man @anfe. tangd ftdmmg it against a mold
by applying vacuum, air pressure and/or mechanical
pressure. When the sheet is cooled, the contour of the

mold is reproduced in detail.

It is possible to provide thermoformable
articles with properties of EMI shielding. The methods

used are, however, time consuming and relatively

expensive. One reason for this is that metal
generally occurs after the shape or structure
thermoformed, requiring a separate, secondary
Environmental concerns alsc exist due to some
byproducts. Also, such coatings tend to chip

cladding
has been
operation.
processing
or peel off

after aging, thereby limiting their use as EMI shields.

Metal/polymer composites having continuous

coatings of metal deposited by sputtering, arc spraying,

vapor deposition or the like are known in the

art.

U.S. Patent No. 3,272,292, (Nicely), discloses
a non-woven unitary metallic sheet which is fabricated by

extruding a molten stream from a metallic melt into an

atmosphere which reacts to form a stabilizing

film about

the periphery of the metal stream. The spun metal
filaments are allowed to solidify, and then collected as

a nonwoven fibrous mass. The mass of filaments are then

compressed into a sheet-like form, and given strength by
binding all or selected adjacent fibers together.

U.S. Patent No. 3,565,127, (Nicely et al.)
discloses a composite yarn structure comprising strands
of brittle filamentary materials collimated into a bundle

and having a wrapped or braided covering applied to hold

the bundle as a unit until further processing.

The

filamentary materials may be selected from inorganic

refractory fibers such as carbon, boron, quartz, silicon

carbide, and the like. Filling yarns for weaving the
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sﬁielding be thernofornmed into a particul ar shape or structure. A

t her nof orm ng process conprises heating the -2- material and formng it
iRt o the desired shape. For exanple, thernoforming is used to make vari ous
types of containers or housings. Conventional thernoformng is usually
acconpl i shed by heating a thernopl astic steet above its softening point,
and forcing it against a nold by applying vacuum air pressure and/or
mechani cal pr . NAYebe madshdaom @ dggpedvarhetyonfobigbfmedeludl d is

reproduced i n riRfrdidtrdrigtns madexiiklig.t o provide thernoformable articles
with properties of Ewllapiel L@% tAngnge%nggg usgglaégéthgmgvgg,atine
consuni ng and rel affy@iFernati 1 me ing
high locading of short, straight, staple metal fibers
5 either mixed within the thermoplastic sheet material or
coated across its surface. The effectiveness of the EMI
shielding is related to the overall electrical
conductivity of the metal/polymer composite, with highef
electrical conductivity typically giving better EMI

10 shielding. When electrical conductivity is obtained by
mixing conductive fibers into the volume of a polymer or
forming a cocating of those fibers on the surface of the
polymer, the overall conductivity is dependent on the
individual conductivity of the fibers as well as the

15 number of electrical contacts between said fibers. Short
"staple conductive fibers require higher concentrations in
order to cbtain sufficient electrical contact between the
fibers. High loading of metal fibers tends to adversely
affect the physical properties of the final metal/polymer

20 composite. With any conductive fiber, the number of
contacts is significantly reduced, as the polymer
containing them is stretched, during the thermoferming
process, which causes a concurrent reduction in the EMI
shielding.

25 U.S. Patent No. 4,678,699, (Kritchevsky et
al.), discloses a stampable thermoplastic composite
having at least one thermoplastic layer and at least one
shielding layer, the composite having an EMI/RFI
shielding effectiveness of at least 30 dB. In one

30 embodiment the shielding layer may be a knitted wire mesh
or screen. The shielding layer may be adjacent to the
thermoplastic layer, or it may be embedded into the
thermoplastic layer.

Another alternative is the use of metal coated

35 polymeric fibers in place of solid metal fibers in filled
or ccated plastics for EMI shielding. These composites
provide reduced weight and some cost savings over their
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éxpensive. One reason for this is that netal cladding generally occurs
after the shape or structure has been thernoforned, requiring a separate,
secondary operation. Environnental concerns also exist due to sone
processi ng byproducts. Al so, such coatlngs tend to chip or peel off after
aging, thereby limting their use as EM ™ ﬁlelds Met al / pol ymer conposi tes

havi 0 Cont | RS SCRgkRR93RL TR Bl o8 BORAL SN SPUSIA e 2T,

, (Ni cely), d|hewessiqaiﬁ&uambﬂgnraducadyEmntahiexdfﬁgﬁﬁrdﬁbtﬁnessﬁﬁ&ﬂiCated
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The spun netthﬁlﬁéﬁéﬁrécai a¢PdeGti@essmrfﬁ¢§!oﬁunhefﬁabexﬂlhalngj as a
nonwoven ki breyﬁlﬁaiiy EEEtPB?édoésf%ﬁé«}feﬂé @ Forlhit] SO ARGk N0 2
sheet -1 1ke fornk the %ngmg%ggged sugétrate.

Another alternative to continuous metal
coatings applied after the thermoforming operation is the
use of blanks (section of polymeric substrate purchased

10 by the thermoformer from his extruder supplier) that have
been prepared from various metal laminates. The metal
layers in such preassembled blanks consist of anything
from thin foils to fibrous ccatings. These materials are
usually incapable of withstanding the severe dimensicnal

15 changes, i.e., up to 300% elongation, during the
thermoforming process. Usefulness of such materials in
EMI shielding applications requiring a thermoformed
article are therefore highly dependent on the ductility
of the metal used. See, e.g., U.S. 4,689,098 (Gaughan).

20 JAP 1990-276297 discloses molded EMI shielding
sheets prepared by arranging narrow long metal fibers in
a mat, adhering synthetic resinous films over top and
bottom of the mat, and then vacuum forming. The long
metal fibers are disclosed to reduce the chance of

25 puncture of the synthetic resin films. Between the film
layer and the metal mat, a nonwoven cloth made from
synthetic resins may be layered. The nonwoven web is
then entangled with the metal fibers by needle punching
both mutually, and film layers are then sandwiched on

30 both sides of the cloth, and the article is vacuunm
formed.

JP62-176823, published August 3, 1987 discloses
compression molding of a thermoforming laminated sheet
consisting of alloys with high plasticity and

35  thermoforming resins wherein a lower pressure is applied
initially and the pressure is gradually increased as the
molding continues. This process is disclosed to reduce
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binding all or selected adjacent fibers together. U S. Patent No.
3,565,127, (Nicely et al.) discloses a conposite yarn structure conpri sing
strands of brittle filanmentary materials collimted into a bundle and
having a wapped or braided covering applied to hold the bundle as a unit
until further processing. The filanentagy materials may be selected from
I norganic refractory fibers such as carbon, boron, quartz, silicon carbide,

and the like-cﬂé}ki ¥1%d NGed DIng\est it tfimal tlmardioffom‘m)édbarmﬁd&efrom a

| arge variety of h| dul us str.en th terla S, ternatlve to
conti nuous et al coat|ﬁ§§ ?EP%i%#é%FWQﬁﬁY %ﬁ&ﬁ: %&ﬁ' st apl e
metal fibers gttémpted xeao ymptnvetﬁhetdﬁﬁeunﬂwanass sweepndaC@nNaI or

fiber based EMI shielding. Forming pressure welds or

5 sintered bonds between the fibers improves electrical
conductivity, but reduces overall flexibility and
extensibility of the welded mat. A sintered or otherwise
bonded metal-fiber/polymer composite sheet cannot be
thermoformed except at stresses which would break the

10 fibers themselves, the bonds between the fibers or both,

thus drastically reducing the shielding properties.

Electrical conductivity could be enhanced in
conductive fiber filled or coated composites by using
longer fibers that would require fewer fiber-fiber

15 contacts to maintain continuous electrical conductivity.
However, since metal fibers in their solid state stretch
little, if at all, under thermoforming conditions, the
fibers must slip relative to the polymer to keep from
breaking during the thermoforming process. The fiber

20 changes its shape during the deformation of the polymer
matrix. The net effect is a dramatic increase in the
thermoforming stress required for plastic flow of the
composite which again would break the fibers themselves,
the bonds between the fibers or both. Also, at concave

25 surfaces or corners, the fibers may pull free of the
surface.

Additionally, baffles are often used within the
heating chamber of the thermoforming machine to
preferentially heat certain areas of the substrate

30 polymer to be thermoformed to aid in wall thickness
control of the final article. Any metallic layer
contained within the sheet will disturb the heating
characteristics of the sheet during the heating cycle.
Such reflective and absorptive interference with the

35 desired heating pattern are unavoidable when using EMI
shielding laminates and compositions of the prior art.

Contrary to what might be expected, the amount
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coated across its surface. The effectiveness of the EM shielding is
related to the overall electrical conductivity of the netal/polyner
conrposite, with higher electrical conductivity typically giving better EM
shi el ding. Wien electrical conductivity is obtained by m xing conductive
fibers into the volunme of a polyner or forLging a coating of those fibers on
the surface of the polyner, the overall conductivity is dependent on the

i ndi vi dual conggctmyi tyaofpidces i fiefcudts awjivers vdiQl nwrideperidetite@n i cal
contacts betvvegﬁ[; sgi‘g%%ﬁbegs. Sho{gt ,s# algl & &qn ctivse fiber = ui re higher
concentrations-Th Of tBF olR%i T %%f Tt el AR ¢ Al o&\een t he
fibers. Hi gh |badibgtal arealofithe svaishds Rar ddversdgiagiminf,eat 1.100 pimysi cal
properties of bey[ogdum oA/ P! ¢PmAS! 18- nd{ 1yavesopduciige T ber,
t he nunber of contacts 1s significantly reduced, as e polynmer containing
themis st$et cHEH PaRS i tRrewsh tH@mMYrld @y 3.0 mm by 0.05 mm void

(area= 0.15 mm?’) even though the 1.00 mm? space has
greater than six times the area of the 0.15 mm’ space.
This is sometimes called "the slot effect®.
Accordingly, even extremely thin openings must

10 be avoided where the opening has a substantial
longitudinal dimension. A multi-part EMI shielded
enclosure can be effectively sealed without leaving thin
cracks between adjacent enclosure parts by providing
conductive surfaces on adjacent surfaces of the shielded

15 enclosure. For this reason it is not always highly
effective to simply extrude or laminate fibers,
particles, or flakes of metal into bulk polymer. The
metal must preferably be distributed throughout the
polymer to specifically include the sealing surfaces or

20 at least be accessible for electrical connection to the
opposing surfaces by way of special gaskets or electrical
connectors.

Additionally, sheets of the prior art made for

the purpose of providing EMI shielding as removed

25 directly from the thermoforming machine (e.g. one step
shielding) require that the entire thermoformable blank
contain the metal laminate or shielding layer throughout.
This results in excess cost for unused shielding material
since these blanks are typically sold in large

30 rectangular sections. Also, the resulting edge trim (the
portion of the material not included in the final
thermoformed article) from such material cannot be ground
up and reused since it is contaminated with the metallic
filler.

35 Accordingly, there is a need for an add-on EMI
or static shielding sheet material which can be placed
onto a thermoformable polymeric substrate solely in those
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es provi uce one cost savi ngs ove
and cost effectively prov1de shleldlng for specific

thermoformable articles in large scale production as well
as in limited prototype configurations.

Such a thermoformable add-on EMI shielding
sheet also must not entrap significant amounts of air
between itself and the substrate polymer material in
order to reduce the propensity of the conductive add-on
coating to break free from the polymeric substrate during
removal from the thermoforming equipment or during
subsequent handling and use of the thermoformed article.
In addition, such pockets of air will tend to expand
under the heat of the thermoforming cperation and burst
causing large holes to be formed in the EMI shield
severely compromising its effectiveness.

It has now been discovered that a polymeric
carrier material which is either porous or capable of
becoming porous during the thermoforming process, and
having a metal mat at least partially embedded therein
comprising a plurality of fine, randomly-oriented metal
fibers, wherein the carrier material softens and the
metal fiber mat has a melting temperature lower than the
maximum thermoforming temperature provides such an add-on
sheet.

Preferred add-on sheets function without
requiring masking of cosmetic surface areas of the
thermoformed article, a separate process which is
required prior to applying conductive paint. Also
eliminated is the necessity for repainting decorative
areas of the thermoformed article such as is required
when arc spraying or plating procedures are used.

Preferred add-on EMI shielding materials
pProvided herein do not affect the preferential heating
Characteristics of the polymeric substrate blank and will
not increase significantly the cycle time for
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solid netal fiber filled counterparts. However, they have significantly
reduced EM shielding properties when conpared to solid netal fibers. This
reduction is due to the electrically conductive surface of the fibers being
typically destroyed as they are deforned or stretched with the thernoforned
substrate. Another alternative to contingggs nmetal coatings applied after
the thernoform ng operation is the use of "blanks (section of polyneric

substrate pur t r [ u i er) that
have been pr e%gﬁﬁgfgﬁ%iegh ﬁ%ﬁ&#%ﬁi %;%ée]sz.se%éérjre ésitsﬁ %&er S in such
preassenbl ed 8laPRENGoRETSt tHim byt e eeIrRind Hiar frguse thy filsr ous
coatings. Thesgrpusieri als are usually incapable of withstanding the severe

di mensi onal changes, i.e., up to 300% el ongation, during the thernoformng
process. Useful ness of such materials in
5 Summary of the Invention

The present invention provides a thermoplastic
add-on EMI or static shielding sheet which can be cut to
size by the thermoformer in crder to provide shielding
solely in those areas where it is desired.

10 The invention comprises a thermoformable add-on
EMI shielding sheet comprising a carrier material
selected from polymeric sheet material and fibrous webs
which are porous or have the capability of becoming
porous during a thermoforming process, the carrier

15 material having a metal mat at least partially embedded

"therein comprising a plurality of fine, randomly-oriented
metal fibers, wherein the carrier material has a
softening temperature lower than the highest temperature
reached during said thermoforming process.

20 The invention also provides a thermcformable
article comprising the add-on EMI shielding sheet, and a
substrate polymer, wherein the thermoforming temperature
of the entire article is higher than the melting onset
temperature of the metal fibers.

25 The invention reduces the costs of EMI
shielding to a thermoformer by allowing the thermoformer
to cut the add-on EMI shielding sheet to the size and
shape of the area to be shielded. The remainder of the
polymeric substrate blank can be cut away during a

30 trimming operation, subsequent to thermoforming, and
reground for reuse. Since the invention may be added to
the polymeric substrate during the thermoforming
operation, the invention results in a one step EMI
shielding and thermoforming process. The invention may

35 be added after the substrate polymer has been preheated,
if desired, so that any preferential heating
characteristics of the polymer substrate blank are not
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EM shi el di ng

applications requiring a thernoforned article are therefore

hi ghl y dependent on the ductility of the nmetal used. See, e.g., US.,

689, 098 (Gaughan). JAP 1990-276297 di scl oses nol ded EM shi el ding sheets
prepared by arranging narrow | ong netal fibers in a mat, adhering synthetic
resinous filnms over top and bottom of thegat, and then vacuum form ng. The
|l ong netal fibers are disclosed to reduce the chance of puncture of the

synthetic resi slf;nhmcaaeweeaskbgtéal ﬂbkaygrtﬁadc &Ee MBI £EE £} NONWOVEN
cloth made from.s a%éet c resins er ed. e nonwoven web is then
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ent angl ed wi t h°PR

P&Ie#Fﬁﬁﬁévﬁ 8lching both mutual Iy, and film

| ayers are then sandw ch&@deorddebh EMilleshbél@brgcslvedt afidchise article is

vacuum f or ned.
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orm ng lam na
porous during the thermoforming process to prevent

entrapment of significant amounts of air between the
sheet and the polymeric substrate during the process of
forming a thermoformed article.

In preferred embodiments of the invention, the
carrier material is a porous nonwoven web, most
preferably comprising melt blown fibers. These nonwoven
fibers are intertwined with randomly oriented metal
fibers into a sheet like material.

In an alternative embodiment of the invention,
the carrier material is a thin polymeric film, said film
having the property of becoming porous during the
thermoforming process.

A further embodiment of the invention utilizes
a thin-film polymeric carrier material which includes
mechanical perforations in sufficient numbers to render
it sufficiently porous for the purpose of gas expulsion
during the thermoforming operation.

The thermoformable article of the present
invention may be stretched to at least 20%, preferably at
least about 300% of its original dimensions, at least in
certain regions of the composite, without loss of
electrical continuity.

The present invention also provides a method of
making an EMI or static shielding thermoformed article
comprising the steps of:

a) providing a polymeric substrate having an

area where EMI shielding is desired;

b) heating said polymeric substrate for a

sufficient time for it to attain some portion

of its thermoforming temperature,

c) forming an article by placing a precut add-

on EMI shielding sheet comprising a carrier
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consisting of alloys with high plasticity and thernoform ng resins wherein
a lower pressure is applied initially and the pressure is gradually

i nereased as the nol ding continues. This process is disclosed to reduce
cracking and peeling of the final thernoforned article. Several alternative
sol utions have been attenpted to i nprove t+he-effectiveness of conductive
fiber based EM shielding. Formng pressure welds or sintered bonds between
the fibers inproves el ecBAtesiadonrnotedingyitpumetaliumats ananr Hdid area

flexibility and extensibihbty efrt8Ri¥BAIRG [BicediAddy ered or otherw se
bonded netal -fi ber/ pol yner coggosite sheet " cannot be thernofornmed except at

stresses which woul d bregk RRATINGe$ILd AFREFIRLCR R Hfdciantdding he

fibers or both, for said carrier material to soften and said
5 metal mat to melt and for said article to reach
completely its thermoforming temperature;

e) thermoforming said article into a desired

shape.

The invention also provides an alternative

10 method for making an EMI or static shielding thermoformed
article comprising the steps of:

a) providing a polymeric substrate having an

area where EMI shielding is desired;

b) forming an article by placing a precut add-

15 on EMI shielding sheet comprising a carrier
material including its metal mat over said area
where EMI shielding is desired;

c) heating said article for a sufficient time

for said carrier material to soften and said

20 metal mat to melt and for said article to reach
completely its thermoforming temperature;

d) thermoforming said article into a desired

shape.

As used herein, the terms below have the

25 following meanings.

1. The terms "polymeric substrate" and
“substrate polymer" are used interchangeably herein and
mean a polymer such as ABS (acrylonitrile-butadiene-
styrene) which is thermoformed. This material has no EMI

30 shielding properties until thermoformed with the add-on
EMI shielding sheet, defined below.

2. The terms %"carrier material" and "porous
carrier material" refer to the thermoplastic material in
which the metal fibers are embedded or entangled to form

35 the add-on EMI shielding sheet. The carrier material may
consist of a film or fiber mat wherein multiple polymers,
a single polymer, or a blend of polymers are used. More
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thus drastically reducing the shielding properties. Electrical conductivity
coul d be enhanced in conductive fiber filled or coated conposites by using
| onger fibers that would require fewer fiber-fiber contacts to maintain
continuous electrical conductivity. However, since nmetal fibers in their
solid state stretch little, if at all, umddr thernoform ng conditions, the
fibers must slip relative to the polynmer to keep from breaking during the

t her nof or mi ng PRaRelBe Idyer | percarpireater isHapaydde wgeche F&or mati on

of the polymermaeérix1 nd¢ ﬂ@tgéﬁéﬁénpéfbﬁi637¥H3iﬂhéﬂﬂaﬁ%¥ﬁinb“ the _
thernmoformng stress, required for plastic flow of, the_ conposite which again

woul d break t hRPFFHEIAM ¢ RAERAY RSV BAFARS 1SBIEADSH Hhife dRST&ES G bot h.
Al 'so, at concave surfaces. oThe oftarei S"addiard iBMD SHIRIAIWG sheet "onelahe

surface. Agidi tcjtos%éelag’cgn%;{seesd aortE aOféaerr]:'iuesrerina .etrqia tarllx% metal fibers
wherein the carrier material softens and the metal fibers
melt below the thermoforming temperature of the
thermoformable article.

4. The term "“thermoformable article” denotes

10 the combination of the substrate polymer and the add-on
EMI shielding sheet.

5. The term "partially embedded" means that a
portion, less than the entirety, of the metal fiber
protrudes above the surface of the carrier in which it is

15 lcocated.

6. The term "completely embedded" means that
none of the metal fiber protrudes above the surface of
the carrier in which it is located. It is either at the
surface of the carrier material or below it.

20 7. The term "porous" as used herein to
describe the carrier material of the invention means
penetrable by gas, such that significant amounts of air
or other gases present during the thermoforming process
are not entrapped by the carrier material, causing

25 Dbubbles to form between the carrier material and the
substrate polymer.

8. The term "metal" as used herein includes an
elemental metal or a metal alloy, as defined in the ASM
Metals Handbook, Eighth Edition, Volume 1, Properties and

30 Selection of Metals.

9. The terms "metal mat" and "mat of metal®
means a mat of fine randomly oriented metal fibers having
multiple points of intersection.

35
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heati ng chanber of the thernoform ng machine to preferentially heat certain
areas of the substrate polyner to be thernoforned to aid in wall thickness
control of the final article. Any netallic |layer contained within the sheet
will disturb the heating characteristics of the sheet during the heating
cycle. Such reflective and absorptive int<ezf~erence with the desired heating
pattern are unavoi dabl e when u3|ng EM shleldlng Ianlnates and conpositions

of the prior art. ContraPgtaal
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| mensi on, he total area of
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from a wide variety of porous nonwoven and polymeric
materials, dependent on the desired end use of the add-on
EMI shielding sheet, and desirable properties of the
final thermoformed article. The carrier may be a single
sheet-1like material. The carrier material may also
comprise multiple layers of materials or mixtures of
fibers made of various different materials to include
special physical, thermal or polymeric substrate adhesion
properties.

A useful carrier material is porous, or is
capable of becoming porous upon thermoforming. Some
sheet materials may exhibit porosity only when utilized
as very thin-films. If the film is too thick, it will
not be porous, and the final thermoformed article may
have air entrapment between the add-on EMI shielding
sheet and the polymeric¢ substrate. The necessary
porosity may be inherent in the material, or may be
mechanically induced, as with thicker films. A useful
carrier material will also soften at a temperature lower
than the maximum thermoforming temperature, and is
preferably nonflammable when combined with metal fibers
and the polymeric substrate into the final article.

Although not wishing to be bound by theory, it
is believed that during thermoforming, the porous nature
of the carrier material in conjunction with the non-woven
metal mat allows undesired gas to escape through the add-
on EMI shielding sheet. 1If the add-on thermoforming
material is nonporous, the gas does not diffuse through
the shielding sheet. It then becomes entrapped between
the shielding sheet and polymer substrate layer causing
large pockets of air or bubbles which will either result
in pieces of the add-on shielding layer coming off during
subsequent handling or use of the thermoformed part, or
burst, causing holes in the EMI shield.
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commercially from Eastman Chemical, "Bynel CXA" resins,
available commercially from E. I. duPont de Nemours
(DuPont); "DAF" 801, and "DAF 919", available
commercially from Dow Chemical Company; polyamides, or
blends therecf, and the like.

A wide variety of metals and metal alloys may
be used in add-on EMI sheets of the invention. A useful
metal has a melting temperature in the range of 70°C to
about 370°C depending on the substrate polymer. Most
metal alloys however, do not have a single melting point,

" rather they melt over a range of temperatures. For

purposes herein, the melting temperature, "melting range
onset", or "melting onset temperature" refer to the
temperature at which the metal or alloy begins to melt,
and does not necessarily refer to a temperature at which
the entirety of the metal used is molten. Metals with
melting onset temperatures below about 70°C may tend to

.become distorted during storage of the finished

thermoformed articles, as well as during exposure to
typical in-use temperatures such as might be experienced
on the surface of electronic equipment housings. The
metals having higher melting onset temperatures may be
used with polymeric substrates such as polyethersulfones
which exhibit thermoforming temperatures of approximately
371°C. Carrier polymers must be selected by one skilled
in the art so that they will not degrade at the
thermoforming temperatures required for the article.
During thermoforming of the final article, the
metal begins to melt and is distorted or stretched along
with the carrier material. As the metal mat is
stretched, the molten metal strands retain continuity.
Metal fiber-to-fiber contacts remain intact and are fused
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opposi ng surfaces by way of special gaskets or electrical connectors.

Addi tionally, sheets of the prior art made for the purpose of providing EM
shiel ding as removed directly fromthe thernoform ng nachine (e.g. one step
shiel ding) require that the entire thernoformable blank contain the netal

| ami nate or shielding |ayer throughout. Th#s results in excess cost for
unused shielding material since these blanks are typically sold in |arge
rectangul ar s&egedher Alismproviag @é&l‘*fﬂ&%d@énﬁllﬂ%ﬂ’ﬂ-ﬁﬁ portion of the

matne“ta'b not 'ngl uded :jrsttﬁqx{ '1r1a4ltfsh@rfrrtihariwduant kBbeksf ’(r@ffy$UCh mat eri al

Fr1Ter.  Accor AERSTHLAGh &G astortosioPoroah i8qBeLA L EREDSF. SLAPPEREN ol di ng

sheet mat eri alchghiagduran dfe dalradedt materaauhgraeéntnablsuppbynethe

substrate SSO| eI& Iln fthaers and the surface tension of the molten metal
fibers relative to that of the carrier. If the strain
limit is exceeded the fibers of the metal mat within the
add-on EMI shielding sheet may tend to break or bead up
resulting in loss of electrical continuity.

10 Examples of relatively low melting metals for
use in the composite 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

15 melting 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.

20 The add-on EMI sheet is made by combining the
carrier material with the mat of metal fibers in such a
manner that the mat is at least partially embedded into
the carrier materials. This is accomplished by varied
methods, depending on the nature of the carrier material.

25 For example, a non-woven carrier material may be combined
with the mat of metal fibers by embedding the mat into
the carrier material by such methods as heating the
carrier material to a softened condition and laminating
the mat and carrier together, or by application of

30 mechanical pressure or a combination thereof. The non-
woven fibrous carrier material may also be mixed in with
the metal fibers to form a metal/polymer nonwoven matrix
sheet which itself forms the add-on EMI shielding sheet.
This sheet can, if desired, be pressed together for

35 improved handling by the application of heat, pressure or
a combination thereof.

Alternatively, if the carrier material
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-7- arejz which are to be shielded. Additionally, there is a need for a
material which will reduce cost and increase processability, allow ng the

t her nof or mer

to conveniently and cost effectively provide shielding for

specific thernoformable articles in |arge scale production as well as in
limted prototype configurations. Such &l3fer nof or mabl e add-on EM
shi el ding sheet al so nust not entrap significant. anpunts of air between
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or by heating the carrier to a softened condition and
laminating the mat and carrier together, or by a
combination of heat and pressure lamination.

The carrier material may comprise a film which
softens below the melting onset temperature of the metal
mat and which has a thickness of less than about the
diameter of the metal fibers. The metal mat is partially
or completely embedded into the film by heating the
carrier material to a softened condition and laminating
the mat and carrier together or by application of
mechanical pressure or a combination thereof.

When the composite add-on EMI sheet is placed
onto a polymeric substrate prior to thermoforming, air
will initially be trapped between the polymeric substrate
and the carrier film. As the add-on thermoformable sheet
is heated during the thermoforming operation the carrier
resin softens. In this softened condition, the carrier
sheet is easily ruptured by the pressure of entrapped
gas. These ruptures or "pores” will then allow air to
escape.

In preferred embodiments of the invention, the
mat is partially embedded into the carrier material,
leaving exposed metal extending from the surface. The
exposed metal provides a conductive surface on the
carrier material. However, where electrical isclation of
the conductive surface is desired, as in some static
protective situations, or where added abrasion resistance
of the shielding layer is preferred, the mat of metal
should be completely embedded. Electrical contact in
specified areas of the mat of metal will then require
special connectors to access the metal layer.

The add-on EMI shielding sheet is utilized with
a substrate polymer to yield a thermoformable article.
Useful resins for the substrate polymer are

e b
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I n addi #i on, such pockets of air will tend to expand under the heat of the

t her nof gr m ng operati on and burst causing large holes to be fornmed in the
EM shi ¢l d severely conpromsing its effectiveness. It has now been

di scovered that a polyneric carrier material which is either porous or
capablelof becom ng porous during the thkae6roform ng process, and having a
metal mat at | east partially enbedded therein conprising a plurality of
fine, randoniSheymaefamabiaal Sudematexiels witlhetypicadiynhawvei al softens

and the metalefidefod et Al i ABAIEILURE hAYeh LpaDRLbR gBxi mum

t her nof orm ng tenperature pro es such -on s eet Pre add-on

sheet s functlﬁﬁﬂ%ﬁ¥QKﬁ&aﬁ§&ﬁAQMru;ﬁﬁﬁﬂ? ﬁgl&fl@é§ﬁe@ﬁ§e§&§i§céxaibé§ of the
t her nof or med nggé Wﬁc@§%ﬁ1%rp&@&@§%e%|eﬁh ah8 kegHtEREdPAhAr to

applylng CO”%fCtlve Fﬁ%éﬁ“ strength than do higher melt index
materials. The "hot" strength of the poclymeric sheet
will allow it to be shaped by low pressures while
preventing excessive sagging or tearing. Other desirable
properties are low shrinkage on cooling and a wide
10 thermoforming temperature range. Other properties vary,
depending on the manufacturing method and desired
properties of the finished product.
The polymeric substrate is usually specified by
the thermoformers’ customer; the thermoformer may have
15 little control over the identity of the polymer(s).
Suitable substrate polymer materials include
but are not limited to: polystyrene, particularly high-
impact polystyrene; cellulosic materials, e.g., cellulose
acetate, cellulose~acetate-butyrate (CAB), and cellulose
20 propionate; acrylonitrile~butadiene-styrene polymers
(ABS); olefin polymers, e.g., polyethylene, ethylene-
butene ccpolymers, ethylene~-vinyl acetate copolymers,
polypropylene, and propylene copolymers;
methylmethacrylate copolymers; polycarbonate; vinyl
25 chloride polymers, e.g., poly(vinyl chloride-co-vinyl
acetate), poly(vinyl chloride); polysulfones; polyamides;
polyethersulfones; fluorinated-ethylene-propylene and
rigid and flexible vinyl foanms.
The thermoforming process may stretch the
30 heated thermoformable article, or a portion thereof, to
at least about 20 percent, and often, at least about 300
percent of the original dimensions of the polymeric
sheet. For, example, stretching of the substrate may be
greater around corners than on planar surfaces.
35 To allow thermoforming of the final article
without loss of electrical continuity or EMI shielding
; PrOperties, the thermoforming temperature of the article,

. This; Sheet Has Been Rep!

LT

REPLACED




§
el i m nat
t her nof o
pr ocedur

khis the necessity for repainting decorative areas of the
d article such as is required when arc spraying or plating
s are used. Preferred add-on EM shielding materials provided

herein dq not affect the preferential heating characteristics of the
polymerid substrate blank and will not ipgfease significantly the cycle
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edge trimto tzeadlwlwd:ﬁeorsub@t&atbypbugmett BHEEeEhe SHATREN mxt he

| vent1 of, The JHelind R oyl de8 .8, Lier IRBLABL gk OB 8L
melting onset temperature of the metal fibers. The
softening point of the carrier material polymer may be
5 higher than, lower than, or equal to the melting onset
temperature of the metal fibers, but it is preferably
less than or equal to the maximum temperature reached
during thermoforming of the article.

Thermoforming temperatures of various materials

10 are temperatures or a range of temperatures determined by

one skilled in the art, and are frequently specified by
the manufacturer in product literature.

The present invention also provides a method of
making an EMI or static shielding thermoformed article

15 comprising the steps of:

a) providing a polymeric substrate having an

area where EMI shielding is desired;

b) heating said polymeric substrate for a

sufficient time for it to attain some portion

20 of its thermoforming temperature,
¢) forming an article by placing a precut add-
on EMI shielding sheet comprising a carrier
material including its metal mat over said area
where EMI shielding is desireq;

25 d) heating said article for a sufficient time
for said carrier material to soften and said
metal mat to melt and for said article to reach
completely its thermoforming temperature;

e) thermoforming said article into a desired

30 shape.

The invention also provides an alternative
method for making an EMI or static shielding thermoformed
article comprising the steps of:

a) providing a polymeric substrate having an

35 area where EMI shielding is desired;

b) forming an article by placing a precut add-
on EMI shielding sheet comprising a carrier
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e thernmoformer in order to provide shielding solely in those

ere it is desired. The invention conprises a thernoformbl e add-on
I di ng sheet conprising a carrier material selected from polymeric
erial and fibrous webs which are porous or have the capability of
porous during a thernoformng p{ﬁcess the carrier material having
mat at | east partially enbedded erein conprising a pIurallty of

ndom y-ori ent eﬁa%&é%lf hh@iﬁdh%ei’é#“mé@ﬁ C@éé'&?eﬁest.f{ 4‘5"5 a

softeni g tenperature | ower t hest tenperature reac Hng
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the mel{ing onset temp&Pfht GR&SoFAFhLeReParerid en an

5 metal mat to melt and for said article to reach
conpletely its thermoforming temperature;
d) thermoforming said article into a desired
shape.

fine, r

These methods represent a vast improvement over
10 prior methods of forming a thermoformed article having
EMI shielding properties in several respects.

First, previous methods required that the EMI
shielding material cover the entire substrate for
thermoforming. The add-on sheet of the invention may be

15 precut, and placed over only the area where shielding is

{ - desired. This is both convenient, and provides cost
savings, since less shielding material is required for
each application. The substrate polymer, not covered by
the pre-cut add-on EMI shielding sheet, may also be

20 trimmed and used as regrind, resulting in further
savings.

The add-on EMI sheet need not be placed in the
clamp frame of the vacuum forming machine prior to the
majority of the pre-heating of the substrate polymer.

25 This results in processing advantages (for thermoforming)
in that thicker substrate poclymers or substrate polymers
that require preferential heating can be partially heated
without the thermal reflective interference of the
metallic EMI shielding surface and its effect on pre-

30 heating time. The cycle time for thermoforming is
therefore not significantly lengthened.

Also, the thermoformer is provided with a one-
step ecologically desirable shielding technique as

% solvents and toxic materials required by many

35  conventional shielding techniques, such as zinc-arc
spraying and the like, are not required.

e B The porous carrier material prevents the

cet Has Been Replaced

\\\l\l\\ AT

THIS SHEET HAS BEEN
REPLACED




The invewFion reduces the costs of EM shielding to a thernofornmer by
allowi ng the thernofornmer to cut the add-on EM shielding sheet to the size
and shapé of the area to be shielded. The renai nder of the polyneric
substrate bl ank can be cut away during a trinmng operation, subsequent to
t her nof orlmi ng, and reground for reuse. SiT& the invention nay be added to
the polyneric substrate during the thernoformng operation, the invention

resul ts iin a oRRCERRPER OfhpEUTL FiCAE AU RTgRFes datseenTiide

i nvention may eerptieedn@térial hend Ubisd raliss el e o AR LeeRiecheat ed, if

desired, so that_an referential heating characier.i'stics of the polyner
substrat e blan%ngfig#ékt og_gﬁses may reéthéan de-lamination at the y

interface between these two layers either when removed
5 from the thermoforming machine or subsequently during the

assembly or use of the shielded thermoformed article or
may cause holes in the EMI shield if the air pockets
burst. The resulting processing problems, assembly
problems with attendant waste of material are thus

10 avoided by use of the add-on EMI shielding sheets of the
invention. Further, such entrapment of gases disrupts
heat transfer through the thermoformable article, causing
a lack of processing control and resultant forming
problems.

15 The invention is further understocd by
reference to the following non-limiting examples.

EXAMPLES
20 Example

A multiplicity of metal fibers having diameters
| of approximately 76 microns were continuously formed by
forcing molten metal through a die having eight collinear
orifices spaced 1.27 cm apart. These fibers were made
25 from a low melting alloy, available as "Eutectic Belmont
Alloy 2581%" from Belmont Metals Inc, Brooklyn, NY, having
a composition of 42 wt% tin (Sn) and 58 wt% bismuth (Bi).
The melting onset temperature of this alloy was 139°C.
The alloy was melted in a stainless steel pressure vessel
30 at 200°C and pressurized with pure nitrogen at
approximately 207 kPa (kiloPascals) above atmospheric
pressure at the die. Metal fibers were formed and cooled
by allowing the molten strands exiting the die to fall
vertically for a distance of about 1.5 meters into a
35 stream of horizontally formed melt blown fibers. The
approximate web weight of the metal fibers was 602.8 g/m’
and the polymer web had a weight of 187.0 g/ml.

e ——— e
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jt 1y disrupted nor is the cycle tinme for the operation excessively
The add-on EM shielding sheet of this invention is sufficiently
porous, @ capable of becom ng porous during the thernoform ng process to
prevent 4@ntrapnent of significant anobunts of air between the sheet and the
pol ynmeri § substrate during the process of=2 m ng a thernoforned article.
In prefefred enbodi nents of the invention, the carrier material is a porous
nonwoven fweb, nost pref efael potymer imelty bidun fiders iveares madiee fe-omoawoven
fibers afe int r t er, sheet

li ke mat eri al . Sf,ﬂ%&%%ﬁg te‘trlﬁlt%éeieﬂ olgéérrﬁt %&%@1 n\?%nt'ﬁlgn%tt?hgxecraér%rl er
material |is a ?P2T3 POl HheniQuantyn chemigald Mmarpsi nFsth®iproperty of

becom ng por ougiAEiARGe L heohertmd Gidtd0 IS Sintermingled with the
‘5 air blown microfibers within the microfiber air stream

signifi
I ncr ease

and the composite fiber mat was collected. A section of
this composite web was pressed at 7.26 x 10° kPa and at a
temperature of 45°C for 30 seconds in a heated platen
press between sheets of release paper. This composite

10 sheet was removed from the press and cut into a 20 cn
square.

A 30 cm square sheet of 0.254 cm thick aBS,
available as "Royalite R-59" from Royalite Thermoplastics
Division, Polycast Technology Corporation, Mishawaka, IN,

|15 was placed into the clamping frame of a thermoforner.
The bottom heater of the lab thermcformer was set at
371°C and the top heater was set at 315°C. The ABS sheet
was withdrawn after a preheating exposure time of 2
minutes and the section of the invention described above

20 was laid onto the sheet. The ABS sheet with the
composite sheet of the invention was placed back between
the heating panels of the thermoformer for 15 seconds.

After heating, a finished article, which was now
laminated, was removed from between the heaters and

25 pressure formed with a vacuum assist into a cylindrical
bowl shape. The bowl had a diameter of approximately
14.8 cm and a depth of 6.2 cm. This resulted in a draw
ratio, based on area, varying from about 200-300% over
the thermcformed articles surface.

30 The bowl was clamped into a modified MIL-STD-
285 test fixture. The thermoformed fibers covering the
open end of the bowl were in electrical contact with the
fixture base plate which also made up the ground plane of
a 5.22 cm long emitting monopcle antenna. An EMCO Model

35 3146 log periocdic antenna was used as a receiving

! antenna. The distance between the receiving antenna and

L i_ the emitting antenna within the sample bowl was
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A furthel

enbodi nent of the invention utilizes a thin-film polyneric
carrier terial which includes nmechanical perforations in sufficient
nurmbers fo render it sufficiently porous for the purpose of gas expul sion
during the thernoform ng operation. The thernofornable article of the
present | nvention nmay be stretched to at -keast 20% preferably at | east
about 30P% of its original dinensions, at least in certain regions of the
conposi te, w tarRro¥imately dlkan. cdhecsignaldi spurfee phésbntonaishedon
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article conprising the steps of: a pno% I n poFyner(c substrate havi ng
an area Mhere'QQWéhﬁﬂQﬂkﬁﬁﬁPQsﬁnﬁﬁﬂﬂ@edﬁ Fhenh&gsitn§ixsngepshyaughcadubstrat e

for a suffici enipllifier Heddarch Mda¥1N 194 0PAMPIYRier. The signal
5 from the receiving antenna was fed directly into a

i Hewlett Packard Model 8566B Spectrum Analyzer. The test
|

i

|

|

bowl was placed over the monopcle antenna and fastened to
the ground plane using 12 screws at about 4.6 cm center
to center spacing. Using this technique, it was found

10 that the vacuum formed bowl provided EMI shielding of
from 30-~50 dB throughout the frequency range of 30 MHz to
1GHz.

Example 2
15 A mat formed from approximately 76 micron

diameter, low melting alloy metal fibers was formed by

forcing molten metal through a die as described in

Example 1. The fibers were collected on a flat surface

in a loose mat approximately 1.25 cm thick (approximately
20 409 g/m?).

_ A nonwoven polymer web was made from
ethylene/vinyl acetate, available as "UL 7520" from Exxon
Chemical Co., Houston TX, having an approximate web
weight of 145.3 g/m’. The metal fiber mat and the

25 nenwoven polymer mat were then heat pressed at about 70°C
in the heated platen press at 8.11 x 10° kPa for 30
seconds. The resulting composite sheet was removed from

the press and then cut into a 20 cm sguare.
This example of the invention was applied tc a

30 30 cm square sheet of 0.254 cm thick ABS, Royalite R-59

thermoformable sheet, which had been preheated for two

minutes in a thermoforming machine as described in
i Example 1. The two were laminated into a final article,
i and removed from between the heaters after 30 seconds.
The thermoformable article was then pressure-formed with
Vacuum assist into a cylindrical bowl shape. The bottom
©f the bowl was cut out of the thermoformed article. The
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of |ts t}errmform’ ng tenperature, c) formng an article by placing a precut
add- on EM shi el ding sheet conprising a carrier -10- material including
its nmetal mat over said area where EM shielding is desired; d) heating
said artfcle for a sufficient tine for said carrier material to soften and
said netgl mat to nelt and for said articda@<to reach conpletely its
thernofofm ng tenperature; e) thernoformng said article into a desired .
shape. The i nvénawonatigoofrthisesoriniah tef natte \bwie tvand & 1f romki209 o EM

or statit shiebgh@ool e PREOINESn diameter flat specimen.
This specimen was then tested as to its far field EMI
shielding characteristics using a National Bureau of

5 Standards type (NBS) flanged coaxial test fixture. The
signal source, which consisted of a Fluke Model 6060B
frequency generator, was fed into the test fixture
through an Amplifier Research Model 1W1000 amplifier. A
3 dB attenuator pad was used at the input to the test

10 fixture and a 6 dB attenuator pad at the output. The
output signal, from the test fixture, was fed into a
Hewlett Packard Model 8566B Spectrum Analyzer. This
specimen exhibited a far field shielding effectiveness of
from 45 to 65 dB in the frequency range of 30 MHz to 1

15 GHz.

Example 3
A plurality of metal fibers each having a

diameter of approximately 76 microns was formed from a

120 low melting alloy by forcing molten metal through a die

! as described in Example 1. The fibers were collected in
a loose mat approximately 1.8 cm thick (782.6 g/m?) on the

surface of a nonwoven polymer web having a weight of
about 205.4 g/m’. The nonwoven web was made from

25 WEvathene EA 89822", available from Quantum Chemical. A
50 micron thick film made from DOW DAF 919 was placed on
top of the metal fiber mat to sandwich it between the
Evathene nonwoven web and the DOW 919 material. The
resulting laminate was then pressed at about 80°C in the

30 heated platen press at 7.63 x 10° kPa for 30 seconds. The
composite sample was then cut into a 20 cm square sheet
and placed on top of a 30 cm square sheet of 0.254 cm
thick Royalite R~59 thermoformable sheet which had been
fastened into the clamp frame of a thermoforming machine.

35 It was laid onto the ABS sheet with the Evathene covered
side facing the ABS to act as a tie layer and the DAF 919
material out to electrically isolate the conductive
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articlet

conprising the steps of: a) providing a polyneric substrate having
an areal

ere EM shielding is desired; b) formng an article by placing a
precut gdd- on EM shielding sheet conprising a carrier material including
its metgdl mat over said area where EM shielding is desired; c) heating
said artjicle for a sufficient time for saisd carrier material to soften and
said netlal mat to nelt and for said article to reach conpletely its

t her mof gr ni ngsh £8P@IRG UL &ye k) tmé MEDIdAE FH afifttllcq'ee deN ke deS' red
shape. As used herejn, the terms below have the nmeani n 1. The

terns " olyne??%e%E&%9r¥ﬁ¥9 then ‘hepfad 9 %ﬁn%n t@ﬁb gofor ing
i nt er changeabhgclhinei fomnsl total of 2 1/2 minutes, removed from

between the heaters and vacuum formed into a cylindrical
5 bowl shape as described in Example 1. The bottom of the
bowl was removed and then tested as to its far field
shielding characteristics as described in Example 2 and
was found to exhibit EMI shielding of from 45-65 dB
throughout the frequency range of 30 MHz to 1GHz.

|
i

10
' Example 4
A mat (1065.8 g/m?) of low melting alloy metal
fibers approximately 76 micron in diameter was formed by
forcing molten metal through a die as described in
15 Example 1. The fibers were collected in a loose mat
- approximately 2.2 cm thick on the surface of a polymer
web made from a 100 micron thick film consisting of a
blend of ethylene-vinyl acetate resins, available as
Bynel™ CXA 1025 from DuPont, Inc., Wilmington, DE. The
20 resulting laminate was then pressed at about 77°C in a
heated platen preés at 8.47 x 10? kPa for 45 seconds. The

resulting sample was then cut into a 20 cm sgquare sheet.

This sheet was then perforated with 0.25 mm diameter

: holes 2 mm on center.

25 This example of the invention was applied to a

; 30 cm square sheet of 0.254 cm thick Royalite R-59

? thermoformable sheet after the ABS sheet had been
preheated for two minutes in the thermcforming machine as
described in Example 1. They were then heated together

30 in the thermoforming machine for an additicnal 30
seconds. The resulting article was then removed fron
between the heaters and vacuum formed into a cylindrical
bowl shape as described in Example 1. The bowl was
tested as to its shielding characteristics as described

_35 in Example 1, and was found to exhibit EMI shielding of

from 35-50 dB throughout the frequency range of 30 MHz to

[N
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néan a po
t her nof or
t her nof or

fmer such as ABS (acrylonitrile-butadi ene- styrene) which is
d. This material has no EM shielding properties unti
d with the add-on EM shi el ding sheet,

terms "cafgrier material™ and "porous carrier material" refer to the
t hermopl agtic material in which the met al2fbers are embedded or ent angl ed
to formtHle add-on EM shieldin%c§heet..The carr&er mat eri al may consi st of

fi ber mat wherein nultrﬁ$@£§§#¥ﬁep§$ma-%+ggle pol ymer, or a blend

a filmor
of pol ynme
used. The

s are used. M emat (7Han Somn’pyef Déw arsYt g NEl Ky aletd@ly be

oy becont por s ur R Ehb ot onicdohrty' AERRRLERIHAR BRFREh B

sheet" nehns forcing molten metal through a die as described in
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Example 1. The fibers were collected on the surface of a
polymer web made from a 37 micron thick film of "Kodar
PETG", available as PETG 6763 from Eastman Chemical
Products Inc., Kingsport, TN. A piece of this laminate
was then placed onto the surface of two separate sheets
of film made from a 50% by weight blend of ethylene~vinyl
acetate resins (Bynel CXA 1025 and Bynel CXA 3101
respectively, available from DuPont, and the entire
composite was pressed in a heated platen press at a
temperature of 130°C for about 40 seconds under a
pressure of about 750.9 kPa. This resulted in sheets
having metal fibers pressed into the outside PETG surface
of laminated PETG/CXA blend film, each having a total
thickness of just under 0.75 mm. Both sheets were cooled
to room temperature and then cut into 20 cm square
sheets.

One of these samples was then centered on top
of a 30 cm square sheet of 0.254 cm thick Royalite R-59
thermoformable sheet, with the CXA side down toward the
ABS. The sample was then laminated to the ABS sheet,
prior to the thermoforming operation, without entrapping
substantial air between the two sheets in a heated platen
press at 77°C under a pressure of 9.37 x 10? kPa for about
15 seconds. The article, consisting of the prelaminated
sample and the ABS sheet, were then clamped intoc the
thermoforming machine and heated for 3 minutes. The top
heater of the thermoforming machine was set at 315°C and
the bottom heater at 371°C. The resulting laminate was
then removed from between the heaters and vacuum formed
into a cylindrical bowl shape as described in Example 1.
The bowl was tested as to its shielding characteristics
as previously described and was found to exhibit EMI
shielding of from 40-60 dB throughout the frequency range

e

en Replaced

defined below. 2. The

or
ng
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a sheetfgconprised of a carrier material and netal fibers wherein the
carrierimaterial softens and the netal fibers nelt bel ow the thernoformng
t efrper atfure of the thernofornable article. 4. The term "t her nof or mabl e
articley denotes the conbination of the substrate polyner and the add-on
EM shi 4l ding sheet. 5. The term "parti-#™Yy enbedded" neans that a portion,
| ess thgn the e&#i%@;y, of the netal fiber protrudes above the surface of
the cardier ?h i i$0iCH%cated. 6. The term "conpl etely enbedded” neans

that none of the netalThe bsscqidtsamiie aluw appldeduabaad atiab-ba carrier in
i oh 1Y 1S LG Sfur o g ARSIt ISR 8 Bea0der T e Al or
mat eri all of ¢dreareveim¢evnofiedud54 cm thick Royalite R-59
5 thermoformable sheet, CXA side down toward the ABS. The
ABS had been preheated for two minutes in a thermoforming
machine as described in Example 1. The sample laminate
was added onto the top of the ABS sheet and the heating
continued in the thermoformer. The resulting article was
10 then removed from between the heaters after an additional
one minute. The article was then pressure formed with
vacuum assist into a cylindrical bowl shape.
Because of the lack of porosity of the add-on
EMI shielding sheet, relatively large pockets of air were
15 trapped between the carrier material and the ABS
substrate when this sample material was used as an add-on
sheet in the manner of the invention. This entrapped air
caused gross cosmetic problems (i.e. deformities) in the
cuter surface of the formed object, particularly at the
20 corners, due to the thermal transfer abnormalities
resulting from the air pockets. Further, the entire
metal matrix broke apart into discontinuocus islands
during the thermoforming operation when using the thick,

non-porous carrier material.

25 The bowl was tested as to its shielding
characteristics as described in Example 1. Because of
the many electrical discontinuities in the metal mat, it
was found to exhibit virtually no EMI shielding
throughout the frequency range of 30 MHz to 1GHz.

130

Example 6
A mat of low melting alloy metal fibers was
formed as described in Example 2. This mat
(approximately 597.8 g/m’) was placed on top of a nonwoven

RN polymer web (having an approximate web weight of 126 g/m?)

made from ethylene methacrylic acid, available as Nucrel

l 960 EMMA from DuPont. These layers were placed on top of
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penetrabl e by gas, such that significant anmounts of air or other gases
present during the thernoform ng process are not entrapped by the carrier
mat eri alj, causing bubbles to form between the carrier material and the
substratje polyner. 8. The term"netal"” as used herein includes an el enental
metal or} a netal alloy, as defined in thézﬁSNIthals Handbook, Eighth
Edition,{ Volune 1, Properties and Selection of Metals. 9. The terns "netal

mat " and| " mat HIGRYSYEN ek of, Evathenes EAe 8 Pﬁﬁaom yTBﬁ@H‘FEﬁlnﬁ%%‘F ?fbers
havi ng nul ti plthepaigtal Mudrdlecrapbisite was- plackat 8hl egntrserwpthothef the

| nvention Evathene layer. The purpose of the Evathene was to act
as an adhesion promoting layer to the substrate polymer.
5 This laminate was then pressed at about 77°C in the
heated platen press at 6.43 x 10? kPa for 45 seconds and
then cut into a 20 cm square sheet.
This example of the invention was applied,
Evathene side down, onto the surface of a 3.175 mm thick
10 polycarbonate sheet, available as Lexan™ 9034 from
General Electric Co., General Electric Plastics Div.,
Pittsfield, MA). The article was then heated in the
thermoforming machine for three minutes. The top heater
was set at 371°C and the bottom heater was set at 427°C.
15 The final laminated article was then removed from between

the heaters and vacuum formed into a cylindrical bowl
shape as described in Example 1. The bowl was tested as
to its shielding characteristics as previously described
and was found to exhibit EMI shielding of 20-45 dB

20 throughout the frequency range of 30 MHz to 1GHz.

Example 7
A mat (651.1 g/m?) of low melting alloy metal

fibers approximately 76 micron diameter was formed by
25 forcing molten metal through a die as described in
Example 1. The fibers were collected in a loose mat
approximately 1.7 cm thick on the surface of a 50 micron
thick extruded UL 7520 film. The resulting article was
l then pressed at about 77°C in the heated platen press at
30 1.00 x 10° kPa for 45 seconds. The resulting sample was
then cut into a 20 ¢m square sheet.
This example of the invention was applied to a
30 cm square sheet of 0.254 cm thick Royalite R-59
thermoformable sheet after the ABS sheet had been
35  preheated in the thermoforming machine as described in
Example 1. The ABS sheet and invention, which was now
laminated to the ABS sheet, were then removed from
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The carﬁi er material used in conjunction with the mat of random y-oriented

metal fi
pel ymer i

bers may be selected froma wi de variety of porous nonwoven and
c materials, dependent on the desired end use of the add-on EM

shi el di ng sheet, and desirabl e properties_of the final thernofornmed

article.
mat eri al

The carrier may be a single she®?Ztike material. The carrier
may al so conprise nultiple |ayers of materials or_ m xtures_of

fibers nade ofPek¥Eedyshe; @Gﬁé'ﬁtfoﬁﬁ?ﬁﬁl Beateps| attepcar AR EFL1oMR% T

t her nal
mat eri al
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bl f, b f
Sore Shdet - mabEH b3, 355 ACRRE LRBFodT JRBRPYSuhen TRE POkt BEyary |

thin-fil

ns. | feelsted ialsmtios ittso shiiedld ingt cmrhchetlmlqmrmsdemlom final

ther mof or ged 3l il TRY 1"AKA §ab $BLAAPEBNEXRELYECEuT Neh ATh Oy RO

shi el di ng

40-60 dB throughout the frequency range of 30 MHz to
1GHz,
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| the polyneric substrate. The necessary porosity nay be inherent 5'
in the mayerial, or may be nechanically [err] induced,as with thicker
fitms. A useful carrier material will also soften at a tenperature | ower
t han the maxi mumthernoforming tenperature, and is preferably nonflanmabl e
when conbined wth nmetal fibers and the petyneric substrate into the final
article. Although not wishing to be bound by theory, it is believed that
during thernoféhat nis ¢haimed ois: nature of the carrier material in
conjunction with the non-woven netal mat allows undesired gas to escape
t hrough the add- on EM shielding sheet. If the add-on thernoformng
material is nonporous, the ghsthrmrofonmahle wsid-ton Gh shiieldliing ¢hegt
sheet. It thencogsPIBsng™ I eped detyraidig %lwézq{)flg se18Rk AN ¢ Rl Y TEr
bubﬁes which w FI

substrate | ayer cau5|qg | ar ge” pockets of alr or ) > ei t her
result in pi ecRRlYrelhe HHREIHS Sk Anty shesd maddriglsr hayidngnghe

capability of becoming porous during a thermoforming

!
i

process, said carrier material having one or more metal
mats at least partially embedded therein, said mat
comprising a plurality of fine, randomly-oriented metal

10 fibers, both said carrier material having a softening
temperature and said metal mat having a melting
temperature lower than the highest temperature reached
during said thermoforming process.

15 2. A thermoformable add-on EMI shielding sheet
. according to claim 1 wherein said carrier material is a
polymeric nonwoven web selected from the group consisting
of polyethylene, ethylene-butyl acrylate copolymers,
ethylene-vinyl acetate copolymers, ethylene-methacrylic
20 acid copolymers, thermoplastic polyesters, and mixtures
thereof, wherein said metal fibers are entangled with

said polymeric nonwoven web.

3. A thermoformable add-on EMI shielding sheet
25 according to claim 2 wherein said polymeric nonwoven web
comprises blown fibers.

4. A thermoformable add-on EMI shielding sheet
according to claim 2 wherein said carrier material
30 comprises at least one polymeric non-woven material.

5. A thermoformable add-on EMI shielding sheet
according to claim 1 wherein said carrier material
comprises a polymeric film having mechanically created

35 pores of up to 1 cm in size, said pores being spaced up
toc 2 cm when measured from center to center.
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sﬁbsquff handling or use of the thernoformed part, or burst, causi ? kﬁl\

hol es inythe EM shield. -13- Ex | e f | ymeric ma erlals u

carrier terials include, but are %ﬁ%&?ﬁg/}?% - but yl ,élrég}t‘mm
copol yners, ethyl ene- V|n cetate copol yners, ethyl/eng-nethacryli

copol yners; thernopl asti /ngyesters, e. =2~ "6763 PETG', avail abl
commercially fron1Eastnan Chem cal, "Bynel CXA" resins, avail able
comercially fromE. uPmnth@enNﬁmmmabl@Da?hmble 55ﬂ6¥d86¢ tandlabaF

oL v o S g Greni Coepeue ey 0
each of said layers containing one or more metal mats at
least partially entangled therein.
5 ?/ ;
. A thermoformed article comprising a
substrate polymer having an EMI shielding layer on a
portion thereof, said shielding layer having been precut
from an add-on EMI shielding sheet according to claim 1,
10 placed atop said substrate polymer, and thermoformed

therewith.

A method of making a thermoformed article
according to claim 1 comprising the steps of:

15 a) providing a polymeric substrate having an
area where EMI shielding is desired;

b) preheating said polymeric substrate for
sufficient time for it to attain some portion
of its thermoforming temperature;

20 c) forming an article by placing a precut add-
on EMI shielding sheet comprising a carrier
material, including its metal mat, over said
area where EMI shielding is desired;

d) heating said article for a sufficient time

25 for said carrier material to soften and said

g metal mat to melt and for said article,
: including the polymeric substrate to reach
completely its thermoforming temperature;
e) thermoforming said article into a desired
é 30 shape.

q/% A method for making a thermoformed article
according to claim 1 comprising the steps of:
a) providing a polymeric substrate having an
35 area where EMI shielding is desired;
b) forming an article by placing a precut add-
~on EMI shielding sheet comprising a carrier
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be used in add-on EM sheets of the invention. A useful netal has a nelting
tenperature in the range of 700C to about 370[err] C dependi ng on the
substrate polyner. Mst netal alloys however, do not have a single nelting
point, rather they nelt over a range of tenperatures. For purposes herein,
the nelting tenperature, "nelting range orget"”, or "nelting onset
tenperature” refer to the tenperature at which the netal or alloy begins to
mel t, and does not necesmatéetryaleircludimg t Enparetalr eatt omeirclsatilde assai rety
of the nmetal used is nol I L4 b el 4l . tenperatures bel ow
about 70[err]C may tend {Jggﬁgcl\:%ﬁrrg %?ys\%io%rg% JEjéup:?aﬁe'glr1'§Qtedtdr age of the finished
thermof ormed articles, ag)weeatingdsaid@esdmurton @ spfifdgieant fdme

tenperatures such as_ni gbérbéafépééfﬁf%@q%é)&bfi@ 2y It apleclieni c
equi pnent ?ou5| ngs. The netals having higher_ nelting onset, tenperatures may

be used wiPh polyneric sBBtRtafat Ldieks 3 famh&add @aitd§le to reach

completely its thermoforming temperature;
d) thermoforming said article into a desired
shape.

10
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whi ch exhi bit thernoformng tenperatures of approximtely 371[err]C d

. Carrier polynmers nmust be selected by one skilled in the art so that they -

wi:l | not degrade at the thernoform ng tenperatures required for the

article. During thermofornming of the final, article, the netal begins to

melt and is distorted or stretched along\ﬁtr1the carrier material. As the

netal mat is stretched, the nolten netgg égéggds retain continuity. Metal

fiber-to-fiber contacts remain intact and aré fused t oget her, i nproving

el ectrical conductivity. Strain limts of individual sheets vary, depending

on factors such as the ﬁ r?ﬂo%'imqm. E@&-ohhﬁni‘”EHﬂélé’inQaéﬁé& mat eri al
|

present to support the ne bers an t e surface tension_of the nolten
met al comprising a carrier material selected from polymerilc

5 films and fibrous webs having the capability of becoming
porous when thermoformed, having a metal mat at least
partially embedded therein, comprising a plurality of
fine, randomly-oriented metal fibers, the carrier
material having a softening temperature lower than the

10 highest temperature reached during the thermoforming

process.
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fi%ers relative to that of the carrier. If the strain limt ifge*eeeded the
fibers of the netal mat within the add-on EM shiel di ng sheef EE&A@EHENIQSHEET
a —'-0 .

‘br eak ﬁr‘bead up resulting in loss of electrical continuity.
relatively low nelting netals for use in the conposite of the
i nvention include tin, lead, bismuth, €adm um indium gallip

m xtures thereof, and their alloys. The alloy group may be alug

all oys containing netals with higher nelting points, includijn

g such met al s

as antinony, alum num copper, silver, gold, nickel, cobalt,
Those skilled in the art wi¥ETALSBIBRRMAT APOLYMER cRAMRAFERE al

fulfill the requisite nelt teﬁﬁﬁkﬁ%%ﬁ%dcbkt%Bboﬁnvgﬂﬁgéﬂd on
made by conmbining the carrier materral W na nmet al

a manner that the mat is at |ea nt o

angd—ron-
| oys to
EM sheet is

fibers in such

This invention relates to non-woven mats of
randomly oriented metal fibers, to metal/polymer
composites formed with such mats, and particularly to

thermoformable metal/polymer composites.

Description of the Related Art

A variety of composites containing both metal

and polymeric materials are known for use in many varied

applications. One important use for a metal/polymer.

composite is as a shield for electromagnetic and radio

frequency waves. The interference caused by such waves

in electronic devices is commonly referred to as

electromagnetic interference (EMI) or radio frequency

interference (RFI), hereinafter jointly referred to as
EMI. EMI shielding is often placed around an EMI 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 shield the

device from incoming electromagnetic radiation.

Another important use for such composites is

for the protection of sensitive electronic parts from

static charges. Static charge build-up can result from,
e.g., the tribo-electrification of surfaces, and can lead
to high electrical potentials. A sensitive electronic

part that may come into proximity or contact with a

statically charged surface can be damaged or destroyed.
During shipping or handling, shielding of an electronic
part from static electricity can be accomplished by

placing the part in an electrically conductive metal or

metal/polymer container, with the metal providing a

shielding or Faraday cage-like surface to protect against

static fields. Many applications recuire that the

shielding be thermoformed into a particular shape or

structure. A thermoforming process comprises heating the




the carrier materials. This is acconplished by varied met hodﬂEPﬂ.&ﬁEMﬁNTgSHEET
the nature of the carrier material. For exanple, a non-wover darrTer—
material nmay be conbined with the mat of netal fibers by engeqd lfﬁa?EE e
into the carrier material by such nethods as heating the carjrife i df
to a softened condition and |lam nating the mat and carrier tode@heL . Of...ny.. |
application of nmechanical pressure or a cofab+nation thereof. The non- woven

fibrous carrier material may also be mxed in with the netal frbers—to—forn
a net al / pol ynemat@riede @ndatfiarmisigedtt vimitoh tihes defs irednshepe -addron EM

shi el di ng sheeteyxaliie,s teRlrnfcAdrmli] R‘d?%' neda RS RageSdriedst Iﬂggegoﬁf
| mproved handl i ng by, t'he applicatio heat, pressure or a coibination
t her eof . AIterﬁﬁgi LRNPTS or hougdngiser Fanensiional thermoforming is

usually accomplished by heating a thermoplastic sheet
above its softening point, and forcing it against a mold
by applying vacuum, air pressure and/or mechanical
pressure. When the sheet is cooled, the contour of the
mold is reproduced in detail.

It is possible to provide thermoformable
articles with properties of EMI shielding. The methods
used are, however, time consuming and relatively
expensive. One reason for this is that metal cladding
generally occurs after the shape or structure has been
thermoformed, requiring a separate, secondary operation.
Environmental concerns also exist due to some processing
byproducts. Also, such coatings tend to chip or peel off
after aging, thereby limiting their use as EMI shields.

Metal/polymer composites having continuous
coatings of metal deposited by sputtering, arc spraying,
vapor deposition or the llke“agg Egggn in the art.

U.S. Patent No.\37%12*g§\ (Nicely), discloses
a non-woven unitary metallic sheet which is fabricated by
extruding a molten stream from a metallic melt into an
atmosphere which reacts to form a stabilizing film about
the periphery of the metal stream. The spun metal
filaments are allowed to solidify, and then collected as
a nonwoven fibrous mass. The mass of filaments are then
compressed into a sheet-like form, and given strength by
binding all or selected adjacent fibers together.

U.S. Patent No. 3,565,127, (Nicely et al.)
discloses a composite yarn structure comprising strands
of brittle filamentary materials collimated into a bundle
and having a wrapped or braided covering applied to hold
the bundle as a unit until further processing. The
filamentary materials may be selected from inorganic
refractory fibers such as carbon, boron, quartz, silicon
carbide, and the like. Filling yarns for weaving the



conpri.ses one or nore sheet materials, the mat of netal may 5EPbACEN§NWySﬁEET

conpletely enbedded into a single sheet or between nultipleis

mechani cal pressure or by heating the carrier to a softened C(n |ia§@%§@5

| am nating the mat and carrier together, or by a conbination ¢f

pressure | am

nation. The carrier material may conprise a filfmiwhich.soften

bel ow the nelting onset tenperature of thguretal mat and whijch has a

t hi ckness of

| ess than about the dianeter of the metal fi bers—¥Fe—metal

mat is partiabupdde saypbet medeefboddadlapye vaeiétynobyhbenthogullie,

carrier mater lhql

t oget her or

{ e condition and |am nating the mat and carrier
gh %Fgg?%%h @?g gﬁrcal pressure or a conbination thereof.

When t he conp05|teA@délﬁﬁrEﬂtlsheED tenplinvedsonebah podyimgscisubstrate
prior to ther mygar ToB@ing! bf short, straight, staple metal fibers

either mixed within the thermoplastic sheet material or
coated across its surface. The effectiveness of the EMI
shielding is related to the overall electrical
conductivity of the metal/polymer composite, with higher
electrical conductivity typically giving better EMI
shielding. When electrical conductivity is obtained by
mixing conductive fibers into the volume of a polymer or
forming a coating of those fibers on the surface of the
polymer, the overall conductivity is dependent on the
individual conductivity of the fibers as well as the
number of electrical contacts between said fibers. Short
staple conductive fibers recuire higher concentrations in
order to obtain sufficient electrical contact between the
fibers. High loading of metal fibers tends to adversely
affect the physical properties of the final metal/polymer
composite. With any conductive fiber, the number of
contacts is significantly reduced, as the polymer
containing them is stretched, during the thermoforming
process, which causes a concurrent reduction in the EMI
shielding.

U.S. Patent No. 4,678,699, (Kritchevsky et
al.), discloses a stampable thermoplastic composite
having at least one thermoplastic layer and at least one
shielding layer, the composite having an EMI/RFI
shielding effectiveness of at least 30 dB. ' In one
embodiment the shielding layer may be a knitted wire mesh
or screen. The shielding layer may be adjacent to the
thermoplastic layer, or it may be embedded into the
thermoplastic layer.

Another alternative is the use of metal coated
polymeric fibers in place of solid metal fibers in filled
or coated plastics for EMI shielding. These composites
provide reduced weight and some cost savings over their



Amnll initially be.trapped betmeéﬁlthe pol yneric substrate an RERE@GEMENerHEET

film As the add-on thermoformbl e sheet is heated during the¢ §hernofornmmg
operati'on the carrier resin softens. In this softened condition, gt
carrier sheet 0 @%Pﬁé 1397

is easily ruptured by the pressure of entrapped gas.

ot o

ruptures or "pores” will then allow air to escape. In preferyedenboc
of the invention, the mat is partially enbgdded into the carfier material,
| eavi ng exposed netal extending fromthe surface. The exposed netal

provides a condotidveetalffitkeonfihbegacouftePirtsal . H&ﬁ@ﬁ&ﬁr tREEr e

| ect I t f
Static protectiate HohiEEaREN) Coqded il Gl 1PERY 1B ondErids e
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then require
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typically destroyed as they are deformed or stretched
with the thermoformed substrate.
Another alternative to continuous metal

coatings applied after the thermoforming operation is the

use of blanks (section of polymeric substrate purchased

by the thermoformer from his extruder supplier) that have

been prepared from various metal laminates. The metal
layers in such preassembled blanks consist of anything

from thin foils to fibrous coatings. These materials are

usually incapable of withstanding the severe dimensional
changes, i.e., up to 300% elongation, during the
thermoforming process. Usefulness of such materials in
EMI shielding applications requiring a thermoformed
article are therefore highly dependent on the ductility
of the metal used. sSee, e.g., U.S.L41689,098 (Gaughan).

JAP 19904566297 discloses molded EMI shielding
sheets prepared by arranging narrow long metal fibers in
a mat, adhering synthetic resinous films over top and
bottom of the mat, and then vacuum forming. The long
metal fibers are disclosed to reduce the chance of
puncture of the synthetic resin films. Between the film
layer and the metal mat, a nonwoven cloth made from
synthetic resins may be layered. The nonwoven web is
then entangled with the metal fibers by needle punching
both mutually, and film layers are then sandwiched on
both sides of the cloth, and the article is vacuum
formed.

JP62-176823, published August 3, 1987 discloses

compression molding of a thermoforming laminated sheet
consisting of alloys with high plasticity and
thermoforming resins wherein a lower pressure is applied

initially and the pressure is gradually increased as the .

molding continues. This process is disclosed to reduce




special connectors to access the netal layer. The add-on EM

article. Useful resins for the substrate polymer are - 164
t her nof ormabl e. Such materials will typically have a fractid
and significant "hot" strength or tensile elasticity. Lower
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sheet is utilized with a substrate polymer to yield a t her mgf ¢r mabl e
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material s exhibit nore viscous behavi or whgn heated and stre¢tched and

greater "hot" strength than do higher nelt index materials.

Ihe “hot™

strength of thergpotimerdrd Peesling |df aHe W idall aheenifapeddaddw iRy essur es

whi l e preventing excessg aaglgl r}% ar tt%%,rel ns%lu(gi%%rs (iz_ll%%ier %l%en

are | ow shrinkage on coo

| e properties

attempted to improve the effectiveness of conductive

fiber based EMI shielding. Forming pressure welds or

sintered bonds between the fibers improves electrical

conductivity, but reduces overall flexibility a
extensibility of the welded mat. A sintered or

nd

otherwise

bonded metal-fiber/polymer composite sheet cannot be

thermoformed except at stresses which would bre
fibers themselves, the bonds between the fibers
thus drastically reducing the shielding propert

Electrical conductivity could be enha

ak the
or both,
ies.

nced in

conductive fiber filled or coated composites by using

longer fibers that would require fewer fiber~fi

ber

contacts to maintain continuous electrical conductivity.

However, since metal fibers in their solid stat
little, if at all, under thermoforming conditio
fibers must slip relative to the polymer to Kee
breaking during the thermoforming process. The
changes its shape during the deformation of the
matrix. The net effect is a dramatic increase

thermoforming stress regquired for plastic flow

e stretch
ns, the

p fronm
fiber
polymer
in the

of the

composite which again would break the fibers themselves,
the bonds between the fibers or both. Also, at concave

surfaces or corners, the fibers may pull free o
surface.

Additionally, baffles are often used
heating chamber of the thermoforming machine to

f the

within the

preferentially heat certain areas of the substrate

polymer to be thermoformed to aid in wall thick

ness

controcl of the final article. Any metallic layer
contained within the sheet will disturb the heating
characteristics of the sheet during the heating cycle.

Such reflective and absorptive interference wit
desired heating pattern are unavoidable when us

h the
ing EMI

shielding laminates and compositions of the prior art.

Contrary to what might be expected, the amount




t hermof orm ng tenperature range. Qther properties vary, depe1BFEAAQﬂM§NIeSHEET
nanufacturlng met hod and desired properties of the finished prpduct. The
pol ynmeric substrate is usually specified by the thernoforner 3' c0g ARR 1997
the thernoformer may have little control over the identity o he

pol yner(s). Suitable substrate polynmer material s include but ar& ot
limted to: polystyrene, particularly highke- npact pol ystyrepne; cellulosic

materials, e.g., cellulose acetate, cellul ose-acetate-butyrate (CAB), and
cel | ul ose propPBnEYE: thatypasses| tar bughds catvenyyehd pal Jeperd¢mBI)n

olefin p0|ynerﬁheelgngtﬂoéfeﬁﬂ¥l€8fd' tfaﬁggft @Fﬁ@ﬂ@l&ﬁpoﬁﬂﬁmﬁé& on
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pol ysul f ones; Eﬁiy ass Ehrough than would a 3.0 mm by 0.05 mm void
(area= 0.15 mm?) even though the 1.00 mm? space has
greater than six times the area of the 0.15 mm® space.
This is sometimes called "the slot effect".

Accordingly, even extremely thin openings must
be avoided where the opening has a substantial
longitudinal dimension. A multi-part EMI shielded
enclosure can be effectively sealed without leaving thin
cracks between adjacent enclosure parts by providing
conductive surfaces on adjacent surfaces of the shielded
enclosure. For this reason it is not always highly
effective to simply extrude or laminate fibers,
particles, or flakes of metal into bulk polymer. The
metal must preferably be distributed throughout the
polymer to specifically include the sealing surfaces or
at least be accessible for electrical connection to the
opposing surfaces by way of special gaskets or electrical
conneactors.

Additionally, sheets of the prior art made for
the purpose of providing EMI shielding as removed
directly from the thermoforming machine (e.g. one step
shielding) require that the entire thermoformable blank
contain the metal laminate or shielding layer throughout.
This results in excess cost for unused shielding material
since these blanks are typically sold in large
rectangular sections. Also, the resulting edge trim (the
portion of the material not included in the final
thermoformed article) from such material cannot be ground
up and reused since it is contaminated with the metallic
filler.

Accordingly, there is a need for an add-on EMI
or static shielding sheet material which can be placed
onto a thermoformable polymeric substrate solely in those




e e avmemao = ameno = Ao St e EEPLA" MENT SHEET

pol yet her sul fones; fl uori nated-ethyl ene-propylene and rigid &-Nid
vinyl foams. The thernoform ng process may stretch the heat ¢d

thernmef ormabl e article, or a portion thereof, to at |east abo t%&@%&%ﬁ’t,
and often, at |east about 300 percent of the original dinengigns of the

pol ynmeric sheet. For, exanple, stretching_gL the substrate fay be greater
around corners than on planar surfaces. To allow thernoform |

. . . “To . MAg—of—t-hefinal |
article w thoularle@ss whfi cl 8¢kl +63LaCORELAHLEY OAdE@%iéﬂéE#QlUﬂhéfgpfétées’
the thernoformng tenperature o ) Cl €, -17- 1 ncluding the
substrate pol yR&e9akgrt Re®348réALlENDich| ¥idi ngednest cesf rad Haeeease, nust
be hi gher thanptbeessability, allowing the thermoformer to conveniently

and cost effectively provide shielding for specific
thermoformable articles in large scale production as well

as in limited prototype configurations.

Such a thermoformable add-on EMI shielding
sheet also must not entrap significant amounts of air
between itself and the substrate polymer material in
order to reduce the propensity of the conductive add-on
coating to break free from the polymeric substrate during
removal from the thermoforming equipment or during
subsequent handling and use of the thermoformed article.
In addition, such pockets of air will tend to expand
under the heat of the thermoforming operation and burst
causing large holes to be formed in the EMI shield
severely compromising its effectiveness.

It has now been discovered that a polymeric
carrier material which is either porous or capable of
becoming porous during the thermoforming process, and
having a metal mat at least partially embedded therein
comprising a plurality of fine, randomly-oriented metal
fibers, wherein the carrier material softens and the
metal fiber mat has a melting temperature lower than the
maximum thermoforming temperature provides such an add-on
sheet. '

Preferred add-on sheets function without
requiring masking of cosmetic surface areas of the
thermoformed article, a separate process which is
required prior to applying conductive paint. Also
eliminated is the necessity for repainting decorative
areas of the thermoformed article such as is required
when arc spraying or plating procedures are used.

Preferred add-on EMI shielding materials

»  provided herein do not affect the preferential heating
characteristics of the polymeric substrate blank and will
not increase significantly the cycle time for |




mel ti pg onset tenperature of the netal fibers. The softening
carrier material polynmer nmay be higher than, |ower than, of

m to the
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melting onset tenperature of the netal fibers, but it is pf{efe a&l@Pﬁ(ﬁﬁ?
than or equal to the maxi mum tenperature reached during thergoformng of

the article. Thernoform ng tenperatures of various materiajs are
tenperatures or a range of tenperatureS(kﬁ%ﬁnined by one Skiled.in the

art, and are fr. i fi.ed by.the factur in u
literature. Théﬁbresent |n3€ntF§h §5r ng g S 5e WQF%% %Vng an EM
or static shi eladilfyinee @dsicotrda &ptbelgeg@npndsing Fﬁés§tbﬁstbﬁ a)
provi di ng a polgg®fddersubstrate having an area where EM shielding is
desired; b) heating said polyneric substrate for a sufficient time for it
to attain sone portion

Summary of the Invention
The present invention provides a thermoplastic

add~on EMI or static shielding sheet which can be cut to
size by the thermoformer in order to provide shielding
solely in those areas where it is desired.

The invention comprises a thermoformable add-on
EMI shielding sheet comprising a carrier material
selected from polymeric sheet material and fibrous webs
which are porous or have the capability of becoming
porous during a thermoforming process, the carrier
material having a metal mat at least partially embedded
therein comprising a plurality of fine, randomly-oriented
metal fibers, wherein the carrier material has a
softening temperature lower than the highest temperature
reached during said thérmoforming process.

The invention also provides a thermoformable
article comprising the add-on EMI shielding sheet, and a
substrate polymer, wherein the thermoforming temperature
of the entire article is higher than the melting onset
temperature of the metal fibers.

The invention reduces the costs of EMI
shielding to a thermoformer by allowing the thermoformer
to cut the add-on EMI shielding sheet to the size and
shape of the area to be shielded. The remainder of the
polymeric substrate blank can be cut away during a
trimming operation, subsequent to thermoforming, and
reground for reuse. Since the invention may be added to
the polymeric substrate during the thermoforming
operation, the invention results in a one step EMI
shielding and thermoforming process. The invention may
be added after the substrate polymer has been preheated,
if desired, so that any preferential heating
characteristics of the polymer substrate blank are not
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add- on EM shiel ding sheet conprising a carrier material ifpcl
metal mat Over said area where EM shielding is desired; d)th
a sufficient time for said carrier material to o

article for

metal mat to nelt and for said article to reach conpletely
thernoform ng tenperature; e) thernoformnggesaid article inj
shape. The invention also provides an alternative nmethod for-
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shielding is des

rmng 4a precut add-
The add-on EMI shielding sheet of this

invention is sufficiently porous, or capable of becoming
porous during the thermoforming process to prevent
entrapment of significant amounts of air between the
sheet and the polymeric substrate during the process of
forming a thermoformed article.

In preferred embodiments of the invention, the
carrier material is a porous nonwoven web, most
preferably comprising melt blown fibers. These nonwoven
fibers are intertwined with randomly oriented metal
fibers into a sheet like material. '

In an alternative embodiment of the invention,
the carrier material is a thin polymeric film, said film
having the property of becoming porous during the
thermoforming process.

A further embodiment of the invention utilizes
a thin-film polymeric carrier material which includes
mechanical perforations in sufficient numbers to render
it sufficiently porous for the purpose of gas expulsion
during the thermoforming operation.

The thermoformable article of the present
invention may be stretched to at least 20%, preferably at
least about 300% of its original dimensions, at least in
certain regions of the composite, without loss of
electrical continuity.

The present invention also provides a method of .
making an EMI or static shielding thermoformed article
comprising the steps of:

a) providing a polymeric substrate having an

area where EMI shielding is desired;

b) heating said polymeric substrate for a

sufficient time for it to attain some portion

of its thermoforming temperature,

c) forming an article by placing a precut add-’

on EMI shielding sheet comprising a carrier
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mat over said area where EM shielding is desired; c) heatilng said article
for a sufficient time for said carrier material to soften énc R dAPR1ISG?
mat to nelt and for said article to reach conpletely its tFeranornlng
tenperature; d) thernoformng said article into a desired ghape. —ThESE
met hods represent a vast inprovement over~pPTor nethods of [forming a
thernof ormed article having EM _shieldin pro rtlez i n. several respects.
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entire substrate for  where EMI shleldlnq is desired;
d) heating said article for a sufficient time

for said carrier material to soften and said

metal mat to melt and for said article to reach

completely its thermoforming temperature;

e) thermoforming said article into a desired

shape.

The invention also provides an alternative
method for making an EMI or static shielding thermoformed
article comprising the steps of:

a) providing a polymeric substrate having an

area where EMI shielding is desired;

b) forming an article by placing a precut add-

on EMI shielding sheet comprising a carrier

material including its metal mat over said area
where EMI shielding is desired;

¢) heating said article for a sufficient time

for said carrier material to soften and said

metal mat to melt and for said article to reach
completely its thermoforming temperature;

d) thermoforming said article into a desired

shape.

As used herein, the terms below have the
following meanings.

1. The terms "polymeric substrate" and
"substrate polymer" are used interchangeably herein and
mean a polymer such as ABS (acrylonitrile-butadiene- _
styrene) which is thermoformed. This material has no EMI
shielding properties until thermoformed with the add-on
EMI shielding sheet, defined below.

" 2. The terms "“carrier material"” and "porous
carrier material" refer to the thermoplastic material in
which the metal fibers are embedded or entangled to form
the add-on EMI shielding sheet. The carrier material may
consist of a film or fiber mat wherein multiple polymers,
a single polymer, or a blend of polymers are used. More
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of the vacuum form ng machine prior to the najority of the pre-heatTng of
the substrate BBRPnERe IRVErr eSuttsriarpmatessahgmagvhat ages. (fDhe

ther mof or m 1) mhBek 181, bl OKB! pSUBALI BEEROLYTERS P HOBLERL EPO! YT S

that require preferential "heat ng can eated w thout the
thermal refl ecPPGEAFACBr f BFcRBE Become meransi duEMT shie| e@pekptietace and

its effect on pre- heatiBg th&Bterher&y&Llont EME £R{eINEAGOEREM NOndSns
a sheet comprised of a carrier material and metal fibers
wherein the carrier material softens and the metal fibers
melt below the thermoforming temperature of the
thermoformable article.

4. The term "thermoformable article” denotes
the combination of the substrate polymer and the add-on
EMI shielding sheet.

5. The term "partially embedded" means that a
portion, less than the entirety, of the metal fiber
protrudes above the surface of the carrier in which it is
located.

6. The term "completely embedded" means that
none of the metal fiber protrudes above the surface of
the carrier in which it is located. It is either at the
surface of the carrier material or below it.

7. The term "porous" as used herein to
describe the carrier material of the invention means
penetrable by gas, such that significant amounts of air
or other gases present during the thermoforming process
are not entrapped by the carrier material, causing
bubbles to form between the carrier material and the
substrate polymer.

8. The term "metal" as used herein includes an
elemental metal or a metal alloy, as defined in the ASM
Metals Handbook, Eighth Editién, Volume 1, Properties and
Belection of Metals.

9. The terms "metal mat" and "mat of metal"
means a mat of fine randomly oriented metal fibers having
multiple points of intersection.
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material prevents the entrapnment of significant anounts jof gases between |
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in the EM shielyk ifad i ddnddi482%% iented metal fibers may be selected
from a wide variety of porous nonwoven and polymeric

materials, dependent on the desired end use of the add-on
EMI shielding sheet, and desirable properties of the
final thermoformed article. The carrier may be a single
sheet-like material. The carrier material may also
comprise multiple layers of materials or mixtures of
fibers made of various different materials to include
special physical, thermal or polymeric substrate adhesion
properties.

A useful carrier material is porous, or is
capable of becoming porous upon thermoforming. Some
sheet materials may exhibit porosity only when utilized
as very thin-films. If the film is too thick, it will
not be porous, and the final thermoformed article may
have air entrapment between the add-on EMI shielding
sheet and the polymeric substrate. The necessary
porosity may be inherent in the material, or may be
mechanically dinduced,as with thicker films. A useful
carrier material will also soften at a temperature lower
than the maximum thermoforming temperature, and is
preferably nonflammable when combined with metal fibers
and the polymeric substrate into the final article.

Although not wishing to be bound by theory, it
is believed that during thermoforming, the porous nature
of the carrier material in conjunction with the non-woven
metal mat allows undesired gas to escape through the add-
on EMI shielding sheet. If the add-on thermoforming
material is nonporous, the gas does not diffuse through
the shielding sheet. It then becomes entrapped between
the shielding sheet and polymer substrate layer causing
large pockets of air or bubbles which will either result

o in pieces of the add-on sﬁielding layer coming off during
subsequent handling or use of the thermoformed part, or
burst, causing holes in the EMI shield. |
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waste of material are thus avoi ded by use of the add-on EM s1|=Id|ng
sheets of the invention. Further, such entrapnent of gases dibrj 7
transfer through the t her mof or mabl e article, causing a |ack of processmgz’g
control and resultant form ng problens. The invention is further—untderst-cod
by reference to the following non-limting-é&ganples. EXAMPLES Exanple 1 A
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nmelting all oy, ablebg "Eutectlc Bel  mont Al'l oy 2581" from Bél nont
Metals I nc, Broo &eqﬁy g@lﬁgry ate copolymers, ethylene-v1nyl

acetate copolymers, ethylene-methacrylic acid copolymers;
thermoplastic polyesters, e.g., "6763 PETG", available

commercially from Eastman Chemical, "Bynel CXA" resins,
available commercially from E. I. duPont de Nemours
(DuPont) ; "DAF" 801, and "DAF 919", available
commercially from Dow Chemical Company; polyamides, or
blends thereof, and the like.

A wide variety of metals and metal alloys may
be used in add-on EMI sheets of the invention. A useful
metal has a melting temperature in the range of 70°C to
about 370°C depending on the substrate polymer. Most
metal alloys however, do not have a single melting point,
rather they melt over a range of temperatures. For
purposes herein, the melting temperature, "'melting range
onset", or "melting onset temperature" refer to the
temperature at which the metal or alloy begins to melt,
and does not necessarily refer to a temperature at which
the entirety of the metal used is molten. Metals with
melting onset temperatures below about 70°C may tend to
become distorted during storage of the finished
thermoformed articles, as well as during exposure to
typical in-use temperatures such as might be experienced
on the surface of electronic equipment housings. The
metals having higher melting onset temperatures may be
used with polymeric substrates such as polyethersulfones
which exhibit thermoforming temperatures of approximately
371°C. Carrier polymers must be selected by one skilled
in the art so that they will not degrade at the
thermoforming temperatures required for the article.

During thermoforming of the final article, .the
metal begins to melt and is distorted or stretched along
with the carrier material. As the metal mat is
stretched, the molten metal strands retain continuity.
Metal fiber-to-fiber contacts remain intact and are fused
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the amount of carrier material present to support the
metal fibers and the surface tension of the molten metal
fibers relative to that of the carrier. If the strain
limit is exceeded the fibers of the metal mat within the
add-on EMI shielding sheet may tend to break or bead up
resulting in loss of electrical continuity.

Examples of relatively low melting metals for
use in the composite 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 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.

. The add-on EMI sheet is made by combining the
carrier material with the mat of metal fibers in such a
manner that the mat is at least partially embedded into
the carrier materials. This is accomplished by varied
methods, depending on the nature of the carrier material.
For example, a non-woven carrier material may be combined
with the mat of metal fibers by embedding the mat into
the carrier material by such methods as heating the
carrier material to a softened condition and laminating
the mat and carrier together, or by application of
mechanical pressure or a combination thereof. The non-
woven fibrous carrier material may also be mixed in with
the metal fibers to form a metal/polymer nonwoven matrix
sheet which itself forms the add-on EMI shielding sheet.
This sheet can, if desired, be pressed together for

.  improved handling by the application of heat, pressure or
a combination thereof. :
Alternatively, if the carrier material
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the sheet. The ABS. sheet w
aminating the mat and carrier together, or by a

combination of heat and pressure lamination.

The carrier material may comprise a film which
softens below the melting onset temperature of the metal
mat and which has a thickness of less than about the
diameter of the metal fibers. The metal mat is partially
or completely embedded into the film by heating the
carrier material to a softened condition and laminating
the mat and carrier together or by application of
mechanical pressure or a combination thereof.

When the composite add-on EMI sheet is placed
onto a polymeric substrate prior to thermoforming, air
will initially be trapped between the polymeric substrate
and the carrier film. As the add-on thermoformable sheet
is heated during the thermoforming operation the carrier
resin softens. In this softened condition, the carrier
sheet is easily ruptured by the pressure of entrapped
gas. These ruptures or "pores" will then allow air to
escape.

In preferred embodiments of the invention, the
mat is partially embedded into the carrier material,
leaving exposed metal extending from the surface. The
exposed metal provides a conductive surface on the
carrier material. However, where electrical isolation of -
the conductive surface is desired, as in some static
protective situations, or where added abrasion resistance
of the shielding layer is preferred, the mat of metal
should be completely embedded. Electrical contact in
specified areas of the mat of metal will then require
special connectors to access the metal layer.

The add-on EMI shielding sheet is utilized w1th
a substrate polymer to yield a thermoformable article.
Useful resins for the substrate polymer are
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greater "hot" strength than do higher melt index

materials. The "hot" strength of the polymeric sheet
will allow it to be shaped by low pressures while
preventing excessive sagging or tearing. Other desirable
properties are low shrinkage on cooling and a wide
thermoforming temperature range. Other properties vary,
depending on the manufacturing method and desired
properties of the finished product.

The polymeric substrate is usually specified by
the thermoformers’ customer; the thermoformer may have
little control over the identity of the polymer(s).

Suitable substrate polymer materials include
but are not limited to: polystyrene, particularly high-
impact polystyrene; cellulosic materials, e.g., cellulose
acetate, cellulose-~acetate-butyrate (CAB), and cellulose
propionate; acrylonitrile-butadiene-styrene polymers
(ABS); olefin polymers, e.g., polyethylene, ethylene-
butene copolymers, ethylene-vinyl acetate copolymers,
polypropylene, and propylene copolymers;
methylmethacrylate copolymers; polycarbonate; vinyl
chloride polymers, e.g., poly(vinyl chloride-co-vinyl
acetate), poly(vinyl chloride); polysulfones; polyamides;
polyethersulfones; fluorinated-ethylene-propylene and
rigid and flexible vinyl foams.

The thermoforming process may stretch the
heated thermoformable article, or a portion thereof, to
at least about 20 percent, and often, at least about 300
percent of the original dimensions of the polymeric
sheet. For, example, stretching of the substrate may be
greater around corners than on planar surfaces.

To allow thermoforming of the final article
without loss of electrical continuity or EMI shielding
properties, the thermoforming temperature of the article,
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melting onset temperature of the metal fibers. The

The

softening point of the carrier material polymer may be
higher than, lower than, or equal to the melting onset
temperature of the metal fibers, but it is preferably

less than or equal to the maximum temperature reached

during thermoforming of the article.

Thermoforming temperatures of various materials
are temperatures or .a range of temperatures determined by
one skilled in the art, and are frequently specified by
the manufacturer in product literature.

The present invention also provides a method of
making an EMI or static shielding thermoformed article
comprising the steps of:

a) providing a polymeric substrate having an

area where EMI shielding is desired;

b) heating said polymeric substrate for a

sufficient time for it to attain some portion

of its thermoforming temperature,

¢) forming an article by placing a precut add-

on EMI shielding sheet comprising a carrier

material including its metal mat over said area
where EMI shielding is desired;

d) heating said article for a sufficient time

for said carrier material to soften and said

metal mat to melt and for said article to reach
completely its thermoforming temperature; |

e) thermoforming said article into a desired

3 shape.

The invention also provides an alternative
method for making an EMI or static shielding thermoformed
article comprising the steps of:

a) providing a polymeric substrate having an

35 area where EMI shielding is desired;

b) forming an article by placing a precut add-

on EMI shielding sheet comprising a carrier




di aneteer, Iow melting alloy metal fibers was formed by forci &PMOEMENTBSHEET
through a die as described in Exanple 1. The fibers were col| ectret-onr=a
flat surface in a | oose mat approxi mately 1.25 cmthick (applrdxi §Fé é&f
g/nerr]). A nonwoven polynmer web was nade from et hyl ene/ vi nyl t ﬂ
avai l able as "UL 7520" from Exxon Chem cal Co., Houston TX, lhawing.an
approxi mate web wei ght of 145.3 g/nferr] -1BRe netal fiber t and the
nonwoven pol yner mat were then heat pressed at about 70[err]
pl aten press at 8.11 x IM§tsrialkHEndlard iy siﬂm)mdﬂ:alTlmatr eselrt isaddcampasi t e
sheet was renoved fromt t 340 cmsquare. This
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two minutes in a ther nof ey ARG QR 11AHA236H108) SBften and said

metal mat to melt and for said article to reach

completely its thermoforming temperature;

d) thermoforming said article into a desired

shape.

These methods represent a vast improvement over
prior methods of forming a thermoformed article having
EMI shielding properties in several respects.

First, previous methods required that the EMI
shielding material cover the entire substrate for
thermoforming. The add-on sheet of the invention may be
precut, and placed over only the area where shielding is
desired. This is both convenient, and provides cost
savings, since less shielding material is required for
each application. The substrate polymer, not covered by
the pre-cut add-on EMI shielding sheet, may also be
trimmed and used as regrind, resulting in further
savings.

The add-on EMI sheet need not be placed in the
clamp frame of the vacuum forming machine prior to the
majority of the pre-heating of the substrate polymer.
This results in processing advantages (for thermoforming)
in that thicker substrate polymers or substrate polymers
that require preferential heating can be partially heated
without the thermal reflective interference of the
metallic EMI shielding surface and its effect on pre-
heating time. The cycle time for thermoforming is
therefore not significantly lengthened.

Alsc, the thermoformer is provided with a one-
step ecologically desirable shielding technique as
solvents and toxic materials required by many
conventional shielding techniques, such as zinc-arc
spraying and the like, are not regquired.

The porous carrier material prevents the



Exanpl-e 1. The two were lami nated into a final article, an(ﬁEP

between the heaters after 30 seconds. The thernofornmabl e a
pressure-formed with vacuum assist into a cylindrical bow |s
bottom of the bowl was cut out of the thernofornmed article
draw ratio of this portion of the bowl varied from200 to 5

hape.
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cmdianmeter flat specinmen. This specinmen was _then tested ag to its far
field EM shielding characteristics using ZNati onal Bur eab—ef—Standards
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consi sted of a gener at or;

into the test

fixture throughcanriap| Reteri®ksand cthébsiebs 1yaDEARPRET i erSugh
entrapment of gases may result in de-lamination at the

interface between these two layers either when removed

from the thermoforming machine or subsequently during the
assembly or use of the shielded thermoformed article or

may cause holes in the EMI shield if the air pockets

burst. The resulting processing problems, assembly

problems with attendant waste of material are

thus

avoided by use of the add-on EMI shielding sheets of the

invention. Further, such entrapment of gases

disrupts

heat transfer through the thermoformable article, causing

a lack of processing control and resultant forming

problens.
The invention is further understood

by

reference to the following non-limiting examples.

EXAMPLES
Example 1

A multiplicity of metal fibers having diameters

of approximately 76 microns were continuously

formed by

forcing molten metal through a die having eight collinear
orifices spaced 1.27 cm apart. These fibers were made
from a low melting alloy, available as "Eutectic Belmont
Alloy 2581" from Belmont Metals Inc, Brooklyn, NY, having
a composition of 42 wt% tin (Sn) and 58 wt% bismuth (Bi).
The melting onset temperature of this alloy was 139°cC. '
The alloy was melted in a stainless steel pressure vessel
at 200°C and pressurized with pure nitrogen at
approximately 207 kPa (kiloPascals) above atmospheric
pressure at the die. Metal fibers were formed and cooled
by allowing the molten strands exiting the die to fall
vertically for a distance of about 1.5 meters into a
stream of horizontally formed melt blown fibers. The
approximate web weight of the metal fibers was 602.8. g/m?
and the polymer web had a weight of 187.0 g/m.
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tal fibers

froma [ow

melting alloy by forcing nolten metal throAfgh a die as desciihed in Exanmple

1. The fibers were collegéed if a |l oose mat approximately 1.8
”fﬁg% ML vidi Yhtarbf

B B - E"Fonidben® BT netP b

(782.6 g/ n2) on the surf

cmthick

about 205. 4 g/efkyiénefvinybnaceeatacbeshrs, naekel Tatane "d athers Hah83822" ,
avai | abl e fromgyagsunLhendcal. A c“i%’em”i&{frbér*EFk dd4 Bipde from DOW DAF

919 was pl aced on

Cincinnati, OH. The metal fibers intermingled with the

air blown microfibers within the microfiber air stream

and the composite fiber mat was collected. A

section of

this composite web was pressed at 7.26 x 10° kPa and at a

temperature of 45°C for 30 seconds in a heated platen

press between sheets of release paper. This composite

sheet was removed from the press and cut into a 20 cm

square.

A 30 cm square sheet of 0.254 cm thick ABS,
available as "Royalite R-59" from Royalite Thermoplastics

Division, Polycast Technology Corporation, Mishawaka, IN,

was placed into the clamping frame of a thermoformer.

The bottom heater of the lab thermoformer was set at
371°C and the top heater was set at 315°C. The ABS sheet
was withdrawn after a preheating exposure time of 2

minutes and the section of the invention described above

was laid onto the sheet. The ABS sheet with the

composite sheet of the invention was placed back between
the heating panels of the thermoformer for 15 seconds.

After heating, a finished article, which was now

laminated, was removed from between the heaters and
pressure formed with a vacuum assist into a cylindrical
bowl shape. The bowl had a diameter of approximately
14.8 cm and a depth of 6.2 cm. This resulted in a draw
ratio, based on area, varying from about 200-300% over

the thermoformed articles surface.

The bowl was clamped into a modified MIL-STD-
285 test fixture. The thermoformed fibers covering the
open end of the bowl were in electrical contact with the
fixture base plate which also made up the ground plane of
a 5.22 cm long emitting monopole antenna. An EMCO Model

- 3146 log periodic antenna was used as a receiving
antenna. The distance between the receiving antenna and

the emitting antenna within the sample bowl was




t.op of the nmetal fiber mat to sandwich it between the Evat he nBEROACEMENT GHEET
and the DOW 919 material. The resulting | am nate was then prées§ed at abour
80[erf]C in the heated platen press at 7.63 x 10[err] kPa fo 30®%§%ﬂ§9§§7
The conposite sanple was then cut into a 20 cm square sheet ang place

top of a 30 cm square sheet of 0.254 cmthick Royalite R-59 {herseterrable—
sheet which had been fastened into the claggSfrane of a therfoformng

machine. It was laid onto the ABS sheet with the Evat hene coveéred side

facing the ABS dpprmtinstelyt i3 lodyer midd dithaDAREZa1BtarEichl cotlsilsted
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to the emitting antenna in the test fixture through an
Amplifier Research Model 1W1000 amplifier. The signal
from the receiving antenna was fed directly into a
Hewlett Packard Model 8566B Spectrum Analyzer. The test
bowl was placed over the monopole antenna and fastened to
the ground plane using 12 screws at about 4.6 cm center
to center spacing. Using this technique, it was found
that the vacuum formed bowl provided EMI shielding of
from 30-50 dB throughout the frequency range of 30 MHz to
1GHz.

Example 2
A mat formed from approximately 76 micron

diameter, low melting alloy metal fibers was formed by
forcing molten metal through a die as described in
Example 1. The fibers were collected on a flat surface
in a loose mat approximately 1.25 cm thick (approximately
409 g/m?).

A nonwoven polymer web was made from
ethylene/vinyl acetate, available as "UL 7520" from Exxon
Chemical Co., Houston TX, having an approximate web
weight of 145.3 g/m?. The metal fiber mat and the
nenwoven polymer mat were then heat pressed at about 70°C
in the heated platen press at 8.11 x 10° kPa for 30
seconds. The resulting composite sheet was removed from
the press and then cut into a 20 cm square.

This example of the invention was applied to a

- 30 cm square sheet of 0.254 cm thick ABS, Royalite R-59
thermoformable sheet, which had been preheated for two
minutes in a thermoforming machine as described in
Example 1. The two were laminated into a final article,
and removed from between the heaters after 30 seconds.
The thermoformable article was then pressure-formed with
vacuum assist into a cylindrical bowl shape. The bottom’
of the bowl was cut out of the thermoformed article. The



i nvention were then heated together in the thernoformng magmom a

total of 2 1/2 mnutes, renoved from between the heaters an ’“‘DEW&ﬁH;SHEET
into a‘cylindrical bow shape as described in Exanple 1. Thg KQottom of the
bow was renoved and then tested as to its far field shieldijng 83 APR 1897
characteristics as described in Exanple 2 and was found to
shiel ding of from 45-65 dB t hroughout the frgquency range ofy 30 VHz to
1GHz. Exanple 4 A mat (1065.8 g/njerr]) of w nelting all oyepetal fibers

approximately 7 L,C n_di was for y C
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acetate resins, available as Bynel|err rom DuPont, [Inc.
W | ni ngt on, DE. s@ﬁgldlng characteristics using a National Bureau of

% Standards type (NBS) flanged coaxial test fixture. The
signal source, which consisted of a Fluke Model 6060B
frequency generator, was fed into the test fixture
through an Amplifier Research Model 1W1000 amplifier. A
3 dB attenuator pad was used at the input to the test
fixture and a 6 4B attenuator pad at the output. The
output signal, from the test fixture, was fed into a
Hewlett Packard Model 8566B Spectrum Analyzer. This
specimen exhibited a far field shielding effectiveness of
from 45 to 65 dB in the frequency range of 30 MHz to 1
GHz.

Example 3
A plurality of metal fibers each having a

diameter of approximately 76 microns was formed from a
low melting alloy by forcing molten metal through a die
as described in Example 1. The fibers were collected in
a loose mat approximately 1.8 cm thick (782.6 g/mz) on the
surface of a nonwoven polymer web having a weight of
about 205.4 g/m®. The nonwoven web was made from
"Evathene EA 89822", available from Quantum Chemical. A
50 micron thick film made from DOW DAF 919 was placed on
top of the metal fiber mat to sandwich it between the
Evathene nonwoven web and the DOW 919 material. The
resulting laminate was then pressed at about 80°C in the
heated platen press at 7.63 x 10° kPa for 30 seconds. The
composite sample was then cut into a 20 cm square sheet
and placed on top of a 30 cm square sheet of 0.254 cm
thick Royalite R-59 thermoformable sheet which had been
fastened into the clamp frame of a thermoforming machine.
It was laid onto the ABS sheet with the Evathene covered
side facing the ABS to act as a tie layer and the DAF 919
material out to electrically isolate the conductive



press at 8.47 x 102 kPa for 45 seconds. The resulting sanpl
into a 20 cm square sheet. This sheet was then perforated
di anmeter holes 2 mmon center. This exanple of the inventi
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bowl shape as described in Example 1. The bottom of the

J

bowl was removed and then tested as to its far field
shielding characteristics as described in Example 2 and
was found to exhibit EMI shielding of from 45-65 dB
throughout the frequency range of 30 MHz to 1GHz.

Example 4
A mat (1065.8 g/m?) of low melting alloy metal

fibers approximately 76 micron in diameter was formed by
forcing molten metal through a die as described in
Example 1. The fibers were collected in a loose mat
approximately 2.2 cm thick on the surface of a polymer
web made from a 100 micron thick film consisting of a
blend of ethylene-vinyl acetate resins, available as
Bynel™ CXA 1025 from DuPont, Inc., Wilmington, DE. The
resulting laminate was then pressed at about 77°C in a
heated platen press at 8.47 x 102 kPa for 45 seconds. The
resulting sample was then cut into a 20 cm square sheet.
This sheet was then perforated with 0.25 mm diameter
holes 2 mm on center.

This example of the invention was applied to a
30 cm square sheet of 0.254 cm thick Royalite R-59
thermoformable sheet after the ABS sheet had been
preheated for two minutes in the thermoforming machine as .
described in Example 1. They were then heated together
in the thermoforming machine for an additional 30
seconds. The resulting article was then removed from
between the heaters and vacuum formed into a cylindrical
bowl shape as described in Example 1. The bowl was
tested as to its shielding characteristics as described
in Example 1, and was found to exhibit EMI shielding of
from 35-50 dB throughout the frequency range of 30 MHz to
1GHz.
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respectively, available frggeDiRest Q?gztfgf€¥3¢fﬁ%1tlng alloy metal

fibers approxlmately 76 micron in diameter was formed by
forcing molten metal through a die as described in
Example 1. The fibers were collected on the surface of a
polymer web made from a 37 micron thick film of "Kodar
PETGY, available as PETG 6763 from Eastman Chemical
Products Inc., Kingsport, TN. A piece of this laminate
was then placed onto the surface of two separate sheets
of film made from a 50% by weight blend of ethylene-vinyl
acetate resins (Bynel CXA 1025 and Bynel CXA 3101
respectively, available from DuPont, and the entire
composite was pressed in a heated platen press at a
temperature of 130°C for about 40 seconds under a
pressure of about 750.9 kPa. This resulted in sheets
having metal fibers pressed into the outside PETG surface
of laminated PETG/CXA blend film, each having a total
thickness of just under 0.75 mm. Both sheets were cooled
to room temperature and then cut into 20 cm square
sheets.

One of these samples was then centered on top
of a2 30 cm square sheet of 0.254 cm thick Royalite R-~59
thermoformable sheet, with the CXA side down toward the
ABS. The sample was then laminated to the ABS sheet,
prior to the thermoforming operation, without entrapping
substantial air between the two sheets in a heated platen
press at 77°C under a pressure of 9.37 x 102 kPa for about
15 seconds. The article, consisting of the prelaminated
sample and the ABS sheet, were then clamped into the
thermoforming machine and heated for 3 minutes. The top
heater of the thermoforming machine was set at 315°C and-
the bottom heater at 371°C. The resulting laminate was
then removed from between the heaters and vacuum formed
into a cylindrical bowl shape as described in Example 1.
The bowl was tested as to its shielding characteristics
as previously described and was found to exhibit EMI_‘
shielding of from 40-60 dB throughout the frequency range




conposite was pressed in a heated platen press at a tenperature of
130[err] C for about 40 seconds under a pressure of about 75Daibikira
resul ted in’ sheets having nmetal fibers pressed into the outpi ge
surface of |am nated PETG CXA blend film each having a tot
just under 0.75 mm Both sheets were cooled to roomtenper
cut into 20 cmsquare sheets. One of thesesganples was thenj centered on top
of a 30 cmsquare sheet of 0.254 cmthick Royalite R 59 thefnofornable
sheet, with theoCXA0sHHe towcHoward the ABS. The sanpl e wa N
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into the
thermoformable sheet, CXA side down toward the ABS. The
ABS had been preheated for two minutes in a thermoforming

machine as described in Example 1. The sample laminate
was added onto the top of the ABS sheet and the heating
continued in the thermoformer. The resulting article was
then removed from between the heaters after an additional
one minute. The article was then pressure formed with
vacuum assist into a cylindrical bowl shape.

Because of the lack of porosity of the add-on
EMI shielding sheet, relatively large pockets of air were
trapped between the carrier material and the ABS
substrate when this sample material was used as an add-on
sheet in the manner of the invention. This entrapped air
caused gross cosmetic problems (i.e. deformities) in the
outer surface of the formed object, particularly at the
corners, due to the thermal transfer abnormalities
resulting from the air pockets. Further, the entire
metal matrix broke apart into discontinuous islands
during the thermoforming operation when using the thick,
non-porous carrier material.

The bowl was tested as to its shielding
characteristics as described in Example 1. Because of
the many electrical discontinuities in the metal mat, it
was found to exhibit virtually no EMI shielding
throughout the frequency range of 30 MHz to 1GHz.

Example 6
A mat of low melting alloy metal fibers was

formed as described in Example 2. This mat

(approximately 597.8 g/m?) was placed on top of a nonwoven
polymer web (having an approximate web weight of 126 g/m?)
made from ethylene methacrylic acid, available as Nucrel
960 EMMA from DuPont. These layers were placed on top of




t her mof or m ng nmachi ne and heated for 3 mnutes. The top heat
thernof ormi ng machine was set at 315[err]C and the bottom hegtg
371[err] C. The resulting | ami nate was then renoved from bet
and vacuum forned into a cylindrical bowl shape as describe G=3aABRef037
The bowl was tested as to its shielding characteristics as grgviously
descri bed and was found to exhibit EM shielding of from 40-;60 dB
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si de down t owaERet BetaBgNuTHel composite was placed in contact with the
Evathene layer. The purpose of the Evathene was to act
as an adhesion promoting layer to the substrate polymer.
This laminate was then pressed at about 77°C in the
heated platen press at 6.43 x 102 kPa for 45 seconds and
then cut into a 20 cm square sheet.

This example of the invention was applied,

Evathene side down, onto the surface of a 3.175 mm thick
polycarbonate sheet, available as Lexan™ 9034 from
General Electric Co., General Electric Plastics Div.,
Pittsfield, MA). The article was then heated in the
thermoforming machine for three minutes. The top heater
was set at 371°C and the bottom heater was set at 427°C.
The final laminated article was then removed from between
the heaters and vacuum formed into a cylindrical bowl
shape as described in Example 1. The bowl was tested as
to its shielding characteristics as previously described
and was found to exhibit EMI. shielding of 20~45 dB
throughout the frequency range of 30 MHz to 1GHz.

Example 7

A mat (651.1 g/m?) of low melting alloy metal
fibers approximately 76 micron diameter was formed by
forcing molten metal through a die as described in
Example 1. The fibers were collected in a loose mat
approximately 1.7 cm thick on the surface of a 50 micron
thick e?truded UL 7520 film. The resulting article was
then préssed at about 77°C in the heated platen press at
1.00 x 10° kPa for 45 seconds. The resulting sample was
then cut into a 20 cm square sheet.

This example of the invention was applied to a
30 cm square sheet of 0.254 cm thick Royalite R-59
thermoformable sheet after the ABS sheet had been
preheated in the thermoforming machine as described in
Example 1. The ABS sheet and invention, which was now
laminated to the ABS sheet, were then removed from



ABS had been preheated for two mnutes in a thernoform ng machine as
déscribed in Exanple 1. The sanple |aninate was added onto thgEP
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tested as to its shielding characteristics as described

in Example 1 and was found to exhibit EMI shielding of
40-60 dB throughout the frequency range of 30 MHz to
1GHz.




during the thernoformng operation when using the thick, non-porous carrier
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1. A thermoformable add-on EMI shielding sheet
comprising a carrier material selected from polymeric
fibrous webs and sheet materials having the capability of
becoming porous during a thermoforming process, said
carrier material having a metal mat at least partially
embedded therein, said mat comprising a plurality of
fine, randomly-oriented metal fibers, said carrier
material having a softening temperature and said metal
mat having a melting temperature lower than the highest
temperature reached during said thermoforming process.

2. A thermoformable add-on EMI shielding sheet
according to claim 1 wherein said carrier material is
porous prior to said thermoforming process.

3. A thermoformable add~on EMI shielding sheet
according to claim 1 wherein said carrier material is a
polymeric nonwoven web.

4. A thermoformable add~on EMI shielding sheet
according to claim 3 wherein said polymeric nonwoven web
comprises blown fibers.

5. A thermoformable add-on EMI shielding sheet
according to claim 3 wherein said metal fibers are
entangled with said polymeric nonwoven web.

6. A thermoformable add-on EMI shielding sheet
according to claim 3 wherein said carrier material
comprises at least one polymeric non-woven material
selected from the group consisting of polyethylene,
ethylene-butyl acrylate copolymers, efﬁylene—vinyl
acetate copolymers, ethylene-methacrylic acid copolymers,
thermoplastic polyesters, and mixtures thereof.

This Sheet Has Been Repla
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article was then renpved from between the heaters and vacuum fornmed into a

cylindrical bow

8. A thermoformable add-on EMI shielding sheet
according to claim 1 wherein said carrier material is

rendered porous by mechanical means.

9. A thermoformable add-on EMI shielding sheet
according to claim 7 wherein said carrier material

comprises a polymeric film having mechanically created

pores of up to 1 cm in size, said pores being
to 2 cm when measured from center to center.

spaced up

10. A thermoformable add-on EMI shielding

sheet according to claim 1 wherein said metal

mat

comprises metal fibers selected from the group consisting

of tin, lead, bismuth, cadmium, indium, gallium, zinec,
mixtures thereof, alloys thereof, and alloys thereof

containing at least one element selected from

the group

consisting of antimony, aluminum, copper, silver, gold,

nickel, cobalt and iron.

11. A thermoformable article comprising an

add-on EMI shielding sheet according to claim

1, and a

substrate polymer, said article having a thermoforming

" temperature higher than said melting onset temperature of .

said metal fibers.

12. A thermoformable article according to
claim 11 wherein the metal fibers of said add-on EMT
shielding sheet are entangled with said polymeric

nonwoven web.

13. A thermoformable article according to.
claim 11 comprising a plurality of layers of carrier

materials. T—
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shape .as described in Exanple 1. The bow was tested as to |tﬁmgfmﬂ? SHEET

characteristics as previously described and was found to exhi
shi el ding of 20-45 dB throughout the frequency range of 30 to 1GHz.

Exanple 7 A mat (651.1 g/nR2) of low melting alloy metal fibedsl 03 APR 1997
approximately 76 mcron dianeter was forned by forcing nolte tal through

a die as described in Exanple 1. The fibers were collected i a [ oose mat
approximately 1.7 cmthick on the surface-80-a 50 nicron thi ¢k _extruded UL

7520 film The resulting article was then pressed at. about 77[err]Cin the
heated platen press at 1.¥b x Adihsrmeigmakie AF i ASCorREngedd ti ng
sanpl e was thercaim i ofwrHere recnipifis rieetplubddld tiX e tefll e s.
i nvention was applied to a 30 cm square sheet of 0.254 cmthick Royalite
R-59 thernoformabl e sheet after the ABS sheet had been

15. A thermoformable article according to

claim 11 wherein said substrate polymer is selected from
the group consisting of polystyrene, cellulose acetate,
cellulose-acetate~butyrate (CAB), cellulose propionate,
acrylonitrile~butadiene-styrene polymers, polyethylene,
ethylene-butene copolymers, ethylene-vinyl acetate
copolynmers, polypropylene, and propylene copolymers,
poly (methylmethacrylate), methyl methacrylate-
acrylonitrile copolymers, acrylic-modified poly(vinyl
chloride), polycarbonates, poly(vinyl chloride-co-vinyl
acetate), poly(vinyl chloride), polysulfones,
polyethersulfones and polyamides.

16. A thermoformed article comprising a
substrate ‘polymer having an EMI shielding layer on a
portion thereof, said shielding layer having been precut
from an add-on EMI shielding sheet, placed atop said
substrate polymer, and thermoformed therewith.

17. A method of making a thermoformed article
comprising the steps of:

- a) providing a polymeric substrate having an
area where EMI shielding is desired;
b) preheating said polymeric substrate for
sufficient time for it to attain some portion
of its thermoforming temperature;
c) forming an article by placing a precut add-
cn EMI shielding sheet comprising a carrier
material, including its metal mat, over said

area where EMI shielding is desired;
This Sheet Has BeenReplaced  9)  heating said article for a sufficient time

ANARLEN

e i i S T T including the pelymeric substrate to reach

L

for said carrier material to soften and said
metal mat to melt and for said article,

REPLACED
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preheated in the thernoform ng nmachi ne as described in Exan
sheet and invention, which was now | am nated to the ABS shefglz
renoved from -27- between the thernmoforners heaters aftey jan addltlonal
30 seconds exposure and vacuum forned into a cylindrical boﬂM sh&pAPRs1997
described in Exanple 1. The bow was tested as to its shieldi
characteristics as described in Exanple 1 apd was found to exAl bi T EM
shi el ding of 40-60 dB throughout the frequency range of 30 &z to 1GHz
completely its thermoforming temperature;

@) thermoforming said article into a desired

shape.

18, A thermoformed article made by the process
of claim 17.

19. A method for making a thermoformed article
comprising the steps of:

a) providing a polymeric substrate having an

area where EMI shielding is desired;

b) forming an article by placing a precut add-

on EMI shielding sheet comprising a carrier

material including its metal mat over said area

where EMI shielding is desired;

c) heating said article for a sufficient time

for said carrier material to soften and said

metal mat to melt and for said article to reachn

completely its thermoforming temperature;

d) thermoforming said article into a desired

shape.

20. A thermoformed article made by the process
of claim 19.

mawwn i
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-28- .Clainms 1. A thernoformabl e add-on EM shi el di ng sheet

| ayer of a carrier material selected frompol- yneric fibrops
sheet “material s having the capability of becom ng porous du}

thernmoform ing process, said carrier material having one of 8§ RFRalegy
mats at | east partially enbedded therein, said mat conprisihgia plurality
of fine, random y-oriented netal fibergy hoth said carrier jareri T
a sof- tening tenperature and said nmetal mat having a neltijpg tenperature

| ower than the highest tenper- ature reached during said thernoformng
process. 2. A thernofornmable add-on EM shiel ding sheet according to claim
1 wherein said carrier material is a polyneric nonwoven web sel ected from

the group consisting of MENALetRTHERMAT/@OLMERe COYPPRIEEryl at e

Abstract

A thermoformable add-on EMI shielding sheet
comprising a carrier material selected from polymeric
films and fibrous webs having the capability of becoming
porous when thermoformed, having a metal mat at least
partially embedded therein, comprising a plurality of
fine, randomly-oriented metal fibers, the carrier
material having a softening temperature lower than the
highest temperature reached during the thermoforming
process.



copol yners, ethylene-vinyl acetate copolyners, ethylene-nethacrylic acid
copol yners, thernoplas- tic polyesters, and m xtures thereof ein said
nmetal fibers are entangled with said polymeric non- woven £ ]

t her nof or mabl e add-on EM shi el di ng sheet according to clai
pol yméri ¢ nonwo- ven web conprises blowy fibers. 4. A ther
EM shi el ding sheet according to claim2 wherein said carri
conprises at |east one polyneric non-woven nate- rial.
t her nof or mabl ecngin.fgl EM shi el di ng sheet }

1. Athermoformable add-on EMI shielding sheet com-
prising a layer of a carrier material selected from pol-
ymeric fibrous webs and sheet materials having the
capability of becoming porous during a thermoform-
ing process, said carrier material having one or more

metal mats at least partially embedded therein, said
mat comprising a plurality of fine, randomly-oriented
metal fibers, both said carrier material having a sof-
tening temperature and said metal mat having a
melting temperature lower than the highest temper-
ature reached during said thermoforming process.

2. A thermoformable add-on EMI shielding sheet
according to claim 1 wherein said carrier material is
a polymeric nonwoven web selected from the group
consisting of polyethylene, ethylene-butyl acrylate
copolymers, ethylene-vinyl acetate copolymers,
ethylene-methacrylic acid copolymers, thermoplas-
tic polyesters, and mixtures thereof, wherein said
metal fibers are entangled with said polymeric non-
woven web.

3. A thermoformable add-on EMI shielding sheet
according to claim 2 wherein said polymeric nonwo-
ven web comprises blown fibers.

4. A thermoformable add-on EMI shielding sheet
according to claim 2 wherein said carrier material
comprises at least one polymeric non-woven mate-
rial.

e e
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according to claim1 wherein said carrier material conprises;
film having nmechanically cre- ated pores of up to 1 cmin s
beimg spaced up to 2 cm when neasured fromcenter to center| B.
t her mof or mabl e add-on EM shi el di ng sheet according to claim| 8
plurality of layers of carrier material,peach of said |ayerg gontaining ong
or nore netal mats at | east partially entangled therein. 7.{ A thernoforned

article conprising a substrate pol- ynmer having an EM shielding |layer on a

Chi el i ng. <haet “hctir AT B MARIA RAR0-G7Y EMIT SHIBIFY SORRES Soner
and thernofor- se¢araéngwo iclaim A whecginfsaidkcagrier vatefrialmed article
conpri s= comprises a polymeric film having mechanically cre-

ated pores of up to 1 cm in size, said pores being

spaced up to 2 cm when measured from center to

center.

6. A thermoformable add-on EMI shielding sheet
according to claim 2 comprising a plurality of layers
of carrier material, each of said layers containing
one or more metal mats at least partially entangled
therein.

7. A thermoformed article comprising a substrate pol-
ymer having an EM! shielding layer on a portion
thereof, said shielding layer having been precut from
an add-on EMI shielding sheet according to claim 1,
placed atop said substrate polymer, and thermofor-
med therewith.

8. Amethod of making athermoformed article compris-
ing the steps of:

a) providing a polymeric substrate having an
area where EMI shielding is desired;

b) preheating said polymeric substrate for suffi-
cient time for it to attain some portion of its ther-
moforming temperature;

c) forming an article by placing a precut add-on
EMI shielding sheet according to claim 1 com-
prising a carrier material, including its metal
mat, over said area where EMI shielding is

This Sheet Has Been Replaced
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I ng the steps of : a) providing a polyneric substrate having_an area where

EM shielding is desired; b) preheating'said polyneric sub3é¥
cizent-time for it to attain some portion of its ther- nofor

t ehperature; c) formng an article by placing a precut addgon EM shiel din

sheet according to claim1l com prising a carrier materi al
nmetal nmat, over said area where EM shielding is - 30- ddSI

CERMENAUSHEET

nci 0dkOY 1883
red; d)

heat i ng said article for a sufficient time for said carrleq_ﬁaterlal to

soften and sai d netal

desired;

d) heating said article for a sufficient time for
said carrier material to soften and said metal
mat to melt and for said article, including the pol-
ymeric substrate to reach completely its thermo-
forming temperature;

e) thermoforming said article into a desired
shape.

9. A method for making a thermoformed article com-
prising the steps of:

a) providing a polymeric substrate having an
area where EMI shielding is desired;

b) forming an article by placing a precut add-on
EMI shielding sheet according to claim 1 com-
prising a carrier material including its metal mat
over said area where EMI shielding is desired;
¢) heating said article for a sufficient time for
said carrier material to soften and said metal
mat to melt and for said article to reach com-
pletely its thermoforming temperature;

d) thermoforming said article into a desired
shape.

This Sheet Has Been Replaced
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- e
rat to nelt and for said article, including the pol- ynmeric substrate to

réach comnpletely its thernmo- formng tenperature; e) thernoform ng.___scga_‘i,a.q:
artiele into a desired shape. 9. A nethod for making a fh%@ orFed At
R

com prising the steps of: a) providing a polyneric subst
area where EM shielding is desired; b) formng an article b
precut add-on EM shielding sheet accordipgpgo claim1l com

carrier material including its metal mat over said area wher
is desired; c)Chapsidgg said article for a sufficient time fo
material to soften and said netal mat to nelt and for said
com pletely its thernoform ng tenperature;

\

cle

PLACEMENT SHEET
r{sing a

EVE (s hilld) @99
sai d carrier

ticlée to react

1. Athermoformable add-on EMI shielding sheet com-
prising alayer of a carrier material selected from pol-
ymeric fibrous webs and sheet materials having the
capability of becoming porous during a thermoform-
ing process, said carrier material havingone or more

metal mats at least partially émbedded therein;

said

mat comprising a plurality of fine, randomly-oriented
metal fibers, both said carrier material having a sof-
tening temperature and said metal mat having a
melting temperaturs lower than the highest temper-
ature reached during said thermoforming process.

2. A thermoformable add-on EMI! shielding sheet
according to claim 1 wherein said carrier material is
a polymeric nonwoven web selected from the group
consisting of polyethylene, ethylene-butyl acrylate
copolymers, ethylene-vinyl acetate copolymers,
ethylene-methacrylic acid copolymers, thermoplas-
tic polyesters, and mixtures thereof, wherein said
metal fibers are entangled with said polymeric non-

woven web.

3. A thermoformable add-on EMI shielding sheet
according to claim 2 wherein said polymeric nonwo-

ven web comprises blown fibers.

4. A thermoformable add-on EMI shielding sheet
according to claim 2 wherein said carrier material
comprises at least one polymeric non-woven mate-

rial.

I
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A thermoformable add-on EMI shielding sheet
according to claim 1 wherein said carrier material
comprises a polymeric film having mechanically cre-
ated pores of up to 1 cm in size, said pores being
spaced up to 2 cm when measured from center to
center.

A thermoformable add-on EMI shielding sheet
according to claim 2 comprising a plurality of layers
of carrier material, each of said layers containing
one or more metal mats at least partially entangled
therein.

A thermoformed article comprising a substrate pol-
ymer having an EMI shielding layer on a portion
thereof, said shielding layer having been precut from
an add-on EMI shielding sheet according to claim 1,
placed atop said substrate polymer, and thermofor-
med therewith.

A method of making a thermoformed article compris-
ing the steps of:

a) providing a polymeric substrate having an
area where EMI shielding is desired;

b) preheating said polymeric substrate for suffi-
cient time for it to attain some portion of its ther-
moforming temperature;

c) forming an article by placing a precut add-on
EMI shielding sheet according to claim 1 com-
prising a carrier material, including its metal
matl, over said area where EMI shielding is

AR T
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desired,;

d) heating said article for a sufficient time for
said carrier material to soften and said metal
mat to melt and for said article, including the pol-
ymeric substrate to reach completely its thermo-
forming temperature;

e} thermoforming said article into a desired
shape.

8. A method for making a thermoformed article com-
prising the steps of:

a) providing a polymeric substrate having an
area where EMI shielding is desired;

b) forming an article by placing a precut add-on
EMI shielding sheet according to claim 1 com-
prising a carrier material including its metal mat
over said area where EM! shielding is desired,
¢) heating said article for a sufficient time for
said carrier material to soften and said metal
mat to melt and for said article to reach com-
pletely its thermoforming temperature;

d) thermoforming said article into a desired
shape.

|



REPL ACEMENT_ _SHEE’? ’PLM"M NT SHEET

- 31 - 30 JUN o8

METAL FIBERMAT/POLYMER COMPOSITE

Abstract

. A thermoformable add-on EMI shielding sheet
comprising a carrier material selected from polymeric
films and fibrous webs having the capability of becoming
porous when thermoformed, having a metal mat at least
partially embedded therein, comprising a plurality of
fine, randomly-oriented metal.fibers, the carrier
material having a softening temperature lower than the
highest temperature reached during the thermoforming

process.



