
EP 0 380 235 B1 Description Field of the Invention 5   This invention
relates to non-woven mats of randomly oriented metal fibers, to
metal/polymer compos- ites formed with such mats, and particularly to
thermoformable metal/polymer composites, as well as to methods of making
both the said mats and the said metal/polymer composites. Background of the
Invention 10 A variety of metal and polymeric composites are known and used
in many, varied, applications. One important use for a metalpolymer
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 (RF1) (hereinafter jointly referred to as EMI). EMI shielding
l5 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 (EM) radiation. Another important use for a
metal/polymer composite is for the protection of sensitive electronic parts
from static charges. Static charge build-up can result from, for example,
friction between surfaces, and can 20 lead to a build-up of a high
electrical potential. A sensitive electronic part that may come into
proximity or contact with a statically charged surface can be destroyed or
damaged. 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 preemptive surface to drain away any static charge. 25     Many
applications require that the shielding be thermoformed into a particular
shape or structure. A thermoforming process comprises heating the material
and forming it into a desired shape. For example, thermoforming is used to
make various types of containers or housings. Thermoforming is usually
accomplished by heating a thermoplastic sheet above its softening point,
and forcing it against a mold by applying vacuum, air, or mechanical
pressure. On cooling, the contour of the mold is reproduced in detail. 30
Metal is a well-known effective shield against EMI or static charges.
Metal/polymer composites having continuous coatings of metal are known.
Continuous metal coatings are typically deposited by vapor deposition,
sputtering, plating or the like. To obtain coatings sufficiently thick to
provide good electrical conductivity, these methods are time consuming and
relatively expensive. Metal is also relatively heavy compared to polymeric
materials, and therefore, where weight is a factor the amount of metal is
desirably 35 reduced. As an alternative to continuous metal coatings, high
loadings of short, straight, staple metal fibers have been used in EMI
shielding. In such EMI shielding the effectiveness of the shield is related
to the dimensions of the spaces between the metal fibers. Contrary to what
might commonly be expected, the amount of EMI that passes through a given
void is dependent on the length of the void's longest dimension, 40 and not
on the total area of the void. For illustration, a 1.0 mm by 1.0 mm void
(area - 1.0 mm[err] is believed to let less EMI pass through than would a
3.0 mm by 0.05 mm void (area 0.15 mm2) even though the 1.0 mm2 space has
greater than six times the area of the 0.15 mm2 space. This is sometimes
referred to as the "slot effect." Accordingly, even extremely thin
openings, such as those between mating parts, must be avoided 45 where the
void or opening has a substantial longitudinal dimension. To accomplish
this end, it is desirable that the surfaces of EMI shielded enclosures
include conductive coatings. An enclosure can be effectively sealed without
leaving thin cracks between adjacent enclosure parts (e.g. a box and a box
lid), by providing conductive surfaces on adjacent surfaces of the shielded
enclosure. For this reason fibers, particles, or flakes of metal extruded
or laminated into bulk polymer are not optimally effective unless the metal
is 50 distributed throughout the polymer to specifically include the
sealing surfaces. The effectiveness of EMI shielding is also directly
related to the overall electrical conductivity of the polymer or the
polymer coating, i.e., higher electrical conductivity gives better EMI
shielding. When electrical conductivity is obtained by mixing conductive
fibers into a polymer or by forming a coating of such fibers, the overall
conductivity is dependent on the conductivity of the individual fibers and
the amount 55 of contact between the fibers. Short staple fibers require
higher bulk loading, or for coatings, higher surface 



concentrations to obtain sufficient contact between the fibers. The number
of contacts is significantly reduced during the thermoforming process,
reducing the effectiveness of the EMI shielding. 3    EP 0 380 235 B1
Electrical conductivity can be enhanced by forming pressure welds or
sintered bonds between the fibers, but the overall flexibility and
ductility of a welded fiber mat is then reduced. A sintered or otherwise
bonded metal-fiber/polymer composite sheet loses its ability to be
thermoformed except at thermoforming stresses sufficient to break the bonds
between the fibers, allowing the fibers to slip past one another. 5
However, when the bonds between fibers are broken, the electrical
conductivity and EMI or static shielding properties of the composite are
drastically reduced. Electrical conductivity could be enhanced by using
longer fibers that would require fewer fiber-fiber contacts to maintain
continuous electrical conductivity. However, metal fibers in their solid
state stretch very little, if at all, under conditions used for
thermoforming polymers. Therefore, the fibers must slip relative to io the
polymer to keep from breaking during thermoforming. Curly fibers in their
solid state may accommodate some of the strain by straightening, but there
is still a slip component of the fiber relative to the polymer matrix as
the fiber changes its shape during deformation of the polymer matrix. The
net effect of this slip is a dramatic increase in the thermoforming stress
needed for plastic flow of the composite. In addition, at concave surfaces
or corners the fibers may pop out of the surface. 15     Accordingly, there
is a need for a thin metal/polymer composite for use as a conductive
coating, the composite including metal fibers to give efficient electrical
conductivity for the conductive coating. For EMI shielding the coating will
have a uniform coverage of metal fibers in all planar directions so as to
not have voids, especially long narrow voids, that allow EM radiation to
leak through the coating. There is also a need for a conductive coating
that includes a mat of fine metal fibers having sufficient voids to be
transparent, the 20 coating providing static shielding. There is also a
need for such a metal/polymer composite to be thermoformable without loss
of electrical continuity, or EMI or static shielding properties. There is a
further need for an economical and simple method of making a non-woven
metal mat of randomly-arranged, fine metal strands that can be sintered
and/or embedded into a polymeric substrate for use as an EMI shield. It may
also be desirable for the metal strands to be curly, forming an entangled
self- 25 supporting web. Summary of the Invention The present invention
provides a metal/polymer composite as claimed in independent claim 1
together 30 with a method of forming such a composite in accordance with
independent claim 9. The polymeric substrate is preferably thermoformable.
If thermoformability is desired the metal will have a melting point of less
than the thermoforming temperature of the polymeric substrate. The
thermoformable metal/polymer composite of the present invention may be
stretched to at least 20%, and often at least 200% of its original
dimensions, at least in certain regions, without loss of electrical
continuity or EMI shielding properties. 35     The present invention also
provides a method of making an entangled, non-woven mat of fine,
randomly-oriented metal strands as claimed in independent claim 20, as well
as the entangled mat itself (= independent claim 19). The loose mat may be
passed between two heated rollers at a temperature less than the melting
temperature of the metal to sinter the strands of metal together at the
points of intersection to form a sintered mat. If it is desirable that the
fibers be of a randomly-serpentine or curly configuration, 40  the fibers
are squirted from the orifices at a pressure greater than [err] the
transition pressure between straight and curly fibers. Alternatively, the
non-woven mat of randomly-oriented metal strands may be collected directly
on a polymeric substrate. The non-woven mat and substrate may be passed
between heated rollers to simultaneously embed the mat into the substrate
and sinter the strands of metal together at the points of 45 intersection.
Also, the sintered mat may be formed separately and laminated to a
polymeric substrate at a temperature below the melting temperature of the
metal, but at a temperature and pressure sufficient to embed the metal mat
into the surface of the polymer. Metal mats may also be embedded on both
planar surfaces of a thin sheet-like polymeric substrate. 



As used herein, "sintered" means the joining together of two metals at a
temperature below the melting so points of the two metals. Brief
Description of the Drawings Fig. 1 is a plot of the average fiber length in
centimeters versus nozzle pressure. 55     Fig. 2 is a plot of jet-angle
versus pressure demonstrating the transition between straight and curly
fibers. Fig. 3 is a photograph depicting a loose mat. Fig. 4 is a
photograph depicting an entangled mat of the present invention. 4    EP 0
380 235 B1 Fig. 5 is a schematic cross-section of a metal/polymer composite
of the present invention. Fig. 6 is a schematic cross-section of a
preferred metal/polymer composite of the present invention. Fig. 7 is a
schematic cross-section of a preferred metal/polymer composite of the
present invention. 5  Detailed Description of the Invention The present
invention provides a method of making random, non-woven metal mats
comprising fine metal strands. The loose metal fibers may be sintered at
their points of intersection by passing the metal mat between heated
rollers to form a sintered metal mat. The present invention also provides a
met- 10 al/polymer composite comprising one or more sintered metal mats
embedded in a polymeric substrate. Such a metal/polymer composite is useful
for EMI shielding, and is preferably thermoformable. Referring to Fig. 1, a
plot of the average fiber length, in cm, versus nozzle pressure is shown.
The molten metal is squirted through an orifice that has an internal
diameter (I.D) of 80 um and the nozzle was held at a 12  downward position
from horizontal. As is shown in Fig. 1, as the nozzle pressure increases,
15 the length of the straight fiber formed increases rapidly, forming a
continuous fiber at less than 69 kPa. As the pressure is increased, long
curly or serpentine fibers begin to form at a transition pressure [err] of
138 kPa. [err] will vary greatly depending on the process parameters of the
system. For example, [err] will vary with the metal used, the ambient
temperature of the atmosphere, the size of the orifice, and other factors.
As is shown in Fig. 2, the angle of the jet is important in determining at
what pressure the transition 20  between straight and curly fibers will
occur. As shown in Fig. 2 as the angle of the jet is increased downward
from the horizontal, the pressure necessary to produce a curly fiber of the
invention is also increased. Referring to Fig. 3, a photograph depicting a
loose mat is shown. The fibers of the loose mat shown in Fig. 3 are
straight fibers formed by squirting a metal from the plurality of orifices
at a pressure less than [err] 25 The fibers of the mat shown in Fig. 3 were
formed by squirting a 58 wt % bismuth, 42 wt % tin-alloy from orifices
having a diameter of 50 um at a pressure of 100 kPa. Referring to Fig. 4, a
photograph depicting an entangled mat of the present invention is shown.
The fibers depicted in Fig. 4 are randomly-serpentine or curly in nature
having been squirted from a plurality of orifices at a pressure greater
than [err]. The fibers shown in Fig. 4 were formed by squirting the same 30
bismuth-tin-alloy as described for Fig. 3, from a plurality of orifices
having a diameter of 50 um at a pressure of 200 kPa. Referring to Fig. 5, a
schematic cross-section of a metal/polymer composite of the present
invention is shown. A metal/polymer composite 10 is shown having a
sheet-like polymeric substrate 12 having planar surfaces 14 and 16.
Embedded in planar surface 14 is a sintered mat of metal fibers 18
comprising 35 individual fibers 19 sintered together at points of
intersection 20. Referring to Fig. 6, a schematic cross-section of a
preferred metal/polymer composite of the present invention is shown. The
composite 30 comprises polymeric substrate 32 having planar surfaces 34 and
36. Embedded in the surfaces 34 and 36 are sintered metal mats 38 and 39.
The metal mats 38 and 39 each comprise a plurality of individual fibers 40
and 41 sintered together at points of intersection 42 and 43, 40
respectively. Referring to Fig. 7, a preferred metal/polymer composite of
the present invention is shown. A metal/polymer composite 50 comprises a
polymeric embedding layer 52, a second polymeric layer 54, and 



an optional third polymeric layer 56. The polymeric layer 52 has planar
surfaces 58 and 60. Embedded in the surface 58 is a sintered metal mat 62.
The second polymeric layer 54 adheres the surface 60 to the 45 third
polymeric layer 56. The sintered metal mat 62 is comprised of individual
fibers 63 sintered at points of intersection 64. Polymers 50     The
polymeric embedding layer used in conjunction with the mat of
randomly-oriented metal fibers may be selected from a wide variety of
polymeric materials, dependent on the desired end use of the metal/polymer
composite. The polymeric embedding layer is typically a thin, sheet-like
material having a pair of planar surfaces. The polymeric embedding layer
may also comprise non-woven or woven polymeric fibers, or other
configurations of polymeric materials. The embedding layer may also
comprise a polymeric 55 layer provided on another material such as ceramic,
glass, metal or another polymer. It is preferable that the polymeric
substrate be easily attached to the mat of metal fibers by embedding the
mat into the polymer. The mat of metal fibers may be embedded into a
polymeric substrate, such as by heating the polymeric substrate to a
softened condition and laminating the mat and substrate together. The 5
EP 0 380 235 B1 mat is preferably partially embedded into a polymeric
sheet, leaving exposed metal extending from the surface. The exposed metal
provides a conductive surface on the polymeric substrate. The polymeric
substrate is preferably thermoformable. A wide variety of polymeric sheet
materials are thermoformable. A sheet material which is useful for
thermoforming will typically have a significant melt 5  strength. The
strength of the sheet material will allow it to be shaped by low pressures
and at the same time will prevent excessive sagging. Other desirable
properties are low shrinkage on cooling and a wide thermoforming
temperature range. Most other properties are determined by the end use and
the properties necessary in the finished product. Suitable thermoformable
sheet materials include: polystyrene, particularly high-impact polystyrene;
l0  cellulosic materials, such as, cellulose acetate,
cellulose-acetate-butyrate (CAB), and cellulose propionate;
acrylonitrile-butenate-styrene polymers (ABS); olefin polymers, such as
high-density polyethylene, low- density polyethylene, ethylene-butene
copolymer, ethylene-vinyl acetate copolymers, polypropylene, and
polypropylene copolymers; methylmethacrylate polymers, including
poly(methyl methacrylate), methyl methacrylate-acrylonitrile copolymer
(such as, XT polymer, manufactured by American Cyanamide) and is
acrylic-modified poly(vinyl chloride) (such as, Kydex, commercially
available from Rohm and Hass Com- pany); polycarbonate; vinyl chloride
polymers, including poly(vinyl chloride-co-vinyl acetate), poly(vinyl
chloride); polysulfones; and polyamides. The thermoforming process may
stretch the heated substrate, for example, to at least 50 percent, and
often, at least 200 percent of its original dimensions, at least in certain
regions of the polymeric sheet. For 20  example, stretching of the
substrate may be greater around corners than on planar surfaces. To allow
thermoforming of the metal/polymer composite without loss of electrical
continuity or EMI shielding properties, the melting point of the metal is
less than the thermoforming temperature of the polymeric substrate. The
thermoforming temperature of a particular polymer is a temperature, or
range of temperatures, that is determined by one skilled in the art, and is
often suggested in product literature of the 25  manufacturer. A wide
variety of additional polymers may be used where thermoformability is not
required. There are useful and desirable polymeric substrates, including
substrates that are capable of being thermoformed, that are not readily
attached to a sintered metal mat by embedding the metal mat into the
particular polymeric substrate. In such cases a separate polymeric layer to
which the metal readily attaches 30  may be used as the embedding layer. If
the embedding layer does not readily attach to the desired polymeric
substrate (hereinafter: second sheet-like polymeric layer), another
polymeric layer (hereinafter: third polymeric layer or tie layer) may be
used to adhere or bond the sintered metal mat/polymeric embedding layer
composite to the desired polymeric substrate or layer. The third polymeric
layer or tie layer may also be used to bond the sintered metal
mat/polymeric embedding layer composite to a non- 



35  polymeric substrate such as metal, glass, or a ceramic material.
Materials useful as a third polymeric layer or tie layer include,
copolymers of polyethylene, such as poly(ethylene-acrylate),
poly(ethylene-methacrylates), poly(ethylene-vinyl acetate),
poly(ethylene-vinyl al- cohol); graft polymers of polypropylene, such as,
poly(propylene- acrylate); poly(propylene-maleic anhy- dride);
functionalized polyethylene (a functional group incorporated in the
polyethylene backbone); 40  ionomeric resins; copolyesters, such as those
based on 1,4 butandiol and terephthalic acid and/or isophthalic acid,
adipic acid or sebacic acid; thermoplastic polyurethanes; block copolymers,
such as poly- (styrene-butadiene), poly(styrene-isoprene),
poly(styrene-ethylene-butylene), including diblocks, triblocks, or
starblock copolymers; and poly(butadiene-nitrile) copolymers. 45  Metals A
wide variety of metals may be used. Where thermoformability is desired, a
metal having a melting point of less than the thermoforming temperature of
the polymer is utilized. During thermoforming the metal melts and is
distorted along with the polymer substrate. As it is stretched the molten
metal strands retain 50  continuity, and thus, electrical conductivity.
Depending on the metal/polymer system and processing parameters, the
overall fiber shapes and fiber positions relative to the polymeric
substrate can be retained during biaxial strains of the substrate that
exceed 200% measured linearly in two perpendicular directions in the plane
of the substrate. The metal in the molten state is able to flow with the
adjacent substrate, and therefore, there is no slip of the fibers 55
relative to the polymer surface contacting the fibers. Fiber-fiber contacts
remain intact and are fused together, improving electrical conductivity.
Beyond a certain limit of strain, which depends on the met-
al/polymer-system and processing conditions, the surface tension of the
molten metal fiber surfaces causes the metal in the fiber to bead up with
loss of electrical continuity. 6    EP 0 380 235 B1 Examples of preferred
metals for use in the composite of the present invention include tin, lead,
bismuth, cadmium, indium, gallium, mixtures thereof, and their alloys,
including alloys containing metals with higher melting points, selected
from the group consisting of zinc, aluminum, copper, silver, gold, nickel,
cobalt, and iron. 5     The metals or metal alloys are preferably utilized
in a substantially pure form. It is unnecessary, and often undesirable, to
include polymeric binders that are found, for example, in metal inks, or
other fillers or additives. The metal is squirted in a molten state through
a fine orifice, such as a capillary or hypodermic needle. Therefore, it is
preferable that the metal not include substances which could clog or
otherwise hamper the flow of the typically fine jet of metal. 10 Method The
present invention provides a method of making metal/polymer composites that
comprise, in general, a polymeric substrate and a sintered mat of randomly
oriented metal strands embedded therein, 15  the strands having a
substantially circular cross-section and a diameter of about 10 to 200 um.
The polymeric substrate is typically a thin flexible, sheet-like material,
and is preferably thermoformable. The polymeric substrate with the sintered
metal mat embedded therein may be bonded or adhered to another polymeric
layer or a non-polymeric substrate by means of an additional polymeric
layer used as a tie layer. The method of the present invention includes, in
general terms: (a) forming the fine metal strands, (b) 20  collecting the
fine metal strands in a randomly-oriented configuration, (c) sintering the
randomly oriented metal strands, and (d) optionally embedding the sintered
mat of fine metal strands into the polymeric substrate. Steps (c) and (d)
may be done simultaneously. The metal strands may be collected on a
surface, such as a release surface, and passed through heated rollers under
pressure to form a sintered mat of the fine metal fibers. After sintering
the metal mat 25  may be laminated to the polymeric substrate to form the
metal/polymer composite of the present invention. Alternatively, the metal
strands or fibers may be collected directly on the surface of the polymeric
substrate. The polymeric substrate and loose mat of randomly-oriented metal
strands are then passed between heated 



rollers under pressure to simultaneously sinter the metal strands and embed
them in the surface of the polymeric substrate. 30     It may be desirable
that the metal fibers be of a curly or serpentine nature, causing increased
entanglement of the fibers as they are collected. An entangled mat as
collected will be substantially integral, i.e., able to b handled as a web.
The entangled or loose mat may be passed between two heated rollers at a
temperature that is less than the melting temperature of the metal, to form
a sintered mat. The strands of metal are sintered 35  together at the
points of intersection. The sintered mat typically is self-supporting and
flexible and may be useful in a number of end uses. The entangled mat will
have a loft thickness of about 0.5 cm to 3.0 cm. The sintered mat has a
gauge thickness of about 50-400 um. The present invention provides a simple
and economic method for producing metal fibers, having a circular cross
section and a diameter of about 10-200 um, preferably 25-100 um. These
fibers may be 40  generally straight or extremely curly, depending on
certain process parameters. The invention will be further exemplified by
the following non-limiting examples. Example 1 45     A metal fiber mat of
the invention was made as follows: A 14 mm by 45 cm quartz tube was heated
at one end and pulled to form a closed off capillary. The closed off
capillary was carefully ground using #400 grit abrasive paper until a hole
having an internal diameter (I.D.) of 80 um was opened. The tube was
wrapped and then  heated to about 200 [err]  with a resistance heating
tape, manufactured by Sybron/Thermolyne. After the tube was heated, 300
grams of 75 wt% tin, 25 wt% bismuth, molten alloy 50  (250 C) was poured
into the tube, the tube oriented with the nozzle end pointing down. The
upper end was closed off and pressurized to 207 kPa using argon gas. A
molten metal jet formed which solidified roughly 1 m from the end of the
nozzle. The resulting metal fibers were gathered on a piece of cardboard
until the cardboard was covered to a uniform depth of 1.25 cm with
entangled curly fibers. The entangled fiber mat was then fed into a
laminator having two 15 cm diameter by 30 cm wide rolls heated to
135[err]C. The 55 laminator rolls rotated at 2 rpm giving a surface speed
of 1.5 cm/sec. The upper roll had a rubber outer sheath while the lower
roll was steel. The two rolls were pressed together with a total force of
roughly 900 Newtons. The metal fibers, did not stick to either roller and
only one pass was necessary to form a self- supporting sintered mat. The
mat was 22 cm by 30 cm and weighed 8.3 grams. 7    EP 0 380 235 B1 Example
2 A metal/polymer composite of the invention was made as follows: a 14 mm
by 92 cm quartz glass tube was heated at its midpoint using an
oxygen-acetylene torch and then pulled apart and pinched off to make two
tubes approximately equal in length each having an end with an inside
diameter tapered down to a sealed capillary. The capillary end of one tube
was then carefully reopened by abrading it with #400 grit abrasive paper
until the capillary had an orifice opening of 70 um (I.D.). The tube was
then wrapped with a resistance heating tape (manufactured by Thermolyne
Corp) and electrically heated to approximately 200 [err] The tube was
mounted vertically with the orifice end down and 300 g of a molten alloy of
(200 C.) 10 55 wt% bismuth, 39 wt% tin, and 6 wt% zinc was poured into the
top end of the tube. The top end of the tube was inserted into a rubber
hose containing flowing argon gas and then clamped and pressurized to 200
kPa. A jet of molten metal formed at the capillary end of the tube and
solidified about 1 meter below the tube to form metal fibers. The metal
fibers were collected on a flat sheet of 20 cm by 30 cm by 500 um thick
PETG, copolyester 6763, manufactured by Kodak. The PETG sheets were moved
back and forth 15  under the fiber stream to deposit the metal fibers at a
uniform thickness. Seven samples of varying metal fiber thicknesses were
collected. The samples were hot rolled through a laminator with rolls
heated to 130 C. The laminator had 15 c diameter by 41 cm rolls and was
operated at a roll surface speed of 1 m/min and with a force of roughly
2000 Newtons pressing the rolls together. To keep the PETG from sticking to
the rolls, the rolls were 20  covered with sheets of 25 um thick polyimide
(Kapton H film manufactured by DuPont) prior to laminating. 



During laminating, the metal fibers were embedded into the surface of the
PETG sheets. The samples were heated for 80 seconds in an oven at 300[err]
immediately prior to thermoforming, except for the seventh sample, which,
due to its heavier density of metal fibers, was heated for 120 seconds. The
metal fibers were on the outside surface away from the mold, except for
sample #4. The 25  samples were thermoformed using a male mold which formed
a square depression in the sample 10 cm by 12 cm by 2 cm deep and which
stretched the PETG by at least 200% in two planar directions at the corners
of the mold. The thermoformed samples were then tested for EMI shielding
effectiveness following a procedure similar to ASTM test ES7-83. The
results are summarized in Table 1. 30
Table l Sample   Sample fiber loading g/m                  dB at 30 MHz
100 MHz   300 MHz   1000 MHz 35            1               130
48        48         52         47 2               177              48
51         57         49 3              226               48        53
58         51 4              242               48        55         58
44 5              339               48        54         63         55 40
6               484              48        55         58         43 7
565               48        55         63         68 45 Example 3 A
composite of the invention was made as follows: about 300g of a molten
alloy (250 [err]) of 57 wt% bismuth and 43 wt% tin was poured into a quartz
tube similar to that used in Example 1 except that the orifice was 50 um
(I.D.). The tube was pressurized to 275 kPa and the resulting fibers were
collected on a 50  piece of cardboard. Under these conditions the fibers
are curly and tended to entangle with one another so that when collected to
a depth of at least 1 cm on a cardboard surface the resulting mat had
sufficient strength so that it could be slid intact into a laminator
without the mat loosing its integrity. A 1 cm thick mat, about 20 cm by 30
cm, was fed between heated rolls of a laminator under the same conditions
used in Example 1. After exiting the laminator the mat was flat and had
sufficient strength to be 55  easily handled without breaking apart. The
mat was then placed against a similar size piece of 500 um thick PETG and
hot rolled under the same conditions. As in Example 2, 25 um thick
polyimide was placed against the hot rolls to prevent the PETG from
sticking to the rolls. 8    EP 0 380 235 B1 The sample was vacuum
thermoformed using a female forming die with 2.5 cm by 2.5 cm by 1 cm
pockets. The PETG sample was heated in the oven for 25 seconds at 290[err]
and thermoformed with the surface of the PETG having the metal fibers
facing away from the forming die. The resulting sample had a continuous
metal fiber network on the surface including regions in which the
PETG/metal fiber composite 5  had been stretched over 200%. Example 4 A
metal/polymer composite was prepared as follows: metal alloy fibers (58 wt%
bismuth, 42 wt% tin, 10 approximately 75 um in diameter) were made using
three separate conditions. The first batch contained relatively short curly
fibers made using a 75 um nozzle and a pressure of 420 kPa. The second
contained very long straight fibers from the same nozzle at 145 kPa
pressure. The third batch consisted of short fibers made by bouncing the
metal jet off of aluminum foil at 110 kPa and 76 cm from the nozzle, and
345 kPa psi and 99 cm from the nozzle. is     Dried pellets of Kodar PETG
copolyester 6763, manufactured by Eastman Kodak, were coextruded with a
blend of Bynel CXA 1025 and CXA 3101, both manufactured by DuPont, to form
a film 0.5 to 0.75 mm thick, approximately 0.25 to 0.375 mm of which was
PETG. Low melting metal alloy fibers from each of the three batches above
were uniformly distributed by hand on the PETG surface of several pieces
(about 15 cm by 75 cm) of the coextruded film. Metal alloy fibers from the
different batches were not mixed on a 20 single film. Metal fiber content
ranged from about 200 to 600 grams per square meter. The metal fibers 



were pressed into the PETG surface of the coextruded film in a platen press
at a maximum pressure of 896 kPa, with upper and lower platens at 140 C.
Pressure was removed after reaching 896 kPa (about 15 seconds). Subsequent
to cooling, the coextruded films containing the embedded metal alloy fibers
were attached 25 to 1.5 mm thick substrates of
poly(acrylonitrile-butadiene-styrene) (ABS), polycarbonate (PC), poly(vinyl
chloride) (PVC) and polypropylene (PP), with the metal fiber layer external
and the Bynel CXA blend layer next to the substrate. Attachment was
accomplished by feeding the substrate and the film through a rubber roll,
hand-crank laminator while applying heat via a hand-held heat gun to the
Bynel layer as it entered the rolls and contacted the substrate. The
temperature was such that the Bynel layer became tacky. 30     The
composite, comprising a substrate of either PP, ABS, PC or PVC, a Bynel
layer, a PETG layer and a random arrangement of metal fibers embedded in a
PETG layer, was then thermoformed using a male mold 10 cm by 12 cm by 2 cm
high. Metal fibers were on the inside surface next to the mold.
Thermoformed samples were tested for electromagnetic shielding
effectiveness following a procedure similar to ASTM test ES7-83. Results
are summarized in Table 2. 35 Table 2 NEAR FIELD SHIELDING EFFECTIVENESS
(DECIBELS) 40             SUBSTRATE                  30 MHz   100 MHz   300
MHz   1000 MHz ABS                          44        60         65
54 ABS (highest metal content)  44        62         70         63 PC
(lowest metal content)    34        36         37         48 PVC
44        57         63         50 45             PP
44         56        59          51 Claims 50 1. A metal/polymer composite
comprising a polymeric substrate which is a sheet-like material having
first and second planar surfaces and a sintered metal mat embedded therein,
said mat comprising a plurality of fine, randomly-oriented metal fibers
sintered at points of intersection, said fibers having a substantially
circular cross-section and a diameter of 10-200 um, and a portion of said
mat protruding 55     from said first surface thereby providing a
conductive surface. 2. The metal/polymer composite as described in
preceding claim 1, further comprising second sheet-like polymeric layer
adhered to said second planar surface of said polymeric substrate. 9    EP
0 380 235 B1 The sample was vacuum thermoformed using a female forming die
with 2.5 cm by 2.5 cm by 1 cm pockets. The PETG sample was heated in the
oven for 25 seconds at 290 C and thermoformed with the surface of the PETG
having the metal fibers facing away from the forming die. The resulting
sample had a continuous metal fiber network on the surface including
regions in which the PETG/metal fiber composite 5  had been stretched over
200%. Example 4 A metal/polymer composite was prepared as follows: metal
alloy fibers (58 wt% bismuth, 42 wt% tin, 10 approximately 75 um in
diameter) were made using three separate conditions. The first batch
contained relatively short curly fibers made using a 75 um nozzle and a
pressure of 420 kPa. The second contained very long straight fibers from
the same nozzle at 145 kPa pressure. The third batch consisted of short
fibers made by bouncing the metal jet off of aluminum foil at 110 kPa and
76 cm from the nozzle, and 345 kPa psi and 99 cm from the nozzle. is
Dried pellets of Kodar PETG copolyester 6763, manufactured by Eastman
Kodak, were coextruded with a blend of Bynel CXA 1025 and CXA 3101, both
manufactured by DuPont, to form a film 0.5 to 0.75 mm thick, approximately
0.25 to 0.375 mm of which was PETG. Low melting metal alloy fibers from
each of the three batches above were uniformly distributed by hand on the
PETG surface of several pieces (about 15 



cm by 75 cm) of the coextruded film. Metal alloy fibers from the different
batches were not mixed on a 20 single film. Metal fiber content ranged from
about 200 to 600 grams per square meter. The metal fibers were pressed into
the PETG surface of the coextruded film in a platen press at a maximum
pressure of 896 kPa, with upper and lower platens at 140[err]. Pressure was
removed after reaching 896 kPa (about 15 seconds). Subsequent to cooling,
the coextruded films containing the embedded metal alloy fibers were
attached 25 to 1.5 mm thick substrates of
poly(acrylonitrile-butadiene-styrene) (ABS), polycarbonate (PC), poly(vinyl
chloride) (PVC) and polypropylene (PP), with the metal fiber layer external
and the Bynel CXA blend layer next to the substrate. Attachment was
accomplished by feeding the substrate and the film through a rubber roll,
hand-crank laminator while applying heat via a hand-held heat gun to the
Bynel layer as it entered the rolls and contacted the substrate. The
temperature was such that the Bynel layer became tacky. 30     The
composite, comprising a substrate of either PP, ABS, PC or PVC, a Bynel
layer, a PETG layer and a random arrangement of metal fibers embedded in a
PETG layer, was then thermoformed using a male mold 10 cm by 12 cm by 2 cm
high. Metal fibers were on the inside surface next to the mold.
Thermoformed samples were tested for electromagnetic shielding
effectiveness following a procedure similar to ASTM test ES7-83. Results
are summarized in Table 2. 35 Table 2 NEAR FIELD SHIELDING EFFECTIVENESS
(DECIBELS) 40             SUBSTRATE                  30 MHz   100 MHz   300
MHz   1000 MHz ABS                          44        60         65
54 ABS (highest metal content)  44        62         70         63 PC
(lowest metal content)    34        36        37          48 PVC
44        57        63          50 45             PP
44        56         59         51 Claims 50 1. A metal/polymer composite
comprising a polymeric substrate which is a sheet-like material having
first and second planar surfaces and a sintered metal mat embedded therein,
said mat comprising a plurality of fine, randomly-oriented metal fibers
sintered at points of intersection, said fibers having a substantially
circular cross-section and a diameter of 10-200 um, and a portion of said
mat protruding 55    from said first surface thereby providing a conductive
surface. 2. The metal/polymer composite as described in preceding claim 1,
further comprising second sheet-like polymeric layer adhered to said second
planar surface of said polymeric substrate. 9    EP 0 380 235 B1 3. The
metal/polymer composite as described in preceding claim 2, further
comprising a third sheet-like polymeric layer disposed between, and
adhering together, said polymeric substrate and said second sheet-like
polymeric layer. 5  4. The composite of claim 1 further including a second
sintered metal mat embedded in said second planar surface, said second mat
protruding from said second surface, thereby providing a second conductive
surface. 5. The composite of any preceding claim wherein said composite is
thermoformable, said metal fibers 10     having a melting point of less
than the thermoforming temperature of said polymeric substrates and said
polymeric layers. 6. The composite of claim 5 wherein said metal is
selected from tin, lead, bismuth, cadmium, indium, gallium, mixtures
thereof, and alloys of said metals containing one or more metals selected
from zinc, 15     aluminum, copper, silver, gold, nickel, cobalt and iron.
7. The composite of any preceding claim wherein said fibers have a diameter
of 25-100 um. 8. The composite of any one of preceding claims 3 and 5-7
wherein said third polymeric layer comprises 



20     homopolymers, copolymers or oligopolymers derived from monomer units
selected from ethylene, vinyl acrylates, vinyl acetates, vinyl alcohol,
propylene, maleic-anhydride, styrene-butadiene, isoprene, and butylene. 9.
A method of forming a metal/polymer composite comprising the steps of: 25
(a) providing a polymeric substrate; (b) squirting at least one fine stream
of a molten metal from at least one orifice into an atmosphere; (c)
solidifying said at least one stream as a plurality of metal strands in the
atmosphere above said substrate; (d) collecting said solidified metal
strands on the substrate as a loose mat of a randomly intersection 30
pattern of metal strands; (e) passing said loose mat between two heated
rollers at a temperature which is less than the melting temperature of the
metal thereby sintering the strands of metal together at points of
intersection to form a sintered mat; and (f) laminating said sintered mat
to said polymeric substrate at a temperature below the melting 35
temperature of said metal. 10. The method of claim 9 wherein said steps (e)
and (f) are carried out simultaneously thereby simultaneously embedding
said loose mat into said substrate and sintering the strands of metal
together at the points of intersection by passing the substrate and mat
between heated rollers under 40    pressure at a temperature less than the
melting temperature of said metal. 11. The method of any one of preceding
claims 9-10 wherein said molten metal is squirted from said at least one
orifice at a pressure greater than [err] the transition pressure at which
serpentine fibres begin to form thereby forming randomly-serpentine or
curly metal strands that are collected as an entangled 45     mat. 12. The
method of any one of preceding claims 9-11 wherein said substrate is a
thermoformable polymer and said metal has a melting point of less than the
thermoforming temperature of said polymeric substrate. 50 13. The method of
any one of preceding claims 9-12 wherein said strands have a diameter of
10-200 um. 14. The method of claim 13 wherein said strands have a diameter
of 25-100 um. 55  15. The method of any one of preceding claims 9-14
wherein said metal is selected from tin, lead, bismuth, cadmium, indium,
gallium, mixtures thereof and alloys of said metals containing one or more
metals selected from zinc, aluminum, copper, silver, gold, nickel, cobalt,
and iron. 10    EP 0 380 235 B1 16. The method of any one or preceding
claims 12-15 further including the step of thermoforming said composite.
17. The method of claim 16 wherein said composite is stretched in certain
regions at least 20% in one 5      direction during thermoforming without
losing substantial electromagnetic shielding properties. 18. The method of
claim 16 wherein said composite is stretched in certain regions at least
20% in more than one direction during thermoforming without losing
substantial electromagnetic shielding properties. 10  19 An entangled
non-woven mat of randomly-oriented metal fibers, said fibers having a
substantially circular cross-section and a diameter of about 10-200 um,
wherein said fibers are randomly-serpentine or curly, as defined in
preceding claim 11. 20. A method of making an entangled non-woven mat of
fine, randomly-oriented metal strands comprising 15     the steps of; (a)
squirting at least one fine stream of a molten metal from at least one
orifice into an atmosphere; (b) solidifying said at lest one fine stream in
the atmosphere as metal strands having a substantially circular
cross-section and a diameter of about 10-200 um; and (c) collecting said
solidified metal strands on a support forming a loose mat of a randomly 20
intersecting pattern of metal strands. 



21. The method of claim 20 wherein said molten metal is squirted from an
orifice at a pressure greater than [err] the transition pressure at which
serpentine fibers begin to form thereby forming randomly- serpentine or
curly metal strands that are collected as an entangled mat. 25 22. The
method of any one of preceding claims 20-21 further including the step of
passing said entangled mat between heated rollers at a temperature less
than the melting temperature of the metal, thereby sintering the strands of
metal together at points of intersection to form a sintered mat. 30  23.
The method of any one of preceding claims 20-22 wherein said support is a
release surface comprising a heat resistant material. 24. The method of any
one of preceding claims 20-23 wherein said strands have a diameter of
25-100 um. 35  25. The method of any one of preceding claims 20-24 wherein
said sintered mat has a gauge thickness of 50-400 um. 26 The method of any
one of preceding claims 20-25 wherein said entangled mat has an average
loft of 0.5 cm to 3.0 cm. 40 27. The method of any one of preceding claims
20-26 wherein said metal is selected from tin, lead, bismuth, cadmium,
indium, gallium, mixtures thereof and alloys of said metals containing one
or more metals selected from zinc, aluminum, copper, silver, gold, nickel,
cobalt, and iron. 45 Patentanspriche 1. Metall/Polymer-Verbundstoff,
umfassend ein Polymersubstrat, das ein plattenartiges Material mit ersten
und zweiten ebenen Flachen ist, und eine darin eingebettete gesinterte
Metallmatte, welche Matte eine Vielzahl von feinen, regellos orientierten,
an Kreuzungspunkten gesinterten Metallfasem aufweist, 50     welche Fasern
einen im wesentlichen kreisformigen Querschnitt und einen Durchmesser von
10 ... 200 Mikrometer haben, wobei ein Teil der Matte von der ersten Fliche
hervorragt und dadurch eine leitende FlAche gewkhrt. 2.
Metall/Polymer-Verbundstoff nach Anspruch 1, ferner umfassend eine zweite,
an der ersten ebenen 55     FlAche des Polyrrersubstrats adhgrierende
plattenartige Polymerschicht. 3. MetalllPolymer-Verbundstoff nach Anspruch
2, femer umfassend eine zwischen dem Polymersubstrat und der zweiten
plattenartigen Polymerschicht angeordnete und diese zusammen adhArierende
dritte 11    EP 0380 235 B1                      * c   L   M   S *
plattenartige Polymerschicht. 4. Verbundstoff nach Anspruch 1, ferner
umfassend eine zweite gesinterte Metallmatte, die in der zweiten ebenen
Fiche eingebettet ist, welche zweite Matte von der zweiten Fliche
hervorragt und dadurch s      eine zweite leitende Flache gewahrt. 5
Verbundstoff nach einem  der vorgenannten AnsprOche, der thermoformbar ist
und bei welchem Verbundstoff die Metallfasern einen Schmelzpunkt unterhalb
der Temperatur des Thermoformens der Polymersubstrate und der
Polymerschichten haben. 10 6. Verbundstoff nach Anspruch 5, be! welchem das
Metall ausgewihit wird aus Zinn, Blei, Bismut, Cadmium, Indium, Gallium und
deren Mischungen sowie Legierungen dieser Metalle, enthaltend ein oder
mehrere Metalle, ausgewihit aus Zink, Aluminium, Kupfer, Silber, Gold,
Nickel, Kobalt und Eisen. 15  7. Verbundstoff nach einem der vorgenannten
AnsprUche, bei welchem die Fasern einen Durchmesser von 25 ... 100
Mikrometer haben. & Verbundstoff nach Anspruch 3 und 5 bis 7, bei welchem
die dritte Polymerschicht aufweist: Homopoly- mere, Copolymere oder
Oligopolymere, die abgeleitet werden von Monomereinheiten, ausgewAhit aus
20     Ethylen, Vinylacrylaten, Vinylacetaten, Vinylalkoholen, P ropylen,
Maleinsaureanhydrid, Styrol-Butadien, Isopren und Butylen. 9. Verfahren zum
Formen eines Metall/Polymer-Verbundstoffes, umfassend die Schritte: (a)
Schaffen eines Polymersubstrats; 



28       (b) Spritzen von mindestens einem feinen Strom eines
schmelzflUssigen Metalls aus mindestens einer DUse in die Atmosphare; (c)
Erstarrenlassen des mindestens einen Stroms als eine Vielzahl von
MetallfadenbUndeln in der Atmosphlre Ober dem Substrat; (d) Aufnehmen der
erstarrten Metallfadenbandel auf dem Substrat als eine lose Matte eines 30
regellosen Durchdringungsmusters von MetallfadenbUndeln; (e) Durchflhren
der losen Matte zwischen zwei erhitzten Walzen bei einer Temperatur, die
kleiner ist als die Schmeiztemperatur des Metalls, wodurch die FadenbUndel
des Metalls an den Kreuzungs- punkten unter Bildung einer gesinterten Matte
zusammensintern; und (f) Auflaminieren der gesinterten Matte auf das
Polymersubstrat bei einer Temperatur unterhalb der 35
Schmelztemperatur des Metalls. 10. Verfahren nach Anspruch 9, bei welchem
die Schritte (e) und (f) gleichzeitig ausgefthrt werden und dadurch die
lose Matte gleichzeitig in das Substrat eingebeftet wird und die
Fadenbflndel des Metalls an den Kreuzungspunkten zusammensintern, indem das
Substrat und die Maffe unter Druck bei einer 40     Temperatur unterhalb
der Schmelztemperatur des Metalls zwischen erhitzten Walzen hindurchgefahrt
werden. 11. Verfahren nach Anspruch 9 und 10, bei welchem das
schmeizflassige Metall aus der mindestens einen DUse bei einem gr6Beren
Druck als P0 gespritzt wird, wobei P0 der Obergangsdruck ist, bei dem sich
45     geschlangelte Fasern zu bilden beginnen und dadurch regellos
geschlIngelte oder gekrauselte Metall- fadenblndel bilden, die als eine
verflochtene Matte aufgenommen werden. 12. Verfahren nach Anspruch 9 bis
11, bei welchem das Substrat ein thermoformbares Polymer ist und das Metall
einen Schmelzpunkt unterhalb der Temperatur des Thermoformens des
Polymersubstrats hat. 80 13 Verfahren nach Anspruch 9 bis 12, bei welchem
die FadenbUndel einen Durchmesser von 10 ... 200 Mikrometer haben. 14.
Verfahren nach Anspruch 13, bei welchem die FadenbOndel einen Durchmesser
von 25 ... 100 55     Mikrometer haben. 15. Verfahren nach Anspruch 9 bis
14, bei welchem das Metall ausgewAhIt wird aus Zinn, Blei, Bismut, Cadmium,
Indium, Gallium und deren Mischungen sowie Legierungen dieser Metalle,
enthaltend ein 12    oder mehrere Metalle, ausgewlhit aus Zink, Aluminium,
Kupfer, Silber, Gold, Nickel, Kobalt und Eisen. 16. Verfahren nach Anspruch
12 bis 15, ferner umfassend den Schritt des Thermoformens des Verbunds-
toffes. 17. Verfahren nach Anspruch 16, bei welchem der Verbundstoff in
bestimmten Bereichen mindestens um 20 % in der einen Richtung wiahrend des
Thermoformens des Verbundstoffes gestreckt wird, ohne die Eigenschaften der
weitgehenden elektromagnetischen Abschirmung zu verlieren. 1o  18.
Verfahren nach Anspruch 16, bei welchem der Verbundstoff in bestimmten
Bereichen mindestens um 20 % in mehr als einer Richtung wahrend des
Thermoformens gestreckt wird, ohne die Eigenschaften der weitgehenden
elektromagnetischen Abschirmung zu verlieren. 19. Verflochtene Vliesmatte
von regellos orientierten Metallfasern, die einen im wesentlichen
kreisformigen 15     Querschnitt und einen Durchmesser von etwa 10 ... 200
Mikrometer haben, in welcher Matte die Fasern, wie in Anspruch 11
festgelegt, regellos geschlangelt oder gekriuselt sind. 20. Verfahren zum
Herstellen einer verflochtenen Matte von feinen, regellos orientierten
Metallfadenban- deln, umfassend die Schritte: 20       (a) Spritzen von
mindestens einem feinen Strom eines schmelzflUssigen Metalls aus mindestens
einer D~se in die Atmosphare; (b) Erstarrenlassen des mindestens einen
Stroms in der Atmosphire als MetallfadenbUndel mit im wesentlichen
kreisformigen Querschnitt und einem Durchmesser von etwa 10 ... 200
Mikrometer; sowie 25       (c) Aufnehmen der erstarrten Metallfadenbtndel
auf einem Trager und Bilden einer losen Matte 



eines regellosen Durchdringungsmusters von MetallfadenbUndeln. 21.
Verfahren nach Anspruch 20, bei welchem das schmelzfllssige Metall aus
einer DOse bei einem gr6Beren Druck als P0 gespritzt wird, wobei P0 der
Obergangsdruck ist, be! dem sich geschlIngelte 30     Fasern zu bilden
beginnen und dadurch regellos geschlingelte oder gekrluselte
Metallfadenblndel bilden, die als eine verflochtene Matte aufgenommen
werden. 22. Verfahren nach Anspruch 20 und 21, ferner. einschlielend den
Schritt des DurchfUhrens der verflochte- nen Matte zwischen erhitzten
Walzen bei einer Temperatur, die kleiner ist als die Schmelztemperatur 35
des Metalls, wodurch die FadenbUndel des Metalls an den Kreuzungspunkten
unter Bildung einer gesinterten Matte zusammensintern. 23. Verfahren nach
Anspruch 20 bis 22, bei welchem der Trager eine Release-Fl~che ist,
umfassend emn warmebestindiges Material. 40 24. Verfahren nach Anspruch 20
bis 23, bei welchem die Fadenbandel einen Durchmesser von 25 ... 100
Mikrometer haben. 25. Verfahren nach Anspruch 20 bis 24, bei welchem die
gesinterte Matte eine Stirke von 50 ... 400 45     Mikrometer hat. 26.
Verfahren nach Anspruch 20 bis 25, bei welchem die verflochtene Matte einen
mittleren Loft von 0,5 ... 3,0 cm hat. 50  27. Verfahren nach Anspruch 20
bis 26, bei welchem das Metall ausgewihlt wird aus Zinn, Blei, Bismut,
Cadmium, Indium, Gallium und deren Mischungen sowie Legierungen dieser
Metalle, enthaltend ein oder mehrere Metalle, ausgewAhlt aus Zink,
Aluminium, Kupfer, Silber, Gold, Nickel, Kobalt und Eisen. Revendicatlons
55 1. Composite a base de mdtal et d'un polymere, comprenant un substrat
polymere qui est un materiau du type feuille ayant une premibre et une
deuxieme surfaces planes et une natte de metal fritte ins6rde dans
celul-ci, ladite natte comprenant une pluralite de fibres m6talliques fines
orientees de fagon 13    EP 0 380 235 B1                   1 I!IIICj 111111
11111 1111111 Ill aleatoire, frittees aux points d'intersection, lesdites
fibres ayant une section transversale essentielle- ment circulaire et un
diametre de 10-200 Urm, et une partle de ladite natte depassant de la
premiere surface, fournissant ainsi une surface conductrice. 5  2.
Composite de metal/polymbre tel quo ddcrit dans la revendication 1
pr6cedente, compronant, en outre, une deuxibme couche polymbre du type
feuille, colle sur ladite deuxieme surface plane dudit substrat polymbre.
3. Composite de mdtal/polymnre tel quo decrit dans la revendication 2
precedente, comprenant, en outre, 10     une troisibme couche polymbre du
type feuille, disposee entre ledit substrat polymbre et ladite deuxieme
couche polymbre du type feuille et colleo sur ceux-ci. 4. Composite selon
la revendication 1, comprenant une deuxibme natte de metal frit(e insdrde
dans ladite deuxibme surface plane, ladite deuxibme natte depassant de
ladite deuxibme surface, foumissant ainsi 15     une deuxibme surface
conductrice. 5. Composite selon l'une quelconque des revendications
prdcddentes, dans loquel ledit composite est apte au thermoformage,
lesdites fibres metalliques ayant un point de fusion situe au-dessous de la
temperature de thermoformage desdits substrata polymbres et desdites
couches polymbres. 20 6. Composite selon la revendication 5, dans lequel
ledit metal est choisi parmi l'dtain, le plomb, le bismuth, le cadmium,
l'indium, le gallium ot des melanges de coux-ci, et des alliages desdits
metaux, contenant un ou plusisurs metaux choisis parmi le zinc,
l'aluminium, le cuivre, I'argent, l'or, le nickel, le cobalt et le for. 25
7. Composite selon l'une quelconque des revendications prdcddentes, dans
loquel lesdites fibres ont un 



diambtre de 25 a 100 um. a  Composite selon l'une quelconque des
revendications 3 et 5-7 precedentes, dans loquel ladite 30     troisibme
couche polymbre comprend des homopolymbres, des copolymbres ou des
oligombres provenant d'unites monombres choisies dans l'ensemble constitue
par l'ethylbne, les acrylates de vinyle, les acetates de vinyle, l'alcool
vinylique, le propylbne, I'anhydride maleique, le styrene- butadibne,
l'isoprane et le butylbne. 35 9. Procedd de formation d'un composite de
mdtal/polymbre, comprenant les dtapes consistant a: (a) fournir un substrat
polymbre; (b) projeter au moins un flux fin d'un metal fondu, provenant
d'au moins un orifice, dans une atmosphere; (c) solidifier ledit flux
minimal sous la forme d'une pluralitd de brins metalliques dans
l'atmosphbre i   40        situ~e au-dessus dudit substrat; (d) recueilllr
lesdits brins metalliques solidifies sur le substrat, sous la forme d une
natte lache d'un motif de brins metalliques A intersections aleatoires; (e)
faire passer ladite nate lAche entre deux cylindres chauffes A une
temperature qui est inferieure a la temperature de fusion du mdtal, grtce A
quoi les brins de metal sont frittes ensemble a leurs 45        points
d'intersection pour former une natte frittde ; et (f) stratifier ladite
natte frittee sur ledit substrat polymbre & une temperature inferieure & la
temperature de fusion dudit metal. 10. Procedd selon la revendication 9,
dans lequel on effectue simultandment lesdites dtapes (e) et (f), No
permettant ainsi d'obtenir simultanement l'insertion de ladite natte lache
dans ledit substrat et le frittage des brins metalliques ensemble & leurs
points d'intersection en faisant passer le substrat et la natte entre des
cylindres chauffes, sous pression et & une temperature situee au-dessous du
point de fusion dudit metal. s5 11. Procedd selon l'une quelconque des
revendications 9 et 10 precedentes, dans lequel le metal fondu est projete
par ledit orifice minimal a une pression supdrieure & P0,qui est la
pression de transition A laquelle les fibres en serpentin commencent & so
former, formant ainsi des brins metalliques ondules ou en serpentin,
disposes de fagon aleatoire, que l'on recueille sous la forme d'une natte
emmelee. 14    EP 0 380 236 BI                P     B!tj lii liii 1 I !l
12. Proc6d6 solon l'une quelconque des revendications 9 a 11 prec6dentes,
dans loquel ledit substrat est un polymere apte au thermoformage, ot ledit
mdtal a un point de fusion qui est situ4 au-dessous de la temperature de
thermoformage dudit substrat polymers. 5  13. Procedd solon l'une
quelconque des revendications 9 & 12 pr6cedentes, dans loquel lesdits brins
ont un diametre de 10 a 200 um. 14. Proc~d4 selon la revendication 13, dans
loquel lesdits brins ont un diambtre de 25 a 100 urm. 10  15. Proctd4 solon
l'une quelconque des revendications 9 a 14 prec6dentes, dans lequel le
metal eat choisi parmi l'etain, le plomb, le bismuth, le cadmium, l'indium,
le gallium et des mdlanges de coux-ci, et des alliages desdits metaux,
contenant un ou plusiours m~taux choisis parmi le zinc, I'aluminium, le
cuivre, I'argent, l'or, le nickel, le cobalt et le for. t5 16. Proced4
sclon l'une quelconque des revendications 12 A 15 precedentes, compronant,
en outre, I'etape de thermoformage dudit composite. 17. Procedd solon la
revendication 16, dans loquel ledit composite est 4tir6 dans certaines
regions d'au moins 20 % dans une direction pendant le thermoformage,
essentiellement sans perdre ses proprifts 20     de blindage
electromagnetique. 18. Procede solon la revendication 16, dans lquol ledit
composite est etir4 dans certaines rdgions d'au moins 20 % dans plus d'une
direction pendant le thermoformage, essentiellement sans pordre ses
proprietes de blindage 6lectromagnitique. 25 19. Non-tisst de fibres
metalliques emmeloes orientdes de fagon aldatoire, lesdites fibres ayant
une 



section transversale essentiollement circulaire ot un diametre d'environ 10
& 200 um, dans loquel lesdites fibres sont onduldes ou ont la forme d'un
serpentin dispost de fagon al6atoire, telles quo definies dans la
revendication 11. 30 20. Procede de fabrication d'un non-tisse emmele forme
de brins metalliques fins orient6s de fagon aleatoire, comprenant les
etapes consistant A: (a) projeter au moins un flux fin d'un metal fondu, A
partir d'au moins un orifice, dans une atmosphbre; 35       (b) solidifier
ledit flux fin minimal dans l'atmosphbre, sous la forme de brins
mrtalliques ayant une soction transversale essentiellement circulaire et un
diambtre d'environ 10 A 200 am ; et (c) recueillir lesdits brins
m6talliques solidifies sur un support formant une natte lache d'un motif de
brins metalliques so croisarit de fagon al6atoire. K>      40  21. Procdd6
salon la revendication 20, dans loquol ledit m~tal fondu est projete par un
orifice A une pression sup6rieure & PC, qui est la pression de transition a
laquelle des fibres en serpentin commencent A se former, formant ainsi des
brins metalliques ondul6s ou en serpentin, disposes de fagon aldatoire, quo
l'on recueille sous la forme d'une natts emmOlde. 45 22. Procedd solon
l'une quelconque des revendications 20 et 21 prec6dentes, comprenant, on
outre, I'etape qui consiste a faire passer ladits natte emmOlee entre des
cylindres chauffes a une temperature infdrioure a la tempdrature de fusion
du metal, grace a quo! les brins mdtalliques sont frittes ensemble A leurs
points d'intersection pour former une natte fritlee. 50 23. Procddd solon
I'une quelconque des revendications 20 a 22 precedentes, dans lequol ledit
support est une surface de separation comprenant un mat~riau resistant a la
chaleur. 24. Procdd4 solon l'une quelconque des revendications 20 a 23
precedentes, dans loquel lesdits brins ont un diambtre de 25 a 100 urm. 65
25. Procddd selon l'une quolconque des revendications 20 A 24 precedentes,
dans Iequel ladite natte frittde a une epaisseur calibree de 50 & 400 um.
15    EP 0 380 235 B1                   ' *1  11c   L   M  1    1 26.
Procdd6 selon lune quelconque des revendications 20 a 25 pr~cddentes, dans
loquel ladite natte emm~l~e a une torsion floche de 0,5 cm a 3,0 cm. 27.
Proc~d4 selon l'une quelconque des revendications 20 a 26 prec~dentes, dans
loquel ledit m6tal est 8      choisi parmi l'6tain, le plomb, le bismuth,
le cadmium, l'indium, le gallium et des m~langes de ceux-ci, ot des
alliages desdits mdtaux, contenant un ou plusieurs m~taux choisis parmi le
zinc, I'aluminium, le cuivre, I'argent, l'or, le nickel, le cobalt et le
fer. 10 15 20 28 30 35 ,.-  40 45 50 58 16    


