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conmponents having a netallic coating on an exterior
surface thereof. Mre specifically, the present
invention relates to nol ded pol ynmer conponents with a
netallic |ayer on their exterior surface wherein the
metallic layer is entirely formed within the nold
cavity before the part is reaned fromthe nold.
Further, the present invention is directed to a nethod
of forning a nol ded polymer part to include a netallic
| ayer about its exterior surface while the part
remains in the mold. In the conponent manufacturing
i ndustry, it is highly desirable to form conponents
usi ng the fewest nunber of steps, thereby increasing
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from the mold. Further, the present invention is directed

to a method of forming a molded polymer‘part to include a
metallic layer about its exterior surface while the part
remains in the mold.

In the component manufacturing industry, it is highly
desirable to form components using the fewest number of
steps, thereby increasing the speed and efficiency while
reducing the cost at which such parts can be produced.
Given these goals, a popular manufadturing process for the
formation of components is net shape molding. In the net
shape molding process, a molten raw material is placed into
a mold cavity such that when the component is removed from
the mold it is in its finished form and no further
processing is required to complete it. Due to the
simplicity of the process, net shape molding is used in
conjunction with a wide variety of base materials including
polymer resins and various metals.

While the net shape molding process works well for a

broad range manufactured components, the difficulty with



materials, is that often other steps are required in
order to inpart various other desirable properties to
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exanple, parts that are utilized in electronic devices
often nust provide additional functionality such as
transferring heat within the device, shielding against
the effects of electro magnetic interference (EM)
reflecting radiant energy away from sensitive
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thereby requiring additional processing steps beyond the net

shape molding process. In either case, the cost of
manufacturing the part is dramatically increased.

The preferred method of metallizing a polymer
component after it has been net shape molded has several
drawbacks. Priﬁcipally, as was stated above, metallizing
dramatically increases the cost and time required to
manufacture the part. Generally, metallizing requires that
the part, once removed from the mold, be prepared using a
chemical bath, subsequéntly plated using vapor deposition or
vacu-plating and then finally clear coated to protect the
thin layer of metal thét was deposited onto the part. These
additional steps introduce a great deal of additional
handling of the part before it attains its finished state
and result in nearly doubling the cost associated with
manufacturing the part. Further, even though the cost of

the part is increased dramatically, the coating is highly



and result in nearly doubling the cost associated wth
manuf acturing the part. Further, even though the cost
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hi ghl ysuscepti ble to wear, peeling, flaking and
scratching, all of which lead to premature failure of

the conponent. Alternately, in the prior art when a

part required enhanced thermally conductive

properties, the base polynmgr resin was typically

| oaded with highly thermal 'y conductive fillers to
enhance the thermal conductivity of the finished part.

Such fil rs Ly |caII [ Iud

FWESFEE % an1c ear’ f?ﬂgh /o?lgﬂ{ﬁ$q¥ﬁgkes tvﬁiﬁgn Ha of
mggmMaﬂeadndocpremayuné farel s yaferthies compeogad - by the

addi ti fille t S f S

fi IIer%ﬁFs F%ggggrlﬁhqu #$%I%pd%%@tﬁhgﬁl?1§$£ﬁgu¥éqﬁired
levddinngsl trhatrmaldyt ;zpndabtym egmp@ntiers orideg kase polymer
artain Lhe desiteq uP?é 1 L dra%g?&’Q@Er&gﬂgchbﬂaﬁdklve

properties SO re ICc 1 act on the
fAigieisl |tt:y eahans;f:r thet bhefmah ecm@twlwe pLr gBpntinisched

therS Eﬁ% d E%E@ 9elh91g§QSb£¥b&§tﬂﬁﬁﬁktrﬁbrbon
A e R

s and ner. resin component,
lﬁﬂhﬁy$¢nw¢raWQﬂcBPW?erﬁcBGéé§raWQQﬁh1ﬁl%%?%eglﬂﬁléﬁ the

| 115 QHbeT o SHELBCES: tgfaﬂﬂgmgeiaﬁéfoﬁéﬁ1&$@b$éd|5& the

materials towards the center o onent This_Is

rtditciginar by prshl efbtlershesber [afF t 0 idiasgs ecPpductive
ef]lle_LCltéllsC I ‘E%QHQM}\/ di htllg,% pant tﬁ@cmxell%aﬁhgal that

ux tends to trav over thé surfaces of opjects
(AR $EPYCRALYher Byt of Nt RFISH t CPhaAT IR t o desired

léﬁg?ﬁaf3%BEC@&E@E%QBancéﬂddd@ivﬂ&&eﬁt@#erﬁiééﬂdys@gkysulted
is difficult to produce a ﬁart that ha

rig & |%H}Ptﬁ1fgﬁn@la§6t PRchhe chhertrtr ATy g ﬁ&rﬁé‘ﬁth of the
shane pehggdrfiddamn pol ¥BEBer, due to the difference in

density between the filler materials and the polymer resin
component, the molded part typically includes a resin rich
region at its outer surfaces with a concentration of the
filler materials towards the center of the component. This
is particularly problematic when trying to increase the
electrical conductivity of the part because electrical flux
tends to travel over the surfaces of objects, precisely in
the region of the part that has the lowest concentration of
filler material. Accordingly, it is difficult to produce a
part that has a relatively high electrical conductivity
using net shape molded filler polymers.

Therefore, there is a need for a component that is
formed during the molding process to include a metallized
surface. There is a further need for a component that is
formed during the molding process to include an integrally
formed metallized surface that is highly durable and

registant to wear. There is still a further need or a



Therefore, there is a need for a conponent that is

formed during the nolding process to include a
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conponent that is formed during the nolding process to

include an integrally fornmed netallized surface that

is highly durable and resistant to wear. There is
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as will be more fully described below, in a manner that
results in the metal migrating to the outer surface of the
part and toward the inner walls of the mold cavity. The
result of this process is that when the part is cooled and
removed from the molding cavity, a net shape molded part is
formed that has polymer core with a metallic layer at the
exterior surfaces thereof. Further, the present invention
provides for the compounding of a feedstock material
composition that is suitable for use in conjunction with the
method described above.

Generally, a metal alloy and a polymer resin are
selected so that they are carefuliy matched with respect to
their relative melting points and in order to insure that
the polymer and metal are not miscible. It is particularly
important within the scope of the present invention that the
melting point of the metallic alloy be tailored to fall

towards the upper end of the desired molding range of the



met hod descri bed above. Generally, a netal alloy and a
polynmer resin are selected so that they are carefully
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and in order to insure that the polyner and netal are

not mscible. It is particularly inportant wthin the
scope of the present invention that the nelting point

of the netallic alloy be tailored to fall towards the
upper end of the desired nglding range of thebase

pol ymer resin and above the tenperature at which the
resin is typically conpounded. Further, it is also
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region of the nmold cavity. Accordingly, in tlﬁ,coni Xt
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in a molten state and are subsequently injected into the
mold cavity. As the pressure within the molding cavity
increases, the lower viscosity material tends to migrate to
the exterior surfaces of the mold cavity where the
differential pressure is greatest and the higher viscosity
material remains in the central region of the mold cavity.
Accordingly, in the context of the present invention, since
the molten metal has the lower viscosity, the molten metal
is driven out of the mixture and to the outer surfaces of
the mold cavity while the polymer, having a higher viscosity
remains at the core of the mold cavity. Once the part is
allowed to cool, the resultant part is a net shape molded
part having a polymer core with a metallic coating or layer
disposed on or at the exterior surfaces thereof.
The formation of a feedstock material suitable for use
in the method of the present invention is also provided. 1In
this manner, a polymer composition is compounded that

includes powdered metallic alloy dispersed uniformly
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aspects of the net shape molding process and eliminates the
additional steps that are traditionally associated with
metallizing. Finally, it is a goal of the present invention
to provide a compounded material that is suitable as feed
stock for use in connection with the net shape molding of an
in mold metallized polymer component.

These together with other objects of the invention,
along with various features of novelty, which characterize
the invention, are pointed out with particularity in the
claims annexed hereto and forming a part of this disclosure.
For a better understanding of the invention, its operating
advantages and the specific objects attained by its uses,
reference should be had to the accompanying drawings and
descriptive matter in which there is illustrated a preferred
embodiment of the invention. '

BRIEF DESCRIPTION OF THE DRAWINGS
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prefentkyl enbotemphated therinventybms BRUEF the present
DESCR#PTIQN OF THE DRAW NGSI n the draw ngs whi ch
FPYGStrate the best node presently contenpl ated for
carrying out the present invention: FIG 1 is a

schemafrg CroS§eses! IRnali e ool MIANGAMCHLER of a
for I mp emsn]tl ng the netho O_f the present 1 nventi on;
EbGdiggi maahtnes§osetmpbemgntingy gie grdmadaoinghg present

.in a polymer resin as, it passes along the
ﬁgﬁgﬁﬁggﬁﬁchine of Fig. 1 ; FIG 3is a
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' Ing machine of Fig. 1 ; FI is a
oregbingeofi Bagal ¥iew of nolten netal and pol yner resin

after pressuye;is AppLbed:s&dGomal Svlew of molten metal

representational cross sectional view of a net sh%Pe
moispesdednpBbspt BOKEHRT | FRHdt rdditc ®afeR Fheough the check

ring of the molding machine of Fig. 1;

FIG. 4 is a cross-sectional view of molten metal and
polymer resin after pressure is applied;

FIG. 5 is a representational cross sectional view of a
net shape molded composite made in accordance with the
method of the present invention;

FIG. 6 is a schematic cross-sectional  view of a
molding machine implementing an alternate method of the
present invention; and

FIG. 7 is a cross-sectional view of granular metal
suspended in a polymer resin as it passes along the molding

machine of Fig. 6.



nmet hod of the present invention; FIG 6 is a schematic

cross-sectional view of a nolding nmachine i npl enenting
waeooalitesnat e net hod of the present invention;Penusined13713

7 is a cross-sectional view of granular netal

suspended in a polymer resin as it passes along the

nmol di ng machine of Fig . 6 .DETAI LED DESCRI PTI ON OF

THE | NVENTI ON Now referring to the draw ngs, the

i npl enentation of the nethgd of the present invention

is shown and generally illustrated in Figs. 1-4. As

was stated above, the nethod of the present invention
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completed form upon'removal from the mold cavity.
Referring generally to Figs 1-4, in forming the net
shaped composite component, the method of the present
‘invention. generally includes the provision of a polymer
resin 10 and a granular metal 12, both of which are dry
blended or separately deposited into the hopper 14 of an
injection molding machine 16 for mixing as they pass through
the molding process. The polymer resin 10 and granular
metal 12 are then heated until the polymer resin 10 becomes
molten. The polymer resin 10 and granular metal 12 are then
further blended in the barrel 18 of the injection-molding
machine 16 as they are drawn down the barrel 18. The
mixture of polymer resin 10 and granular metal 12 are
initially heated to a temperature that is above the lower
melting point of the pol?mer resin 10 but below the melting
point of the metal 12 for reasons that will be fully
disclosed in detail below. Once the blended composition
has advancedla sufficient distance down the barrel 18 of the

injection-molding machine 16, the composite is further



nolten. The polyner resin 10 and granular netal 12 are
then further blended in the barrel 18 of the
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the polyner resin 10 but bel ow the nelting point of
the netal 12 for reasons that will be fully disclosed
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GRIRRSI thoTy it enol.s has passedngditemgh tdenote that the
granular metal 12 remains in its solid state at this point
in the process as it passes along the Dbore 18 of the
injection molding machine 16. in Fig. 3, reference 28
depicts the composition after is has passed through the
check ring 32 located at the output end of the injection
molding machine 16. The check ring 32 acts as a one-way
valve that prevents any rearward flow of the composition.
At this point in the process, it can be seen that the metal
12 has become molten as well, but the metal material 12 is
still suspended within the polymer resin 10. Turning now to
Fig. 4, in reference 30, it can be seen that as pressure is
applied to the molten composite material, physics dictates
that the lower viscosity material will migrate to the
locations within the mold cavity 20 that have a higher
differential pressure, in this case, the lower viscosity
molten metal 12 migrates to the cavity walls 22 of the mold
20 while the higher viscosity polymer 10 migrates toward the
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but the netal material 12 is still suspended within

the polyner resin 10. Turning nowto Fig. 4, in

reference 30, it can be segp that as pressure is

applied to the molten conposite material, physics

dictates that the | ower viscosity material w |
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i's” i nportant at the base polynmer 10 and granul a
msttallliic meteriial 12 are wehl stites §8r cOBRbRARIPHAD the
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criterion in selection of pol yner resin 10 and
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afddnider f1a7 fAte wielihern thereo FHEﬁtLQfﬂtjyngfor one
themfromfully mxing or formng an_al| oy., Shoul d

rasteiiher) thsaepy| pReYeo st thesc £hPR, fehky, Wedrd eFe ?‘E“mg
e t hatoures vhet neepar abl end polymer 10 be miscible,

they would create a mixture that was not separable
ultimately resulting an alloy that would prevent the
migration of the metal 12 to the outer surface of the
component part during the molding process. Additionally,
the metal 12 and polymer 10lmust be selected such that their
respective melting points are balanced. More specifically,
polymer resins have a usable range over which they become
molten and remain usablé. This usable molten range is a key
factor in the process of the present invention. Often,
polymers are compounded using a melting point at the lower
end of their usable molten range and are molded using a
melting point at the higher end of their usable molten
range. With this limitation in mind, the metal 12 must be
selected to have a melting point that falls at the correct
point within the usable molten range of the polymer 10 in
order for the method of the present invention to succeed.

If the melting point of the metal 12 is much higher than the



ultimately resulting an alloy that would prevent the

mgration of the nmetal 12 to the outer surface of the
weowpomest part during the nol ding process. PCT/US2006/013713

Additionally, the nmetal 12 and pol yner 10 nust be

sel ected such that their respective nelting points are

bal anced. Mre specifically, polyner resins have a

usabl e range over which they becone nolten and remain

usabl e. This usable noltenrange is a key factor in

the process of the present invention. Oten, polyners

are conpounded using a nelting point at the | ower end

of _.their bl | ten n d
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usabl e nolten range of the polyner 10 . Finally, the
Viesmeyiatiref of hERAOMPEALPRIRFCY S Hrust be | ower than

gzgr\é't I%Lﬁlg%hteycgﬁtéﬁﬁ 8Pl tied pedyured iteaiibhe a variety of
polymer resins 10 are sutiable for use and all would fall
within the scope of the present disclosure. The most
important criterion for selecting a polymer resin 10
material is the ability to select a resin that has a usable
molten range that closely corresponds with the melting point
of the selected granular metal 12 as described above.
Suitable polymer resins 10 may include a wide range of
thermoplastic and/or theromset resins as well as alloys
thereof. More preferably, polymer resins 10 that are
particularly suited for use in qonnection with the present
invention include polyphenylene sulfide (PPS), co-polymers
of acrylonitrile, butadiene, styrene (ABS) and
polycarbonate. |
In terms of granular metal 12 selection, it can be
seen that the metal 12 must have a relatively low melting

point that falls within the usable molten range of the base

polymer resin 10. It is particularly preferable that such a



tenperature of the nolding process . In the context of

the present invention, a variety of polymer resins 10
wae@esu28abl e for use and all would fall w thiPCT/082006/013713

scope of the present disclosure. The nost inportant

criterion for selecting a polynmer resin 10 material is

the ability to select a resin that has a usable nolten

range that closely corresponds with the nelting point

of the selected granular tal 12 as descri bed above .

Sui tabl e polyner resins 10 may include a w de range of

t her nopl asti c and/ or theronBet resins as well as
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Su%hrhg knrfﬁééa!ss lhe 2R ﬂhkt@bﬁénf:orcﬁe%ézﬂ di felting

nc-an t1 mony. Accor di metals 12 that are
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al though is should be
apprecEaB@Eleolone skilled in the art that any

met al | g %@Pé v\%ﬁ@ﬁt JEELS 1he seeauteaneniviofg havivegble
a nelting poin ch is relatively closely matched to
e tesabhege of between about 440°F and 470°F wherein the ABS

is typically compounded between the range of 440°F and 455°F
and molded between about 455°F and 470°F. The metallic alloy
is formed using approximately 95% Tin and approximately 5%
Antimony having a melting point of 463°F. 1In this example,
the metallic alloy is mixed into the polymer resin using the
compounding temperature range. Once the composition passes
the check ring in the injection molding Dbarrel, the
temperature is elevated to the preferred molding temperature
for the polymer of 470°F causing the alloy to melt as the
composition is injected into the mold cavity under pressure.

Example 2:

A PPS polymer resin is selected having a usable molten
range of between about 560°F and 610°F wherein the PPS is
typically compounded between the range of 560°F and 565°F and

molded between about 565°F and 610°F. The metallic alloy is

formed using approximately 60% Tin and approximately 40%



nolten range of the polynmer 10 woul d be suitable.

Exanple 1 : An ABS polyner resin is selected having a
wais@blie2spl t en range of between about 440F andp@i0£2006/013713

wherein the ABS is typically conpounded between the

range of 440F and 455F and nol ded between about 455F

and 4700F . The netallic alloy is formed using

approximately 95% Tin and approxi mately 5% Anti mony

having a melting point of 463F. In this exanple, the

metallic alloy is mxed into the polyner resin using

the conpoundi ng tenperature range. Once the

conposition passes the check ring in e i_njection
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RECEP C'alloy is mxed into the polyner resin using
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selection criteria provided within the disclosure.
Further, various différent material combinations as well as
end uses for the part manufactured using the disclosure
provided still fall within the spirit of the present
invention.

Turning now to Fig. 5, a representational cross
sectional view of a component 34 formed in accordance with
the teachings of the present invention is shown. The
resultant component 34 can be seen to include a polymer core
10 having a metallic outer surface 12 that ig relatively
thick as compared to metallizing processes in the prior art.

Due to the thickness of the metallic surface 12 it is of
barticular note that the surface is highly resistant to
scratching. When tested utilizing the known prior art
testing processes for determining the durability of
traditional metallized surfaces, the components 34
manufactured using the teachings of the present invention
exhibited no evidence of peeling, flaking or scratching. Of

particular note is the fact that the metallic coating 12 on



have been referred to by name, the present invention
i s applicable to any process utilizing the genera

wa ewehings descri bed herein as they woul d funce¢DOS2006/013713
equally well with a base polyner 10 and netal 12
sel ected utilizing the selection criteria provided
wi thin the disclosure. Further, various different
mat eri al conbi nations as well as end uses for the part
manuf act ured using the di gl osure provided still fal
within the spirit of the present invention. Turning
nowto Fig. 5, a representational cross sectiona
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art 'S t e fact that the netallic coatln%
lheonbmeou@npogemt éﬁhﬁ@bﬂ@gtguﬁ@@”qhﬁfagﬁgrﬁés}cs of the

%Q%; 8EF£iStﬁﬁ§f%%§%%%ﬁtﬁgo £91é@Q§§tﬁk EB@@Eﬁéﬁt part 34

sel f uni que urablllty and stre(g
aieanaaotemdm% wiEhpddsi bPerepadusenerRCritics of the

1%:\' 50 & 13 iscfauvmd by w1y atEngrd h@mﬁb&ﬁém@ht as
retaining a |inked bond with the pl.asti o
corparedntipethal BEqHPE Tl 19T ESOMESE WBEﬁF%%rt%ﬁ {POLYmers

typically lost a great deal of their flexibility and became
quite brittle. | '

It ghould also be noted that should a highly thermally
conductive component 34 be needed, the base polymer 10 may
be filled with any number of thermally conductive fillers
such as boron nitride, alumina, metal £flakes such as
aluminum or copper, carbon fillers as is well known in the
prior art to greatly enhance the thermal conductivity of the
base polymer 10 and in turn the overall thermal conductivity
of the component part 34.

There are other variables that must be considered, as
they may affect the process and the resultant component of
the present invention, but are not required limitations
within the process itself. Such variables include the
manner in which the mold cavity 20 is filled, the pressure
used to fill the cavity 20 and the temperature of the mold
20 itself. If the mold 20 is too cold as it is filled, the

material molding composition may begin to set before the



nmet hods where the netallic material is sinply sprayed
on w thout the highly advantageous |inked bond of the
woreaohot328f t he present invention. Further, whiPE&r/vs1006/013713
surface 12 of the conponent part 34 exhibits the
characteristics of the base netal, the strength
properties of the conponent part 34 remain in |ine
with the strength characteristics of the polynmer resin
10 selected. This is an inpgovenent as conpared to the
use of filler polyners wherein the polyners typically
| ost abgrea} deal of their flexibility and becane
uite brittle.. It shoul d.al e t I
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too cold as it is filled, the material nol.din .
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CRYId Yedvd thNeheasete t oh AilRidY dehahet RecaELAl 1b3er 12 that
mgrates t0 the exterior surface 22 . Tq prevent thi

frpmiemesdiedy PR 1BgePURBFd THOIACE t RE t bRF rPé’ftnegﬁ is

primarily controlled by controlling the relative volumeg of
polymer 10 and metal 12 that is utilized in the wmolding
composition although, partial control over the thickness may
also be achieved by variations in mold cavity pressure.
Turning now to Figs. 6 and 7, an alternate method for
implementing the teachings of the present invention is
illustrated. 1In this case, a method of forming a polymer
composite feedstock for use in net shape molding a component
34 having a metallic layer 12 about an exterior surface
thereof is provided. This method as described in the
teachings above include the provision of a polymer resin 10
and a granular metal 12, both of which are dry blended or
separately deposited into the hopper 14 of an injection
molding machine 16 for mixing as they pass through the
molding process.  The polymer resin 10 and granular metal 12
are then heated until the polymer resin 10 becomes molten.
The polymer resin 10 and granular metal 12 are then further

blended in the barrel 18 of the injection-molding machine 16



to be preheated. Hi gher tool tenperatures accordingly

woul d prevent the metal 12 fromsetting too quickly.
wo-eobhex2g7 utili zing a high conpression screw i PEHERUSR06/013713

the process of the present invention. In this case,

the high pressure within the screwresults in early

separation of the conposition within the barrel 18 of

the injection-nolding machine 16 itself. Therefore,

| oner speeds and pressures w thin the conpounder are

desirable to maintain the uniformty of the
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Qﬂaﬂuﬂaternﬁﬁﬂ CQQléreiﬂheﬁaYuﬁ¥heF en pel etlze using a

-cutting device 38 to - form pellets 40 as are typically .
provided to manufacturers for use as injection molding
feedstock.

The pellets 40 in turn are then subsequently fed into
a hopper 14 of an injection molding machine 16 and molded in
the process as described above wherein the pellets 40 are
advanced along an injection molding bore 18 to first melt
the polymer resin 10 and then, once the composition has
passed the check ring 32 in the molding barrel 18, heated to
melt the granular metal 12. In all other respects the
process operates as described above.

Accordingly, the method of the present invention can
be seen to create a net shape molded part that includes a
metallic coating 12 or layer on the outer surfaces thereof
that could only be obtained in the prior art by the
expensive and lengthy metallization process. The in mold
metallized part of the present invention exhibits greatly

improved durability as compared toO parts formed using prior



bl ended in the barrel 18 of the injection-nolding

machi ne 16as they are drawn down the barrel 18 . The
woreoobarespf pol yner resin 10 and granul ar net aPC/BESHNE013713

initially heated to a tenperature that is above the

| ower nelting point of the polynmer 10 but bel ow the

melting point of the netal 12 . As can be seen in Fig.

7 , reference 26 illustrates what a close up view of

the conposition may appear,4ike wherein the granul ar

metal 12 remaining in a SOiLId state is uniformy

di spersed throughout the polyner resin 10. At this
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“modifications and rearrangements of the parts may be made

various

without departing from the spirit and scope of the
underlying inventive concept and that the same is not
limited to the particular forms herein shown and described‘
except insofar as indicated by the scope of the appended

claims.



that could only be obtained in the prior art by the

expensive and |lengthy netallization process. The in
woredod/1ne8al | i zed part of the present inventi onP€ROBING/613713

greatly inproved durability as conpared to parts

formed using priorart nethods while also providing a

dramatic decrease in tinme and cost associated wth

form ng such parts. It is anticipated that parts

formed using the present igvention would be suitable

for use in any variety of electronics application

wherein heat transfer or EMF shielding are required as

%%$tﬁ@$(ﬁ fMEb.other application wherein a netallized

€1 corfponent woul d be useful for either
functional or decorative purposes. For these reasons,

jhe instant,Loventieg, | s beli eyed %ﬂﬁggpﬁﬁ§ﬁﬂ&iacomponent
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steps BFatpRevERIAgPalBPYnErStRstR, 2s&FHPFORPYHET
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melting temperature of said granular metal, thereby causing
said polymer resin to become molten;

uniformly dispersing said granular metal throughout
said molten polymer resin to form-a composition;

further heating said composition to a temperature that
is greater than said melting temperature of said granular
metal;

injecting said composition under pressure into a mold
cavity, having cavity walls;

separating the metal from said polymer, gaid metal
migrating toward said cavity walls and said polymer
migrating toward the interior of said cavity; and

cooling said composition to form a component having a

metallic layer surrounding a polymer core.

2. The method of claim 1, wherein said steps of heating
said polymer resin, uniformly dispersing said granular
metal, further heating said composition and injecting said

composition are performed as said polymer resin and said



and a second tenperature higher than said first
tenperature; providing a granular netal having a
woredobilngst enperature that is greater than sai dP€T/0S1006/013713
tenperature and | ess than said second tenperature;
heating said polymer resin to a tenperature that is
greater than said first tenperature and | ess than said
mel ting tenperature of said granular netal, thereby
causing sai d polymer resingdo becone nol ten uni formy
di spersing said granular netal throughout said nolten
poI ymer resin to forma conposition; further heating
orrp03|t| atur e. g t
B3-§SRIPIRLLOTAS, AchEBEh 2L o U, 4 Ohgaiehg { Babren
ibajtaeEnn gns anpu’c oemdsand can ki tpreburtdig regperasige of
%%Xlt Pg¥|§§ﬁéﬁ%'l#élwakE381§$pﬁgéﬁ'éygdt@§r§€t€4m6é539ure
sai yrrer sal mgrating toward said cavit
vml bsldndnpatdelp@lm wARpeaEitig et GWakEdis h%rﬁf%ﬁeéﬁht&an the
ﬁ%g %éﬁ\ggilat!ﬂ] SPUL0 npald eRMRAsH! beBpke eam 2
nt ving a neta 'ayer surrounding a
poI ymer core . 2 . The nethod of claiml , wherein
%ald SEERS vk n aaEfngléﬁﬁdzPoéﬂf@r1ﬁf§ﬁﬁhoﬂ”ﬁ51&ﬂﬂ@/barrel
I'spersing sald granular nmetal, further heating said
dowposiingor awg WiYetalivg ﬁodﬂ@@r\*’&oﬁatlldoﬁuépé‘ end, said
%@afn%ﬁg‘?cd Asrsfi d-ReliHERlG real Ny anghisiad dgeandl ainttet alsaid
ass through an injection nolding barrel between an
‘ |qwm08éﬁd0@n@a§ﬁeéuﬂﬁr{@u@’hoealtqﬂéﬂteeﬁ’ﬁé’r ¥PdVE-of said
barrel gradually increasing fromsaid first
tenperature at said input end to a, ter erature that i s

dgreat efhenaeting REI ELAGMt Enplbateie bie sEFIR:] said
SR QU 2 BNEs 1ower than the viscosity of said molten

polymer resin.

5. The method of claim 1, wherein said granular metal is
an alloy of metals selected from the group consisting of

zinc, tin and antimony.

6. The method of claim 5, wherein said polymer resin is
ABS and said granular metal is an alloy including

approximately 95% tin and approximately 5% antimony.

7. The method of claim 5, wherein said polymer resin is
PPS and said granular metal is an alloy including

approximately 60% tin and approximately 40% antimony.

8. A net shape molded component, comprising:

a polymer core having an exterior surface, said
polymer core having a usable molten state that exists
between a first temperature and a second temperature higher

than said first temperature; and



3 . The nethod of claim2 , said injection nolding
barrel including a one way val ve proxi mate sai d out put
wepas/1s28d granul ar netal remaining in a soli dPGL/ES®06/013713
until said conposition passes through said one way
valve. 4 . The nethod of claim1 , wherein the
viscosity of said nolten netal is |ower than the
viscosity of said nolten polynmer resin. 5 . The nethod
of claim1 , wherein saidjgranular netal is an alloy
of nmetals sel ected fron1the group consisting of zinc,
tin and antlnnny 6 . The nethod of claim5 , mhereln
sai d po'r}{”eé l %}er}c 'disﬁ%éeangb ﬂ{:dsgfé‘né&@rl'@:t ahirkSce of
an aIon |n I'ng app OX|nate 95% tin and
aapdomcvﬂ&trmxy @%famtlw@ mbtalThéan@Fho%a‘blfn%l & nnelting
e? %%Qt&@%cké; VMBI I88LR LBaRPS,2Rds SAkd rRtbalre and
oy 1 ncluding approxinmately 60%tin and
apps okhamt £ id 49ecast itep@PpragureA net shape nol ded
conponent, conprising: a polynmer core having an
exterior surface, said polynmer core having a usable
Aol t enThe anett ivhapeximsilsiesetam@menenty raf ¢kaper 4t yMeerein
gg(.;ﬂdam‘?é%gqnq ;/%gp%rsatéﬁ et ghess t hanasai Geléé6éd from the
enper at ur e; a netal layer disposed about sai.d
axpepi opnsistiee of 4w 6&Pyﬁ§ﬂ~éBFémo§§rd net al
| ayer having a nelting tenperature that is greater
than said first tenperature and | ess than sajd secog .
flénper Fhar @et @haPFh@W%Qe@#ﬁﬂmP?ﬁﬁQRxP%oﬁi%ﬂ%n? r pfyirereLn

ghéhnb%lymwgeﬁgkg $ai dppehal lsayer metaanlakeyiefan alloy
metal S sélected fromthe group consi st of Z|nc &ln 52
e LnH PO POTOXLINEE et SHane Aol RtH ¢ FHREER

Gl foly.. wherein

11. The net shape molded component of claim 9, wherein
said polymer core is PPS and said metal layer ig an alloy
including approximately 60% tin and approximately 40%

antimony.

12. A method of forming a polymer composite feedstock for
use in net shape molding a component having a metallic layer
about an exterior surface thereof, the method comprising the
steps of:

providing a polymer resin, said polymer resin having a
usable molten state that exists between a first temperature
and a second témperature higher than said first temperature;

providing a granular metal having a melting
temperature that is greater than said first temperature and
less than said second temperature;

heating said polymer resin to a temperature that is

greater than said first temperature ‘and less than said



said polynmer core is ABS and said netal layer is an
all oy including approximtely 95%tin and

wapproxi2eat el y 5% antinony. 11. The net shape PoI/tis06/013713
conponent of claim9 , wherein said polymer core is
PPS and said netal |ayer is an alloy including
approximately 60%tin and approxi mately 40% anti nony.
12 . A nethod of forming a polyner conposite feedstock
for use in net shape nol dify a conponent having a
nmetallic | ayer about an exterior surface thereof, the
nmet hod conprising the steps of : providing a polyner

tfn%ﬁitqn : %ieqlpgegwﬁé 5@8&&@%&@%@%@, MPhd £8P thdsing

at "exi sts"between a first Tenperature and a second
tsevide peilymerhicghén EhadpeeRnal ¥aktemit enper at ur e;

prOVidh%ﬂf%rﬁggnﬁhgbeggﬁﬁb RaViungar@lll MEtal throughout

tenperature that 1s greater than said first

tserise matlines. apdyMessTedtn i P cofPrPefpELar 8nd

heat i ng.gal.4;R6! ¥ABA ESﬁ%Bsi@ié‘ntﬁcﬂpﬁéﬁﬁ uf@j ddiator] Snolding
greater than said first tenperature and | ess than
daediatlodkng tenperature of said granular netal,

t hereby causing said polynmer resin to becone nolten;

uni formy di spersing said granul ar. netal tthﬁ%;o t
sad nmolbeemasdiofnet caain L4 f SPRTACEoRpBRT 15U %{Wd steps

exd¢.rudi ng said conposition to forminjection nolding
feedstock. 13. The method of claim 12, further

conpr i SR} ¥ %ﬂép@XBFPdi%o??‘F%o%Ja‘?Jdmexﬁnﬁided
conposiddionrst izgnegpehh at Eab1gd Sakth-edad ebrpdsitided .
conposition.

14. The method of claim 12, wherein said granular metal is
an alloy of metals selected from the group consistiqg of

zine, tin and antimony.

15. The method of claim 14, wherein said polymer resin is
ABS and said granular metal is an alloy including

approximately 95% tin and approximately 5% antimony.

l6. The method of claim 14, wherein said polymer resin is
PPS and said granular metal is an alloy including

approximately 60% tin and approximately 40% antimony.

17. The method of claim 12, further comprising the steps
of:

placing said extruded composition into an injection
molding assembly;

heating said composition to a temperature that is
greater than said melting temperature of said granular

metal;



14 . The nethod of claim12 , wherein said granul ar

nmetal is an alloy of netals selected fromthe group
w@oemwsiis28ng of zinc, tin and antinony. 15. ThePeEUkm®d6/013713

of claim 14, wherein said polyner resin is ABS and

said granular nmetal is an alloy including

approximately 95%tin and approxi mately 5% anti nony.

16 . The nethod of claim14 , wherein said polyner

resin is PPS and said grang ar netal is an alloy

i ncl udi ng approximately 60%tin and approxi mately 40%

antinony. 17. The nethod of claim 12, further

conpri sih S - Rhacing j daed 4 mold

conpos%?'%kﬁ*ﬁ%(géﬁﬁiéﬁﬁgg%lg%bﬂoPéﬁﬁg:ggﬁinbly}nto 2
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Fet al ,1nj’ecting sard conposition under pressure into
aigohtdivgvi towaedi nepidvieavial | $aldiger g sgpdd polymer
RiESUE fig CRUREEq S fIRIAl J0 cFeBAn At Babieq) sal d
porymer, “said metal mgrating toward said cavity walls
and” safdopbhyn®aidh eprenasif ioswked ToRB AnERrRRey Peyigg @
RALLLY: cCOOLLROsS A SlutAIRPS btk EeEdla Conponent

aving a ne Ic layer surrounding a pol.yner core .
18 . A polyner conposite feedstock for use in net

shape ROl Q1Nghed MRRIAERE haddg Rk lige | fyenet shape
about an“exterior surface, thereof, conprlsingz a _y
polling rasi errRaoRgiERIr 3 TRVinG alB¥abl ePout an
- ben o3t aherhhat tiextrsd s, hesmppariadf:i rst tenperature

and a second tenperature higher than said first 1
tenperét&*%?“@ﬁdreSln' said” polymer resin having a usable

molten state that exists between a first temperature and a
second temperature higher than said first temperature; and

a granular metal having a melting temperature that is
greater than said first temperature and less than said
second temperature, said granular metal being dispersed

uniformly throughout said polymer resin.

19. The polymer composite feedstock of claim 18, wherein
said granular metal is an alloy of metals selected from the

group consisting of zinc, tin and antimony.

20. The polymer composite feedstock of claim 19, wherein
said polymer resin is ABS and said granular metal is an
alloy including approximately 95% tin and approximately 5%

antimony.

21. The polymer composite feedstock of claim 19, wherein
said polymer resin is PPS and said granular metal is an
alloy including approximately 60% tin and approximately 40%

antimony.



a granular nmetal having a nelting tenperature that is
greater than said first tenperature and | ess than said
waewoen28enper at ure, said granul ar netal bei ngPCT/US2006/013713
di spersed uni formy throughout said polyner resin. 19
The pol yner conposite feedstock of claim18 ,
wherein said granular netal is an alloy of netals
selected fromthe group consisting of zinc, tin and
antinony. 20. The pol ymer ,gonposite feedstock of claim
19, wherein said polyner resin is ABS and said
granular nmetal is an alloy including approxi mtely 95%
tin and approxi mately 5% anti nony. 21. The pol ymer
conposite feedstock of claim 19, wherein said polyner
2BSi n 4 smPPBodndfsdicdmgnanyt apoRERGr Feranbavigy a metal
| ncl udin r Qx| I % t.1.n idt ekyed@ehod
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bavpnigs ngretld dtaper ofi:spose about an exterior surface
t her egly o N1 PLQH. GABPr il 110 (6 oS beRgnoF oy indiragy a
a pol r resin, Said polyner resin having a usable
nehbba mobten tdateekihats chéeiecheiverr st FidiRfetalprEature

?ﬂg & é«?&cﬁﬂy tte‘ﬂ'g\%?ée{lyé enhhercHharasal difét Semperature;
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Eg\q?§£§£1lf£§ angd- |85 % AdaR Sahdns869ads i espeiaigdr@ture and
eating said polyner resin to a tenperature that is

geeat ehanhanid aserand Sempex¥pét&fure and | ess than said

el ting.Lepper ak s ep8iyaét dr8sanutar anekapberbberebyhat is
causi ng sai d” polynmer_ resin to becone nnl%eqésuniform
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melting temperature of said granular metal, thereby causing
said polymer resin to become molten;

uniformly dispersing said granular metal throughout
said molten polymer resin to form a compositiop;

further heating said composition to a temperature that
is greater than said melting temperature of said granular
metal; and ‘

moldiﬁg said composition under pressure, said pressure
causing said polymer resin to consolidate at the core of
said composition and said metal to migrate to an exterior

surface of said polymer core.

23. The method of claim 22, wherein the viscosity of said
molten metal is lower than the viscosity of said molten

polymer resin.

24. The method of claim 22, wherein said granular metal is
an alloy of metals selected from the group consisting of

zinc, tin and antimony.



said nolten polynmer resin to forma conposition;
further heating said conposition to a tenperature that
w0 200gnerser than said nmelting tenperature of sBETUS2006/013713
granul ar nmetal ; and nol ding said conposition under
pressure, said pressure causing said polynmer resin to
consolidate at the core of said conposition and said
netal to mgrate to an exterior surface of said
polymer core . 23. The netyipd of claim 22, wherein the
viscosity of said nolten netal is |ower than the
viscosity of said nol ten polynmer resin. 24. The net hod
9f .C! akL 2 HALT S} M i8Ald] 207 20uaG BeLal al SoRedl hkin is
met al's sel'ected fromthe ‘group COﬂSIStIn% of zing,
RABS arddansiaidny gzsnuihes nBeked ofiscl &'m 24, ¥herdchding
r H ngba&nﬂﬁm@l i s
M S e L
approxi mately 5% anti nony. 26. The method of claim 24,
wher ei gygal,de ?ﬁxgprcfé¥%'h4 Smﬁ@§eﬁﬁds§&ﬂdp61fméﬂEﬂé31n is
nmet'al is an alloy including apprOX|nater 6 Wbtln aq
&R oxendat el J0TrAAILAENy metal is  an including

approximately 60% tin and approximately 40% antlmony.



