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This patent application generally relates to the forming of plastic and, more
specifically, relates to the forming of plastic using a heated mold in contact with plastic particles,
whether they be in the form of powder, resins, pellets or the like.

20
Although conventional methods of forming plastics are good, there is always
room for improvement. There are many ways to make plastics, but there are few ways to
make plastie articles which are lightweight, strong, fire retardant, bullet proof, insulative,
impact resistant, as well as having a decorative, textured or functional skin, or made with
25 plastic in a single layer on a heated mold. Furthermore, there are few ways taught in the prior
art of embedding articles within the plastic, in order to either reinforce the article or to change
its properties. Moreover, there are even fewer ways known in the art for including various
materials throughout the body of an article without having seams, including multiple layer
structures and various materials dispersed throughout the surface of the article.

30

Although it is known to put inserts into injection molded plastic articles, the
present inventors do not know of any other low temperature, low pressure methods which can

completely suspend an insert, reinforcement, foam core or other sandwiched material within



5 recycled materials. Such a new nethod of form ng plastic would be usable
for a huge nultitude of applications, including, but certainly not limted
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reduce the weight. One way to reduce the weight is to renove various steel

portions and replace them 2 WO 02/062550 PCT/US02/03298 with |ightweight,
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components, the automotive vehicle manufacturers in Detroit and abroad are seeking
lightweight plastic components for their vehicles because the new stricter fuel economy
regulations are forcing them to rethink how they manufacture vehicles. Environmentally
25  friendly politicians in various governments, including Washington, DC, are backing
regulations which will press the automotive industry hard into developing more fuel-efficient
vehicles. Currently, the best selling vehicles in the United States are heavy trucks and sport
utility vehicles, all of which have poor fuel economy due to their massive size and incredibly
high weights. For most of these vehicles that weigh 4,000 to 6,500 pounds, normal side roads

30  with a gross weight limit of one and a half tons will crack under a sustained weight such as

these vehicles.

The easiest way to achieve a more fuel-efficient vehicle is to reduce the

weight. One way to reduce the weight is to remove various steel portions and replace them
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As the advent of the electric hybrid vehicles are not the only solution to the

automakers complying with CAFE standards, it becomes clear that improving gas mileage of

25  sport utility vehicles and trucks is the easy target. It is an easy target because the SUVs and
trucks are very heavy and they get the worst fuel economy ef almost any vehicle on the road.

For example, the Ford Motor Company’s Excursion SUV only achieves 13 miles per gallon

for city driving. The current predictions by Detroit automakers is that if the current proposed
boosted truck standards of 24 mpg, at an increase of 3.3 miles per gallon from present 20.7

30 mpg standards, this would cause the automakers to lose sales of over 1 million large pick-ups
and sport utilities. And, as always, the industry warns that they won’t be the only one hurt.

They say that the price added onto vehicles to make them more fuel-efficient will cost our
economy close to 300,000 jobs. The standard solution in Japan to increasing the fuel mileage

of vehicles is, industry wide, to improve small cars and their gas mileage, to sacrifice horse
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efficiency research and devel opnent in order to devel op fuel -efficient
engi nes for cars and SUVs, as well as to curb production of the |argest
SWVs whi cWwoareezshe main cul prits in lowering Detroit's arerape2/bizes
efficiency for trucks. 5 Therefore, it would be of a great advantage to
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advant age enbed conduits and/or wire harnesses directly into
the plasti grgm??%g%‘ﬁ%%ﬁbed itself, thereby allowing a plug-in operation
once the pickup truck box has been placed on the chaise. It would al so be
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considering the fact that Chrysler has been asking its suppliers to shave ounces off of the
parts that they are supplying. To save nearly 100 pounds per vehicle will have an enormous
effect on the gas consumption and fuel economy. Furthermore, du‘e to the extreme light
weight, a dump truck configuration is possible, as well as a scissors-jack man lift
25 configuration. As an impact-resistant material may be utilized, the truck box bed can handle
slow accidents with minimal damage to the pickup truck box. In addition, it would be of
great advantage to be able to embed conduits and/or wire harnesses directly into the plastic
truck box bed itself, thereby allowing a plug-in operation once the pickup truck box has been
placed on the chaise. It would also be advantageous to provide a method for forming plastic
30  for such a pickup truck box that would allow heavy metal components to extend therefrom in
order to give a mounting device to the chaise of the vehicle, such as is possible with the

present invention.



In yet another enbodinment, it woul d be advantageous to be able to easily
and inexpensively form nodul ar housi ng panel s which can be cli pped
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el ectric incinerating toilets conmmonly used in Japan and on boats. The 25
i nsul ated panel s could have R-values of up to 100 or nore, making electric
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house it sehdat, electric lights and cooking devices. Sewage treatment could also be molded into the
panels, such as the electric incinerating toilets commonly used in Japan and on boats. The
25  insulated panels could have R-values of up to 100 or more, making electric heat feasible.
\ This would remove any temptation to heat with dangerous carbon monoxide gas-generating

heating devices, such as kerosene lamps, fires, and the like.

In the event that a plastic modular housing panel is made in accordance with

30  the present invention, it ie also possible for windows and doors to be molded into the panels,
as well as toilet incinerator outlet stacks and roofing components. In addition to large panels

being made from the plastic, it would also be advantageous to provide various smaller

components, similar to clipped together “logs” in order to allow for the greatest number of

configurations for the modular house itself.



5 WD 02/ 062550 PCT/US02/03298 It woul d al so be advant ageous to provide
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envi si onedplbstics,Heclplies kg andsodindoorbénavibrischcinthyt dospondnn edrLikee b @hrdfbacikiggent s
or ot her terials.to he sandw.ched between nultiple ins_of plasti such
as made bgﬁ?’?{éwﬁiﬁ Ft‘f?aﬁeg Oﬁﬁf@n@%ﬁ? ﬁwfgr[o%@ﬂyerﬁsuch a woulg be usefu? for daﬁl%oar ]

20  and automotive vehicle components. As inserts can be placed into or onto the mold due to its

low temperature, even things such as ashtrays and carpet could be placed into the mold or could
be placed onto the hot plastic after it has been molded onto, for example, the male or female
mold. In this embodiment, the carpeting would be melded into the hot plastic, such that the
carpet would never come off.
25
Multiple layers are also capable of being made through the methods in
accordance with the present invention, including, but not limited to, in-mold paints. For
instance, if the mold could be electrostatically charged, a powder coat paint could be first
contacted with the heated mold, and then could cure at its proper temperature while the heated
30  mold is accepting its contact with plastic particulates for producing a skin on top of the powder
coated paint. Other multi-layer concepts are envisioned by the present inventors which may also
include reinforcements or other materials to be sandwiched between multiple skins of plastic

such as made by the multiple mold configuration.



WO 02/ 062550 PCT/ US02/ 03298 For exanple, heated nmale and fenale

conpl enentary nolds can each have a skin fornmed on their conplenentary face
porti ons,wbaklessd by an expandabl e or foanmable plastic Perngoyposnkl ed
onto either of the nolds. In addition, a reinforcenent, such as a netal
wire nmesh, may be s he_appr nd i.nserte et ween
the two ski ns?/ The g%?%;ga lé| (r%lg’;t?:aﬁla haélﬁq Héa%spac}g1 ent (fl(riso(r:%’ilnoerﬁlq1 Hother
such t hat ﬂdixefcempdmdahﬂlecdm;ﬂanmtdry faex gmmdns tfalldvied ‘qyr :&de;tpendaiblneﬂ fbdmablkmess,

t hereby e e dln h has .k been

bet ween t hg® i be 3K gr'ﬁel‘#n g‘ﬁ? ?fgth? E‘toﬁgn?n ?‘ﬁgmnt %E"l"&%{[ﬁmﬁ’%ﬁ“ r‘fP‘Pﬁ

rei nf or ceneitg meslhmaghbetsh@em inté the apafiiat: hpeachdiingrial Yetede el twstsklﬁslg’rllib whi | e
mai nt ai _ni n 2 | | t ht arny expensi | agtic confjguration, which is
much nore &%‘t@‘ﬁfe T AT &@Ef}(’mfﬁe al“r‘?é‘r”e#)%ﬁ? @1 tﬁﬁe’g’éﬁ%ggaf Wit eRanche
present i nweehd pleaetertﬂiwaehlal&ﬁsm IR Y@beddig Ahd AltouSdTRe the TRIMI Snesh REcH b,

but not an ogen nol d made of al umi num or, ot her sujtable

|
mat eri al :/\H"]‘lee ﬁgﬁ%ﬂ'}’eb"%" g skips- | Tfophigrration;icete smdpich vibdhegginipresmenen

contact ed iiefebetwidn2sd cpaber i AingtsBrudi@raNBldhgth @niRl ﬁ&htaﬁurpglaﬁ thgﬁt%%hﬁ aft O
the nmold itself, thereby producing a plastic 15 article n anot her

embodi ment NC¥RSPYveplastic shffeuratignmTashan muehymens light witighs thep stefli | ar  materi al s
can bejgheated on their face portions to a tenperature above the nelting
point of a pl astic’ﬁgrticu[ate into which it cones in contact, and then
the mal e and femal e Thetsfde.ein aepardsace Wéth dthp rpsessetdinyentive) dherogeet emerpus f or m
a doubl e- siinasd cafbbiitdedis. iRQudife. ¥ nned
article can I%e ms?nuf alcteurelg H% ﬁttnoﬁmgqeté ’%%H@P%aﬂggfﬁ%hﬁtozr%{hep

f r om abov esuifable mateiiel Which @ddpcmomdmmmalphdam@slfapét heated andttlemcmitacwimﬂone of
t he nol ds e

"sandw ch" ﬂmﬁ%@g ﬁlttflagﬂ@otg meg ﬂ# ?asa?#gg%ﬁa?ﬁg&w?% mé) gd“fsglglt ereby HrOJu01n§ agﬁfs Ut t her
enbodi Hent articlhe Indamﬂieecmbbdlment emhao&hdnfentalef wmﬂlmnenmﬁmdldsema@noﬁesiﬁﬁlﬁdabl e

plastic fill doubl e- ski nned pl ast.i c rtlcle
i oh o ex ARl B bl Bradorfeltiice oot o BrRRRRIEaRTe Mo BrBueBartata
t hi ckness f)lastlctplamcehmamdaﬂdhc&l ipt@sdsiie comsact aad thenl tHeymd© hrdi fﬁ@al% Agicre kcen BN d

f enal t d_di st t, | t another embodi ment,
it or conti ek oDh e BiBb S BV ARET AR 1 Vor material o into

t he expandabl e plastic filler material such that when the expandabl e

material is heated nd ex nde around .t he rei nforcenent,
rei nfofcenent is e éfateaéi‘ %Hgﬂeghratd{%ﬂﬁﬁﬂﬂm’w agtigle %&B%lﬁ’ﬁ%}g?‘éurﬁ‘i &%@8 c

filler matgeindlle andfemslt c%plhhelﬁﬂ?tn*f&ds TRV ERAh 188 1nttrh@ud%1?§i%ﬂﬁla§t1@‘fﬁ1@1t ron,
mounting brackets, wri ng%har nesses, and/or other desired materi al S may be

encapsul at matefiali cpﬂt?] opg, of Fg &olds prior to holding the molds together, such that there is a
“sandwich” which is formed from these plastic composites. In yet a further embodiment, the

double-skinned embodiment further comprises an expandable plastic filler material which will
25  give a double-skinned plastic article with an expanded plastic filler material therebetween. A
predetermined thickness for the expandable plastic is created by holding the male and female
molds at a predetermined distance apart. In yet another embodiment, reinforcements can be
embedded into the plastic filler material or into the expandable plastic filler material such that
when the expandable material is heated and expanded up around the reinforcement, the

30  reinforcement is embedded into and surrounded by the expandable plastic filler material.

In yet still another embodiment of the present invention, mounting brackets,
wiring harnesses, and/or other desired materials may be encapsulated within the plastic

composite article itself or may be inserted into the mold prior to the two skin molds being placed
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conposite article itself or may be inserted into the nold prior to the two
skin nolds being placed 7 WO 02/062550 PCT/US02/ 03298 in close proximty
to one arwDhene2ssuch that the plastic skin and the fill er Poatuso2/ed29& an
enbed and encapsul ate the mounting brackets, wiring harnesses or the |ike.
I'n additi Ofﬁ’cld'é@gf%;(ﬂi%s(@%né ANothL QLQ:HPAa't &Q 135 sﬂﬁsdﬁd Y RRS: Bt M %dncekrﬁ)%d apd
processes b5 are also disclosed, including a trunion design nmovi ng and
ti ppi ng t hencapstlatesheimpuntine dragisitsl wikiegdtinssses erdhplikeduce articles. Robots may
be utilized to | oad reinforcenents between the nale and female nolds prior
to the filler material being nelted or expanded. A vacuum apparatus for
filling/enptying thdnpddisen, eprasatisecior aacemngahESe mpesmﬁ:hrmdia anmdlptbcessesal so

di scl osed vacuum em and a n he
excose ot b A0 RGBT ek AU b3 ARG sB0hne R ield o TR B

achi eved. f$egtidrisgo prodh@sdriidesp ddbots whaytbe ufnhzrmh tadighid tréiofosdembhte betveraths ninky be
connect ed t um systemin order.to form| ayers of various other

mat eri al s. rfe%}glf ﬁ PRSY Pélﬁ %&%ﬂ%%@f’g fnr‘?& ‘{)(?I&%@ﬁg qsh%/‘éar‘ff“il%ﬁppaf%‘égrfgr are
di scl osed ﬂmhg/auﬁtymgallidplﬁﬁb partiailite Mtomd mluﬁdkham@ldﬂﬁﬁiﬁo &ycldsb@inpsrpeiess Of the

present invention nc not, limted to, autonotive
conmponent sY2PHl |§).§d[t€f1’i1 ﬁ?‘l ¢ gJBWg{aS Sgr rempYipg ﬁ éx‘i?ﬁsrﬁ;%ﬁ% BRiiculals qneecs degisissskin

panel Sloandthﬁmﬂ@@ Rebeéen abEitwd] FHurther/1slhdtib Partiviihi®tfom AAHionR Mok BESs may be
applications which will be described hereinbel ow or which will becone

obvi ous  t o*BREFIH Giediargisysiem in ofdsr offermlayers ofEpwstoice materalyc cor dance with
the present invention, there is disclosed new 20 processes for form ng

pl astic, apparatuses for carrying out those processes, and articles which
are made therefrom IEgst Oaﬁ@erwﬁﬁémwgtqfﬁenmsegementilqwemeuamﬂlscw@e&mus t he

reader to y 4R e
t he accomgﬁﬁu}]déggiﬁﬂgcsﬂgﬁgﬂ%dgg accgérfcgsta%wngl:e?‘lg E'hdefé’t? %@E&%ﬁ%%ﬁ TI ON
OF THELDRAVIRNRISORuE@MAtiye p@nnpr@n@en@semht@bldnm aiypleng comporeatsappdulathgesidmr

I FI G
utilizing eﬁ%ﬁ&‘ cgimc)) {3, mAehA fhgl'?c g%ﬂe}fﬁ c?ﬁ @f &ﬁ%ﬁpﬁ&ﬁg tvlflﬁ Wﬁpb

Iblsa5| e elevati View o ere
t her et o; @SV@GQZA#I@BIDQQW dP@hiciSolR baaRe 8bviFisE ohaofi osdmarpsinﬂpehdz art/e view of a

pl astic nolded article of the present invention

Therefore, in accordance with the present invention, there is disclosed new

20 processes for forming plastic, apparatuses for carrying out those processes, and articles which
are made therefrom. For understanding the present invention, we refer the reader to the
following detailed description, taken in conjunction with the accompanying drawings and the

accompanying text.

25
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1a is a side elevational view of the apparatus for utilizing an open mold in
accordance with the present invention,
30

FIG. 1b is a side elevational view of the mold with a plastic skin adhered thereto;



after it is renoved fromthe nold; FIG 2a is a side elevational view of a
cutaway portion of a double skinned 5 article made in accordance wth one
of the erwodeiexsse of the present invention having an expamdsd26xosn in the
center of the article; FIG 2b is a side elevational view of a cutaway

portion of a doubl e ggkinne I £101 %g,% =To P e { a

wi re nmesh reinforcenent enggggﬁeegﬁ‘% evi\%rgr]%uncci ? herel rﬁ&%ﬁ &‘ivegﬂ&

i |l ustr at esftepdtisrenored feorafhg nicddral e nol d in contact with plastic
particulate; 15 FIG 3b illustrates side views of the male and femal e nol ds

with plastic skins thereon; FIG 3c shows the skinned nale and female
nol ds i n conpl enent d1§. Posi¢ isidnstevatmﬁallf\di@z ofl aicgtagrap @osipe of iavdeuble eskinoéd a

flat panel t. S u ortl of the

a1 o o P dnale o R RUP VRO b MR ImefE B B eBRl o bt o
t he enbodi expatded f@in inhibke @Enees efithe artivient i on for maki ng a pick up truck bed
box; 25 FIG 6 is an illustration of the pre-forned nale and fenal e steel
wire mesh reinforcenents to be enbedded into the pick up truck bed box;

FIG 7 shows the vadigniaigda bﬂdemﬁaﬂohﬁles&e\ad%ed dufavhy lpbrti@A bf nedvavie skivged
plastic 30.particul ate ows the load rails being

i nserted i HEYe P aﬂﬁ?‘@ndé%l(’%‘:@@r% g e F‘Eg“&) @E@??W@%mbqﬂs@ ang SE‘H‘BWQC"( he

truni o fofhetefdtt ati ng and ti pping the excess material out of the nold
container; FIG 10 shows the female nold for the pick-up truck bed box; 5
FIG 11 shows the male nold for the pick-up truck bed box; FIG 12 shows a

test tool design witHGA3FBNGARY HoRMB! Malb At ¥rARIBRF & WBAES: wm;LngﬂmG 13
shows a cavity nold for the test tool; FIG 14 shows a core nol

test tool; . particulate;

15 FIG. 3b illustrates side views of the male and female molds with plastic skins

thereon;
FIG. 3c shows the skinned male and female molds in complementary positions;

20 FIG. 4 is a perspective view of a flat panel made with various materials over

various portions of the article;

FIG. 5 is a schematic of the basic process steps used in one of the embodiments

of the present invention for making a pick up truck bed box;

FIG. 6 is an illustration of the pre-formed male and female steel wire mesh

reinforcements to be embedded into the pick up truck bed box;

FIG. 7 shows the vacuum and blower lines used to fill and remove the plastic

30  particulate material;

FIG. 8 shows the load rails being inserted into the mold;



FIG 15 shows the cavity side with a screen; 15 FIG 16 shows the core
side with a screen; FIG 17 shows a core with the broad cone

rei nf or cewornie®e2520@ FI G 18 shows plugs to nount into the ®cTaSImOReEeEi ve
cone reinforcenents; FIG 19 is a perspective view of a van roof with the
di mpl ed surface eff Y Y,
absor bi ng enbodi nen?ﬁg}fg'lts:lhogs tggtrﬁrﬁ%ﬂ:fg?] oq;ﬁmg ﬁ??@ﬁng J&Fg‘%sl&hgmg m%the

per spect i vaoldcowaimtr;an i ndust ri aI tabl etop made with the present

invention; 30 FIG 22 is a front elevational view of an airplane cockpit
door made with the present invention; and FIG 23 is a front el evational

vi ew of a nodul ar hdu6i Hyshpws dle ferhdlhimeldefot the piak-up aoackchedbsx;r unni ng
horizontally and vertically. 10 WO 02/ 062550 PCT/ US02/ 03298 DETAI LED

DESCRI PTI ON OF THE DRAW NGS I n accordance with the present invention, there
are discl osed vari olEGpibshews @8 malomolidsrthaygciphpaidkbed b appar at uses whi ch
are useful for perform ng those processes, and 5 certain articles nade
therefrom Needless to say, the scope of the invention will be determ ned
by the clainms and sHGl 12howbe test theTrdekig@with HindaRChnd AsmaM ERitpbdd SeympREeri al s
and formng technol ogies, the nunber of applications and permutati ons of
those applications are so nunerous, they cannot all be mentioned here.
Howevetg, in the spirefg. of slﬁHv@\éﬂcQ{rﬂanélh%rbﬁ‘esﬂésttéHPde and detail ed description
of many of the enbodinents, the follow ng description will be 10 broken
down into paragraphs, beginning with a generalized description of the
technol ogy, fol | owgdgbys &R@Sk bk nfRPhot BR4sPR5:; and their descriptions. 1.
General Description 15 In general, the present invention and process can be
nost basically described as the use of at |east one single or a set of

mol ds which is heal adcanslicROiaeha stleindlscleggst a polvolefinic plastic
particulate material. T polyolefinmaterial nay be in the formof powder,
pell et®, resin, shavings, or whatever. The contacting acts to nelt the

pl astic parti cles i rﬁI?' fq]ShOQIEFEQPI%rS}deQ’Jlﬁ 3dainst the shape of the heated
i 1,

nmol d. The t hi ckness e ar

FIG. 17 shows a core with the broad cone reinforcements;
20 FIG. 18 shows plugs to mount into the core to receive cone reinforcements;
FIG. 19 is a perspective view of a van roof with the dimpled surface effect;

FIG. 20 is a side cutaway view of the energy absorbing embodiment of the

25  present invention;

FIG. 21 is a side perspective view of an industrial tabletop made with the present

invention;

30 ~ FIG. 22 is a front elevational view of an airplane cockpit door made with the

present invention; and

FIG. 23 is. a front elevational view of a modular housing panel with electrical

conduits running horizontally and vertically.
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20 determned by the length of time the heated nold cones into contact with
the plastic. For exanple, a heated nold elevated to a tenperature of from
appr oxi mewelog/odB8C to 865C can be placed in contact w thPaTasweRexl

pol yet hyl ene material and will achieve a plastic skin thickness of

o hstic For nost DETAEED DESCRIPHIGNOFLEE DEAWANGS 1t 1" ros:

pl astic. or nost=g¢=+% ,

advant ageous to have the 25 plastic formed on the nmold of a thickness from
about 1mmthick to about 10nmthick, requiring a contact dwell tine of

bet ween about 1 m nuheccntinddwith thd fpeesent ifvemidnethepalre/dibcddsed varivat pfdcﬁdses are
utilized, such as Sti ellets ich ar ch lL.ess expensive than
orouna- - pi EaPETs S o Bapfiis phithaee i e Pt e bR S g
Speci fisc téamam witicles headed hseefiothe d Needledsntoebayyw thd sdope _&Qalihésinwlhéi&p@ﬁllflbd:d
applications and ecifjc materials. 30 Al fhough a,sin nmo ca roduce
a single pi‘%%fgmbefi 2 %T’ ﬁié’{l?scar’zﬁl.rsil'fﬂgf‘%t Deeiharyyise g&f‘%@m@é@?&ﬁg} IteWem’i"FE%"tq%g"drml d
into a resimbigitedinolERS ! thCnurhBer b agplititbas akiydrmuRnest dfiRise applizaisheiach- t ype
of conposite material can be nade maki ng both male and fermale nold 11

de by : ; 12
WD 02/ 0625%0"Y5eerousseisy sapekall brgnentighed here, Howgyer di fhg sping af prgvidnghe hest
mol ds, andmBl@&idtaiRE Bédcabtfonl 9t nAl WERB chb6dindRs, thkidlidwing Rs&ipabBhal be t ype
configuration with a filler or foam ng.tgl astic in between. Cenerally, the
expand¥bl ebrbahfieven ire poragiephs peginting &vith uganetslizad deserintion of sl gehnobgyn t he
event that fiiBly8d B She BFBpEIARbEL Rk s &Ed‘r‘ip%ﬁs'.' zed,. any type of
reinforcing material or desired insert nay be sandw ched between the two
skins and may be fully surrounded by the filler or expandabl e foam
plastic. For exanple, to add strpuc&lfah paLfishghh, it is envisioned that a
whol e host of reinforcenents may be used[.) Esgem ally strong is a netal
mesh i nserted between the two skins along with expandabl e plastic nmateri al

whi ch will attach_the t skins .t o one anot her ile enbeddi,ng th
st eel I'Ir?gsh there bet \Ifl\/ggﬁmq\ﬁ‘e pf/eéflﬁéw@f'ﬁ‘g}a'ﬁeﬁrﬁ‘?eﬁsr ‘Eaé‘\r,ggﬁ?oséﬁﬁsbcé ?‘rgf#flh%f?s heet
of Kevl ar, asthe egi cftaeteast one sidglear k s@bf Rolde RhichGokqaadahi ochiatied Wikt nagkon,
Del awar e, can be .i nfroduced bet wee bhlg) sll<i ns and w thin g?or f oaned
r )

plastic i nPYYH&imit glasicRariculale yaiert brolefgpaterial payg be iy PR PAVEH} ane
cockpit d ?p&’lletsaméid, eRdvirp8 Sor vﬁﬁvdvlirS [ 'IFlfél dbiﬁti@@dg ks 10 ﬂi&ntf)ﬂﬂ% Q{hﬂtﬁﬁpdm&esﬁlﬁto a
utilized I _superior strength. urt hernore, crunbe ire may be

i ncor por at g’&"’?‘ﬁ%&“‘ﬂ?‘lé‘%‘@ﬁt t@lg sepe; AE t}f?af“?é‘tegnﬂlo%denéqhé tﬁtﬂ"&PS?s“iith%_aFtiFl‘bﬂ%er to
meke o naiidtadaliged 0y th@ll@l%ltlﬁéf Y HeBaRPMIE Bdth@NSto dohtabi with 1 GHiskigd Fhpat
the plastic article needs to be cut to shape, then the :

i nsert/rei ffgle fdsrted okl gleyated 4¢3 iGmpgraghre of from approximately 100°C to 865°C can

be placed in contact with a powdered polyethylene material and will achieve a plastic skin

thickness of approximately 1mm for every minute that the mold is contacted with the plastic.
For most of the applications described hereinbelow, it is most advantageous to have the .
25 plastic formed on the mold of a thickness from about 1mm thick to about 10mm thick,
requiring a contact dwell time of between about 1 minute and 10 minutes. If other polyolefin
materials are utilized, such as plastic pellets, which are much less expensive than ground
plastic powder, the contact time must be adjusted accordingly. Specific times will be
described hereinbelow with regards to specific applications and specific materials.
30
Although a single mold can produce a single piece of a plastic article merely
by contacting the heated mold into a reservoir of plastic, it is further envisioned that a

sandwich-type of composite material can be made by making both male and female mold
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between the male and femal e nold skins may be made of small particles such
that the article can be machined or cut. 20 Any of the inserts or
rei nf or cewores62sey be pre-treated to aid in the adhesi on Pogtusenm2bayers,
or to help prevent the insert or reinforcement fromcutting or shearing the
foaned pl e HRAR! ab R RIS W EARTRRY SdT®Y
i ncl ude p(a)ﬁidlgn coatl a \%\Asﬁiéte?r%s lﬂﬂ) a’ 804)1%%%1}1% e e Sx? res n;
appl yi ng asking lflenthh@}I tyee horifiguatioowitba fifleli orifehnaing pla$ttq isbhétwees (_}mgtaﬂyas
tire cr unbét?e éﬁﬁﬁe fogff%glicﬁga{gﬁ%gltﬂearkﬁﬂai Rea?ﬂQI%QEC mI) 8' r adhesion; or

or ain neta

pl ating an eposi ting cer Ic or nonrrealllc coatings onto

the insert/reinforcement to enhance adhesi on; even structural
treatmnents such as urface ari n tack n
cheni ggsl tr eat nent ssﬁ’i‘r‘ﬂ%} malse ife Feglpp i caC{ SRS f Héﬁed ?‘%Yeéftpr?eﬂt s

such as anrgdbicing naatetiador dm&mhsﬁgnmpbemgr&hbdnbetwm the ewd slafednidires;, beor t he
30 applicati.on of netic.f.ields y. fo easy-to-adghere-to

sur f ace by@lgrsﬁfrﬂ'ﬂ’ yét‘% ﬂhf‘fgort ‘ﬁi@arfcﬁglgr gip é’?gﬁg‘g %g gy ?ég‘gﬁt’j‘lwé“ral
reticul at edrefngﬁumt iyenvizioned iahg whble hsstlof ediﬁoﬁélﬁ&lts mEyl bé h@ﬂmﬂsﬁmally stréng

envi si oned, by t esent jinventors that ﬁg#tl tructures can be

formed by i r‘g‘?tartﬁ ARFeriedarwecsthe wypgykins pong vd q)fpaq%glplpg P e 2 12

WO 02/ 62561 RGEL HRORHQRR8 %0 osesiRNr, Imtﬂe eﬁibe&cﬁﬁ@{h@ st¥el Sleshkihéte baRded.NBN @
third conpl enmentary, and mati ng mal e or female nold section can be forned.

Each of t hE&aneherginioirenprat prBeditenin shogt ofdheviar, 3 reistreieiradgmark ¢fdPert wi t h

a filler mab@biagibn Of Wlﬁﬁﬂgtbh %&L@ﬁ@'&n'b@ 1%&&@\%%6“95%%5 Brif IR witih §hd al s
which will nelt and attach the skins altogether. 5 Because the present

process i sfaamisd Plestiqin gty pevide|adwlletpraob deary for example, forsiitpigie cockpitgleer t han
that of thepﬁitetttdnglg nﬁmmnmldtah%t' ﬂé&ﬂ %omrltltf [ %ﬂazaﬁ'f&gs %a&teﬁg:hw th

the heated nold, the nold itsel last a long t onvent| nal
i nj ect%on ﬁwfmm@fe @rhebeq)tlrasmaycbe:m@trpmteeimﬁzpedntpmfttmeham femalo molder

0
i oot ed 1 ore Tratp ikt a0 for byl S A B Bt hl e
t enper at ur plestematitle gledsrtedsiaue to simpel, thelhéhenmed/rplatnmﬂmpnde@teadle&ndv&icheﬂ t he
present inyentlom. dc??ebﬂlﬂqunélg {r%'ig)ék? nllagrr b Srﬁé"c{e 0 mgﬁ patli %shsat‘lr(]:% Ehg?the r%?[}eé {ons

of pressure requi i nes: st to
al | manuf acatmheenzsthmeé othe f act that the rml ds V\:hl ch can be used in the
preseni, i nvention may be nmade of pure al um num or inexpensive and
Any of the inserts or reinforcements may be pre-treated to aid in the adhesion
between layers, or to help prevent the insert or reinforcement from cutting or shearing the
foamed plastic that encases it, when under load. Such pre-treatments may include power-
coating a wire mesh with a compatible epoxy resin; or applying a sulfonating technique to
25  individual particulates, such as tire crumb or other recycled materials, to enhance their
adhesion; or plating and/or depositing certain metallic or non-metallic coatings onto the
insert/reinforcement to enhance adhesion; or even structural treatments such as sandblasting,
surface grinding, tackifying with chemical treatments or the like; or the application of heat
treatments such as annealing and/or quenching to change the surface properties; or the
30  application of magnetic fields; or by forming an easy-to-adhere-to surface by forming or

etching the insert/reinforcement to resemble reticulated foam by increasing the surface area.

Furthermore, it is envisioned by the present inventors that multiple layer

structures can be formed by first making a male or female mold skin, followed by making a
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15 recycl abl e al um num al | oys such as kirksite which are cheap to nake and
easy to machine. Because of the |ow tenperature and | ow pressure

appl i cat iwp,02062550m01 ds do not degrade as they do in injeeCirarsomed2gs ng. For
exanple, a nold used to make the entire truck bed box would cost nore than

a nillion doldanse Bpfenfmetmah%ﬁlh tﬁ&,ta fila @ tﬂerﬂéxﬁﬂ‘Z%& ﬁlqhﬁgﬂllpgle oMnlg the

present invention nol can be ma e for an oné-tent that price.
Thi s fact omoldxgctignmaa bmfmneén Eoehr efqéesqefwnprqau e plrcisboneuelop pf thetheo wed

necessary hbgtefdr@% a $RRL Sratekit 6%5135@9 ?fagtlc N o ! ?%MVE% Oﬁ%f ﬁigt‘\% 8’9‘1@{1 et he

general article construction Is Isciosed, and w

vari ous prwedbwslt erdatdcinthetsking elfogethauf act uring articles in accordance with
the present invention, and then by specific enbodinments for 25 various
applications. O course, the scope of the present invention is not to be
limted to the spedecawseapplprasertti pmeesprio @uheat edrela&vayvilcb\h telhpletramw; Her will

bellmtedb t he.cl are file Arti

Const r uct i S BEERY a{{?’fagggﬁlg énell}t Offié dléstlct%étfcé‘pai?e geé taa?ﬁ% with
illustrati the hezitetam‘o)ml; yhegesle itad]f warlmtml len@ﬂ’ilﬂethﬁ:oﬁleemeﬁdllltijectmh(hmﬁg,ft@d’

manuf act ur i n rti i.n,accordance wth sent nvent i eper ally
denot ed byP lf‘% rﬂ'fﬁ‘ré E’Vﬁt@d 1y /gmperaiyre; t Oé’?fo]véﬁba@ B CAYEBY HPdo é%Prrﬁ(’g the 3 o
02/ 062560 Woih KGR/ 13398t & imjeatea @b tthe hd1dM WWith the SREhbEE RBtectMI tHesbZnigts t O

be heated to an el ev nperature of greater than the nmelting point of
the plasti t‘?m@aﬁﬂﬂfmng?@ PI%SS‘H&T et thhaldaapitlyidsgrdesy Alyqs theggssentiipyeption 1p,

an arti cl eis2gbnk Sn fagibiel pedsifie NAMeL thalThdl mhdy heis &%Es@ﬁﬁeetgqlmeﬁsﬂy' fﬂ]ectlon

particulate 16 for _a sufficiently long ti rre to achi eve the desired
t hi ckness ®pldigg m%qh@eSTﬁ’érSE‘%{’F%l anterestie alh swpefgotsrerpisthe St et thempdiseyich

cool ed, orcfa bouRd ih s Bﬁlsent %ehﬁ&tpﬁlta{r Rk Ghhde bt 'f)lug ;!rﬁurﬁlﬂfj ok feh&ved d: an

be eaS|Iy renmoved from no heati ng and coo ing l1nes are use
carri el 18regyclabie all‘%ﬁllllﬁml 211¢Y§§é¢h‘ aS klﬂféﬁe whish jarychierp icdwaksoandceagyetormachirer ough

the 1ines, gubhehotiulhdly il AL 1 Gl by RO AR, [ bi80ad hothrBPR ©F .

pul I'i ng rmld 12 away from arti remai n°re
hot when cBepadpdn injestigngedding. fot exaniple, @anddallscwto mhie: qhb astire (truphbed bot at e

mat eri al n@%ulhe(:o&%rthanﬁ? Hﬂﬁ&% d?lg]zﬁé i?(ﬁ' a t élczf}r}xéectgthr}g 1d 90r Mt 1?101% Yvh(fé

i ncludi ng sheets or bloc oom errpera or
at an el ev&leadeaemnqnwraltoumld aterpbnahaxig forpless thime ompehihcaftthairprizs. Viihisl fabler seen

furtheg, alone will encourage new products because of the lower necessary up-front costs.

In that regard, the following description of the general article construction is
disclosed, and will be followed by the various process embodiments for manufacturing
articles in accordance with the present invention, and then by specific embodiments for

25  wvarious applications. Of course, the scope of the present invention is not to be limited to the
specific applications promulgated herewith, but rather will be limited by the claims when

they are filed.

II. General Article Construction
30
With reference to FIGS. 1a-1c, there is shown an illustration of a very general
article and the respective process for manufacturing articles in accordance with the present

invention, generally denoted by the numeral 10. Mold 12 is shown as being formed to make
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her ei nbel ow. Preferred plastics include HDPE, LDPE, polyethylene,

pol ypropyl ene, 15 pol yurethane, or other w dely used plastic resins.
Envi r onmewDakloy255¢ i endl y pl astics, such as polylactic acipdTriesyg2/ed2s® be
utilized, or other plastics made fromrenewabl e sources including the

plastic ma [ r nd, 14s ks, . O | ast ] de. from
the henmp %Egtrqét/ a e?‘é’i“ﬁ é@négyédﬁg@h gg’? &;égilsgtoaéen}ﬁ%ge?r f%oq‘n %Alfg‘%ée?dsﬁe}r?ﬁ%ﬁﬁ?en gf but
not | i m t egredter thivetht emeltingyesnt of the tphasticipdriicul dtesel6fhefdowitltio nohtginérrig. Aatseemat er

oi |l or gas; heat di ssipatiyve npterial attached to 2 e nmold.itself or a
backpl ave: Briieh I 4Rt B EmEEO R b BORERTp cPyided MsdTmtichlaBCly
m ght be hfsatedfficientyn langeaimet to ashipveatieairad thixknés mp entialeU rThebftar the heated

contactj ng_t L astic; .the | d, m ght be heated with heater taqrches or

di rect gfI aW@ﬁZCSBIbF PRIPOY c?aﬁ%ﬂo%ﬁfwﬁgé%fwgéls%ﬁlfg?%&%’\/#f}h?? ﬁ‘f‘{aég‘%ﬁgg F&hps or
ot Eer i ghbe edsely g@ihov*.eh&rdﬂi)hd)ldﬂliﬁhlf }iblatéﬁgi‘ﬂicﬁd)h oltl)ihg Enfﬁii zﬁdé amwg calﬁi@f«‘ll&)éa af
other radio quency energy; the m ght be heated wt asma, heat
gener at ed %Hﬁ 1&6&1 %MO&%@P% gpuld prgm oHethihg fipes, Bhishareuly’ qypmatically

t her noel ectdrit@ctdRe/in6REesiifgd®Eoddét, pllBngdbld 12ialveRtbm hidgdBide 20, 9ihichkouipat ed
uniformy over the surface to achieve a uniformcoating of nelted plastic

or it m ghfenBdr skiizelyihgbyvienrompagd fveroddmaldns of the surface so that

mul tipiee materials can be sequentially nelted next to one another or
spaced apart; the nold may be heated to a first tenperature and contacted
with a first materi dFeneiiy, theplastigepprticalaleapateripl gray e pewdsransliets resises o

t enper at ur e : | @l ny
convont 1 ona ol oF ps e AEANERARA @ blockt, el Bie] oI LS 068 b
t echni quesoial an pleyatedt igmperatyed, plependingnepandthe gappbicationpst Wil holsden furthar oven

whi |l e al so i t i t:-h. s Cr.o h i

ener gy 1am R gsoSaetRed kB (Ek° DL, CLpPE Bhut At SIRIHSIGE.

pl asti & papelyeathance onather wilelymagd plestivgedinsd Enyiranmergally fnrehdly pigstjvsj suth as

t enper at ur . ing..it wt heat ed | d. The, plastic .

bar brcal at PRELRLEERM AR bl Galdka M L PuliRh Rl BoM senk PonB sfitsdpetoding |

may find uthelpldsic imnda byHémgil Do fromheat extl ft4 isits,ze dldsdcs mbde fiem pheakdne
articulate, T ubner gi the heated nol.d 5..into the fluidjized bed

Pl 6 cont Bept 82 EPEe HsPS i EaAE SynSBD B AR Bt hagies Hhes

fluidized bEifie amid ﬂse?l?fof tasiddétigthowvhier, AR gag) talhesit dié%i:pﬁtigé ag s Rttddhed to

nitro , heli ur - containing gases, etc., .in_order to_inpart _a

sur f agg(pef P’@é?éightﬁezy?%ae{;%k@@?ioe tﬁ“e‘\“&é" %H‘fg ag fqoiqi%a"tl%qgtolﬁgl%éla'el& meld | f g

di fferent gaghtbeseardd iniad@den BRAYprédetEdAMmed fenfdfabidé prigifth e6iscting WePidabe; the

experienced, i,ch m ght help with adhesigon of later |ayers, or could help
with "seal W&i’w&‘fﬂi’é bg Jicgied syifhchegiss dorches, gn dineef; Hasee applisation; Hispreldrmighbbe hape.

Possi bl e gastaippith Hifilal IIATampbrhthdd GibkidBergy; the mold might be heated with microwave
energy or other radio frequency energy; the mold might be heated with plasma heat generated

25 by aplasma generator; the mold might be heated by thermoelectric devices in or on the mold

itself; the mold might be heated uniformly over the surface to achieve a uniform coating of

melted plastic or it might be selectively heated over portions of the surface so that multiple

materials can be sequentially melted next to one another or spaced apart; the mold may be

heated to a first temperature and contacted with a first material, and then may be heated or

30  cooled to a second temperature to melt a second material; or the mold may be heated by any
conventional means for heating a mold. Furthermore, combinations of these techniques may

prove to be helpful, including heating the mold in an oven while also heating the mold with

microwave or other radio frequency energy.
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the use of a sulfur-containing gas to effect a sulfonation of the plastic

in order to prevent chem cal mgration through the plastic, the use of an
i nert gasweuwele62so ar gon or neon to cause a peening, anne&Cirngovo32ggienchi ng
effect of the plastic without effecting any surface chem stry reactions at

such el evated tenpern n- gont al as, L ;
oxi dation of the surlﬁgt%so Rt ol?gél g%berpcl Stt]ﬁé)aﬂﬁ{hlgtoeg%?\te%a(c)in %i’l ni ng;ail e(%}as

ef fect el emetar inpedting pomduﬂnparatmys bdi@nagmtaomng Irtewﬁhra‘ desedimdlhe Tl&spﬂla&;taﬂt
transfers

article; hydro or . heli.um enc

Ehr ough ¢ ERTEEE Y b S AN s PR alEY vatne BReite0nf O PER T ITHUREY ice.

or var i ousheaeidadi ﬁnl&atebamicﬁzegasd GﬂH@pISQ,ttclp@ﬂﬁ:uIatb IThpE kilibnRerSiag the hvdtad moldI
redetermn sur.face of t rei eover, is_also

Pt o Gnouithtte TP P SERag g M o iy fig aboricplss SBRon t he
bare surf afteidigéd béecdigdbe duidled with HiesCORdraBin 418sithtad ndrdgeflHeliud] Qiifiel
powder ed plastlcflrst to forma first "sticky" surface prior to contactlng

wi th heavi SG5HBE BI5ES Sifarif iOEYF &t Bpafid S(‘)‘Ffﬂ“eerefﬁeﬁt Mce thegdastin melihand Bicks tyer

for subsedueneate®McAdt 1k t¥rRédI Yas WAOSSIRdY aiPnimbe2 3 sBRRNGHeWE BLRStd CS.
Thi s viscous | ayer may be acconplished by contacting the nold wwth a

finely povef@eaencsd. éf%ltl?}bmrghl? Belp with agiesieaion lptes dayersdonsionkielp widh tsealingikes, or
heat edjgandprhdtie@ne it g}"a@ﬂfﬂﬂe@{ﬁéﬂ {pg’f@h% g ecﬁgggibﬁeé\%ﬁ apiitic WoRidin@ude

different type of plastic may be us one 1'ch exhrbits greater
fl ow and adRase eﬁawkfw-wﬁ@m aaSnfatEéﬁeptaa sulfoeatiqurefdhbylastrvelanxdek to pirevsti ¢

material . 3R fol nﬁ?ﬁﬁ(ﬂ'{ ﬂﬂrd% R Heg%fghé) e udelof QF e Ga \éﬂgg ﬁ' §PMS b E Oéagge

adhesion of a firs t’hat 1 s re ati-ve nS|ve, ¢
fol | owed up mnihg,a%nnleelalgt 010 neemtbme d¢ffegeof glie plasigx peuhgutvéfq@tiag tang . suffaces way,

anarticle . recycled plastic,
Whi he. t he SEATEINGANE L3R0E CbuRbd HMlRT) BifidbK BlinhE S 1 RBRE ' O
f eat ur®s qxidan@no@/ %2@%0@@' ﬂu@@:&/ 613219& hatlogmkxonmmn@ kar toceffecheldotriznded

right into in er t.a scrat ches, qr  mnor urfac

bl ot shos sarfettR Ehandel 9n TR Sl & 0 skl SBe PR 05T afom FisgRine

necessi ty udedro renaq:marags theTﬂnel nrmkrs ﬂhmylgh {te) plaxfic ibhe faititlle RayreRtisdy lﬂﬁclserl ected

to inpart ! engt h, H tlon fire.retardation, gﬁydls |on
ti.CHg e

qualities SUChPEE oﬁﬁ%f&“[us 875 %S&C pAs Sowpasiiiops t,pmnart; fap flgfe

mat eri al s pi oach savfeccCerthedrticlol her qualities, such as the inclusion of
crunbedO tire to give a spongy center, or one that can be easily cut, scored
or naif

Moreover, it is also envisioned that an initial layer of viscous plastic may be
imparted on the bare surface of the heated mold 12 by contacting with a finely ground
powdered plastic first to form a first “sticky” surface prior to contacting with heavier plastic
particulates in order to provide an adhesion layer for subsequent contact with other, possibly

25 less expensive plastics. This viscous layer may be accomplished by contacting the mold with
a finely powdered plastic first, or by using heated plastic particulates, or heated and finely
ground plastic material combined. In addition, a different type of plastic may first be used,
one which exhibits greater flow and adhesion with the mold material, followed by the bulk
plastic material.

30

For certain applications, it may be advantageous for the adhesion of a first
plastic, one that is relatively expensive, to be followed up with at least one more layer of
inexpensive plastic. This way, an article can have the desired strength from a bulk or

recycled plastic, while the skin can be made of an expensive material with decorative features
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I nsul ation materials may be included for nodul ar housi ng panel s. Looking
next to FIG 2a, there is shown a nmultilayer structure made in 10

accor dancwowribtesan pref erred enbodi nent of the present invecowiusnzeddzh is
generally denoted by the nuneral 30. First and second plastic skins 32 and

34, respech yely rT(D:FB‘lr £ Aol Mkﬁdég'rfg){% infcfh gde ?mﬁ‘%ﬁeﬂéﬁa@ise%or@ afng CAMEHENt ary

mal e and femal e and oama expan stic 36 may be
pl aced betwmawn surfv@e blemisties wall hmﬂldts&iagteedlabb feoxpthe durdavd, zawmneg the @ecdseityt wo

pl astic SKfoF§%paa}Er8r r?h@%&??l"l%%gézt%{é gg}?e'nap}ﬁtq a?s )B Sgeie%{%g '[Oq é}!ir? Sﬁ'@]? }%?Le for

many 15 app I'ons. are as a consequénce
expansi on mﬁulaiqnaﬁcbabtaedatipm acscriggz di&ﬁ@rsianr qudlﬂub$ sichre nnpasmmﬂm]ﬂst qa‘swtancec oresin

suppliers...An _especi.ally r expanda sti CichS a| I bI e om
Equi st gr Brgers aﬁl OnGr I%:”rq & Snﬁoa?cefuev&cggam e, qolaﬂb sacsué% é?f ‘bsécfn Fany
nunber of ombeds tisheelghe a/vspcmgmmes orosneothhiecan bes esdily amdécmred or nailed.

f t be, | cade he f | I to th
ol aconent DR DYoFUA AR b6 T e oA RaIP PR BrBand prf of 1ot he second

femal e skin nold being put into place over the first skin nold. Generally,

it is nost advantageous, for the ndabl e or foanmabl e | astic to, be
activated by the heit0 gdﬁgc‘}‘?xféo IF% ?ﬁ’e erﬁfstﬁqgw?vﬂomgﬁﬁyég SHHftWe aMads Bhal e

nol ds as thwyrdaice wigl & pleael faﬁubodlﬂle@c CEHRRCS ke ANATdntibR wlch QO gdietally ldBRoted
f oamabl e pI astic and/ar esired reinforcenents in between. Once the

expandabl ePpgumeral é%fﬁé‘%ﬁ@oﬁeﬁﬂ]’é‘ Rizstic gking, 8% and 84 1pspgetively, predpdividaaliy r st

and secondfoRbdlsn s@favatd RSRI co%{plé'n?énfhfrP b RERR e %ld@§ncp hRf 8 %oahivvBEN the
nol ds is encapsul ated and sandwi ched 1nto the article 30 structure. Looking

now to FI Gxpapdablerplpstic 36 maydwplasedbaiweenthe tia skinpand beateskio erpangend pdfiere
denot ed byionipaBEalp1Rfc k@Y 'ﬂaﬂmﬂ% aellléhft\%l tngutVVeEf t?@%h %?leSJﬁQMe eoPRd d and

encapsul ated Wt h| n expand astic rst and seco
pl asti ¥ skinpdicapngndingockgy 3I*Z|wmafcmmsd 5] hewnspcm@ewt ef thedtpmsioe pﬁf:mauéarbémt s

may be encgpsil gk erzﬁﬁBl‘é’eﬁ&n hd}erb@P pmﬁt %E,{)Q‘f@sp%%;sns Ad 3 ewéhy%em%ﬁe ”Ot

limted to, wmre es for strength, I eces ch
are to ext @m&ndﬁbte\/\dﬂsﬁcyls favalableHeong IEiqmsitaoCba)oraltmn af élmmunatu (alyot (As wﬂhbrr

fixtures, r| dtoren er the

Dt ot o nolelsels, BABGS Wty P 50 SPRALTHISE e BOPES ool FiFus andtipi

doors, or feinferceméms dambe ﬂmatleﬂ batb stherrﬁyst Inenlesidnl nédd plieetosthe Plaperasiif thair n-
n be exhi.bite clL.usion.into the

G T ST M AT R R
and fl ame oesitlst fascsk,m ﬁi@Rim Ganetally, it is most advantageous for the expandable or foamable
plastic to be activated by the heat which is imparted by the two heated male and female
molds as they are held together in a spaced apart relation with the foamable plastic and/or any
desired reinforcements in between. Once the expandable plastic is expanded due to the heat
25  imparted from the first and second molds, any insert or reinforcement which was placed
between the molds is encapsulated and sandwiched into the article 30 structure. Looking
now to FIG. 2b, there is shown again a multi-layer structure generally denoted by numeral 30
having a reinforcing wire mesh 38 shown embedded and encapsulated within expanded
plastic 36, and between first and second plastic skins 32 and 34.
30
Numerous other inserts and/or reinforcements may be encapsulated between
the top and bottom skins, including, but not limited to, wire meshes for strength, metal bars
and mounting pieces which are to extend outwardly from the skin to facilitate mounting to

other fixtures, Kevlar material may be sandwiched to render the piece bulletproof, such as for

16



resistant materials, thernoelectric materials, colored pignents, tough
pl astics for inpact 5 resistance and energy dispersion, anti-m crobi al
chem cal sworm2pbasseur f ace, enzymes for different purposespcamsoyonphers.
Virtual ly anything can be encapsul ated in the expandable plastic, and it
will be ke encapsul ated until a total rupture of the multilayer
structure 8 §°°‘€Rﬁbd?ﬂﬁ$’frrf€§ ftprdpntgpaterids pay tgdised Aw shegledp tpreyfent burn-

rei nf or cenrfugiii |0th@*RSEHiA6peRibs laf R R Hiblt iRl iﬁfléethfe %latsﬁ@ sigabed

nol ds which can nelt_or deformcertain types of material. The inserts can

be ent i rel JagusHe Mpsaiali etramisrroyiders gsarhiskars) for beré apb lirme exsismen chempically
portions ofesikiag in?@ﬁﬁlrs, %%@%cﬁ@maﬁ:ﬁ%ﬁé{a&gbﬂéd T}fi@HEBRQQOl@ga@Eétﬁs ?Blt irgﬁa%t Thi s

wi |l enable the plastic article to have nounting bars ncapsul at e y the
plasti &, wietintapssumtd Reersa dispersiono Arti-exarebiali ehymicals paldhe Iserfaget pedymes dobe 15

mount ed ongifit Rt SXGERS & pgERl truck chassis frame by bolting or
ot herw se flasteni ng tﬁemo%unt{gng bars to the chassis. Furthernore, the

insert nmay be a heat resistant or insulative piece which can contact a

metal franme, w thoutydj S|/ | . I rticle.

alleviating a fear xlg@m#%ﬁ&%ﬁhggeﬁs}g%#a&% L&Fi%ﬁ% %?@gp ﬁfticé?léaeﬁ’t gﬁgﬁ%v\n a

met hod of kepk ervgpsaladexinitid a sdtalrmgtdre cditttel odldlaysrisohctas oacyys. CRhelgmly fesigictitied box
into cont aj ni ng

ol asti R poindil WeinsP B BlhedfRbefenl Bl et B 35 isRulinkae KoHEREUR | nto
the box af meldstwiécinoard nielt drndefféren beartain fypskiof nariabr Mhe dmsetto Ra® be tépdirelip! d,
par it our at el Pl 3 onli gl Eafir i pech B3 Peions pEtheoiarhBen Lplb of
f emal e nol chiwardlyTiierh e plastic aktide. EXEE $51 PladRithe plagictdrGdlt & 18Se nduftincsmyed by

dunpi ng or vacuym ng, .an_expandable foamis distributed between the nolds,
and the na?rifa%téﬁediqg’ B’Fa{’&"éag’vﬁ’ ’%hf’i‘r?“’t“ﬂ’@%aé Retigns,ptending owjside theepticle tabgy hel d

at a predgbented 66 doféRkipls @ ddthuck @hdshid trahR&yboRaRdR IR rPis@ flstehing4nsan be
expanded between the two nmolds with their respective skins. The expandabl e

pl astic caMouRgghatito the chassist Fpythqraorey, thegpseriapat e  heajtresistang of isulaiive nol d

pi eces. |fpiblewRBh 85 @nfacBLdfaCfahe, WiRuPRiRehe WMIHeS: th %Vﬂlébﬁc afticR)Gnd NCH
(1") space between them a one inch expansion wll occur. 1f, on the other

hand, t he?llsiatingp &aeef melingmi nt ai ned six inches (6") apart, then the
expansion layer will be six inches thick. As described above, any desired
inserts and/or reinforcenents may be placed between the two nolds, along
wi th tHe expandabl e 45 %8t incFlIGSePorpe thdieis shpwn pinzethed of mepdiriger doublp siibned

02/ 062550 E%gl/e,l{%glﬁ /aQ 3 %%—upat'ﬂg:ktblag bQ}? Blt h%l%%g#é{aﬁlem&éd r?r?a% mol AId]ig placed

expandabl e foanmabl e pl'astic to nake It
into a box 42 containing plastic powder or pellets 44 or the plastic particulates may be blown

into the box after the mold is in the box. A skin 50 forms on top of the mold, as shown in
FIG. 3b. The female mold 46 is shown filled with plastic particulate matter 48, and a second
25  skin 52 is formed on the inside of female mold 46. Thereafter, the excess plastic parﬁculates
are removed by dumping or vacuuming, an expandable foam is distributed between the
molds, and the male mold is placed within the female mold, or vise versa, and held at a
predetermined distance apart so that the expandable plastic 54 can be expanded between the
two molds with their respective skins. The expandable plastic can “foam up” until it fills the
30 cavity created by the two mold pieces. If the molds are secured to one another while leaving
a one inch (1”) space between them, a one inch expansion will occur. If, on the other hand,
the mold pieces are maintained six inches (6”) apart, then the expansion layer will be six
inches thick. As described above, any desired inserts and/or reinforcements may be placed

between the two molds, along with the expandable plastic, before they are placed together
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Once the expandable plastic sets, it will encapsul ate the
insert/reinforcenent within the skins and wll secure the
i nsert/rewofoenesaent from any side-to-side notion, especi CITyusot/oi2be
i nsert/reinforcenent has any surface contour or porosity so that the

expandabl e pl astic w round the insert and hold it in place. The
i nvent ors ‘I’fg\/fg‘ %"Sﬁnf\é\g Hhg Htj’hj‘g?vl?e’ﬁf/“%f‘}ﬁn"é‘pi“éda e fomshle plasc foomale it 6XPRIdd t he
two nol ds bagehd expanweﬂplamrsatsbiywﬁpa@@;ssalateacn@m%é}@remabaﬁa{t Wi the biigdn t he
mold is suff|C| ent to kick off the expandable foam plastic such that it

will expan%f1 GE ts?f‘é“"e\y@nfnsﬁff/ret%fi"i‘f@mﬁlﬁlfém{‘ S8R ridfleggpideomotionyi cerecipy tif Jkk bed

box, it I Sinsdfre@fivicomonats biaburtd® cWMibire pBREALSS tadihe RepAIIRALdRdid Rip the
truck bed box itsel f, with the electrical connectors ex{)en di ng outwardly

from tHe bE¥oupdieyingest prd bald digiaplacet oTheHBvenisre bavei fownd @é’h&féﬁlﬁ alase o ng
out of t hes&ﬁagmqsmerﬂ@hnaqr;éwomadwg'emgr GORRGAE %% 3!: gée;huanﬁetq t he

mal e nol d before the femal e nold I"ai d "over topo ) ore
expandabl efrpmdhe meld;is suffipieride &igk tof,f threempandeblegoany plastict S@deﬂpaln wilherpand.
encapsul ate the. wiring 15 conponents right into the truck bed box itself,
while allowi ng the connectors to hang | oose, ready to be assenbled into
the truck. In the allnehegventegf asimg)ﬂxihjitetchmdegydfdnea pitkepdeacki bedoboheit is

plastig tr Wof h . e. er

i ms. 5 RSV, Bl Wt ol A, Lddfed B bRl BEG P ssly SR
pai nting oéle‘tthealtcrcmuwdzreobxtm;slmgsoumafrdbcﬁemaﬂly bo® heady atpplbe «phltg'gmmtcﬁ ahe t he
present tegh be dISC d nd, t

confi gur at ?‘oﬁgaaﬁgx?‘h“*& erty e %‘f‘ 2?% lfac 8¥Vth§at8’|‘fk F%ﬁ?ﬁp g nﬂ%s i be

di scussed. laidThetoi the endlersold|before mre it ist gl B'iiklrdop togdt, fangd asefdie thade of
an electricall This electri y conﬁuctl ve nold can

%}b C nqucti v%. é al |

be char ged“tP8PSaPle, Bl {5 aubjseied ifp &eatpﬁ?‘{s}ngllééo SRR aPﬂ plRdhe fFirng e,

and forsm acddipdiieﬁtk righeidtoDBe trutlobddenoxaiBY eehiRfAI6WingaRd l:cﬁﬁect&@ td Ring 1bSsed! SO
suitable for wth Iectrostatlc g}gwder coat paints, Forrﬂ%éggkple a nol d

can be el @E‘W 13p3P iglodhemerks b thy alerpptive, acqndyiperukhbes intoghe

pai nt resi platic'tiick bbR &NalldWe ok @i Hd b6 YEEHleWihidugh. U?h@gut&’fs%nﬁ WE tH%QmGE Bkqto
heat the nFI d and then contacting with plastic particul ates which wl|

adhere to PPephibatmolded do peepstiog Wit cRise$8 . thayppaintingopf s, tf'éqlfeb%\hpiy is
fornmed art igleBesdry! OtRRRppIRAtioRfforl € pf@@én@ te%ﬁJ’o%?r Wil u SR ﬁampaz{n'atthé ob

thereon. 30 It is also enV|S|oned by t resent inventors that varyi ng
mat eri ¥l s #RRfoRsiBte Gpalguration g llﬂsﬁé/f@lﬁﬁofféé’énf(fpr each epphsetiaarwilldedliscassedhown i n
FIG 4, with the article being generally denoted by the' nuneral 60, with
top and bottom skins 62 and 64 respectively, and having various materials
66 and 68, respecti vidleynvenkirsalpeenyisiamtbititehadldbtselfi eat hbemyadeanfiaowkectribslly

conductive material. This electrically conductive mold can be charged to attract fine plastic
particles, melt them on the surface, and form a thin-skinned part to be removed after cooling.
25  This is also suitable for use with electrostatic powder coat paints. For example, a mold can
be electrically charged and sprayed with a releasable powder coat paint resin first, thén
heated and cured while using the curing heat to heat the mold and then contacting with plastic
particulates which will adhere to the paint, to a desired thickness. Upon cooling, the newly
formed article will “pop” out of the mold with a freshly cured paint job thereon.
30
It is also envisioned by the present inventors that varying materials can be
used across the surface of a formed article, as shown in FIG. 4, with the article being
generally denoted by the numeral 60, with top and bottom skins 62 and 64 respectively, and

having various materials 66 and 68, respectively. This is accomplished by heating various
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WO 02/ 062550 PCT/ US02/ 03298 portions of the nold and contacting with

different materials. Preferably, heater |ines can be incorporated into the
nol d i n swparasxsseecti ons. For instance, the nold coul d fiPc3tuShrozemted in
the regions of area 68, and then contacted with a first material. Then, the

nmol d woul d be cqo] ed {n t hose areas, {sfuch that it_would not nmelt plastic,

. d ;
al t hough tPREUPTS AL thmpldand cputactme yithedifferent agferialy. nPrgtsrablyy hepiesdingR 6AIRE so

that a secpBetpbmiedrihta!theMaylddn Bepafid §eRfoRY FoNFbtahdeS e Ukdl@66uld fikst k&Rt W t h
the material _region 66 as shown in FIG 4., which could remain cool during

the first®Hhoregimsofiareass, wmdihenroniactsd with afisst maferials Then, therraeld gyouldhke t hen

contact ed ¥doldd ia tHddk hidas, SRINEHAL 3 would ﬁtﬁ'indfﬁﬁdlﬁc,aa[tﬁo%ﬂ\{ﬁesﬂeﬁﬁﬁﬁerf& EheQROLY,
heating certain _portions of the nold, whil'e controlling which portions

will have BPORTkENe2 pruidby kested gp drebesacend matstalveguidpsmelisdiaiggng ts surfae.
addi tion, pPAEKist BenTH hheARTESbPE6 ds3U&n AFTGLE ERNER SRS renta cogp&lmngt In,
or sandwi ch concept described hereinabove, may cone into play in order to
form a foafist v prog¢dutasy betdvenld be heatedf yoitself later o1 pidethem tentackdd with a third

Ther ef or e, V ahi terial. fd i , rS. 5 .
inserts/r efn%{‘égﬁlé ?ﬁglgft.lgleg%vﬁ%s :elg‘lﬁségr%ﬂaf?r%ﬁgﬁg% ‘ﬁ@gsc,e h%%{ Z)Oglé)g% ?lf Bléd’? OIq’hvglrncl'-:e are
many nore candioilingurlach poronshwitithave Hiffetrat plastica piiereind tlase wericlis pot®ss.shire  of

t he no pef ik ne i..caf i her el nbel ow., }11.. .Vari.ous Process

embod Sbnt St Ry FPAMGRMET TG b, bt ool D AT PR e
porti on of desnrilzedthecdignboee enayi coneciotor aynineorddrith fériea Poadted vk réifevl iafiitle We
w il turn ﬁﬁ tahn(?ul}’ial%i oalgs,r.airgl;ihods of contacting the powder to the nold, so
that the no can st e p?'astic and formit to its ultinmate shape. 25
Because one of the nost pressing applications is for autonotive vehicle
conmponents, the basig ti.p nol di ng process enbodi nen; of the present
invention will be ci'iq? ‘[é)rg’ed %SW HPSy es‘B‘&&‘Ea?t o CRMH3FONRy | RETDI cRMp
truck fed hedts/ émfGtandhtd Bn'itibhedd amohf &dtierd, Sard k@bt TRste NBE NRshy! Rlore
manuf acturlb%g_ the truck box in accordance with the present invention by

usi ng an ufPeieuaiiany HRksh VithbeqpaserRpriept ab it digcusy some Hfuthermest 7BTHTEREr e

are 30 twoappbicalfons AMmbelb@®P and bottom 72 and 74, which represent the nale
and femal e nolds being covered with nelted plastic. The nold is heated by
any of the acceptable nethods described above, which may include placing

in an oven, heating with torgheg. igks Paocdst Ehibbdifentsi N€S Within the nold to
contain hot water, oil or gas. In the case of the male nold, the heated 19

20
Now that we have discussed the actual structure of a portion of an article made
in accordance with the present invention, we will turn to the various methods of contacting
the powder to the mold, so that the mold can melt the plastic and form it to its ultimate shape.
25 Because one of the most pressing applications is for automotive vehicle

components, the basic tip molding process embodiment of the present invention will be
discussed now with respect to a polyethylene pick-up truck bed box. As shown in FIG. 5,
there is a production method for manufacturing the truck box in accordance with the present
invention by using an upper and lower line generally denoted by the numeral 70. There are
30  two molds shown, top and bottom 72 and 74, which represent the male and female molds
being covered with melted plastic. The mold is heated by any of the acceptable methods
described above, which may include placing in an oven, heating with torches, or by utilizing

lines within the mold to contain hot water, oil or gas. In the case of the male mold, the heated

19



WO 02/ 062550 PCT/ US02/ 03298 nold is placed within a box 76 capabl e of

hol ding the nold and contai ni ng enough plastic particulate to cover the
mal e nol dwolor/062360 pr ef erred enbodi ment, while this is goi mgTarsp2/0ies fenal e
nold 74 is heated and then filled with the desired plastic particulate 78,

and both are allowed to remain in contact with the heated nolds for
appr oxi mat Bl 8 placed, withiprna bew 7R eapable of olding the mold gl spatainingenough plektibed

box skin ofar@b@dit t& &Uv@?th@‘nla'lé H@fde TR t&%ﬁrréﬂ&ﬁﬁdlﬂaﬁ r\;vhlfenﬁls 15{(7?(1 %{50@ the

either ti pped upsi de down to dust of excess plastic ate or the

excess is &H]ﬁléﬁ 4dgheased %I‘Héh@cﬁ(ﬂeﬁyﬂlﬂlathﬁ depirtad B]@Stlﬁ@rth_ll&ﬁé@lm, and botB2rand a
steel wire;Ral b ?énpafu?fncc%ﬁﬁgtt wﬁﬁ:{h@ %Baté‘&lmbﬁaﬁ kcg Egglggﬁ&télf %% Qrgmﬂﬂces H’ne

mal e nold as seen in IS Wwre nes S st
resi st énceathﬁVF h@ommknbedclﬁwd bok skin pfshouhithragrmaitlimeters éinmmithwkr &hmeshe 84

may be espegk gl ;%{thgétggrﬁéh ugﬁ&ddo L@?%ug%ﬂpthgg}?cgsgf ;ﬁastnng)rlrtl%lqia {e o1 t e eg(cgs];trirsgr ht he

excess plastic nove hus, a se

r ei nf or cenasusm@low i thedoz hyg apswmdtoses 80bet ween t he doubl e sklns Af t er
expandabl e pl astic has been placed on the male nold, the 15 two pieces are
then slid into and over one another and the expandable plastic is heated by
the residual heat ilatl hailsB82t andal gs:1 aﬁld rhdsk ranfoecedrbl @rqhaRitis Iald bhiowse' and

expand to, fill.the n pre-set t he di stance that the
nal e aﬁl)d feﬁeﬁf e e “hi%gr?%eéhmm gﬁlﬁt‘gf@rﬁeﬁh ? ddsrSirenefhsando grragt  and
t he part | esiglap@ech chet trudknbéd’lbsx &0 diafiefaéurean dAasecorih OYe meshF8Gmaf, bd t 1S

atftached to the bottom of the 20

d that_ h ta
ol w1 SR ERB VRS BY PRHS  GbS BT Gt SR PR Ge hBPete
desired thiegloR@ESTh@S a s@te@'boﬁfpt&r%ﬁﬁdy Wﬁ§ nﬁ:@l‘i’%fofbeﬁ%l@s 88 1ca1|1 g@-gncfa?éulla?tecﬁz or

any ot her desirable nmounting | owered into om of the

fermal e nol Betyaen ¢ ﬁ%“%?klP%eﬁgeW’ﬂPPn%@eéﬂfééF hasbrgn tlased P%lffhesmeQHe&Q ékdi ng
fromtfie beidMeveohre!thén JlidUsk aREEvdI @Ke ardthel BT thoBHRhiAME dfm[agtﬂg iPReateddS tfley

achi eved on the truck chassis. 25 It is also enV|§|one t there coul d be
vacuum | i ni&idual heatiinnhe dst moldsand dhe expardablet pipstiariglasst wodnespandhio fill the

nol d- cont a!.:aﬂziit? gvhlﬂ,@(hag’ 'BeéxlnﬁrQ-s@f b?@lﬁ% &19a1§:% R ﬂféqﬁialg felnlafe IL&HP}IL,] ave bF@]l }ﬁsld and

t hose vacuum i nes coul d al 50 means |ver| ng t

parti cul at &arty gTheag ﬂletmeldtlepoqi¢d tahé thmvadt lsmeloddecvut mdh ehl@lembedrmbm, anchas
plastic p f [ resident. tine,
Pnd then vasum i BIG 7 5 itmRga bl Bldne ekl BihABR AR A BB e
pl ast i pampldcwillaaié imtheaeinayad of ewl 1¢0$rep1@8,ﬁclpamculateaafﬁtr twtdesifedt thiekmab dss  For

\e/)a(l ggﬁ'mebo‘r’%ﬁe%p%g%il&éa? Ré slgo%l ig Fl?é gﬁgzgd fafls Qi,oovrvaingr’] 0 dgsng‘gl% Ingohnt?rpgdmgyn%r]
may be lowered into the bottom of the female mold 74. That way there will be steel
mounting rails 82 extending from the bottom of the truck bed box, so that mounting will be
easily achieved on the truck chassis.

25
It is also envisioned that there could be vacuum lines 92 and hoses attached to
the top and bottom of the mold-containing box or into a cap to be placed over the female
mold, and those vacuum lines 92 could also be a means for delivering the plastic particulate
78 onto the top of the mold. Whether male or female, the plastic particulate is allowed to sit
30  for an appropriate resident time, and then vacuumed out from vacuum portals 90 located in
the bottom. The plastic particulate materials could be cycled in and out of the molds. For
example, vacuum line 92 could be used to blow in the plastic, and then vacuum portal 90
could be used to vacuum out the particulate after it has contacted the heated mold for a

sufficient length of time. Or, the same lines could be used to blow in and vacuum the plastic.
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could be used to vacuumout the particulate after it has contacted the
heated nold for a sufficient length of tine. O, the sane lines could be
used to bWwowzioeesand vacuum the plastic. 20 WO 02/ 062550 PCT/US8D@3208298
Further, the vacuumlines could be valved to different bags filled with

different - i e a | ti-tayer article . The particul.ate
woul d t henﬁgr}éh%[’ ﬁ%! ﬁ%ﬁb.&%‘ﬁgg‘ﬁ?"y&%%t“ Y%jeto rgolf?%?nt bﬁsl %sll?e\/c\lo%]lthddlng{%BW?tﬁ%alﬁgoat ed
nmol ds t o raimeve aghdtillopeansticlet HBreghyticalateewowdd itheg Hehke meeidg fpa, ndt itephold. over
the nold, an requi re the sane amount .of ti for filli an
erpty1ng’ PRV HUO B baRud o B8 W rhm Pleont  PRetsd ictabng I o dormuch
si rrFI gr due*p%i?g oee theeoinbidt yndlmfvo#l@irecdnirfl@elﬁanﬁlmmomhta&ttirﬁe fwlfi]lcll%ﬁglhlndteﬁ@tying

i ncl uding di e terials.for. nultiple rs, .or, i fferent regions
i i (0 e esPa ops, il Hetiesh Bescrodd B¢ Rribtimels fisih Shrgtiigpt
embodi ment pioking upr sty PlAstld Partidfates; Eidc1BIing MHEffRER SAMEHALS SN uBB1 BFers! bPPi NG"
the | oaded npld(s).in order to enpty out the excess plastic particulate
after the %‘gflﬁ)% PlopyWith Yarvingmaedtals ng has taken place. A cradle 102 is
incorporated into the apparatus and is shown for tipping the nold 104 about
a pivot 106, effecting the tip nolding nmethod of FIG 5. 15 FIG 10
illustrates the preflérkag nawgediGehtthereis shawn apgiber esbedimgmt efvetrenior k0O bed

mol d 74, WNeh ayvFhéE i ; Si t shdl G
12 shows a trgck _Eé‘gcisé,‘%%g?%%%?&dgg’?g% {l%glofg ‘?)erd ﬁgll?ﬁgﬁ? 5%1? % gl‘lﬁ g u%%"thé;n a
rotating seXaw plastic patisulpisiagier thepppropaigte tighe for meliimgihas takencblacec dy @adled0yn.

The mold ig; i I ' j : t | er.s (net
shown) andﬁtlhe (255{? a\%%tgt}%ea%%&ggg*ldegas? %‘&h ?‘gﬁg)gééq%% gﬂm;/{g? 1!letr lﬁ%tsﬂ) 14. 20
The nol d i efegtingthiéip meldiag methedioiflGtSand 112 so that the excess plastic
particul ate can be "tipped" out. Rotation about a pivot 116 is utilized to
"tip" out the excess. Cavity 120 is shown above the core 122. FIG 13
shows the test devi ddGofl0 HivGtratgQ thei firéfetrdtcernbodihynt foidthe hewavastider dfi the guck25 114

i n conjuncyi i+,h_t he rlines and the at er. 18, .| detail.
Ther rmcoupf’éed(s)rgd\?‘f% ’ ‘gblée gﬁ%\t}g .SLOWISI @“’ P E lgeo?é]ﬁeg{wca\{tsqeé ﬁ’%;gg%ﬁg\lsli‘?“bae

appl i ed t otredkited test kel idesigny1 10l fat makiog e pidguestant 4 foriBg stabd 1 2aSTHeRgolapdul ar
housi ng unjts ext.to e, 122 is shown with anﬁ nsert

. Logkin to FIG. 14 a caf. s
bl ock 124 AREP2IEE leﬁe Vﬁ?’ 8?‘?16‘:%’[8618%‘912%11%??8]%6}5 bepdsr with elpefpical geftridgps 14§ gnes™
126 are | obptadrolitrst(het shbwnemd thestplidae id @atbdogRlcaltehyt MBldOrAaligst114n t he
resul t%)ng ,_?,éti cglei t{;ereb%/) requjri n% %S m)ﬁt reinforcepent, FIG 15 shows
a scredn di¥ 19y Isgiaphed Prferolalipgsiand Jd2 sqiihatdhe-prsess) plagiicoppsticulate can be
“tipped” out. Rotation about a pivot 116 is utilized to “tip” out the excess. Cavity 120 is

shown above the core 122.

FIG. 13 shows the test device of FIG. 12 with the cavity and the waterlines
25 114 in conjunction with the waterlines and the heaters 118, in more detail. Thermocouples
119 are shown. This mold configuration may generally be applied to other relatively flat

double-skinned items, such as the modular housing units.

Looking next to FIG. 14, a core 122 is shown with an insert block 124 and

30  reinforcing cones 126 where they are located. The “cones” 126 are located at the places
where the load might be the greatest in the resulting article, thereby requiring the most
reinforcement. FIG. 15 shows a screen die 130, within the cavity 120, while FIG. 16 shows

the same screen die 130, .but from the core 122 side. FIG. 17 shows yet another embodiment

with a redesigned core insert to incorporate a larger cone design 132 for additional strength.

21



the sane screen die 130, but fromthe core 122 side. FIG 17 shows yet
anot her enbodinent wth a redesigned core insert to incorporate a |arger
cone desiwn 028@sfor additional strength. 21 WO 02/ 062550 PPTUSUS0293298
FIG 18 shows nold plugs 140 which will be nmounted to create the
indentations for receiving a cone reinforcenent once the male and the

femal e nol HE- 4F gheveyeedaiuasiléq which will Be meuptedivertate theindentpiéong farpesesieg ween.
5 Al thougha t e pfeﬁ&&ﬂc@m&ﬁr bih@UHRT GralBRYind &hd OMRGTe: Rl @f‘es togb@S RwithS hﬁ'eet S

bl ocks, or _any other commercially available formof plastic, it my be any
sui tabl e piinfeicemenis eing hddritersbetwispposi ti on, so long as it nelts at a
reasonabl e tenperature. The plastic may contact the heated nmold by any
nunber of methods, including, but not limted to, spraying, either

manual 15, roboti cal | Adthopght thm’lﬁghc ppHenfatb sy beqtgwﬁrrngelbtsa@smcslmvterblom mol d
and 10 con Chull] qg‘% :l! t ed

nmol d i nsi dela%@na'? e%@gﬁ%P 9 lﬁ'{}Bﬁ@}e nol )ﬂl?ﬁtlél f en%g-:y %ﬂl{aﬁe&l&? 0?63%%% ed
directl y i elteanicel fcornpbsitioms|sd. loffhes [l mslts at a:aqfasmablednempcmtutﬁ, élthevplasltlcanahaker
arm or h | o i n/ya

descri bed e@?ﬁc?g{é%egégg%ﬁ X%fa ) %l‘%/l%él?\e ag‘élé*ﬁ@d? rllnc\( i %55%093%@3?0 Sﬁr&§7ln§1 so be
bl own i nt oeithec (munaallge rrobétichlly e t]neagledpmﬁlbers[mhﬁipingslﬂm;: aver ltt&ymbh“l bﬂld)wn

into the caV|t directl as create her ent,
the excess® tal Lipg gjer?gyr'g%n%gc?ﬁ’ff%tdn a 6o 318%/ Wlﬂ’etﬁgg???eélrm‘flﬁens I( f‘o?as'f H
excess nmya hml 'hol@) eelit newtbe dympat @tspraged dicilpineb 4 omdleGiold.NEhe Iﬂars@lewn l&i astic
fromthe heated I anot her i ment for pyocess my use

f1uidi zod BeGoHEd c%‘ﬂ’t %éﬁtkﬁ afé‘bf”h@&rgb 4%6? Pagpally- @hé‘fﬁ OWRAPYRGLEEE out”

Al t hough mastho@asideycrided @ndiki fBf Beirhost BévaRta@sduk Gn ivhidthe tphRLE Kk Mo powder ,
the preseni, inventors also envision that the fluidized bed could use

pel l ets af E’IQWndntPlar%‘imql%ﬁ?eW“hotﬂw gRieremaledmold | inside, SR8y tRdIoyE! @to e fepvityi zed

bed conf i guircbiy O crbmd BY £ BmbiEmbl¥e IHAKYBVERNGE Rkl SaURSEH RPANEuha
introducing the plastic, as well as for flow ng and renoving the plastic.

25 Still y8f Oémﬁt‘%%ror thererid.ras the exerss EWRPactnmeg” eutdy ptati;the mgldtthéror?ém ed
mold may  bRetydRtt BeniRe nofePmblgat ed, electrically charged nmold com ng
into contact with an electrically charged pl astic which is sprayed toward
or onto the surface, and held on the surface of the nold. This

el ectrostatic netho ctly
pai nted 30 surface %%gx?thge‘r%goﬂlr{eg{ #Og‘a?e rrog%/égs(rj}n? guge % ﬁr&ng?,g datgl ngtg tt;rue
mol d p#lecebeatasimeld wig plastic particulate. Although most easily accomplished if the plast1c is in

the form of powder, the present inventors also envision that the fluidized bed could use

pellets after a first layer of powder is melted onto the mold. A fluidized bed configuration
may also use the vacuum concept discussed above for introducing the plastic, as well as for
flowing and removing the plastic.
25
Still yet another embodiment for contacting the plastic to the heated mold may
include the use of a heated, electrically charged mold coming into contact with an electrically
charged plastic which is sprayed toward or onto the surface, and held on the surface of the
mold. This electrostatic method may require further layering to achieve a perfectly painted
30  surface once the article is removed from the mold. Since the mold pieces can be “clam-
shelled” together after the skin has been formed, this electrostatic method may be able to
make very thin skins for the production of thinner, more delicate, articles. For adhesion, the
electrostatic method may require the use of an epoxy resin, as is usually used with powder

coat paints, known well in the art. However, it is believed that combining the traditional
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shel | ed" together after the skin has been fornmed, this electrostatic nethod
may be able to make very thin skins for the production of thinner, nore
del i cat e,wearoioedses. For adhesion, the electrostatic nmethedTnsy2/6ReRire the
use of an epoxy resin, as is usually used with powder coat paints, knomn

well in the art. However, it S bel.l t hat nblnln the t i tiaonal
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inclusive list, the followi ng additions are specifically envisioned for

various appli cati ONSNow 'R irnS&UreRRRtion 't dRIdRABRAI NRIRASs, ﬁfsérﬂeﬁncpﬁr Gthef
coated, such as with %ovvder coating, as well as screens, grids and neshes
W

t hat n%%/ bEsiRfRIcaRents Which Ay uspfehingtprathoping theoplptieerms. Vekdisionsl m8erigear | ng
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whi sker - fi gl scﬁ‘@erng,' éiﬂis 3h& ﬁlesﬁég,r@fﬁht tar®br &'afgﬁ,l B Rs Wik goxxfé)er coating, as well

as screens, grids and meshes that may be welded or secured with adhesives to prevenf lateral
25 shearing motion; thermoelectric devices for heating and/or cooling; slag, lava, and other
construction materials to act as heat resistant fillers, fiberglass whether in the form of mesh,
woven or non-woven for strength; whisker-filled particulates; conduits or pipelines used for
cooling the center of the mold, i.e. pins placed in the mold; electrical wires or conduits placed
in the center to house electrical wires; foamed or solid ceramics for adding tensile strength
30 without weight; a pre-formed foam core with a higher melting temperature; metallic
structures, such as metal mesh reinforcing cones or other high-rising embeddable structures
to add strength; low density stones or other naturally occurring low density materials; wood
in any shape to be used for reinforcements or to add strength without adding much weight;

metal mounting or securing reinforcements, including metal bars and mounting plates for
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In addition to the other disclosed insert or reinforcement materials, a

25  zigzagged metal wire reinforcement may be embedded into the skins of polyolefin material
for energy absorbing applications such as knee restraints, dashboards and the like. FIG. 20
illustrates how the wire is anchored in place within the polyolefin skin. Especially useful will

be a hard side to support the load while the other side may be soft to permit controlled
distortion on impact. It is especially useful if low density plastic foam is used between the

30  two skins. FIG. 20 generally denotes the energy absorbing article as 220, and includes a
zigzagged wire reinforcement 222 embedded between inner and outer skins 224 and 226
respectively. Low density foamed plastic 230 is shown in the center, surrounding the wire
reinforcement 222. As can be seen from the drawing, an impacting force 240 would have its

energy absorbed by crushing the wire reinforcement 222, which will collapse upon impact,
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reinforcements listed above provide additional modulus strength to the plastic composite

article. In that regard, if the modulus strength of metal is necessary, then it is useful to utilize
25  a metal reinforcement. On the other hand, if an impact resistant part is required, then the
reinforcement could be a memory plastic foam that will “bounce back” after the impact. If
the desired article needs to bend around a corner, then the skin material and the reinforcement

would be selected accordingly.

30 When making a multi-layer article in accordance with the present invention,
the male and female skinned molds or “clamshells” may be allowed to lay on top of one
another, or the two “clamshells” may be clamped together if gravity alone is insufficient to
handle the job. In that case, the clamping may be accomplished via hydraulics, pneumatics,

hydropneumatics, or electrically. If an expandable foam center is to be used, the molds may
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just turned off duri t he cooling phase). 15 Therefore, the process and
articles made in accﬂ%(ﬂ?f&’et% Prﬁc‘isgémﬂraé%%l magle, jib REFAEIRNRG FEthh g present
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20 IV. Specific Applications

Specific applications for the above invention may include, but are certainly not

limited to: automotive and industrial vehicle components such as pick-up truck bed boxes,

SUV roofs, underbody constructions, and wheel wells; modular housing panels; airplane

25 components; consumer and industrial furniture; doors; windows; material handling pallets
and other articles; consumer goods; industrial articles; marine applications and boat hulls;
molds and components, including seawalls, boat hulls and the like; medical apparatuses and

other applications; scaffolding and other building construction articles; sea containers;
railroad containers; composite wheels for trains and vehicles; children’s toys; military

30  applications such as floating bridges and personnel transport vehicle components; playground
equipment; aerospace applications; roofing components; rot-free lumber and decking without
arsenic; farming and agricultural applications; industrial machinery pads; dunnage; and food

shipping containers including food containers of all sizes and shapes, just to name some of
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robots once the skins of plastlc have been melted onto the male and female molds and the

excess plastic particulate has been removed. Then the two heated and skinned molds can be
brought together, one resting on the other, and the residual heat from the molds will make the
25  expandable foam plastic expand until it reaches the two outer skins, thereby embedding and
encapsulating the two wire mesh reinforcements and the cone reinforcements forever in place

within the truck bed box.

B. Industrial Tabletops
30
An industrial tabletop is disclosed which utilizes two Apolyethylene skins with
an expandable plastic, reinforced with a metal mesh screen, or not, to form a table top which
is commonly used as a banquet table for catering in hotels, restaurants and the like. Such an

industrial tabletop made in accordance with the methods, processes and apparatuses of the
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the | ayer sShefls HaF iy %“H‘?)CB‘F of theyjayessplp gerder thadoets bpleipient ard toprgveakar
from ki cki mighcREVIbh RREHG Aown PhERor. "BRE rﬁ@éhqgiﬁfo?@eﬁﬁmssmﬂﬁ% BBz ol ﬂr&\ﬂﬁie to

provi de the necessary strength, while allowing the entire configuration to be lightweight enough for
use on an airplane. Similar to the pick up truck box configuration, there are two skins with an

expandable foam plastic center having at least a Kevlar sheet embedded into the foam plastic

center to render it bulletproof. Steel reinforcing inserts may be utilized around the door latch

and hinges to add strength against someone trying to get into the cockpit of the plane. The

25  Kevlar sheet may be coated with a fine layer of plastic or resin prior to its insertion in order

to prevent it from shearing out of the plastic foamed center during impact. Furthermore, the

Kevlar material can be permanently attached to a steel mesh cage which can be incorporated

into the center of the cockpit door composition, to prevent it from coming loose during

impact, such as when it is fired on by a bullet. Other inserts and reinforcements may be

30  necessary in order to form an entirely useful airplane cockpit door.
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20 the necessary strength, while allowing the entire configuration to be
| i ght wei ght enough for wuse on an airplane. Simlar to the pick up truck
box confiworanwexss there are two skins with an expandabl @Crasny/pd208t i c
center having at |east a Kevlar sheet enbedded into the foam plastic

center to render it bull eel e| nforcing inserts may be utilized
around the door |atch ﬁ’dpwf’ﬁi‘gé’éﬁf’ﬂm% angls AMLECHMBORENRSt soneone trying to

get into the cockpit of the plane. The 25 Kevlar sheet may be coated with a
fine layer of plastic or resin prior to its insertion in order to prevent
it from shearing outMpful %thOLB}n&sP?IEfle sheasiyehe apanyipcivigd jusipacthe present

Fur t her nor gwedilea 111681‘{)5@&'%1n§94 bRt A0 REAARITRANGHL! sALGACAEE LR & Shee!
nmesh cage which can incorporated into the center of the cockpit door

conposi®ti o?fipa{l@b}ﬁ@%sélﬁtpomonfoif Bmparsis. rikhel capndable plaglie cenigppertion eandte raigedhen
it is fireguf @a\p&ﬁs@ f@ﬁll bé&lds, hglg'v@rs Heﬂe%%rf Elst?cn or 4! o@l%e? e i nﬁ?ena 0

necessary in order to forman ent alr ane CcocC plt OOI’ 8 WO
02/ 062550 hawaSHtKeadde hep, frqmtlmleapansiom gf thg fmw@lewl@snd c@ierpwhidaetinibgiul ar

| moor por Bt Ty A BB n AR B BE APblCol Afeh R0k AINEIRLRY (o

5 expandabprepptiesef the fibiet mamndfyldlcﬂl e hpmn dha$ is rE$istaxp amnta:bﬂempcrhmms iontstdent er

portiop, ca mbe her stic,
or anyﬂ)ot hfgrlpgﬁ léﬁ% mla{n%ﬁ %EGS & erl%ﬁs &t ﬁ Panegs coulcfﬁs?aﬁ%d?%ép%gaat from
t he expansstamiaof thrdedo ffmanndb(trempdz bt neadycte Naes ﬂoomhmﬂ eoaf 8éctiions #tgichddt thereto.

i nsul ati ng-pr.opert the panels.a i pped or. ca eth t he
i nsul at i ngrn(l)eﬁ(r3 dpe ralsloes S%alpe(? ﬁgnq‘ecqo i&t é?ffe C@Fﬁqﬁs an %‘#‘é l%? &ﬁttgig?ane s

resi stant togetheminer ddsiaie b@iﬂgﬁﬁﬁiomt'ﬂiquneliﬁhabfthaiféa emgle%bpdsmle&ﬁb'al watandard
si zes and Shﬁgﬁ? OL t he papels could be no)ded to crea@i standard three
to four met® YL eE: (Balisy (BRI @A 6 “HnHmP’cS‘Sf varielly opnd 9pg Jenupe

therets. fdeoataby o #reql the HbapQEy clRAREAWIFS tR&Eihtough APRLHONIECERASHE N
order to fit th$§ anel s together into desirable configurations. The panels

may have amSPHEY & Bchgd o thecyertical confuite While tsetypply andegrend, wises qomisl baray

have a conghaded hﬁi%ﬁﬁll?/ﬁfetd ¥tddbotitd 0P8R HHeRbEG” Iehe MR it %9[35%6[11&&09 of hread
the necessary electrical wires therethrough., Electric |ights could be

mount ed or 2 804k Pletleqtticityn el heetepels sam bomalded intquinigrliketstréps<d pysily Thaxl car band
W' res coul ghafieio stnI ; ﬁ)%glﬁgr DathenQahREd % thon Qﬁ‘“lﬁé’cﬁﬁ’t fl(!)t&f_) S@Fle%;ﬂl Byﬁ%tqﬁ:ﬁllhe

"house", whet her e to a generator or source o ctricity
panel s20 anfos apneusiigert Qiltqf’é‘gﬂ}ti’ Reld seumnties. ér§teaé pf settifigaw terds tHese pameld eatt o
snap toget heg thA8RerC HL Khthotedr Q%
nost usef ul nagﬁ%r war trl me r eﬁlggees ellélet1 r%fl%g@% oh%do‘r@{e%g%ﬁhtyraﬁ%%ws+ Fead
of setti ngthap ceerhesge instaas elepliisy dorcwarmth and food preparation. Recreational use for

“camping” can also be envisioned.

25 E. Material Handling Pallets

Pallets used in industrial material handling are made with a double skin
configuration, with an expandable reinforced core, preferably including metal cone structures

to make a very durable, lightweight, and inexpensive pallet that can be made with recycled

30 materials.

The other applications are too numerous to mention in detail here, although it
must be stated that various combinations and permutations of the present invention may be

utilized for all the applications mentioned, as well as for ones which were not mentioned.
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be snapped together. The wiring for electricity can be enbedded right into
the panels, so that they can have instant electricity for warnth and food
pr epar at iwn.02Rexsseat i onal use for “canping" can al so, bePemiise2/aresl. 25 E.
Material Handling Pallets Pallets used in industrial material handling are
made with doubl e. skin configuration, wth an expandabl e reinforced core,
pr ef er abl y’?’i“hl?:fﬁfm wgeRop g4ay g OWF%E‘P‘BP\%“’ mf"ﬂ)“r}ﬁcé‘llféo SQBERy aﬂﬁ‘;‘?l%?b’rté‘fo“?d

| i ght wei ghbe ingJaesible expe fisnval jad.l et that can be made with recycled 30
materials. The other applications are too nunerous to nmention in detail
here, although it nust be stated that various conbinati ons and
permutati ons of the present invention may be wutilized for all the
applications nmentioned, as_well as for ones which were not nentioned. 29
WO 02/ 362550 PCT/ US02/ 0329ENDUHS TREAENA PBMVKABIAIEY, be i ncorporated into
t he manufacture of so many articles, it would be inpossible to |ist them
all here. 5 INDUSTRI AL APPLI CABILITY This invention finds industri al
applicability in theriongBib R ind R0 WsplREdili§ S e HAMdPbARbLES articles
particulate materials, It is especially useful”in the manufacture o?

aut onot i veffoRansEn @attisulategaatpials. hBus ieprgcishn esesul ip b enyfagiure b lastomwetvend
furniture, P : t 5 uso2/

IR i i e R e R I R

pr edet ¥r m ¢eposbpe froma plastic particulate material having a nelting
poi nt, said process conprising: providing an open nold nade of a materi al
sel ected fromthe group consisting of alum num alum numalloys, kirksite,
netals, ceramcs, cermets, high tenperature plastics, and fornmabl e heat
resistant materials, said nold being forned into a 10 predeterm ned shape
with at least a face portion to inpart the desired shape; heating the open
nold to an el evated tenperature of from about 130C to about 865C such that
the nold is at a higher tenperature than the nelting point of the
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plastic particulate material; contacting the open nold to the plastic
particulate material while the 15 plastic particulate is at |east at room
t enper at LWe 0206258 dwel | tinme period of from about one seecmdStvorbout 30
m nutes, said dwell tine period being pre-selected to nelt the plastic
particulate into a skin of a desired éhi ﬁ@gess of fromabout 0.001 cmto
about 3.0 cmprior to ceasing cont e open nold with the plastic
particulate. 20 2. The process of claim1l, further conprising cooling the
nold to release the resulting article. 3. The process of claim1l, further
conpri si ngwpaOY tidinkgd i@ second heated nold, said second heated nol d being
conplenentary to the first heated nold, and said nolds 25 being adapted to
be pl aced together. to forma double skinned article. 4. The process of

claim3, further conpri siAgocss Rk MrREPIRAE infd AFRMeteidfhaB bl h plasic and
second heated nolds, such that the reinforcenent in enbedded into the

heat ed pl aRartiqulaie materialhaging pHpeltingRAiR sS4} PTEFest FAMPTISBEr i n t he step of

contacting the open mol dpdRiid gpietni holBdhdde Ot A Gre MBI Rl ot AEGROR | Shed
by contacting with a polyol efin, WO 02/ 062550 PCT/ US02/ 03298 6.7 A

process fogonsisting i plamétuns alpmipug sllevet kirkyitnemetiltarerdaniegm eerprias thigh
particul atg Bid BlastlRY hiiOfcm B Wb FePRUM tmatS Bl sRE ?x‘fcgé; ﬁgl?g%} ed!ifid:a

providing mal'e and f emal e conplenmentary nol ds made o rial  selected
from tWe gpredgicrawmesl sbaperwithodt leasimfapuipnrtion toriinparhthaldesited shaper ksit e, netal s,
ceramcs, 5 cernets, hi e |, ' 0
resistant materials, sai g&rtr%gg{s% @gﬁ%?%%raﬁe%%k’?%? Be@g%frug%e eél%ﬁﬁ@@tlg%gpe
with at | etwstbont $G5C€ spor thabihe owple dcit aoliighseaitemmpatyle elamnthemeltingglogntafidhe emal e
nolds to i t esi.red shape; heating said nale and fenal e nol ds at

| east on tﬂgﬁcp]ag{ckglage&?i%tfrgag,s to an elevated tenperature of from about 100C
t o about 865C such that tbweaatingdhd speatmald td thetpdaxpie paitiowlete atoareal théle i ti Ng

poi nt of the plasti articulate: contacti the male and female nolds with
the pl {a%st i @a%gzrqaf%%‘faé‘flé %ﬁaftea% r?‘jr%?eﬁfpg g ?‘%é’r‘{]"i'e&]utfrﬁ? Berfogi ngmlnb% t88¢ r oom
t enper at ur sscobmt todatshoeBO niihutes, peidi dwtloimé petodaldny prt-sciBeed i nied tBd plabtic30

m nutes, Sg'a{r 1cqu%§ %nlto Eilslgg opaelélles?r%d lglﬁé:kql ssporf %fo?nezlibeoﬁ’;[ (?.801t c?m [[Eegll}ou} ?8 Cgll p?isotr ItoC

ceasing contact of the open mold with the plastic particulate.

20 2. The process of claim 1, further comprising cooling the mold to release

the resulting article.

3. The process of claim 1, further comprising providing a second heated
mold, said second heated mold being complementary to the first heated mold, and said molds

25  being adapted to be placed together to form a double skinned article.

4. The process of claim 3, further comprising a reinforcement placed
between the first and second heated molds, such that the reinforcement in embedded into the
heated plastic skin.

30
5. The process of claim 1, wherein the step of contacting the open mold

to a plastic particulate material is accomplished by contacting with a polyolefin.
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particulate into a nolded skin of a plastic article having a skin of a
desired thickness of from 15 about 0.001 cmto about 3.0 cmprior to
ceasi ng cwpotiaos25# t h the plastic particul ate; bringing tog@erhsn2/oizes

conpl ementary face portions of the heated male and female nolds to adhere
the two skins of plastic articles to each other such that an article is
formed having a nol ded sdvAragsss By feseing plasie into ppregeternped thapecisam aplagtiaii m 6,
further c fétﬁét@ﬁlﬁﬁ%ll?a@gi | B8 pdtnt, S84 HoBlse BRRisiet ween said nmal e and
femal e nnoggs?lprl or ateo t he égtae 11Qg%rllln |nglfot gget erSIt mal e and fenal e
mol ds and adhering the s@t%@lmgn@éler?@ﬂ feIBaleTJﬁ@Pl}QmG&téfé’sm@iﬂS gladé af & mafdiniel ei n
the plastigipaltddtia h&ak of bR, LU vat ed
t emrper at ur e under thetg?roe tclon glont uo gl%? astic y§ l&é%?ne%s %59} &Bf‘%
process of casmaisphigh teapjeerasimg ths, Iaetbfqrmgbloﬂleathesmmtdsawmls agdomids bdiegl by
heating th ke .of b u 220C.
30-10, e hpeulh e Rl Ahted AR HIG Ol rld AR A o g BB D o
t hree t o atwelgtand Genprlypkis to BEpaviEhO®sBEPSBHe; PCT/ US02/ 03298 11. The process
of claim®6, wherein the i n et her . t nmol ds
i s acconplished by spaci %%ﬁ%&d%ﬂe %d%%@%oﬁcﬁr}soﬂélﬁ% ggeuf%cerﬁoﬁtéonﬁ ‘b?’éstl c
conposite elnvamechtempewrerqﬁﬁtmd ahape00°6 tor abmua8ﬁ$°a‘5§uoh fhat theCnibldt ® 4red eri al

and a plastic f r dc materlal having a respective
mel ti ng)l pofe?ﬁpera&ée Oﬁ’nghc %19%%% Eﬂ%gpqas FBYIEYAS mal e and femal e

conpl enent ary nol ds made c&itacmng’mﬁeaﬁalahnd RalaRGhelds &vitl@ﬂibbih@h@ﬁd?&@ld@@ﬁﬁﬂ&l ng
of al um nu kirksite, netals cernets, high

t enper at ur g'] Fﬂ?aﬁg‘f g cm%fﬁ(’f ti‘?‘aﬁhﬁlr%("% denipeabup &%‘n‘f ‘#BHI%‘? P%{’roé of frampbapt ks

bei ng 10 f sycomdlid zEHoQt 30 paifeted, Shidl WM SHeperiod b dgaprelseﬁéttedao hR@anHPILHON ON
each of said c?{rg enentary. male and female nolds to inpart the désired

shape; heaPPHGRHINOA F’E’lqﬂqé inghgplaste asbiclehering p pkinsf 4 §e%1’@d Ackaesfifom
t enper gt ur Eonf 0.6008m abut 3.86CM pridr ﬁp&:‘dimééé@cmitﬁ el pTasﬁQBMﬁchQ@ mel ting

points of the respective plastic particulate material and the plastic
filler material; 15 cont REPgiAg legkbecBaspapismeniay faes ppstiens of the spiad miade

particul at @ncﬁ%ﬁﬁl’e'n%lds to adhere the two skins of plastic articles to each other such that an article

is formed having a molded surface on both sides.

20 7. The process of claim 6, further comprising the addition of a
reinforcement between said male and female molds prior to the step of bringing together the

male and female molds and adhering the skins together.

8. The process of claim 6, wherein the plastic particulate at least at room

25  temperature is at an elevated temperature under the melting point of the plastic particulate.

~9 The process of claim 6, wherein said heating of the molds is

accomplished by heating them to an elevated temperature of from about 160°C to about
220°C.
30

10.  The process of claim 6, wherein the dwell time period is from about

three to about 10 minutes.
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resulting in two nelted plastic layers on the surfaces of the nale and
femal e nolds, said contacting occurring while the plastic particulate is
at | east WD opo@ssd enperature for a dwell tinme period of PCemsabezs 1
second to about 30 mnutes, said dwell tine peri od bei ng pre- sel ected to

melt the plastic pargticu i .nto | ayer. of. Sir dth| SS r to
ceasing 20 contact 1\t}mthﬁ%§rocfsso F%‘mpl)ﬁ’r Feé%nglE”ePs‘ff &n%&gg &'F Ehﬁ a?%

conpl enment m@fenm]eenddﬂsfammipashmlb(jspidmgthﬁnaparanot her at a predeterm ned
di stance such that the plastic filler material nay be sandw ched between
the male and femal e nolds to forma doubl e skinned conposite with a plastic

filler mat er| al inmhe mpdbesadr folging W(pla‘sﬁct Empoditd thid pR@E@ihed shape
predeterm tﬂ kness of the. 25 co and coqling at |east one of

t he mal’e a i& PRdichate patpiip) apdya B riah &2 RIAsE MRl BavéNg tned,

filled corrmpectleemenmgbemt %ﬁdpﬂ&@ss%ﬁ@ﬁﬁﬁg of claim12, wherein the step of
heating the nolds is 30 acc¢gnplished by el evating the tenperature to about

160C to about 220C. 14. ?Fféﬂ%%@é&esansffe@?laﬁﬁmlzmelﬂtamfﬁ@ﬁ‘s E8dp Pt 3 maderial st ep

of renovi ngelevsd fr(ﬁ%ﬂﬁ RadibitgRAR hlubSMind bOinIRIE hll&Ys, BIGRE, nlddfs, %Qaﬂﬁcsar e
formed. 33 WO 02/ 0625 CT/ US0Z/ 03298 15. The process of claim 12

further cof§sres; high |“H§B,€rf%t}“ﬁgﬂ%§ﬁc%>@p‘é Arsble hentgesistant raaterialsy saif apaldsebeinge
heat edyg™l gymad e a fnla@etﬁlﬁhﬁ@ éﬂgﬁ/ee\mlﬁﬁﬁrfeagp{f ﬂ@ecbotrt@orir I Lk samg'x%ﬂe%n&lr}aﬁ Ic

center. 5 16. A process for formn ch astic conposite int
pr edet er ni Aile agd fgmale molsinterinpasishe desped shapal at e material and an expandabl e

plastic filler material, yg8 ﬁl@vduﬁg gd Erﬁﬁ ec%ﬁ%ié Mk ms;ﬁ %‘rg)?dsptgl Fele9dth

process conpri sing: prOV|d|n mal e an nol'ds nade of a
mat eri al  teaiperstusel of from aboet OGO @bmsl8§5‘i(hghmh 1saiihnm nhermelahgl pointsrofahd oys,

kirksite, 1% eQ:l§e 193{ ﬂﬂl‘tﬁﬁlate &Qﬁﬁﬁ%g?hg’p}?g{i@égn mrg?en ?t ure p! astics, and

formabl e heat reststa material's elng ’ormed into a
predet & m ned shape wit h catta¢tingshe e@nipganeenmoy triohls tmthethc pirtieditel material

comnlerent e W P LE IFL A3y 8, RSk BE o W ol oBSiTS S, Lo
of from abcattactiog chumm@whlﬂle the plastirpaticulate e Veast zh&ocﬁﬁ kdohpRgatpO it Sdwdlb Of
Lhe e PeCht SRS k6 BN £4eS o Mo A hired, sl etPRnE 00 B bl
selected to melt the plastic particulate into a layer of a desired thickness prior to ceasing
20  contact with the plastic particulate;
spacing apart the two complementary male and female molds from one
another at a predetermined distance such that the plastic filler material may be sandwiched
between the male and female molds to form a double skinned composite with a plastic filler
material in the middle of the two skins, with an overall predetermined thickness of the
25  composite; and

cooling at least one of the male and female molds to loosen and

remove the entire double skinned, filled composite article.

13.  The process of claim 12, wherein the step of heating the molds is

30  accomplished by elevating the temperature to about 160°C to about 220°C.

14.  The process of claim 12, further comprising a step of removing any

excess plastic particulate material after the skins are formed.
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that contacting the conplenentary nolds to the plastic particulate materi al
Wil result ina nelted plastic |ayer on the surface contacted; said
conpl emrerwearog/ossbe and fenal e nol ds bei ng adapted to be heatramo2/msesai d
heati ng means at | east on their face portions to a tenperature above the

meltin oint 20 .of .the plastic rt.ic t and then, be.contacte ith
t he pl gslto ic particulste \;&ﬁlf PRSP O almy ﬂb%ﬂgﬁ FUEPELRS gerlipe ?Ié&’g’tang‘?b\fgr oom
t enper at ur plagtier matetlsiebdtwtdnrehe Pehicd dnglde sdrehit eRink Gaveebéent demeddtcAfdrinCan
particul ate inﬁsgl a I.a¥er of a desired thickness prior to ceasing contact
with the pPHERIE PISHEESHS at e; and a spacer for hol ding the two
conplenentary nmale and fenmale nolds 25 apart from one another at a
predet ermi ned di stance such that the expandable plastic filler material

may be sandwi ched an'@ exphPeEds BUtIREERS # RlSHar@nRosile MEns Prdsiemmiged shape

predet er m figdl 4 Eﬂaﬁ Seulatd mafiRiaPRRPEAEApandaBle }lfl&'ﬁmfﬂ‘lgg[ Hllaﬁ:ﬁ};ﬂ, SadhMaQirfe a
ape fr

predeterm ned s oma 30 plastic particulate material having a

mel ting pofsApecti¥umgltiag painhstid PESATSIPBPHYPZ:an open nol d made of a materi al
sel ected fromthe group %Wdiﬁ%in’ﬁﬁ 28 feRhiN TR m“eﬁ%‘ﬁ%&gﬁhﬁ?é 9y§813g61rirﬁf<3| te,

metal s, ceramics, cernmets, high tenperature plasti - al orma eat
resi stant PpAQc&d;feans thegsoup qepsisfingenf Eﬁnnmmmlm aboypsr ldtheite mrviake dersmige

ith I : ' ' L L ; 2550
P USHz1 03355 BB b bitfs, FRE FirmaE 1ERSHESHhARRR, ty 1o 2
portion tofcamedintees predeternzitrshsbare veitinali¢astragfagagiontionafn eatteofsh@isbmplementary
parti cul at ﬁmleaa[ﬂ?g%ﬂgﬁ@"B?qsquﬁa@fttfggdé%%h%éﬁpep' astic particulate while the

pl astic particu Is a room rature for a dwell tine
peri od presel ected to nelnieahséoreatirty the paald bxifeatale corhderaertay efolds todan

desired thj ' ' AWy h I [ Lcul ate.
1o, A appa e opBhaRks hopm sfGRIDER RASE Kinteh mane Brapubirots, ™ ©

pl asti t5 paof the uésptaiveglastic phrtibaste mghtaiaireld tha gxpadable placicofiltp pakeaiall Such g
conpri si ng; I nd femal e conple tary npl ds made of a material selecte
10 from t h@ag?%ﬁqﬁe% i %%"?Pﬁ“dnwm& S ﬁ%\{e Ve R?Efiﬁ“ﬁﬁ Bylerialyillresylipin a

met al s, cemehedgastic@syeRbs the shifgha comapes;at ure pl astics, and formabl e heat
resistant material's, said nolds being formed into _a predeterm ned shape

! p
with at least a face por tHBSOBRCRERAYARalG A ereRmolindsingrganied te bakerted enal e
mol ds to i bpedid héafifg @Rahy £JeaB@DBeir face portions to a temperature above the melting point

20 of the plastic particulate, and then be contacted with the plastic particulate while the plastic
particulate is at least at room temperature for a dwell time period preselected to melt the
plastic particulate into a layer of a desired thickness prior to ceasing contact with the plastic
particulate; and

a épacer for holding the two complementary male and female molds

25  apart from one another at a predetermined distance such that the expandable plastic filler

material may be sandwiched and expanded between the male and female molds to a

predetermined thickness.

17.  An apparatus for forming plastic into a predetermined shape from a
30 plastic particulate material having a melting point, said apparatus comprising;
an open mold made of a material selected from the group consisting of
aluminum, aluminum alloys, kirksite, metals, ceramics, cermets, high temperature plastics,
and formable heat resistant materials, said mold being formed into a predetermined shape

with at least-a face portion to impart the desired shape;
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said mal e and femal e nol ds being adapted to be heated at |least on their 15
face portions to a tenperature above the nelting point of the plastic
parti cul awe,02ae$56 hen be contacted with the plastic partiPculsozoszhs | e t he
plastic particulate is at |east at room tenperature for a dwell tine
period preselected to nelt, th | astic particulate into a | ayer of a
desired thickness prior F%}dd’éoj‘égﬁagémegctf’ bihepted pbleptt gatiisdagspartion o e. 20

19. An appempbldturd @ovt Giehéldn@pRhstithdCpls&aoPasichitte] &HdGhéh B RURLREH Wik
shape from.a Pl astlﬁaﬁp‘%ﬁétﬁ%l ate material and a p1 astic filler material,

each havi nfjasiicpatisy Plesticpapisuisic is atlpast afperp dgmeperateraperiacivrey: imal e

and f emal epgRAPiQERBEANY mER! S pARRS B cuftdRies la?ér &8 &&HES thidkhQil frfag 191 oup
consi sting of alumnu al um num al'l oys, kirksitfe, netals, ceramwcs,

cernets, BSIRE G b tha Rlpdicppdistlates, and formabl e heat resistant
materials, said nolds being formed into a predeterm ned shape with at |east
a face portion on each of said conplenentary nmale and female nolds to
inpart the desired sifapeAnnsnparstusder fremingrastipdntowl predatetmizedeshepe from a
conpl enment : : r ut 100C to about
565C whi cHP T LeTRe S Pty AL BB R ekl afphud SRR oot ¢
particul ate materi al andnateeanl fegtaleccdnmpl¢raentarpinerldsainades ol b nidteaial seledtadt i ng
rial  wi.l

t he com)le . 1. _ tjc parti.cul at.e..nmat | result in
e oI CHE R stolPediSishil deMunfhil d i RRRLIGH: BHEIHANE Terliies odBRB L) ¢
and f enal ehighladyetntirn glastitapinddommblecheliaedivght nhayeriaij Gidwalds bgngamnsd fdo | east

021 062550 BetkrBEbpBESeb uftn e BT Br BTt Bt 5 boleREithendother e

w th the pfeasidmoldaitdipait secdevtdd shapehe pl astic particulate is at |east at
roomtenperature for a dwell ti er.i od eselected to nelt the plastic
particulate into a |ayer S3f melpandifymgje W}Cg%%géga@tqdd?h? Beaéf‘éia?éieﬁﬂ Bdhiict

with tise pfaasportonsiarat empératus abanelthe nfelSdpasodit of ee Jlatid ipAdichiB®, 43dhen be
conpl enment arléa gegl e. ﬁng ;g%al e nml ?S apart from one another at a

pr edet er ni FREG sVHACE® RURSHE tRRscuaffe whtle dhe Plasti |napticigice s &l leaglyatpgoom
sandw chedieh@tmred dr B wea ignediRelod BIREIR IS HRItlR Faddt IGLELRINE D 113t 6K eEsSS.
20. An app ra%crtil for formng a plastic conposite into a predeterrined 10

g g ¢ . , ,
shape f r onfesTRY thigkness pript focGrsierontreiavittuthe alasticappridosylidndabl e pl astic filler
material, each having a respective nelting point, said apparatus
conpri 2soi ng:

19.  An apparatus for forming a plastic composite into a predetermined
shape from a plastic particulate material and a plastic filler material, each having a respective
melting point, said apparatus comprising:

male and female complementary molds made of a material selected
from the group consisting of aluminum, aluminum alloys, kirksite, metals, cerémics, cermets,

25 high temperature plastics, and formable heat resistant materials, said molds being formed into
a predetermined shape with at least a face portion on each of said complementary male and
female molds to impart the desired shape; ‘

means for heating the male and female complementary molds to an
elevated temperature of from about 100°C to about 865°C which is above the melting points

30 of the respective plastic particulate material and the plastic filler material, such that
contacting the complementary molds to the plastic particulate material will result in a melted
plastic layer on the surface contacted;

said complementary male and female molds being adapted to be heated

by said heating means at least on their face portions to a temperature above the melting point
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mal e and fenmal e conpl enentary nol ds made of a material selected fromthe
group consisting of alum num alum numalloys, kirksite, netals, ceramcs,
cernets, wbhioglexsemper ature plastics, and formabl e heat re®CTtisn/oires eri al s,
said nolds being formed into 15 a predeterm ned shape with at |east a face

portion on ch. of saj.d.conpl tary mal e, femal e.nplds to inpart the
desired sh t?p%té%arpgpatﬁﬁgﬁﬂ%%e}fg};m%w tﬁggef %‘ﬂ%%’%%ﬂg%mew the )gpaﬁrb? ds to
an el evat gati¢utap ey aff lea® a0fodni eipehutt £3:09 GwtlD tialoptiiod Hodsevbibd b nsltakove

t he neltiglgﬁoi nts —of. the res eﬁi,ve BJ stic particulate material and the
expandabl ePIpigdarteulalq inkg a Jayerqtiadesired fhicknsgs pridyito ceasingcoptagt Wikfpthe plastic
conpl enent gériicur@t;dadt o the plastic particulate material will result in a
nmelted plastic layer on the surface contacted; said conplenentary nmal e and

femal e >nol ds bei ng adapt @FPRGT bY edding the y9 complpmeatery Aglenandfsmale meldst on

their faceap@rtdnOfse dndthar LQIHRETcRlMBd aRANE: Jubk iHIBht bGPPI natedih] HbEbe
pl astic particulate, and then be contacted with the plastic particul ate

whi | e the pmdwiched bstwssp theapgleand femalgmaqldsig @ psedetegpined Bigkaesst ure for a
dwel | time period preselected to nelt the plastic particulate into a |ayer
of a desired thickness prior to ceasing contact with the plastic

particul ate; and a $faceAn anpardisdiondornting & \pastieo epinpasiietiatoya pradetermided enal e
nol ds p : : . i i h 1 he
xpandap! o aps zpR s P BaO e HhudiaPiR AR L SR b RRE R B A Ry

bet ween t heraypdctivamgltingpaing saidlagparatos eompisiaget er mi ned t hi ckness. 21. A

pl astic pick-up truck be . I he chassis of. iLck: up
truck, conprising: 36 m%?é&%wﬁ%%%ﬂg%ﬂds Isnﬁa%gdae{rf)ag?rfa?rsrglfcgte%nd

f emal e pl afbindhesgdwsconpating deilumginsh adedinomelops kivksit, methld, @mehit) térmesi ng
adapted to.f] n h hassi.s of.the pi.ck-up truck, sajd male and. fenmale
skins bei nlélgk Senfidt Pgast%%r ‘3‘/“3 té’ﬁ"?a:‘?}echeﬁtafgségti‘%|“%t%‘£gshs%%\?f’air‘?§ bejng ?ﬂr@ﬁﬁaﬁ% of

f rom atsout a pfede@inioed stapalbdtitat lead acfate forflod emeadR RS kiy cenprRMemblyensband i C

mat eri al sandw ched bet n said male and fenmal e skins, having a thickness
of from abgea}a‘fgf?‘gﬁ%m%%ﬁ esiEedshant 4 steel nesh reinforcement shaped

like the nolds for the maleanaifd hehtanmihe nsdid Bed fevaildcshSighentay Hhaas eyt
being i nsegl%\?a(’?e(f) tg;[n\{)veer%trlllré Qte fr(grn?' lal?ou?'rllgojcchaa gut ré16)|5°(:ICS\3Vhich is above the melting points
of the respective plastic particulate material and the expandable plastic filler material, such
20  that contacting the complementary molds to the plastic particulate material will result in a
melted plastic layer on the surface contacted;
said complementary male and female molds being adapted to be heated
by said heating means at least on their face portions to a temperature above the melting point
of the plastif: particulate, and then be contacted with the plastic particulate while the plastic
25  particulate is at least at room temperature for a dwell time period preselected to melt the
plastic particulate into a layer of a desired thickness prior to ceasing contact with the plastic
particulate; and
a spacer for holding the two complementary male and female molds
apart from one another at a predetermined distance such that the expandable plastic filler
30  material may be sandwiched and expanded between the male and female molds to a

predetermined thickness.

21. A plastic pick-up truck bed box for installing on the chassis of a pick-

up truck, comprising:
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enbedded into and surrounded by the expandabl e plastic, such that the

pi ck-up truck box is 10 reinforced by the strength of the steel; and | oad
rails i nswotoedeissi o the fenmale nold prior to the expandablP€TfiSaz03208
material, said |load rails bei ng | ocated at the bottom of the resul ti ng
truck box bei ng surrounded t he pl asti Ki.ns,.and t

plastic, such that the pl&EFf @yaﬁ %@9 &B‘?f“’?ﬁgﬁﬁa%%alﬂﬂwa‘f% eéIE:Fa %e OfVSF Mbasy
mount i ng ooyen mold)amkbup beeing @laptdtt it 9ntolthe aﬁssmﬁoﬂlhapickmpItfmdk;lf‘shirdhﬂdle 'aﬁbl et op

Dl asti 0 SkieAeIe WP Rt o oA B b e LI3EM SRR od

to fit onto.oohbhéo hegsl.osai;d mal e and femal e skins being formed of a

pol yol efl nic material, each having a thickness of from about 0.001 cmto
about 20 1.0 cm a | ow deRY¥i “95158 H%ﬂ?f cePiaticsppierigpsaRdYigheds betHERn i

bet ween saindle a8 kinANskihs iRy & HidkSess BRFbAGLS: T &K BLHBuOS.0 EBhom about 1.0
cmto about 5.0 cm and a steel nesh reinforcenent shaped i ke the nolds

for the male and femal e 2s¥sehdnesh seipfosqement shapgsk Blfec@?elﬁ?ldbéﬂ?rr@e impde pRd d
bet ween t hgnihd &if)dailiafR] RifBlclBent Big eiH&?tQ&’%deeQﬂ ﬁleaxﬂﬂe SHA FQRd iRy the

expandabl e pI astic, such that the tabl eto is reinforced by the strength
of the ste@bedded injo E)‘P%%‘tfioén%ﬁdrbdlth%@(%@@k&mas@&cﬁuﬁ dwhibe ipidkritp: trup bosds apar t
mal e apd f%g&emf&glsﬁe@mgﬁheggamngel ng shaped over an 30 open nold and
bot h bei ng adapte fit into an alrplane cockpit, said male and fenal e
skins being formed of algpdirgidsl ingarted intorthedemale m@hmmrhamerﬂgpaldabiﬁ@mmss of
f rom about 1 n | ast.i ¢

mat eri al sgl%t 991 Sg tggmﬁ%ﬁuélgéd&aﬁcg gqgh?%%tgﬁaﬁfeg%kﬁég%%%lﬁ bBX fitkness
of from absmtoumde@l byrthe plastisoiliins Bnd)the mrpaBdabiploRicOERb Bt %ﬂds&ﬂﬁbﬂaﬁ @dcla
sheet of h an e plastic skins and

bei ng encggésdu atlée &gfeg%gru%%?%}gfﬁ%ﬂ&tg Ogtotai'Pel&expg%&a%lPsempl astic material; and a
steel ®Wesh reinforcenment shaped |like the molds for the male and femal e
skins, said steel r nforc ert d bet% mal e and fenal e

molds, 5 enmbedded i1t o ﬁw ’lffrl?cg“ﬁh’ﬁg@{’]ﬁ Pih e BRWLHAD ‘fgés‘iolchnS’é‘ﬁch t hat

the airplane cockpit doorlspaced apart male and female plastic skins, each being shaped over an

open mold and both being adapted to fit onto table legs, said male and female skins being
formed of a polyolefinic material, each having a thickness of from about 0.001 cm to about
20 1.0 cm; ‘
a low density expandable plastic material sandwiched between said
male and female skins, having a thickness of from about 1.0 cm to about 5.0 cm; and
a steel mesh reinforcement shaped like the molds for the male and
female skins, said steel reinforcement being inserted between the male and female.molds,
25 * embedded into and surrounded by the expandable plastic, such that the tabletop is reinforced
by the strength of the steel.

23.  Anplastic airplane cockpit door, comprising:
spaced apart male and female plastic skins, each being shaped over an
30  open mold and both being adapted to fit into an airplane cockpit, said male and female skins
being formed of a polyolefinic material, each having a thickness of from about 0.001 cm to

about 1.0 cm;

a low density expandable plastic material sandwiched between said

male and female skins, having a thickness of from about 1.0 cm to about 5.0 cm;
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is reinforced by the strength of the steel and made bullet-proof by the
Kevl ar sheet inclusion. 24. A plastic nodular housing panel, conprising:

spaced apwidoymeisoand fermal e plastic skins, each being _shmdugw,@gzggn 10
open nold and both being adapted to fit into toget her wi th ot her rmdul ar

housi n anel s, said nale be| of .a pol.yal.efinic
nat er i gl P each having a fHI %ﬁ?ﬁéi@nﬁf ms?reg e&’fﬁ?ﬂ 1angr?FIP?}e§E’6E%’ 19 cm
a low densaﬁ@foemgrmmiﬁb]la&dphmahtomndmltt@rtheaéxpsmﬁw;ﬂd@ﬁdmb&hweﬂm sa|5d mal e agd
femal e skins, having a thi ess, of, from abqu m a .0 c an
15 thermal Iy insulating ﬁaﬁe(?ﬁ]ln%f’lsh irrie Fcteglamb%@\%lehketﬁi@ ‘Wﬁfl% iﬂ P@?FaP‘Q
plastic s kfemleamnsbema g;teenfeaﬁsmérﬁé@cbelﬁl@dn@uw em@@dfﬂaﬁnﬁg l@n@mmdl lﬁl@%(ﬁ

| astic mate ht plastic material handling palle

E onpri si ng® éﬁ@&%ﬂ‘toa St“"ﬂ’g‘f‘%mgﬁ efeé‘ﬁﬂdéblﬁ PRstiG, sucythaidhe @5&3{?3 l5eckpg d@ﬁraped
over an 23 reipficedydh@@tfénaton tHe Qtealhnd Gt BE1di Provi BP et Kdvitd Yidef indlusidRt T i al
| oads, said nale and female skins being fornmed of a polyolefinic material,

each having a thickness of fromabout 0.001 cmto about 1.0 cm a | ow

density expandabl e plsast ixn18RE&lddahr BRGEMEREdoRGINReN said male and
femal e skins, having a tﬁdf%kness ofrfromg\gbout 1ﬁ§“%$nto about 5.0 cm and

25 steel cone reinfor cemépacsd apasiarele and femalegplestis sking waeheepingshaped over an
by i SR SR L A R S e Sy
38 male and female skins bemg formed of a polyolefinic material, each having a th1ckness of
from about 0.001 cm to about 1.0 cm;
a low density expandable plastic material sandwiched between said
male and ferpale skins, having a thickness of from about 1.0 cm to about 5.0 cm; and
15 thermally insulating material inserted between the male and female

plastic skins and being encapsulated and surrounded by the expandable plastic material.

25.  Alightweight plastic material handling pallet, comprising:
spaced apart male and female plastic skins, each being shaped over an
20  open mold and both being adapted to support industrial material loads, said male and female
skins being formed of a polyolefinic material, each having a thickness of from about 0.001
cm to about 1.0 cm;
a low density expandable plastic material sandwiched between said
male and female skins, having a thickness of from about 1.0 cm to about 5.0 ¢cm; and
25 steel cone reinforcements embedded into and surrounded by the
expandable plastic material, said reinforcements located between the male and female molds,

thereby lending strength and durability to the pallet.
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