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and various reinforced foam in-place technologies.

What is needed in the art is a method of making a layered article that produces lower
VOC emissions and has a shorter cycle time compared to current methods employing

a thermosetting step.
SUMMARY

An embodiment of a method of forming a layered article comprises thermoforming a
substrate sheet to form a shaped substrate, wherein the shaped substrate is a fiber-
reinforced plastic material having a void content sufficient to allow a vacuum to be

applied through the shaped substrate; pulling a vacuum through the shaped substrate;
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Figure 2 is a cross-sectional side view of a membrane assisted vacuum/pressure

equipment with an exemplary substrate to be thermoformed.

Figure 3 is a cross-sectional side view of a vacuum thermoforming system with a film

layer to be thermoformed over a shaped substrate.
Figure 4 is a cross sectional view of an exemplary plastic layered article.
DETAILED DESCRIPTION

Disclosed herein are methods for making plastic layered articles having a substrate
with an open-celled structure. It should be noted that, as used herein, the term “open-
celled” has its ordinary meaning, and describes cells in fluid communication with

adjacent cells such that fluid communication is established from one surface through
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comprises an additional layer, e.g., a compatible layer, it is to be understood that the

additional layer is compatible with any other layer making up the film layer, the

substrate, and any other layers adjacent to the compatible layer.

Further, the substrate and the film layer can comprise the same or different plastic

materials that are compatible with each other. As used herein, “compatible” means
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The plastic materials of the substrate comprise sufficient bonding capability to

provide sufficient structural integrity to the substrate to enable thermoforming
thereof. For example, the substrate can comprise fibers and thermoplastic material(s)
such that the substrate can be disposed in a thermoforming system and thermoformed.
In another exemplary embodiment, the substrate can comprise fibers, thermosetting

material(s), and an agent wherein the agent retains the structure of the substrate in the
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UV absorbers, flame retardants, fillers, stabilizers, ester interchange inhibitors,

adhesion promoting agents such as a bisphenol derivative, an aminosilane or
derivatives thereof, mold release agents, and the like, as well as combinations
comprising at least one of these proposed additives. Examples of ultraviolet light
absorbers (UVA) include benzotriazole, benzophenone, triazine, cyanoacrylate,
dibenzoylresorcinol, benzoxazinone, and the like as well as hindered amine light
stabilizers (HALS) such as 2-(benzotriazol-2-yl)-4~(1,1,3,3-tetramethylbutyl)phenol,
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The fibers employed in the substrate are selected such that a fiber-reinforced plastic is

formed, and optionally an open-celled fiber-reinforced plastic material. Fiber type,
size, amount, and the like may vary with the plastic material employed in making the
substrate. In an exemplary embodiment, the fibers are selected to impart the desired
void volume to the substrate. In order to attain the desired mold replication and a
desired void volume, the fibers can be capable of lofting (e.g., of expanding in the z-

direction when heated). Exemplary fiber types include, but are limited to, glass fibers
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material and fibers to provide the desired structural

ol avgight of e dibgrrenipatedmlastic subsiadtes ubst rat e.  For

exanpl e, the fiber-reinforced plastic substrate can

E}Qiﬂgﬂéssgf supaBlt co%ﬁn%iaﬂ?tavaﬁaﬁﬁ@ E‘ﬁbs(rﬁ\fe nﬁteﬁ&ls %}i’c%ﬁ %ﬁt are not

| astic material, Specifical éaou

lapded tCG AZPELR Synerhin® asg A PEER iﬂsab’éﬂﬁtTMUnmla%GS dGMT)
\ggﬁy\; ar; %\y%ﬁl?? \MBJ @S fA% Eft Ghd alShh'gM %Ce'ﬂmfﬁéa?aerﬁ%g?#ﬁmces

ers’ w plastic
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eci.ficall ut %to ab w. % f j.be
GBI Etny G oneert (Rl AL OReb o BREFEL Blectric
(E@’gpény\){e Ip@l}tg(}&hn’lﬁﬂe Ge]EgJGTULrE]%M@DTﬂ@ﬂ p}eﬁa}'a} CElectrlcI Colmpany)
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VYRt Sthene G aPy PRy e etﬂm PROD fgsin i xia!b) Electric
t
) 0 AP M o oo

thegoregdhal by, NC havi ng various matrices

For example, the substrate may be produced according to the Wiggins Teape method
(e.g., as discussed in U.S. Patent Nos. 3,938,782; 3,947,315; 4,166,090; 4,257,754;
and 5,215,627). For example, to produce a mat according to the Wiggins Teape or
similar method, fibers, thermoplastic material(s), and any additives are metered and
dispersed into a mixing tank fitted with an impeller to form a mixture. The mixture is
pumped to a head-box via a distribution manifold. The head box is located above a

wire section of a machine of the type utilized for papermaking. The dispersed
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i ncluding, but not limted to, polyproplylene,

pol ycarbonate (e.g., LEXAN(Mfrom GCeneral Electric
w@oopamngy4 pol yester (e.g., VALOX(r) from GeneP@l/Uus2005/001375

El ectric Conpany), polyetherimde (e.g., ULTEMr)
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(cg@mg)ﬁ&lha)tlﬁg, hé Héid siZgpel ler to forma m xture. The
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T T g e
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hed
TPy Peri i PRALPBYOF SISy e o (a1 ogayy include
SlydastishaiesOpdlpest&y ReEH a§ PETE PBT, PIT, (PR, RN SPEUAL d#fdaPCCD;
ity to a substrate with a thernoset naterlal)

I nte
mhéetgﬂa@fi%tp@b@aﬁd% ealyskyleas @éﬁleéwa@ﬁgpplywslpaﬁrﬂmon@mng

o]>TH d) gignt h -
8 S S LIRS SIS e pelpronvins

dlagame fﬁ)@)a’t}tl‘ﬁ@ |(AyE); nbseylefie asulfides- pelymethyhnmethacrylate

GARVOS cSRRRTE pABPES poRa TG MBS ik o

aarhiadtions bmmpn:ﬁﬂeg akleast ohe of tHerfofegymg mh_sdnérhle In one embodiment,

B s arty B p bl S M gORT B S35 Ber 35 piresin fpm the

SiBktedé Rlyerd hat | s seI ected to be conpatible with the
filmlayer and the substrate. Speciflc exanples of

KR eeisn AbG b1engo o) BEDEHBORRIIHE DpbrPSicisaty ha-pvapigeously
B%Eimed RERR HNn, E%nlcﬂﬁllly%{ B&hbiThE6S witRHMHARYES Tomprising the

pol yal kyl ene arenedloates
ppleieapely¢stani resing @s (gigsqrghed.a{bgve As is known, polycarbonates possess

recurring structural units as shown in the following formula:

[o}
- o_.u_o....R1_.

wherein R! is as defined above. Suitable polycarbonate resins include linear aromatic
polycarbonate resins, for example those based comprising units derived from

bisphenol A, and branched aromatic polycarbonate resins.



resins such as, for exanple, ABS, ASA, or
acrylonitrile-(ethyl ene-pol ypropyl ene diam ne

wor@sNT®ed - st yrene (AES); phenyl ene sul fide; ppdTos100y001375
nmet hacryl ate (PMMA); copol yester carbonates;
pol y(al kyl ene di carboxyl ates); or the |ike; or

opbi nati ons, conpri sing, at | east one of, the foregoing
EBFY?/‘?FE‘ESS ang nblsﬂ@_p SORBISHgN VO pﬁempree-qfay@fyeéfsm_rm%‘/esalso be
adRhneRdo@ly Be ST f the Q@lﬁ?&bﬁéﬂtiﬂﬁlhﬁy & c&RBirAtbE Hith film layers
fromthe ’substrate |ayer. Polycarbonates and blends
ePmpuising thepoylateawyesten r@ms}pgsieg}—rg)edﬁpo‘{ye For example, one suitable
O . L i e- .
BRAFILERSOHONY edBra RSthebiSed R i PGS o the blend, about 10
oo fprid sabogt t30e wtds yofaPB T dPYES gbrcolizsl pslyéthylese neémdplithalate),
aboye. As i nqQwn nat 0SSess ecurrin
e e R BT S T W
wR.%4 lofOaR aryiher pbigedtdr rssimSsptefficARy AkIReinSUpbBREr resin as
pol ycar bonate resins include |inear aromatic . )
pesiclibed thavaead pbayt R wi'grto akarh0ev s @ T¥s egmprising resorcinol
L ,Sik1g units derived from bisphenol A and
%rsanc edg']ar omati ¢ pol ycarbonate resins. 8 WO
2005/ 072934 PCT/ US2005/ 001375 Pol yesters and bl ends
Chenpharmiofrgmabls Hm tayee and/op eytestayes magybeaprodutre separately by
0 Ny ti.e-day i.cul arl .
ARANL SR alie, USRI bt bETEY Foundi3leph o8 orthe ke
Thy layts mpayf thes beradhersd msingandebesivd adl/ablaxénatédr In applications

exanpl e, -one suitapl bl end..for use in the tie-|ayer
ShAEH G 2Badniit e et oBR gite 67 Stk ARposbon s pieformed
Wbsfiate Otha heUby & Gniy sévets BBdinfdtEdment Ity ERilitaR0the handling of the
ol y(et hyl ene terephthal ate), . )
5’6!1 i@(yey Auehemap hevearlpiasly it pihprentiersilesttrepgths and
about 50 wt.%to about 90 wt.%of an arylate
REEXBEVAY, the BlefnoRRAEHIE TR hyer@nt FROHEE1aH6) mRp Ib¥ gﬁécﬁked in the
resin as  described above and about 50 Wt.%1to about
Bomyef adasinaterhyseainientioni melding egwxbision, overmblding, coating, or
IS, /

B P PP L TR BEATANE bt WEILRE Hn e bpdoB tayers) may be
asruded drony semixdte @siroders coatgn gepacats tshery, diesaimtn pontact with one
deposition, or like. . The ]ayers t hen be

thfhely o Hh 2660 Bibfieh 2 FBlerbetsof Plefs. In another
apbddimaht, ahs polhesreinslts o€ tharthaatisls i @nbtitutife thofinofayar, the

filmfaqr. subsequent disposal .on re-for
opt}ona ‘8e-layer or 9ayers, and other opt1onalala$ers may 1tr;[;ee%rough’c together and

into contact with one another through a co-extrusion adapter / feed block and then
through a single or multi-manifold die. The adapter / feed block is constructed such
that the melts forming the separate layers are deposited as adherent layers on the melt
of the center layer. After co-extrusion, the multilayer length of the melt produced can
be formed into desired shapes; solid sheets or multi-wall panels, in an extrusion die
connected downstream. The melt is then cooled under controlled conditions in
known manner by means of calendaring (solid sheet) or vacuum sizing (multi-wall
panel) and subsequently cut into lengths. An annealing oven may be optionally

provided after sizing or calendaring for the reduction of stresses.



substrate, the tie-layer nmay serve as a reinforcenent

to facilitate the handling of the filmlayer, which
woregpshzead rel atively little inherent tensile sSPCENNO0NS/001375

Alternatively, the thernoformable filmlayer and the

tie- Iayer may be produced in the formof a |lamnate
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pefod S0 Pt R e Ao UGS it Sl SBraine, mpepgbrone
ambtedlpSesEﬂile)‘VaClnﬁh ﬁﬁ'nﬂﬁgiﬁi[th(aqﬂﬁg adsisg hind @tidliiitd. ons i N
known manner by neans of calendaring (solid sheet) or

vacuu nultl anel d subse entl cut

IR ol forkihe preiniiar foRRRE e SHRng SUGpia,Y hetled at a
Jarfoiédednpbiafire Sndi £ apﬁuﬂs'@ieﬁﬂ didid RO afllOF thb E?subﬁﬁ’dﬂé?ttd) QBach a
of stresses. 9 WO 2005/072934 PCT/ US2005/ 001375 In

sQiteRing Avraeetafure(Whieh prag alsetbenistantsd, toan @ feumiag temperpiaire) such
tmethereﬁmﬁ%%ayb@ ﬁﬁyﬁ&@l@eworﬁ?@gﬁea%b& i*o%‘m&ﬁ flﬁsap@ F’ﬂea Shape.

to the shap e desired artic

It e nosd dharh ﬂig subﬂﬁptq 1) 3 herﬂeea@éqmewxo@us fmm@snsmqhaasemumdlant
r te n

BB GO bR o Bl g st

is ttheemt dlspmied betwicon radale rfbmxmag desi anddi fehmpeeforfivgetoohe The male

desi d. th | e
PO teBl RO 2 il it DErieh) SGpiag HEh cohiqtier amstops
(Hﬁﬁ@&ﬂ&it W geripheneedgd ¥f eachMpol) NBKIBDA %msmg B to form the

pabl e of ducing a fornmed substrate_ having a vaoid
S&gﬁf%ﬂn@uﬂﬁ gffsérﬁ%‘ 130% nhlle mamiaEngn voisl B@n'fﬁﬂﬂsl iagthe ranges

PrERORIN O ne® - %uﬁa@levﬁbgufé%n@vﬁp tde@éng S e E sﬁf)strate

equal to about vol . % may enpl o
comiposibipn, andnate rrgad;lyndqtgrmmdwbﬂ ong rof Iomdiearybﬂmll an ehenart without

il %Q]gerﬁr?enta[{ﬁ%h 61—%&3Jer, P5hA gl?a‘t Use of excessive pressure is to be

avoided, as it may close some or all of the cells thereof to below a desired void

_ content, rendering the substrate insufficiently porous.

Referring now to Figure 1, a cross-sectional view of a matched tool forming is
provided. A heated substrate sheet 10 is held in position relative to a male forming
tool 12 and female forming tool 14 using clamps 16. It is noted that the male forming
tool 12 and the female forming tool 14 are configured to “match”, i.e., complement,

each other. The male forming tool 12 and the female forming tool 14 may optionally
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mat ched tool form ng), nenbrane assisted
pressur e/ vacuum form ng, nenbrane assisted

w@e@ssmoad vacuum formng with a plug assist, apdr/ukmos/001375
like. In a matched tool form ng nmethod of form ng the
substrate a substrate is heated at a sufficient

erat re.and r cient, t to allowt
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hRuwaR: miaterially Sl@ainuen Bleal; bpityt lameaﬁéﬂnmbae IFi[1¥8 fo03ng RSsin, and
éqoe“ sposed at a peri pheral edge of each tooI) under "a

ure sufficient to formthe substrate into the
desired shape, while maintaining void contents in the

DARAS StorMiY ﬁesgabs&aet isOmBSted S haRinfpdPAiBRS gﬁﬁﬁlem ! ﬂo allow
depend on t articular substrate conposition,

@pgnqaf@mngwnd irahly edffigiend trealddw dofting af $hesfithdrs iri ﬁnetsnbstrate
u e o

A I oA SR ROMTRE @ PPl gbbut' FooF (abour
awwca,adore&@eclﬁcﬂby abouisSS 080 (ﬁ)out 288°C) of alhdue 66€@1H @bout 343°C),
i het 0, bel o a. desired.void. .conten ender i

ol by e Pl S plaf A yinsGeRd Rbbisn bRt bhtets sheet.
Fhhdatedlsubstrdié @Sthes ﬁﬁ'hied lb@'créaltlﬁ@/rélﬁtnﬂa Iﬁaﬁ@l’f@&w‘é@&ﬂle male tool
formng is heat ed substrate sheet

Hora ofhalsotonl 16 gurl st los b centassons it emesie mege tool 12
RPEthECHR e f?:hﬁ‘lenﬂ)oi @4’ byithhé §1'.115§9ra&| sﬂ@ﬁ é)lt{ﬁﬁrgb%t\é}ﬁa gausmg the

noted that the nmale formng tool

substmatp gheet 30 ta gonforn do tifei hapescfithe mm el femialeetopls 12, 14 The
t C her h I Ko

SRR hon SO crk'? LS, LOGIRAD KOl B0 doout 1

eﬁﬁmspmézqauo@cnmumpab Odba¥ 510 tannqmphsxe @bphiu nak3 tiPadf more

PP SRR sigorabre wboiloy ERARE SRR lrBBhne L5t ipa) is

@hlogddpSofrs BRCAY DEL 22SHiel < stiwtarct i vel y, which are
used to determ ne the th| ckness of the shaped

ubstrate. The t ops and 24 are positjon tslde )
f 8t HEMPENFaRYSte eVé‘C‘l é’rff?a'i‘ré fosing m i P subgrate is

dhépoa,e& ﬁmbrpfsésﬁfé k. rwc%wnadlﬁ F% rBRbreAdre smteml;ﬁapphed to

subsStrate nmaterials. r exanp th
thﬁ;ﬁubﬁraé@ané\iqb@cpaéamdarly,bwaw s pPkled ﬂtr@ugh heformmg tool and

positive pressure is applied to the side of the membrane opposite the side closest to

the forming tool. The direction of the vacuum and pressure are indicated
schematically in the Figure 2 by arrows. The vacuum applied through the mold
causes the sheet to be pulled into/onto (hereinafter onto) the mold. Suitable pressures
(positive and negative) will depend on the particular substrate and are readily
determined by one of ordinary skill in the art without undue experimentation.
Further, as noted above, excessive pressure is to be avoided, as it may close some or

all of the cells, rendering the substrate insufficiently porous.
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followng materials: alum num steel, epoxy, silicone
rubber, filled tooling resin, and the |ike. During

WO 200807934 t he substrate is heated to a tenper ap@¥/ES2005/001375
sufficient to allow thernoform ng and desirably
suffici ent to allow lofting of the fibers in the
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w'ttmﬁeapﬁag ¢oql éﬁozua a y@q; g@lng @uﬂexbthm@ha:heré@phng ool 30,7while a

sec%%q Fur{ace rﬁﬁboé%d r ;gr n}]fasicgl LoIaC Dl%l‘vg gt er ! %)e (A)pressure is

dpplisd ng tieemeotrane Jtefb@dmembeine aid 36B. Slrﬁsb G8Bgirate is an open-

Glei RorrasBerp oy MERBRCUIENS SO0 FRRGR areater than or
RARL toCalodt 5Yvol 36 WaAikeRsk® aBbNd, %dvdctiﬁlﬁlig ufled afreatggthrough the

tool and a&gsnlve pressurelsagy o the si
uhelraie ABr Anesushpsi membrsae 30 de criplnyed tto pysh theessubgirate pgto the

g OO R el s iR EHUTIANMLRERE 96 181 AR membrane

%md/ﬁmmfmeaqmlbbinﬁd 26 Howauﬁlhtoph 80 raslthee pca'timee‘tsrhesmme li’tlévaepressure
mol d.

i PEner FE i 8RS GLOZ a0 df SR afory, Avefiom cannot
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det o) ordi nary jll in the houyt
B i ke S S Presiel apblied ston e cemBEve. S0 Poshes the
rﬁéxﬁ@ﬁﬁé %6 t@%@xﬂ&ﬁé ?oﬂnﬁn% ﬂ)o@goa\(@ﬁdéecﬁe s@lstrate 15 tﬁé f5¥fhing tool
some or all he ce , rendering the substrate

0 itds WQJP%MW%@ Haged @S@@ezoos/ 072934
PCT/ US2005/ 001375 Figure 2 schematically illustrates

l@or”&&ﬁ’ﬁ e;RAFHION YL@ €SBEN Substher 'EU RSO Qof about 1
met hod.” A heated substrate 26 is di sposed t ween

gimesyghgree(aboxt M kPa) to about 5 atmospheres about 507 kPa) may be applied
to the membrane 36 to push the substrate 26 toward forming tool 30, while a vacuum

is being pulled through forming tool 30. More particularly, about 1 (about 101 kPa)

atmosphere to about 3 atmospheres (about 304 kPa) of pressure may be applied to the

membrane 36.

The above described thermoforming methods are provided merely for exemplary
purposes. It is to be understood that the substrate may be formed by any
thermoforming method, wherein the resulting molded substrate has a void content

such that a vacuum may be applied through the substrate.
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and a formng tool 30. Wile formng tool 30 nmay be a
mal e formng tool or a female formng tool, the

wo 005072934 0ol 30 is illustrated as a mal e for nPCUSH0O$/001375
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B e sharge qubsiials. y Thigrticdpusrnaa apsisiiy brnging theshimed; ybstrate

R HOA6h 34RethdeRt, the substrate may be formed by any
t her nof or i ng met hod, wherein the resulting nol ded
supstrate has_a void content such that a vacuum may

Referpgl new tohFigutsh 3t Recrasstisetionab side view of a vacuuming forming
apparatus with the substrate is illustrated. A shaped substrate 38 is placed on a male

forming tool 40 comprising a plurality of holes 42. A film layer 44 in the form of a
sheet is heated, and held in position relative to the shaped substrate 38 and the male
forming tool 40 via clamps 46. A vacuum is pulled through the forming tool 40 as
illustrated in the drawing by an arrow. Since the shaped substrate 38 has a sufficient
porosity to allow a vacuum to be pulled through it, the surface layer 44 is pulled onto

the formed substrate 38 to form the layered article. It is noted that in various
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12 WO 2005/ 072934 PCT/ US2005/ 001375 After

thernmof orm ng the substrate to produce a shaped
wGasovrase, the shaped substrate nmay opti onal PgT/D82005/001375

trimmed to substantially the final shape of the

desired article. The trinmng may occur prior to or

subsequent to di sposjng of the filmlayer on the

%Eﬁ@&wgtfbgl%erlaw.eg ?HET? PP TGO 8- Al the pale derming fool 40

By 8P BnmipSREthbd, 131 thse tri@hRE nhéthods'disTik R abbld. M

press trinmmng, and the like, as well as conbinations

conprising at |east one of the foregoing nethods.

d
Papssimnlan Sepehandiilawen afiele bift gbtamablehhpalie puessnt arethod is
[ pn 3 d r rym n
% ool ?%P%b‘ﬁs h‘t %é& P (lﬁpﬁlwq %g)% efrﬂnz %3%} tlﬁg %gﬁ}pé'%’%g%%sﬁﬂ a? rgl.le film
Ielyer Ef2ocam, fuoniten foa sedicetliner fhiathe dubstindd, raatl ds selected to be both
emai n _on.the . forni fo o receive the filmlaye
(e B Srhut g Soifeie BRh 6O sHsTAR of ShcivBE b outer
shfpedf thellfgihrlaye@ MRymag besemiinhitedonith duffBddidorsO@hd/or may
sirable to enploy.the formng tool for

it is ! .
%qm%}e@gﬁ%&lveﬁ heleninrgvidepptiGaletestt.i cat i on of the film
| ayer onto the shaped substrate, the filmlayer is

h83d @dtied sBowh T IFEurEANGE bpishall 94 dobftiBRAYGer| O, Wich may
substrate, and is held in position relative to the
eronpiisspdditiien tbatage ravide roptieal sifasts, niayr be dispnssidebetween film

i t . 0 . .
%k%st r afn@l ;élgj‘s%ﬁ hfqh emﬁ ?r#‘il(g{}le?ﬂ%n#%aﬁgﬁs% %ffgkt e used to
provide mmopticayedfeet fidmtlaysrd 12 mmywvsr dlears Theivodibireatios ,of &ilm layer
| £- r_may..be intrqduced between the substrate and .
Hind RET cfpitts 1k 648 Sed TSR 50 A5 B Pobihet oyl anc s
shobatinh @gurandstihg. fil mlayer. Wen a tie-layer is
enpl oyed, it is disposed on the filmlayer, between

h h b t th ilml , bef t he,
A FerfoRRg 2 T Ririer P ohsmedch et een StEriasd 14, piiogal first
@ﬁ@ﬂhtibféahgem €6 dr@Ind 1dy& 113y er TieSlayddul 202 eha9b® ubdtto increase

shaped substrate, the tie-layer is also pulled on (and .
braslimngphsiwesy thgdaxers.i Nihsre np diedaves dei Pesends prfiqual fipst gompatible

1%#3-1{1%%@];19{;%0%@&&& ﬂoﬂdﬁg @QH@P% ISN2RGY 54 9@%@1@ 14,
3

ayer toget eferring now to
a cross-sectiaonal side view of a vacuum ng form ng

Ap patienal dalanes layier 122 by bet disposed lonus sideoé gubsivatshbifedpposite

384, €1 ~of QIIT . ly. 4 .

SHPSOEE) 2l pu BB 564808 0L BB RRO o g o o
dubsirdter hhdobppositshfibt Iagerhé bl etlat amdcheel the i coefifddesiti oft thermal
relative .tq the s ed,subst 38 apd the nale

SErRR S B0 ol Anisonb Hetaii iy "Bl Based beoveen
Jubstei@ 14 Bed balaatdyéorl2. 4 Adition, a second compatible layer may be
disposed between balance layer 122 and tie-layer 124 or substrate 114 (not shown). It
is to be understood that article 110 may be provided in any desired shape, which will

be dictated by the end use of the article.

Structural articles formed using the materials and methods disclosed herein may
include any use where a layered plastic article may be advantageous. For example,
articles include but are not limited to, exterior and interior components for aircraft,

automotive (e.g., cars, trucks, motorcycles, and the like). For example, various

14



illustrated in the drawing by an arrow. Since the

shaped substrate 38 has a sufficient porosity to
w@bkdoswra3yvacuum to be pulled through it, the sPCT/EE®05/001375

| ayer 44 is pulled onto the forned substrate 38 to

formthe layered article. It is noted that in various

13 WD 2005/ 934 PCT/ US2005/ 001375 enbodi nents, the

F%%?l&&tsa}ch%f %ereoao ippted Jo pangls, dygrigrpangis éocker panels,

g INGn 18 HorfHBntal Yarly fdndbTThdae lﬂ‘i‘éfsh 86brs S the i

trimmng met hods di scussed above. An exenplary s aped
mul til ayer article 110 obtai nabl e by the present

Al prgagdoys ySﬂ@vmeﬁhﬂda:dlg@lp%edmer@n @H@blm&xrthg oroduction af unpainted,

FANLARA) USSR, LAY

selaipise dint vartvas bamHa)dlmderm rthé gprmhlbtl«m aﬁ these)mam tdd proceed on a

Sl o0 b e g R ALl g o
844 thedofdRsing e 2b¢(iRE dFyparates) lﬁbﬁ-lt]ibrﬁﬂﬂbrhhﬁ% Step R8ldispose the
can provide optical effects. As is further shown in

Flit@trafé oY Siafyyl 8@5{ PR¥A N shapeddpyes &%amsl&a%@dﬁavelam@ -l speying,
0 d I, 0

gg SHPE}};S ﬁlécg g:l«gdv%’\geg dB% \Be@ n é) L0M{H %;cg g&fﬂ‘{ % 2sufﬁc(‘alent void

sculbmeﬁateeablqa vagihen éo bppuﬂmthmughsﬂle @bamdtsubstmtet twym@rll another

BB o B e S A AR R 6P, Pl L BForming

Aimde fther dtaped sqhstraﬂal a@nl lﬁyfeﬁnélcﬂ.ﬁn lngmaié toe fernait ellidlé dthe Qub@quent

nasth and is nFlgure4as 8.

B B4l Taysd) Rl OF oot T pblis ety saitice of the
giapgdglﬂis@atém and optional first conpatible [ayer 116

or filmlayer 112. Tie-layer 120 may be used to

crease. bondi ng between the |ayers. \Were no
f‘;}@é’r redyeqsy teg mesvgﬁﬂwaﬁ&m piedste riedsatthesedayared products

zﬁfﬁiy C&P RIsteRR FRnlafi6h QA8E ABE I'L‘ilt'nBEfyb efvesBrl éﬂﬁbieaﬁl%ﬁufacturmg
112 and substrate 114. An optional bal ance layer 1

pragespe lgi spdisen ovhen §h1§et1@rm9£@m@1ngatreetqu1 demso ot eemploy a
ﬁl'ehﬂaégﬂ%gr P‘l]ai!egxal T%@UJ %Ig?a[ﬂlgt réd%&f%[ I]fzﬁoﬂ %lntn?nated

provi ayer ‘on oppos
cﬁdmpard:ch)te roth&ZHIeﬂwtd uang raeskhdrimesemmg fatedalt dhet imtrvaly low

 FARR i ot ehloBke BEER B TSR Pl S B retatively
lloayﬁfohﬁg 2ostkn R‘lﬁ&il}t, it pofous eafine onm)ahdé?g@n g 8utBfraf®Bdtructure

dIS osed ween bal ance | ayer 122 an e- | ayer
11@3129 iaS@w‘freﬁm '}%mﬁ) duyipg thesatfaghpent of the surface

1ld9é1¢rst ood that article 110 may be provided in any
desi red shape, which wll

While the invention has been described with reference to an exemplary embodiment,
it will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the
essential scope thereof. Therefore, it is intended that the invention not be limited to

the particular embodiment disclosed as the best mode contemplated for carrying out
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be dictated by the end use of the article. Structura
articles fornmed using the materi als and net hods
waele@shmeed herein nmay include any use where aPCHYS2008001375
plastic article may be advantageous. For exanpl e,
articles include but are not limted to, exterior and
interior c nents, for airgraft, utonotive (e.g., ...
i veptiof at bt iaysition woff fpotide 2 i ehodipents %@Ahn@ Péthin the
Y@k @ the abflefd 28k 072934 PCT/ US2005/ 001375
coimponentS i nclude, but are not limted to panels,
guarter panels, rocker panels, vertical panels,
hori zontal panels, fenders, head |iners, doors, and
the |ike. Advantageously, the nethods disclosed herein
sinmplify the production of unpainted, cosnetic,
structural parts and panels conpared to nethods
enpl oyi ng thernosetting naterials. In various
enbodi nents, the production of these parts can proceed
on a single formng station with greater efficiency
than is currently possible. Methods that wuse
t her nof ormi ng have required a separate,
non-t hernoform ng step to di spose the substrate or
sub-layer onto a shaped | ayer (e.g., a shaped film
| ayer), e.g., by spraying, injecting, or the liKke.
However, by enploying a substrate with a sufficient
void volunme to enable a vacuumto be pulled through
the shaped substrate to pull another |ayer onto that
substrate, the filmlayer can al so be applied using
thernoform ng. Since the shaped substrate can be
formed on a male or female nold, the subsequent |ayer
(e.g., filmlayer) can be an aesthetic |ayer applied
to an outer surface of the shaped substrate. This
nmet hod reduces the types of equi pnent used to produce
these | ayered products and can decrease formation
time and sinplify the layered article manufacturing
process. In addition, when this thernoform ng nethod
does not enploy a thernosetting material, VOC
em ssions are greatly reduced, if not elimnated,
conpared to other nethod using a thernosetting
material. The relatively |low pressures that are
enpl oyed in the nethods disclosed herein also allows
for relatively Ilowtooling costs. Finally, the porous
nature of the underlying substrate structure helps
reduce therno-elastic stresses that arise during the
attachment of the surface |ayer.
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Wil e the invention has been described with reference
to an exenplary enbodinent, it wll be understood by
WO bwse79Bi | led in the art that various changesPOHYS1¥65/001375
made and equival ents nay be substituted for elenents
thereof w thout departing fromthe scope of the
invention. In addition, many nodificati ons may be nmade
t a particular situation or material to the
teachi ngs of the invention wthout departing fromthe
¢sseni Akiheg VP forkdiey £ PfyercANSNAE, %@metﬂgd'c%nt pippded
that the invention hot be limted to arttcul ar
enbodi ment di scl osed as the best node contenplated for

termofongingue subsirapp shersiroforesa shenydusisoaepdeRdn the shaped
lpristsratenl\é tﬁ'bgpreui}ti}tcleﬁ ﬂﬁ&s‘tfc Pi\éﬁ ﬂﬁ%ﬁg WIV!)ld J:c%qhenlt' Nafficient to

errbo nent s
a]ﬂxpeadfechmﬂl o esapplied Wiio@glﬁﬂiwb @Hﬁ&ﬂéuﬁ!@éﬁd)szooa 001375
CLAIMS 1. A nethod of forming a |ayered article, the

hod co Sin m substrate sheet to
1Hggv§%1§%ég1rgtt@5tpegﬁaé)ng ol%ﬁtrgpega{l%e shaped substrate
|s a fiber-reinforced plastic naterial having a void

pditihg atfilmuéfedr ohterd surface af thewhapedatibstiatd o fomm alpplay@dd article.
t hr ough the shaped substrat e; puIIing a vacuum t hr ough

ort 2B BPURHST SNaEl DfibeRihs B iSer Furer e edompativi

RKéd. cle. 2. The nethod of Claiml, wherein the film
| ayer further conprises a conpatible | ayer. 3. The

t ho e vaoi.d content is greater
b S shor qleTaigh Jo HRej Ry Gepanbt drscr Graor equal to
a&wmop%, biked dhaRe@tad ¥BRiAs @he $hapldguptRbiod of Caim

3, wherein the v0|d content is about 10 vol.%to about
50 vol. % 5. met hod of C aim4, wherein the void
%ont ehie n@th@scﬂftc@el Jomhereinsthsiyeid coment\ippbagt 16, volfieto about
aetdiog of Aaimil, wherein the fibers have a fiber

di aneter of about 6 mcroneters to about 25
mcroneters, and a fiber [ength of about 2 mllinmeters

30 The method of Claim 4, wherein the void content is about 25 vol.% to about
50 vol.%.

6. The method of Claim 1, wherein the fibers have a fiber diameter of about 6
micrometers to about 25 micrometers, and a fiber length of about 2 millimeters to

about 75 millimeters.
7. The method of Claim 1, wherein the shaped substrate is forminated.

8. The method of Claim 1, wherein the shaped substrate is an open-celled, fiber-

reinforced plastic material.
9. The method of Claim 1, wherein the substrate sheet comprises:
about 25 wt.% to about 75 wt.% plastic material;

about 25 wt.% to about 75 wt.% fibers; and

17



about 75 mllineters. 7. The nethod of Caim1,

wherein the shaped substrate is formnated. 8. The
woreaohoeosf Cl aim 1, wherein the shaped substr aP@r/S20851001375

open-celled, fiber- reinforced plastic material. 9.

The method of Caim1l, wherein the substrate sheet

C rises:;, about 25 w_.%to about 75 wt.%plastic
WE%%I} Wrightpracanipae ?&??%‘tnd" TQB’g gt O?\Ih.e%lgﬁtf?é? gheehng
17 WD 2005/ 072934 PCT/ US2005/ 001375 wherei n wei ght

P@r CemhsnftRdRITIHnP9 wherélhdhe MD:BAE shiet bLHQpSRS r at e
sheet. 10. The nethod of O ai m 9, wherein tﬁe

substrat% sheet conprises; about 35 w.%to about 65
Houss p M tcabiont 65 wae plastic matstiel 88wt . % t o about 65
w.%fibers: 11. The nethod of Claim9, wherein the

BARSBS GtBRICAYoRt 65 Wi 8fHBGEed fromthe group
consi sting of polycarbonate, polyester,

ol yet heri m de, polyphenyl ene ether, polystyrene,
ﬁu y afel anethdd of §ein &t ivdeeie dlgp plastio gnagerialois selegted f6m the

f ' 0 ' [ e
G LGRS pol s AV O AL, LA e,
pgstgtenel poomide, and sembmationseangpriviigrideast dte af the foregoing.
pl ug-assist. 13. The nmethod of Caim1, further

npr i-si di,s i ng .a_tie-laver . between t.h shaped, .
Eibst e SRR eteftt I pybistsip Heydpb3tiarg et frogproRiesieg, with o
themblee ebsistédredcmninosrassage fohaingubahodivithshsted-adsistt her
conprises heating the substrate to a tenperature

ffigcient  t | lLow Lofting of the .fibers. 15. The
Fh1 holnSemod dhGBin | ohibRr o et dispats & tedayg etween the
hapdd {ubb@att and 8@ Ind ley@bout 700F (about 371 C). 16.
The method of Claiml1, wherein the substrate sheet

rther conpr.i ses. a non-. woven scrjmdi sposed on a
Wit 2@‘@6 BI° eofsélﬁémr]at\@hegﬂ@ ermofortpingdhR gabsgate sheet further
doRipFised haatldy Bk edib&kdte @b & tehlpRratlt R GORPL Mg :loftin% of the

heating a substrate sheet to a tenperature sufficien
fikeral | ow | of ti ng of fibers of the substrate sheet;

15.  The method of Claim 14, wherein the temperature is about 450°F (about
232°C) to about 700°F (about 371°C).

16.  The method of Claim 1, wherein the substrate sheet further comprises a non-

woven scrim disposed on a surface of the substrate sheet.
17. A method of forming a layered article, the method comprising:

heating a substrate sheet to a temperature sufficient to allow lofting of fibers of the

substrate sheet;
disposing the substrate sheet against a membrane assisted pressure box;
pushing the substrate sheet onto a mold to form a shaped substrate;

heating a film layer;
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di sposi ng the substrate sheet agai nst a nenbrane

assi sted pressure box; pushing the substrate sheet
wo@nis/0z9l d to forma shaped substrate; heatPeyUs2005/001375

filmlayer; 18 WD 2005/ 072934 PCT/ US2005/ 001375

di sposing the filmlayer adjacent to the shaped .

ubst.r at, e; l1ing.a vac t hr h t he shaped
31?8%%1% ;ﬁlgﬁayeﬁ@%ﬁ‘:ﬂ‘& tf’ﬁ? P#ﬁ@?@ t€:3gai nst the
shaped substrate to formthe | ayered article. 18. The
pellingd vabufeh srbudh’the Whaelisibdtiag:; sh@ped substrate is a

fiber-reinforce pl asti c mat eri al having a void
%@terh Igreater than or equal to about 5 vol.%
Baldagt ﬁfﬁﬂh af/?reaaamsmhe@mfééub?tra%@ ferna Hadlayernd prtisles
19. The nethod of Claim 18, wherein the void content

b 0
5 0 iy (8 D500 Syt Uy P

pPlastigeanteripldhavinig-peeid sabient of greaterthamer équahtd ahoet 5 vsz%, based
upon the total volume of the shaped substrate.

19. The method of Claim 18, wherein the void content is about 10 vol.% to about
50 vol.%.

20.  The method of Claim 17, further comprising disposing a tie-layer between the
shaped substrate and the film layer.
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