WEATHERABLE MULTI LAYER ARTI CLES AND PROCESS FOR MAKI NG
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Multilayer articles comprising a weatherable film such as a film of polyesters
containing resorcinol arylate units as a top layer and an un-reinforced thermoplastic
substrate via an in-mold-decoration (IMD) process have demonstrated outstanding
properties suitable for applications in automotive vertical panels like fenders and
doors, other outdoor vehicles and devices, protected graphics such as signs, outdoor

enclosures such as telecommunication and electrical connection boxes, and



substrate via an in-nol d-decoration (I MD) process have
denonstrated outstandi ng properties suitable for
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comprising:

forming a substrate layer comprising at least one thermoplastic polymer and fiber in a
range between about 15 weight % and about 75 weight % based on the total weight of

the fiber-reinforced polymer substrate,
cooling the substrate layer,

placing a top layer comprising at least one thermoplastic polymer comprising
structural units derived from at least one 1,3-dihydroxybenzene and at least one

organodicarboxylic acid on the cooled substrate layer, and

molding the multilayer article by heating the substrate layer and top layer at a.
temperature less than the glass transition temperature of the thermoplastic polymer

top layer and at a pressure in a range between about 15 psi and about 800 psi.
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The present invention further a process for making a multilayer article comprising:

placing a top layer comprising at least one thermoplastic polymer comprising
structural units derived from at least one 1,3-dihydroxybenzene and at least one
organodicarboxylic acid in an injection molding tool wherein the aesthetic side of the

top layer is contiguous to the surface of the tool,

placing a substrate layer comprising at least one thermoplastic polymer and fiber in a
range between about 15 weight % and about 75 weight % based on the total weight of

the fiber-reinforced polymer substrate in the injection molding tool,

injection molding a thermoplastic resin between the top layer and the substrate layer.
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carbon fibers, metal fibers, ceramic fibers, whiskers or combinations thereof.
Preferred fibers will not add color when combined to the thermoplastic material.
Preferred fibers of the invention will have modulus of greater than or equal to
1,000,000 psi. The fiber strands may be chopped or continuous. The fibers may have
various cross-sections for example, round, crescent, bilobal, trilobal, rectangular and
hexagonal. Preferably, the fibers of the present invention are glass and more

preferably, the fibers are dispersed chopped glass fiber.

Preferred fibers will have a diameter in a range between about 5 microns and about 25
microns with a diameter in a range between about 6 microns and about 17 microns

being most preferred. In some applications it may be desirable to treat the surface of



vari ous cross-sections for exanple, round, crescent,
bilobal, trilobal, rectangul ar and hexagonal .

woe@briaakt y, the fibers of the present inventiPOI/E8®05/015177
gl ass and nore preferably, the fibers are di spersed

chopped glass fiber. Preferred.fibers wil haye .
thg fahestveih prhemicah gaupjEeegent dhauprose rdBesiens oy Hie filslamplastlc
m cr : 0
e B o AT e e 00 RIS A3 Bikony
zismmetea p pAmaat ieposy, | dmideyobthic dsnatiabhlealkoxyt sidates tane especially
syrface ofthe fiber with a chem cal coupling agent to
uqeﬁ.ﬂr ove adhesion to the thernoplastic material.
Exanpl es of useful coupling agents are al koxy sil anes
TR @hé‘ﬂn’éﬁl’é&’ﬁ@ L8R8 She AlbHite BREXYn tRIMhARilaPdr 4HIERs of this
functional al koxy silanes are especially usetul. The
invertiampjsl atslerst onet deinadplestict prdymeat sthethes ddditen o cotidensation

o SR et aPers e D e bifed fo; BolycRfBSnates
pABEIENS abiRiatR eRAy@EhorarRICPSIBhhaRIMe! YIRS | pulydiE@imides,

but are not limted to, po1 ycarbonates, particularly
pelyetherketongso| yedly¢sheratherketones.,y phelygstese atderpolyestercarbonates

| yet herim d | vet her k ne .
(BB RSP E T BRL LS Bl 2 Re sgpytover as defined hereinatter,
ardiop Al Rehides Arrefenrt @sndetsiti@rtieindpl Bt bbgafrs fdpoliRheAtides.

enpl oyed for the top |ayer, as defined hereinafter), :

and_ pol yam des. Preferred condensation thernoplastic
Slﬁ&%@d%ﬁ%n Bolyyeey gqhstiptesiiprdade lame-andecopalymerisraliphatic olefin

R e e R S
cideuide)as ppiy(vieyihy blsloside-pohimitidpyé erbloride), y (ndly(vinyl  fluoride),
velparieye Bt vy S LBty e, poly(vinyl
bt 0r bg%kacrﬁgltligrﬁl\g, My 1RSI &S subP hy (Hes8 Yk (ﬁ%gl?eiﬁ‘gh)amides or

pol y(vi nyl ), ‘pol'y(acrylonitrile), acr
ofpadkylrtereth)suryhtes sucthaspolpfmethdirhgthaorylaten(tRAEMaK ") odnd polymers

I kyl (meth)acryl ates such as poly(met hyl . . . .
Ofﬁefliﬁﬁ?ﬂé’ﬁ%ﬂ)lgﬁ‘)é‘j | %(XW%? S EEO| Yrengs; 1nclud1ng‘ syndiotactic
patl oyt anRPréfefic€ AIRAGM PSyieed YorfaRP biio¥dsenepolypropylenes.

i ncl udi ng syndi otactic polystyrene. Thé preferred

addi tion polyners for many purposes are
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as substrates. Typical blends include, but are not limited to those comprising PC/ABS,
PC/ASA, PC/PBT, PC/PET, PC/polyetherimide, PC/polysulfone,
polyester/polyetherimide, PMMA/acrylic rubber, polyphenylene ether-polystyrene,
polyphenylene ether-polyamide or polyphenylene ether-polyester. Copolymers and
alloys of any of the foregoing types and species of polymers may also be employed as
substrates.  Although the substrate layer may incorporate other thermoplastic
polymers, the above-described condensation and/or addition polymers still more

preferably constitute the major proportion thereof.
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carbonate, magnesium oxide, chromic oxide, zirconium oxide, aluminum oxide,
crushed quartz, calcined clay, talc, kaolin, asbestos, cellulose, wood flour, cork,
cotton and synthetic textile fibers, especially reinforcing fillers such as glass fibers,
carbon fibers, and metal fibers, as well as colorants such as metal flakes, glass flakes
and beads, ceramic particles, other polymer particles, dyes and pigments which may
be organic, inorganic or organometallic. In another embodiment the present invention
encompasses multilayer articles comprising a filled thermoset substrate layer such as’

a sheet-molding compound (SMC) or bulk molding compound (BMC).

The substrate layer may also comprise at least one cellulosic material including, but
not limited to, wood, paper, cardboard, fiber board, particle board, plywood,
6
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TR %eﬁggliolgsi,ti\éepsol?rﬁgr JEhE {o%dla}ger}dco%ip?ggsr ssaeu%tural units derived from at
least one 1,3-dihydroxybenzene and at least one organodicarboxylic acid. Suitable
polymers for this purpose, specifically arylate-comprising polymers, are disclosed, for
example, in commonly owned U.S. Pat. No. 5,916,997, the disclosure of which is
incorporated by reference herein. Arylate-comprising polymers having a glass
transition temperature of at least about 80°C and no crystalline melting temperature,

i.e., those that are amorphous, are preferred.

In one embodiment of the present invention, the top layer polymer comprises a

polyarylate with structural units derived from a 1,3-dihydroxybenzene and either



into a mxing tank fitted with an inpeller to forma
m xture. The m xture i s punped to a head-box via a
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A«ylate-conpri5|ng pol ymers having a glass transition
tenperature of at |east about 80C and gy crystalline
mel i ng tenperature, i.e., those that are anorphous,
are|preferr d. In one di ment of the present
-Hvent+-a—tthe—t p-eonpri ses a

pol yarylate with stryctural junits derived froma

1, 3-di hydr oxybenzene L1 herisophthalic acid or
terephthalic acid or ure thereof conprising
structural units @) formula | wherein each RL is a
substituent, especially halo or Cl1-12 alkyl, and p is
0- 3 optionally in conbination with structural units
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102 98(07480ften referred to as "soft block" units.

It is within the scope of the invention for other acid groups, such as those derived
from aliphatic dicarboxylic acids such as succinic acid, adipic acid or cyclohexane-
1,4-dicarboxylic acid, or from other aromatic dicarboxylic acids such as 2,6-
naphthalenedicarboxylic acid, to be present, preferably in amounts no greater than
about 30 mole percent. Most typically, however, the top layer may consist of units of

formula I, optionally in combination with units of formula II

The units of formula I contain a resorcinol or substituted resorcinol moiety in which
any R! groups are preferably C,.4 alkyl; i.e., methyl, ethyl, propyl or butyl. They are

preferably primary or secondary groups, with methyl being more preferred. The most



10289807480ften referred to as "soft block” units. It

is wwthin the scope of the invention for other acid
w@e@apss28such as those derived from aliphatic PCT/US2005/015177

di carboxylic acids such as succinic acid, adipic acid

or. cycl ohexane- 1, 4-dicarboxylic _acid, or from other
PEerResh m@le(gqe% gfeogp,ggqcprgpl Aeqigiiess ijx whigh p 1%zero although moieties in

vfl‘@&iﬁe fal efré‘ Gl CRERAY I r@sge& to 2 F ertiof SeNt

I'n anpunts no an about 30 nol e
per cent . Nbst typically, homever the top | ayer may
Sewnsli S—tiihyﬂrawaenzené frovietiek a ate lnmm'domal bye i or more types of

conbi wth units of farnula Il. The units of . .
OF R by Yhignidkich ROJeBiEHy YT Yo, Arami | sigaeicarboxylic acid

ihat o) i
n{po?ezc%g ?&a}gﬂy ?{5’ i@ rﬂoﬂd&Plc‘ME . qg?(%hﬁ']alﬁ’é e E’% y}?‘{tﬁ%erltgb (})/rl pog}/cychc,
elgutl;ﬂk)hth?megdlearbomlake rli‘etbfeyah@y,| thrarayoroatics dicanrbdaylyc acid moieties

orbSePindlh PE TR Er AeiRRiE gReraio it e Pab ofspid moietes

n‘l‘é{?"tfé'})ré&ehts Fé?ftRe nidsi SRt BBt RE Bidset ih A MO1bCALB Jf $so%hﬁ1ra19ate to
al so excellent with respect to the invention.

texemﬁlmlaiym theyigage ehbetwsee @y 035! bodiAbbut ¢ (bh,epmferatdy én the

type [ ga box noi etie pi_C

rdfB il P BB ARG oA 6Ca Bl pETewbcin T Yanee of
bEMReE YBMitM.6B1 Gnd absOPN5ENakAY adRf piciraBItiiah@tge VT between
pol ycycl i c, naphthalenedlcarboxylate
ﬂﬁﬂépégbﬁn%@bophgldronat|c di carboxyl i ¢ acid nvieties

are isophthal ate or terephthalate or a m xture

II{ IH‘FE" gﬁfonagsf)ﬁﬁoc% uffl?st Qf ?{)m'ﬁﬁ% rf%éo%l'nSls om%{bsk?‘f‘uted resorcinol

e nost presen
rrmndtas areasgain pfeserﬁapl’dsi‘eanMng Ooﬂnbma’pblﬂi haihaR%whmhtlha divalent

ran e _of between abou abqut_ 4.
e?zeég@#ls%fr ﬁﬁpfﬁwfe mleﬁé @%Ipatl&e%% it Bpsat %reﬁerablxn% is a C3.0
t r r I f
stgaggltt ch%msalkxlegﬁd@gé Olﬁlfaﬁé}.ﬁﬁ a)fk}ﬂgnnet h)?m(%fw%?cl erog%tl%?ﬁlkylene
giomp. Margeraiérablet Re eraliphatict argl, @pdcidhdCab <stral glit dhain allphatic.
the optional soft block units of formula II,
resorci nol nnletle

resorc I itute
At elal P by o VR A BB o it Ry prepared
eslatialty ity anteif¥ahle ﬂ{eﬂ@szzoﬁdlétpbﬁhhﬁs ofl foifald ¢ &d especially

m xed aliphatic-alicyclic radical. Preferably, R2 is a
stptyral units derived from résorcinol in combination with structural units derived
from isophthalic acid and terephthalic acid units (sometimes referred to herein as
resorcinol isophthalate/terephthalate) in a molar ratio in the range of between about
0.25:1 and about 4.0:1, preferably in the range of between about 0.4:1 and about
2.5:1, more preferably in the range of between about 0.67:1 and about 1.5:1, and most
preferably in the range of between about 0.9:1 and about 1.1:1. When that is the case,
the presence of soft block units of formula II is usually unnecessary. If the ratio of
units of formula I is outside this range, and especially when they are exclusively iso-
or terephthalate, the presence of soft block units may be preferred to facilitate

interfacial preparation. A particularly preferred arylate-comprising polymer

containing soft block units is one consisting essentially of resorcinol isophthalate and
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strai ght chain al kyl ene, C3-J2 branched al kyl ene, or
C4-12 cycl o- or bicycl oal kyl ene group. Mire
w@e@baraki y, R is aliphatic and especially C8-BQI/US2005/015177
straight chain aliphatic. It is usually found that the
aryl ate-conprising polynmers nost easily prepared,
regetsasil athagatigynitatie af me aalratmetmtbasr?n&%w)slwwe@f alymit 18s5: 56 and
forpw . a.l and especially structural units derived from
d%%ggﬁgﬁﬁbl in conmbination with structural units
derived fromisophthalic acid and terephthalic acid
Auylatescoheidbicl pobanére hegfuess fodyhers dbinthasopy RsarMaybe prepared by
i sophthal ate/terephthalate) 1n a nolar ratio_in tft]e, .
conyispidonsd  estsrification pgagtions 2whichy mityahe usomlugied | mterfacially, in
s E SNt of Mt QL SRMIBER o R Ninith e gBR in the .
Tayhioait inferfacial pacpdratoautontlitioing, aranidsoaribet for ekanplel iy ¢ommonly

t he, range of be n abouyt 0.9:1 and apout 1.1:1. Wen
ovRed U Habhe %a%él,vgﬁ??%%ﬁ disdhinge 5F Nt PppeERoisity Toference
né@fymula 11 i's usually unnecessary. If the ratio of

units of formula | is outside this range, and

especi ally when they are exclusively isoor
Alsor gpdfthas arodymerh efopr the etopelayer s tthebbak oepdlyesteagarbenates

referred to.facilitate.interfacial preparatjon. A
aiselpred apd, pigimsk i, siding: sowouly el opBligigps ser. No.
09/988,806ah@ SR No. Woprils, 3001 tife diSclOfReCONFhIthI 42§ also incorporated
essentially of resorC]nof I sopht hal at e andresor ci no
by etsdgrence bpteis | Ahey nmorade r blorle ¢apobymeers sgngeprising polyarylate

het ween .about 8.5: 1.5, 3an 0. 5. . . . .
SR E B Bkl Hptsot i G nefretis nd i sgrpigptic pid o
ter §hthatiy eicid®ya Bextaretrrad ibyombihdaod hathadarbonate structural units

. esterification reactions which nay be conducted
anchterfacial ly, iP%@8 ution, in the M8t or under solfogmula

state conditions, all of which are known in the art. (1)

Typical interfacial preparation conditions are
escri bed for anple in co ly owned U.S. Pat.
, 916,997, the cl osure fch is || ncorpgrated ®
gLenge herei N tH>
ayer are the b k coppl yest ey car bonat es
ser m

nd cl ained i n gopendin pnl y owned pl i catli on
. No.

wherein R! and p are as previously defined, each R® is independently a divalent
organic radical, m is at least 1 and n is at least about 4. Preferably n is at least about
10, more preferably at least about 20 and most preferably about 30-150. Preferably m
is at least about 3, more preferably at least about 10 and most preferably about 20-
200. In especially preferred embodiments of the present invention, m is between

about 20 and 50.

The arylate blocks contain structural units comprising 1,3-dihydroxybenzene moieties
which may be unsubstituted or substituted. Alkyl substituents, if present, are

preferably straight-chain or branched alkyl groups, and are most often located in the
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09/ 368, 706 and Ser. No. 09/416, 529, the disclosures of
whi ch are al so incorporated by reference herein. They
w0 p@badesbl ock copol yners conpri si ng pol yaryl ap@r/US2005/015177
structural units derived froma 1, 3-di hydroxybenzene
and either isophthalic acid or terephthallc acid or a
onthocpesitéort teebashfoxygerc atuisredthpegh ofhehrinaldsationseare contemplated.

Sl&éa?)r%ég{zailg' nt tss\{{]c ?C%&’BB’[E% {}‘le R §5§¥€§P revfoggtéft,lfyl%o-butyl

-151@91 @oh 1 dedyd, Ald dr¢Rsiibsdtubdddalkyll ﬁloﬁtdlﬁg,eaéizyla%ﬂi ntéthyl being
Prefera y nis at |least about 10, nore preferably at

pardedarly petierred §ﬁﬂa%§ﬂloﬁﬁ%ﬁ@bsﬁﬁ+eyt5aﬁé dstroxggr 4igoro, ‘and fluoro.

1Pt ARt el BT s B, P o5 B v palogen

sws@@emtalake/alpds exﬁﬁbnee dTeerbgide fRnp ma9fbet(rs, m&%ﬁﬂy 0-2, and more
i nventi on, i s between about 20 and 50. The_ aryl at e
pmstegels Ocond AT Femed Ldtdikudroxyhepzensapeietyss Agnethylresorcinol. The

e BB R Per P by Ml Rsorcinol in ik p s
zepo eslzmymeﬂr enpigihg rabinyres toff i gﬁmydfmybemenéa nharietiesd such as a
alk pPS d are of t Iocat d in theortho
ﬁyetqf St ewgﬂgeﬂo i armeiyesso afeh%?o prigmplated.

I ocations are contenpl ated. Suitable Cl 12 al kyl

Ing FIRU RS 14t8 C:J,tl"lh@ﬁlrﬂeﬁﬁll@ sai@t NYlaihyarotydRN ene! ﬁ@ﬁl@@%@ bound to
butyl,” iso-butyl, t-butyl, nonyl, ‘decyl, and

aramtlc shtﬂgbmxyﬂnpe@lélnkqwtle& wbichdinay H@empybqycm tmoweeShySIuch as

ISQ@BE%P 3(%#[‘3%‘[1 hﬁ}g %f‘r 8}:73126?{0% gpges léllét}fgig,}t?(b QF%Va%VGS or polycyclic

mébictied) N¥EIHOXRENBRMENYIDI EicaoxGRMY, ai diphRehydethdrXt Widrktixylate,
al kyl and hal ogen substituents are al so suitable. The

diphgnydsulfone p diesybarelase.3, diphemiiresens, dicarboxviatesn dgphenylsulfide
dlegr%f )?}9131%' y %r 1. lpchglff:l"?édi(,e gli)c;le%qgl Eoét{ ?e)l%ﬂ?f NZ &l hthalene-2,6-

5 2- neth FeSor ci No preferre

dlﬂ;arﬁoﬂylwgbﬂmﬂ&iﬁ efendiicetlic amkl/oimnsaliasiclit atodthtic dlcarboxylates
resorcinol in which p is zero. Polynmers containin
Piefstellyesthef amomatigi wjerbaxylien2eide MOFEeS 5e §9E1p¢h51§tea and/or

tegg_p?lr{el#ALa??. Of iRy l%fh' Jf{ﬁ%ﬁfjrln&%ﬁg’sr ﬁ’llclggg 'p}%sg: For the most part, both

yl'resorcinol are also cont ate the
ara rpyé@h'emsa midaruratb ofrisdphtlmbatel td taelﬂn}h'aa&a:te anxy}memnga ef between

R L EX T TN R—
than about 4.0:1, then unacceptable levels of cyclic oligomer may form. When the
isophthalate to terephthalate ratio is less than about 0.25:1, then unacceptable levels of
insoluble polymer may form. Preferably the molar ratio of isophthalate to
terephthalate is in a range of between about 0.4:1 and about 2.5:1, and more
preferably in a range between about 0.67:1 and about 1.5:1, m is at least about 10 and
n is at least about 4. Soft block moieties corresponding to formula II may also be

present.

In the organic carbonate blocks, each R? is independently a divalent organic radical.
Preferably, said radical comprises at least one dihydroxy-substituted aromatic
hydrocarbon, and at least about 60 percent of the total number of R® groups in the
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i sopht hal ate or terephthalate or their
chl orine-substituted derivatives; or polycyclic
woriostlie87 such as bi phenyl dicarboxyl at e, PCT/US2005/015177
di phenyl et her di carboxyl ate, di phenyl sul f one
di car boxyl at e, di phenyl ket one di car boxyl at e,
poliyptee aid aromptie erghinanalionly land éhe balance thereof are aliphatic, alicyclic,

of ARHR SR SRS R Pt BT ARG porR ey SPReiishe, 4.0-
bipBbYEME, | @,@bﬂgﬁtﬂiﬁqeﬂiyﬂi)ﬁﬁmm&h& e@,z-wg(ﬂpﬁé@é%%p&g?qg, 6,6'-

aromati c di carboxylic acid noieties are isophthal i
(BhahDrictrandbylr hdl-srieobi[kH-indan]) endgiimlap fadicg]gsueh jae thoge which
] he St . h,.are..present in
ofFRAgPE B R bt SRR oS Pt R SR Mgl o
forange(geheesm@esifieputl. ) P2b Nb. a2 7388 Uivh#h Qs dacoM¥dedied herein
the isophthalate to terephthalate ratio is greater

by higfersisut A patticularlyn pigfered phudpe oBsABICs radicalydy j22-bis(p-
j t ' t .
pikebBBRT o RAT, ant S BEIRARNBRIAL] Slhmatic, fydrocarbon

canaposiihgiilesctd &venanaily knswh abbspialoyAer may form
Preferably the nolar ratio of isophthalate to

t.e ht hal ate is.in a range of bet n about 0.4:1 and
115 bebeved B e e Enp R Pl o e i genyRisg fhemally
oﬁ%@éocﬁerﬁ%ﬁﬁy aRHu@ROHHed rearfangBinkst JF AR HARRYTt010ield o-

nis at Teast about 4. Soft block nbieties
hydsox dspoomhicngne motaticsrol andlpgathperealf diidle sgve setabilizars to UV

t.he. organi c _car banate bl ock each | S. i ndependent |
roiof NBite PaRGHTE: ot APoopaY aPABP §hEn Ry rgbfeatange
toCHRRY éHaas menbeRa®ith @NRasti dﬂéquqw%zsgtbﬁﬁ loktHb @6l aflcREBIneKketone
hydrocarbon, and at | east about 60 percent of the
gioypal Sushinisairanged Rhginompebeny are émpglfyeo-had@xabmph@one-type
f ' |.cal.s. | ance there ar .

o 3RS Ui a SRl e Gl BLIRY Fllying, sroctomat
mideticAdf foansld NG W @e viir phenyl ene, p-phenyl ene, 4, 4' -

bi phenyl ene, 4, 4'-bi (3, 5-di nethyl)-phenyl ene,

2, 2-bi s(4- phenyl ene) propane, 6,6'-

(3,8,3 ,3 -tetranethyl- |,I'(rgpirobi[l H ndan]) and

sigrf|l ar radi cals such as those which correspond to the
—thdhgdrory- substit ut ed.@f omati ¢ hydrocar bons di scl osed
generic or specific) in U S Pat.
No. 4,217,488, whi¢h is incorporated herein

HO N OH V)
A,
g_ﬁ (Rl)p/ ﬁg_
0 0
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by reference. A particularly preferred dival ent
organic radical is 2,2-bis(pphenyl ene) isopropylidene
w@eastisesdi hydr oxy-substituted aromati ¢ hydr ocBebUs2005/015177
corresponding thereto is comonly known as bi spheno
A. It is believed that the aryl ate-conprising pol yners
of the p | ayer undergo thermally or photochemcally
i nduced |Fries rearrangenent of arylate blocks to yield
ohyd%é enzophenone noi eties or anal ogs thereof which
as| stabilizers to UV radiation. Mire
gegrticularly, a&HIeaSQVg portion of arylate chain

e rearrange to yield chain nenbers with at
| eas{| one hyldroxy group ortho to at |east one ketone
grou Such jrearranged chain nenbers are typically
0- hy

ophegone-type chain nenbers and typically
cong[i ne o cné;e of the follow ng structura
noi ®h es of for alV, V, or Vi:wherein Rl and p are
as previously dg?ined. Thus, in one of its enbodinents
the top layer of the present invention conprise
aryl ate-conprising polyners, at |east a portion of
wWhiefiR 5 bifid! 6 takl & prétiiotisly [defiGed! MHIRISI HNend 61 i@Sembodiments the top
rearrangenent. Fries rearrangenent typically gives
lagen gfife Pigser ivtentien gprapriserfirylgtereopmmaising palymgrsaat least a portion
h.nat j of - I rein Rl _and
of WARLRR R lngl 540, Rl 395 Lot an e RES ey Hegfnent
typfcally r giotdpalyniti Wathr epuctsantudis byepfegénted ayWlal cb@bination of
structural _units represented by Fornmula VIIl is in a
Foraptes Y el dabout 99: 1 and about 1:1, and preferably
in a range between about 99:1 and about 80: 20.
Al t hough iso- and terephthalate units are illustrated
inFormulas VIl and VIII, the dicarboxylic acid
residues in the arylatq)residues may be der (VEBY from
any suitabl e dr'garboxyljic acid residue, as defined
gereinabo XAQr m xtur lof syt e ¢ carboxylic acid

! wd-emboy{i nent tdhie present
nvent i in both Formul @ AE}J is zero and
the aryl cks conpriseldi carp i€ acid residues
derived f a m xture of terephthalic acid
residues. It is also contenplated to introduce
noi eties of the %%Pes illustrated in
' (VIID)

wherein R' and p are as previously defined and wherein the molar ratio of structurall
units represented by Formula VII to structural units represented by Formula VIII is in
a range between about 99:1 and about 1:1, and preferably in a range between about

99:1 and about 80:20. Although iso- and terephthalate units are illustrated in

13



Formulas IV, V, and VI via synthesis and
pol yneri zati on of appropriate nononers in

wa@egosatestonpri sing polymers. In a further enbpdi/mg2wws/015177
the top | ayer conprises conpositions containing

copol yest er car bonat es contai ning structural units
Femngas ¥ilmpdt 85 dbe HisarborpliFariduesduexin fitforralate REiduggmay be

. d iqusly.defj. Wit hi he.
o8y £9ReR Rifae BLPKLAUS SRS, ol EARDY Hinahove, o
mintder sf enichblh dicatbuxylio mcldyatduvegnmini pief@redesabsdim@hts of the

aryl ate pol yester chain nmenbers will also include

PS8} BYendehpP i3 edh SoRpHro NI Bash 20Phisnesie aad thnardgsddocks

c&rH?r'i HBHB&Ric f3d ke%sicﬁgs deH{;éderbﬁsa ﬁ%geagg%g? Qltu? 9efrephthalic
sai d resorci‘nol arylate chaln nenbers, for exanple

a@f residuex.p fisismisoaontaiplated at inhgdh@ymoieties bMhkitghds.illustrated in

Typi.cC a eponder ance of pol ymer cqnpri si ng )
F%‘%ﬁ%ﬁa%}x& Bed %‘p %ﬁﬂﬁé@se)%ané‘r%hs@m@ﬁeﬁa APRFEREAF g1ogPmers in
a gﬁ@amﬁﬁgﬁnggg§m@ﬁ_sides of said coating |ayer exposed

o W-light"and wll overlay in a contiguous

superposed | ayer or |ayers the pol ynmer conprising
Inure efarthem gmebadasentei thel tepr ylapgre commariresmenobmosition ¢dntaining

I S;worn away, or ot herw se renmved, pal: conpri Si
QR Sy TS P K emB R SR EBE Sowmuphe Hhoss P dn Frmula
D¢apabl e of regenerating or renewing itself fromthe

resorcinol arylate-containing |ayer or |ayers, thus

provi di ng continuous protection for any UV-1ight
sensitive layers. It i Y the scope of the
iAvention for
iscible in ati]r
RO +-ayer—apapy,
uhits derived fr
and at | east one okganodinegFboOxylic aci
exanpl es of at least partiglly mscible
i ncl ude pol yet heri m de and“p®l yesters such as
poly(l, 4-butyl ene terephthal ate) (PBT), poly(ethylene
terepht hal ate) (PET), poly(trinethylene terephthal ate)
PT.T ene_na hihgl%%ﬁgﬁﬁPEN), pol y(butyl ene

1 pol.y(et hyl
wn%lrgﬁ%% 2 a’tlyé§n’ and nH1€ ad previousty

/ \Prtiq s wththe po|yner
polymer COOPLiS

Within the context of the present invention it should be understood that the top layer
comprising resorcinol arylate polyester chain members will also include polymer
comprising o-hydroxy-benzophenone or analogous chain members resulting from
Fries rearrangement of said resorcinol arylate chain members, for example after
exposure of said coating layer to UV-light. Typically, a preponderance of polymer
comprising o-hydroxy-benzophenone or analogous chain members will be on that side
or sides of said coating layer exposed to UV-light and will overlay in a contiguous
superposed layer or layers the polymer comprising unrearranged resorcinol arylate
chain members. If it is worn away or otherwise removed, polymer comprising o-
hydroxybenzophenone or analogous chain members is capable of regenerating or
renewing itself from the resorcinol arylate-containing layer or layers, thus providing

continuous protection for any UV-light sensitive layers.
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(PBN), poly(cycl ohexanedi net hanol - co- et hyl ene
terephthal ate) (PETG, poly(l, 4-
weywboieesanedi met hyl -1, 4- cycl ohexanedi car boxy| BEBYS2005/015177
(PCCD), and bi sphenol A polyarylate. Preferably, a top
| ayer polynmer consists essentially of the polyner i
It indpuwithip e seerewrizhe invenidonifor iothes pphygarato beprssens ydich are
1, ih .
R s

condiBRgd btoutgrabinitd Berivedefbinoit leayt de Kb {detoldesk ybynzene and at
art-recogni zed bl ending_techni ques. These i ncl ude_nelt

lepyt onaiorgrnafiqader i ad bllBmiriye SYampieioRiiadeashpdrie Atiscible
p&lgﬁeﬁv'ih&lhaé’ epolgéﬁlieﬁﬁl?de"f Jde &g&%{%@t sudt S8 | 0ly(1,4-butylene
conprises an rnte ?or pex nmp es Vg

ri-ayer, e an ad
tetaphthalade)er (PBSOMe pblvgsthidenswn tasplathilae) ayBEY), bedlwg@dmethylene
any substrate | ayer and any t I r. Wthin the
te{f@@@f@ee B eoti(siieng agnate) _@ﬁ% §\‘/’\59f(g‘_“x)dﬂn& thaphthalate)
(Pt@wt, ﬂnd\?%(ﬁ Mh&an g‘%qlaﬁ‘éggfoseth%hé | tbdyRhalatd) | ﬁilzﬁﬁ%g];peoly(lA—

lon inclu ut are not Iltmted'to
cywhihekaredimethgel ,4-cgclbbéxaaedicarbygiatand(RCEB) |laaderbisphenol A

t hose which.c rise substrate |layer with t
PQLYFR[Ricn FESIEHFODY b (Gt TR QDS PAREY ajrgptaifof Fp pglymer
inbhiaGly GRBRIEA] Rt SRS fréth &t | @AY ESneaNELdfHydt3aBEnRAE ah @Rt least.

layer with at | east one interlayer "between'the
orgupyganodicarboaybe agidd ‘a top | ayer. Any interlayer may be

transparent, translucent, or opaque, and/or may

optain an.additive, for aml e a [ .

TR PR AReabpifctis GE AR frPpilhE ey prragoosnized
blandiy &ichaiyeés. MgsdRiciude midiclemiigg add@litam Hlentiig.of t he

i nvention, for exanple to provide abrasion or scratch

resi stance.  The substrate | ayer, top |layer of . the

Inj appder cbodipent 4hg muitlayeragrtifle ofrthe pessediattyveRfiangsaspRyises an
. r [ i; : t oMt

oA, S AR By SR B B a 1 i Rl
bawtat andi supstrate tlapdr ghd ey topplagered Within dhe potsent, context a

therability, inpact strength, and resj nce to
gt 616l b STEHCEARIET GEP PrvP ORI nIayer aricles of the
indBRIdnGAEILaN Dut FRRE Bhlitéd t6,NBostU gl BorprideesiBdirhie|A%BEnd a
article has an aesthetically pleasing exterior

topUayeactboseTikich gompose ¥ sulistrdigdayey vdthse fopeyertonecade side ofl said

su%)s(ttre?ura Il'cg?yrer; and those which comprise a substrate layer and at least one top layer

with at least one interlayer between the substrate layer and a top layer. Any interlayer
may be transparent, translucent, or opaque, and/or may contain an additive, for
example a colorant or decorative material such as metal flake. If desired, an overlayer
may be included over the tbp layer of the invention, for example to provide abrasion
or scratch resistance. The substrate layer, top layer of the invention, and any
interlayers or overcoating layers are preferably in contiguous superposed contact with.

one another.

The multilayer articles typically have outstanding initial gloss, improved initial color,

weatherability, impact strength, and resistance to organic solvents encountered in their
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surface as an exterior class-A surface finish. Said
articles may al so be recycl abl e by reason of the

weovpals2Bi ity of the discrete |ayers therein.PCT/US2005/015177
Mul tilayer articles enconpassed by the present

invention also include those conprising a supplenmental
finah @ppligatians. | Geneasgiby, thersrefase pp therrenitidayer pdicledss astaesthetically

Layer may be any additi C i O . .
o siRar St Tk Bl cRRuRRs B les heagpingd exterior
surfaGe 841 R eRRELE AbssIR SuRePfihise Seidarttlsomagalodetrecyclable by

pol yester chain nenbers as found in the top | ayer.

repapntqfithg eampatibility of theslissrgia dayets thereithe i nvention al so
i nclude those conprising at | east one glass layer as a
I I e gl : ti S
MEHBRKE "l R Einasck® 18 B9 SrBRL TR 6] LIRS those
comiprisiviged papiandned] teemoplastiplalyay éfheanpplameniabtheaheplastic layer

| ayer. Dependi ng upon the nature of the glass | ayer

ma%etm ngw&n PoCAiIAPRIRPR (ST el @85@36%@8? tabgie For
[ L& :

O B S Oyl TR R i, mergbers
asl fayet ingthe tdpdayervent i on. The adhesi ve interlayer may be

transparent, opaque or translucent. For many

licatjgns it is preferred that the.interl.ayer be ..

MR IR shioptpef iR S baRn, a0G andbE YR sodBrising
1ehdt 306 Bla8S1a98r Rfa GhpRERAtal N6r. aheWash Miermdy Be ous to the
val ue | ess than about 3% w th no objectionable col or.

toprayanegondigpens togthe shlstiatey lanet, OA interpasedebgiwger atop layer and a

renarin nul.t |l I I.cl ' rj s g
S ERE G el BTG Shp B AL BRIy o yticn
istcogtigudesdtileust bife ddiRsivt Dbl atee mag )R benEREialy eploybd bbveen

mul tilayer article may be perfornmed by a variety of )
anypglass, layeyr endoprsf EWalaY Sy, orapbsiratatlass adfthe arvention Theeghesive
. S t . o .
oG, 5 R Tl of BAALRLEL IR pLOC O tions i i
prefeered thaythbdntertpyed yoedorgicatly mehiyedat ds natvee and @eneraldy have a

e. g. . vacuum nol di ng), ressi on nol di ng, :
trénsm%ssion of greater than ag?)ut 50%115 2 haze value 9ess Han about 3% with no

~ objectionable color.

Another aspect of the invention is a method for preparing a multilayer article which
comprises applying at least one top layer of the composition of the invention to the

substrate layer.

Formation of the multilayer article may be performed by a variety of means. More
preferably, application of said top layer comprises fabrication of a separate sheet
thereof followed by application to the substrate layer. Thus, there may be employed
such methods as thermoforming (e.g. vacuum molding), compression molding,
overmolding, blow molding, multi-shot injection molding and placement of a film of

a top layer material on the surface of a substrate layer followed by adhesion of the two
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over nol di ng, bl ow nolding, nulti-shot injection
nmol di ng and pl acenent of a filmof a top |ayer
woraioenigrB7 on the surface of a substrate | ayer POI/US2008015177
by adhesion of the twolayers, typically in an
i njection nolding apparatus; e.g., in-nold decoration,
lagers; Wpiacaﬂy)tin pndspctithewidiog epparitusse.gayn-bwld dechuationd or in a

nder -recoqgni zed condi ne neth
ofARER TGS TS FiexgeronioRE ndef a2 By gofions.
t her nof ornmed or conpression nolded into the substrate
Inl 8emetodt dsleﬁnfepmig PRrhulding e afl sl thePsubb@4ts s isiRefRmdd or

trimed t ayer with an adhesive interlayer on one

cosnpfessian pémqié@h U@Iﬁ thepsubstretselayete of ghaelinad npprt gofleepoled. A
th%Hlt?éf{){TR aA@t}ﬁ ?&%g 15;{%%%{11 @ﬂ@ﬁ% Yite iatyhle H 8 e 1de fﬁ é)laced

an 1 n ayer ayer an e SU

o1l ®ypaf.thelpie- ibhﬁﬁkaﬂd&oblb%ubitﬂﬁ@ﬁymwh hlmltmbdmehde hhlttd&l_‘yer is
heat at a tenperature below the glass transition

an; Egslayst b‘?té/e@f therfap daysT pRg &e e&?ﬁtyﬁe aygrd e gtack ipihep placed
od'® ﬂge{t 1%0[%1;/ gx?tﬁ:y Fl?dt b0, [ E ﬂ&'eﬁ{ﬁ% bfeld%@{he{ggésrs 'tllaﬁéﬁﬁ{)n temperature of

artic e ‘tenperature
thb ebiagor pd:iymer é&ﬁﬁnﬂiﬁdlo&bModﬁ&ﬁl@ préssrerto lfmrt melfﬁml tyltilayer
[ about

i.n a_ran tween about. 35C an . o
arﬁiglﬁ- élfé(now%ﬁyattﬁ% tgpResatieds jnga mgag?favﬁ&é a%{t%@e% ang,ghput 180°C,
axRiSI'noﬁe"ﬁp&QH Yhin 839, Betw@éhdaﬁgﬁ'i 858y Bh& %Jn)‘c 123°8. MBRA&Ily, the

bet about 100 pS| and about 500 psi. In yet

prassutdisiin e rugh reémeenafbotnthkS pyieséaboutrBPOmtsi, end ntonetypically in a
substrate | a i S the farmed or conpression nol ded
range petpgen lﬁﬂ%?bgl’% apgﬁie‘gﬁégbtpﬁle final part and cool ed

as descri bed above. Thereafter, a uniformlayer of

In2dRe Sindehdr NEMbbEMRAL | 6T @W'}ir@s@nﬁ Ont&RionY rtﬁécﬁlb@fratehﬁlyer is
pre-forned and cool ed substrate | ayer and

themeofaoned pegompeestion madded Bio [t aybsiratet gy crfl the dabpart and
coto%gln 8; ldtg%;'ce gnha%élve\: éltﬂ%ée%'ﬁje erun g-lt}l? lgﬂa?l d&h%g gg 11§terlayer 1s

appbiedl Ofdnth@esﬁrfaﬁal ofmihd Iﬂra-)f@ﬁn@r tahdl €oold s@bstéate layer and a
conform ng silicone or rubber paddi ng[ % be used in
AP &

theyeofppned eyl g top) laxegmﬂsearprl%@é o, theradhgave werlayer.
ThéWRbte, s'te[?:k%%heﬂ'}}?&cféﬁ on%“ﬁé‘aﬂa'dgfﬁ&*d Wide EH%t Qﬁ@??e@%ure to gprm the

i nvention ayer eete or me
ﬁmzd Imlltll‘alyelfﬁrtldﬁ: lAlhm h |cnmﬂon'pmgts1licT)he sr sdbbar palditpanay be used in
uch th [

the moqgeo retaln class-%tsulrttace finish of the top layer.

In yet another embodiment of the present invention, the top layer is sheeted and
thermoformed to a “skin” of the final part. This skin is then trimmed such that it
matches the shape of the final part. The skin is then placed into the cavity of the
compression tool with the aesthetic side of the film against the tool surface and with
the mold temperature set below the glass transition temperature of the top layer
polymer. The substrate layer is then heated in an external oven or press to a
temperature in a range between about 180°C and about 370°C (depending on the
nature of the substrate) and the hot substrate layer is immediately transferred to the

compression tool to minimize air-cooling of the substrate layer. Placing the top layer
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mat ches the shape of the final part. The skin is then
pl aced into the cavity of the conpression tool wth
wo bwsaeesheti c side of the fil magainst the toRCT/US2005/015177
surface and with the nold tenperature set bel ow the
glass transjtion tenperature of the top |layer polyner.
audq@e%bﬁtaﬁeaka@en izytbe tqod in Henmpaeegr eaaklps &rﬁ tesk layentel bepseparated

e 536 e GBI Bl Rof U PFG RO s e
thsouht ahdtcﬁheraﬁtfactdlmﬁéfﬁact%ﬂ@s Mhat®] isghen closed zliﬂ”iﬁlﬁbliitlﬁﬂe)the top
transferred to the conpression _tool to mnimz

laypr coprss| intogogtact With dhfprerhepisT pubplpte 2pp é’@i‘?sﬁ‘&etﬂhé rangg between
t
aﬂ% ?12 &gaﬁlgb%owﬁ)t & ?hs% g{/ﬁg{raté Taylegﬁgge ﬁ{ayrcg'tvfg ‘tﬁ)'nﬁs w%th the top
lalyest, agdilesdlsat Bad ‘@y)b Dpcnstanld thaentltllyer aaesﬁt&ac Ipyrtodaﬁ&&ckemoved.
whi gh m ni %zes | ass readthr ough and ot her surface
TS WCRIAYCT THRLOR TIBY DPIDIIENTIE| osed at which tine
t he top |l ayer conmes into contact with the pre-heater
IS Shb@kLe@bo@mRhESSME HrdsBntdn( GG, &etmamyéb&ﬂaewprepared
psi and about 900 psi. The substrate |ayer fil
by dVR/njedsiondzolding pravess op theajopr layandnd dlo §ubST11a‘® tawt The

an er .aest het art.ca
«PBARDEARE wi Gt b of PGB G RE o ason-molding
tofll @st@Rhe adstheyietsi®NsItthe fopalaiaa dighmbe the todl @ﬁrfweeaﬁlﬁﬂﬁlth the mold
invention, the nmultilayer article is prepared

temyrratee et ibskowshelighys ﬁf@é@@@ tigmpetsgure off thaytep lémr pmmer
Nﬁ)ll@e%lt Ju%§t§at{a ?%y%{ is J ?c? Ia%g(i ﬁp %r(!;.%ﬂ}l %'?qhet fnjmg-lﬁoqgmg tool.
ayer

thefth@slhstienesin Imltha:g ihjettion mroIdied tnlite the Si\h@t dsCanSddihesioé 1rtté1ﬁ1yer
top |l.ayer against the tool surface and wiith the nold

Dv@%@eam%ors@p Heg prrcesiethy melen theamoplasinrosarietyey dows
B8 81 S L MR M i AP GRSl Ot
layerctbgetl@ert hernopl astic resin is then injection nol ded

into the cavity as an adhesi ve interl ayer During the

| nj,ect i Id | t | ast.
TR aRRs BT 1T ioRr S BHDERE IS OF Ay I Rion e most
oBMPSHRb®s:| ayer and ties the top |ayer and t he

substrate | ayer together. The thicknesses of the

various layers in nmultilayer articles of this
sybstyatatlaxen —ainea mnee between about 1 mm and about 10 mm, preferably in a

range between about 1.75 mm and about 6.0 mm,
top layer — in a range between about 2pm and about 2,500um, preferably in a range of
between about 10um and about 250pum and most preferably in a range between about
50pum and about 175um,
second material, if any — in a range between about 2um and about 2,500um,
preferably in a range between about 10um and about 250pm, and most preferably in a
range between about 50um and about 175um,
total — at least about 125um, preferably at least about 250pm, more preferably at least
about 400pm.
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often as follows: substrate layer -in a range between
about 1 mm and about 10 mm preferably in a range
wheirdees28about 1. 75 mm and about 6.0 nm top |BYEUSINS/@15177
range bet ween about 2mm and about 2,500mm preferably
I n a_range of between_ about Omm and about 250nm and

Th%él@ulblfa&frealaasley ¢inthgs Wﬁgtéorbétmacéw moihe upipl beneficial
Otfes 15 ﬁ‘ﬁ’t@dlag&[ag d %& lg%eaaﬂ}/ addftf;dnato @Jégt%erablhty as

ftween a ut mﬂ an er abl'y
e\ndﬁ@ed tbgtm@ﬁaﬂvﬁb@slbtaﬁ@“rm alodviako uﬁdlﬁ’liﬁﬂmd ﬁmdltéﬁ?aﬁbe of gloss,

oL stisance. ReP s SRaatY tOPISYEHSUBTBHolRg8 gpraltination, the
t
n&'uﬁgﬁ}iﬁrjla_aﬁgéi%r%l t&iﬁgb/ss'é&f ‘?ed?l[:ﬁ{ g}?c{b‘flﬁt? WIREAS InAROYE Ip0531ble to

artrc 5 invention a
eroplay ab¢ eegrawldmbierithes aswhbtrdde dexf fucihat pprdopet o€ artidles of the
t he. substrate |l ayer and top layer, in addition to
n%@ﬁ?ﬁbrablllty as evidenced by inproved resistance to
ultraviol et radiation and nmai ntenance of gloss, and

REgedakivE e phBliRP&GE arfR@8L NKhidH WRPNbd NRa8OPwhich comprise the
l'ayer/substrate | ayer comnbination, the nultilayer

campdsitioas ol m@@s ingledec Ialrmgftc ap@mdtwny truvlm wiilitamyk gehicle

{
hipBRERb RN, SRR ol Sl AT RURD) BBl oxerior
arid 1@tBtibr0 RompPeidres e Ridinge palls,i eyl Pdnleiss | B8kephpaifRls, trim,
can be made which conprise t he conposition of the

ferlﬁ%nfiwﬁ d%llé@jem&wlé&ahqodsﬁh@w irgefS, brpRes, fascia, gnlles
mm(% ! h rﬂlﬁ% a§151ﬂ;)%| ydlr:]lggdr%%g 5@32: sife l{ifﬁr éa f W'haeel covers,

1% exteri e
hubmhlm, Idrobr hamrﬁfm epbdiders,] wirldodi ﬁgm[é@nlﬁiaﬂlarrlwbéztew headlehps, tail

rocker tr| fen doors, decklids,
lappgnieili] ?}%}88%“ g eF Srense siip englosuras apef racks, and

ru%gfélkl %Sdadeén négl'é Is%%g uﬁé\)lwﬂ}g%s @g%éé?rar@pg%ﬂsq Y‘(ﬁsoﬁﬁbﬁd%}ﬁ&es and
ddvmsl,l ex]osspwi foe ekctrivhhaloivel scamesnidatiad| (hmmeh eagdsyr furniture;

borgi?sagulu? r}gasrinet g(i]dipment, including trim, enclosures, and housings; outboard
motor housings; depth finder housings, personal water-craft; jet-skis; pools; spas; hot-
tubs; steps; step coverings; building and construction applications such as glazing,
roofs, windows, floors, decorative window furnishings or treatments; treated glass
covers for pictures, paintings, posters, and like display items; optical lenses;
ophthalmic lenses; corrective ophthalmic lenses; implantable ophthalmic lenses; wall
panels, and doors; protected graphics; outdoor and indoor signs; enclosures, housings,
panels, and parts for automatic teller machines (ATM); enclosures, housings, panels,
and parts for lawn and garden tractors, lawn mowers, and tools, including lawn and
garden tools; window and door trim; sports equipment and toys; enclosures, housings,
panels, and parts for snowmobiles; recreational vehicle panels and components;’
playground equipment; articles made from plastic-wood combinations; golf course

markers; utility pit covers; computer housings; desk-top computer housings; portable

computer housings; lap-top computer housings; palm-held computer housings;
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| anps, tail lanp housings, tail |anp bezels, license

pl at e encl osures, roof racks, and runni ng boards;
wepebosa28es, housi ngs, panels, and parts for oRCTUS2005/015177

vehi cl es and devi ces; enclosures for electrical and

t el econmuni cati on devices; outdoor furniture; boats _
MOAHOTRONHBES AP HE AOUSIngS | kepbagrdsy FnX aneghirg heysings; deopier
ST aeprHL RS e e L s B Bhlo e B8R drougipgs: radio
reeeivet) ivpsiape pHphts fapuren Vv Hphtivgs ;applidriced; ngetavgk interface device

construction apﬁ)l i cations such as _gl azi ng, roofs, .
howsieswdransfprsagrshousinesy it RIAHIMGHROPLIRES, Haddyae oF seating for

cutre I e pi S, .

PAAR Rk o BhEAnE 9 ARNER FsPRBNUER, by moter
héwsimgssanteplthoabings daldsesfor saellierdishves; oginddiadiniets and personal

| enses; inplantable ophthal mc |enses; wall nels, .
PRSPPI BB P BHER o8 S5, BB et gpeaphic. flm
aifd PhdtoBMIOTHES c&‘a@é@'ﬂhﬂﬁeAdr pﬁﬁ@l’e& 8080 PAfHS aftRies; coated

automati ¢ tel'l er “machi nes ( , enclosures, housings,
flpemedest artinkgs;panated fHamn articles; and liga rpidivatiorsc t Bresipvémaion further

wer and .t ool .s. .includi-ng | awn d.garden tools: .. .
e GG ARG Riricon SR Eons it R Rh gufbgs Dut ot limited
tog b RBRY, € Hr-mbBRH ebsigtioRamakine 8Nth BAMtSofd, lamination, and/or
snownobi | es; recreational veﬁlcle panel s and
thegnpleraimes; pl ayground equi pnent; articles nade from
pl asti c-wood conbi nations; golf course markers;

I towe'rtt){atp Hosé %}éﬁfea incﬁ'{gp %It ev(/illhgé*J Yo blget%k' Ita_gff e the present
conputer housings; portable Comnputer ﬁou5|n83, ?apfigp
disciopust ahe fdlosiing sxanpplesradedivenconway of illustistl ongmdmvn bl evay of
.housi ngs; printer housings; keyboards; FAX machi ne
limyal9thgs: copi er housings: tel ephone housings: nobile
phone housi ngs; radi o sender housings; radio receiver

CBRURKASS and | GBbrifiesihl 'Raies! HOPDONLrARP! pRNGfRiEre HEHYOTESM)
i nterface device housihgs; transforner ‘houstngs; air
Xeon®,tLaxae®, mulibileg® Svpablde sheepranddadyprgpylene PasrLite (1600

GhARE Sdhinlmst Ardhonio i gul Bk Uik onBRts pglymrethane
fifh a8l A4700) Wal SVthihd® i8hSDEG TieHOGHaAnELIABT & ARM thick Vitel

ersonal protective equipnent; coated synthetic or
1912 ce-ablyesist filna swascobipingd pvon dBestiphfiodley) ncandraldite 2040 2-

c dg@‘;d’%g{ ?rfg@];alg% ’Qci}i:egltg?: é?voa% %%t(a%gedpi%i)nq t\?e%ti% Erllcc | ﬁ}%rarcyﬁ%ergsin was
obtained from Kuraray Co. It was injection molded into 1/16” plaque and then
compression molded into 10-mil thick film. Both A4700 and Hybrar films were
laminated to the back of Lexan® SLX films (obtained from General Electric) at
125°C and 50 psi for 1 minute.

Surface quality characterization was conducted by using a BYK Gardner Wavescan
instrument. Wavescan measures reflection of light images in the <Ilmm to 30mm .

length. Lower values on the Wavescan plot correspond to better surfaces.
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fluorescent articles; coated foamarticles; and |ike

applications. The invention further contenpl ates
wa@eowstiseal fabrication operations on said artPCl/882005/015177

such as, but not limted to, nolding, in-nold

decoration, baking in a paint oven, |am nation, and/or
EXAMPBED rlnt :n Pecondaty dpsratiomprochess@-hik pracess) ifer mhkingrliexan®

il ter..able to practice the present

S%?(sﬂclnguﬁg]?lt[ﬁ%af:%l | ow ng exanples are given by way of

illustration and not by way of limtation. Commerci al
1@rd0eXpkem@e X edoy®, alean®@f 220 OPolgpﬂWleﬁe I Swstviite sHBdE! were

r

(ngp enoyii{%), Lexan(r), and U ten(r) SuperlLite
mglediat thpioking serspiyonsrlestes peFatle & (Histothesupeildiecsheets was
. £ o Py . or.moD| ™
PR E OTAT Rl B, el ERERA Ao
midegesf arel ithe Unetibihsiest andiplated Wergittantfeires tVitheetool@dgdress for a
CO- o%p{l)l{lest er film was_ obtained from Bostik Find] e%/,
CqURS OIS wdshmininial prsayBRaHtt PBEh heruatmed ithe lapdency to
o i _ .

b A R e
betwedi thelpdajee ‘Enebe tcheditiooniisted 51 Bablend| alledheil Horogetingrpbod wet-

e R Lt B o R 7 Lo
saf PRI ab stIpsIbElisGler@thedded0 GnaRdmpls As4, st bl@)cl@;j@lsb‘[&%sed to set

Surface quality characterization was ‘conducte
thg gpm gndithe Yinaldmakness ofighemolied ishest tub@ft.. Wavescan

nmeasures reflection of light inmages in the <Immto

Té;oqm—l%@%@q%eﬁggfg%igg%ﬁ{ﬁéon%n t he Wavescan pl ot

corres surfaces. EXAMPLES 1-4: Secondary
operation process (2-hit process) for nmaking Lexan(r)

ESimpléi | M SuperSipedLigrti cl es [MOMidE” Ul t en(r)Molding Pressure
Xenoy(r), Lexan(r) and Pol ypropyl ene Superllite sheets
were nol ded at the nol di ng qorfdireradws (Cst edrsih Tabl e
2. First, theg SuperlLite sheets was preheated under

| M nimal pressyfige @ 2 M nul@sy Uhenm presseg gt g
pressure for |2

2 Lexan® 275 450
3 Xenoy® 260 150
4 Polypropylene 190 15

In Examples 1-3, a Lexan® SLX film with a 15 mil thick A4700 thermoplastic
polyurethane interlayer laminated on the back was used. In Example 4, a Lexan®
SLX film with a 10 mil Hybrar 7125 film adhesive interlayer laminated on the back-
was used. The Lexan® SLX film with adhesive interlayer on the backside was then

put on top of the molded and cooled Ultem®, Lexan®, Xenoy®, or Polypropylene
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m nutes and the nol ded sheet and plates were

transferred to the cooling press for a couple of
worRevatiesunder mni mal pressure, just enough tBCT/US2005/015177

counteract the tendency to loft. The degree of lofting

could be controlled by putting the appropriate stop
Steokits sthstratse mspbréivplyat ‘Eee Whhiesasseroblyi wasothen Iplaseé dn iarheated

T d tt|n ood tout prior to
! g‘f‘frf%ﬁbl?é ﬁ%ﬁﬁg %ﬁ‘i‘é‘h erties. To nake
fully consolidated sanpl es, no stop bl ocks were

AnePdgsh] t¢sh veasaiRel eBr bvAluatiicOflkokateedRsion efdr e ffftilayer
the gap and the final thickness of the nol ded sheet to

sysfern” . Thea 802 ppel testing rapparatus r eonsistsi ol ag dlnefrar (ﬁ’ﬁf@dl\ﬁlth a jig

be i
T 13 s AR U S
a odnstdne ObaskglaakongIgtentitapdek amptte The endserambs) oSth¥ specimen

filmwith a 10 m| brar 7125 fil m adhesi ve
wenet peeshyiar the dawh ot ay Testrop pad ghen sepatateds alga chrpien peel rate of 1

ing ARG FhS “Hekm At ToRRE BY s A o S0 (KABtopT) tape
bdﬂbveﬁnLe))a,nC@_San(ﬁln) or skeotoandrthe adliesive interlayer before molding. The
e ﬁpitléq%g REL frie eﬁ%@ D HEaeh oty eﬂa&pylene

J&?Qt@@ﬁbs%é&s R§és RURSH R 125, #2.5] 18KEEnd A020 s force per

test was used for evaluating filnisubstrate adhesion
lifiear intche Imalllt Qalscayehe mybfadure Mhdeso@erpdound wsld SigperLite substrate

L. t Al fitted
o RREF BhtRe, “BrobS AL ARV Petat R e Brbife sipenet
oft ﬁﬁlde@SSuﬁeﬁ’Eﬁé MER 4P c@s%s PeR! feifaat oF wenssiaed ndAHRNA Srticles
along its entire peel ength The ends or "tabs" of

retaieedsgxeell ent ufizacaluplitaoé the eo-etiarded hvesxaf® 8RX| filst.r on and
t hen separat ed at a chosen peel rate of 1 inch/m nute.

EREL At 5 ok Sp el B3R e o BPl B fenapee st
ﬁlfmﬁYSupérExtadhﬁﬁesve interlayer before nolding. The
average 90 peel strength for Xenoy(r), Uten(r),

1P SARA gl Sency® BT RS bl ite e pesan ool Behe same
mBﬁﬁné ?cﬁﬁﬁ’tf ﬂsr%tg I%xaﬂé%legh 13, C}@%ﬁﬁ“ mh ePSPJl ndiPfhidl BralREE%40 2-

wer e oun perLite su str
component reactlve urethane adhesive interlayer was then applied to the surface of the

pre-formed SuperLite substrate. A Lexan® SLX film was then placed on top of the
adhesive interlayer. The whole stack of Lexan® SLX film/Adhesive/Ultem SuperLite
was then placed on a heated molded under 100°C and 50 psi pressure for 3 minutes to
form the final multilayer article. The average 90° peel strength for Lexan® SLX film
over Xenoy®, Ultem®, and Lexan® SuperLite substrates was found to be 15, 14.1,
and 17 pounds per linear inch with a combination of adhesive interlayer cohesive and
interfacial peel failures. The penetration of Araldite 2040 to the porous SuperLite.
substrates was contributed to higher cohesive strength of the substrates, and hence

high peel strength.
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cohesive failure. In other words, the adhesive
strength exceeded the cohesive strength of nol ded
weapenis2se. In all cases, the surface of the npt™Es2005/015177
mul tilayer articles retained excellent surface quality
of the co-extruded Lexan(r) SLX film _Exanples 5-7: ]
Exuapigddir yIMBeompressiopr meking (@ miakingr bexas®) SLyr fitmiSupgrLite
. [ ite articles 10"x1 0" Utemr),
mﬁgﬁg&%&@T§g§%%tg¥g%ﬁ?§&§uperLite sheets were nol ded at
the same nol ding conditions as exanples 1-3. A uniform
Al dger106%107 mekan®i SkXAfibhdiviae }ﬂ@(i%a o cmﬂpeahmyt of all wa(ljnned
reacti ve urethape adhesive inter]ayer was then applied .
CQ%PTF??@%@P¥ & tg? a?%ﬁléﬁtlﬁrséfef @?%@I@Lﬂgémﬁﬁ te@ipiagg and with

' S
(o b5 A fcharte el ot [30E0 XABOPRAEA et badHenldi T p goparate
hdatddmpreihesi 2200 tvendeiSupmieinirh epreesiré Hen 4lmimetts oimda was then
. heat.ed. mol ded under 100C and 50 i pressure faor 3... .
AHIEEY PETOR PrEe PYRBICSHER 130k ay e gt e Qoseqiys which time
thB Rk A0S SPIX RS arfib LRH 9bRtadt AFitH-BE 2B( Sdpekite fleeMuRMEE molding
Xenoy(r), Utem(r), and Lexan(r) SuperlLite substrates

prssurd ol 3 s Bhe Beperlite sheehmas molgeolintisthp dinal shapaand bonded

ke "SI B A R B Tk openca ana e
acREREE hatt vl refoted! Thd Q0ZHAD stréh gk &aP FidSto BePRS 3 bbhds and
substrates was contributed to higher cohesive strength .

thg peelfailyg madearassohesive Reru® HunghLiesibstrate.
strengt h. Exanpl e 8: | MY conpression nol ding for making

BRI B R F Sl 300 LB LYl opltP SR IR G Lie
arfitlec 6dlith adhesiveéntedayery of a warmed conpression t ool
Wth the aesthetic side of the film against the tool

surf ace with the nold erature_ set_at _1300C, .
InSEFEFY DSUpBrl il ISHEBE Sk Tgavh & hik aRURT adhesive
inReRYENaRiBRS b0 e ek B8 §as TLEH. M ERLRIS YD E 4 T Kk arf SLX film

m nutes and was then imediately transtferred to t
withrapl e ssl Hybtan 31125 e dhesiveasediyes dampntedhinc thet hackside was

ustggg ThEIBAND: 1k SR ﬁ%i@na:qgesqgg}n Hayt it dl&s Bthe back
was placed into the cavity of a warmed compression tool with the mold temperature
set at 120°C-130°C and with the aesthetic side of the film against the tool surface.
Xenoy®, Lexan®, Ultem®, or Polypropylene SuperLite sheet was heated in a
separated heated press to 270°C, 270°C, 330°C, and 210°C respectively under
minimum pressure for 4 minutes, and was then immediately transferred to the
compression tool set at a temperature of 120°C-130°C. The tool was then closed at
which time the Lexan® SLX film (with adhesive interlayer laminated on the back)
came into contact with the hot SuperLite sheet under a molding pressure listed in
Table 3. The SuperLite sheet was molded into the final shape and then bonded with
Lexan® SLX film inside the tool for 4 minutes. The tool opened and the aesthetic
part was removed. Similar to Examples 1-4, the adhesion of the Lexan® SLX film to

Polypropylene, Ultem®, Lexan®, and Xenoy® SuperLite substrates were found to be
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pressure of 300 psi. The SuperlLite sheet was nol ded

into the final shape and bonded with Lexan(r) SLX film
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ifn%TabI e 3. Thé

: 3gbleet

under ing pressure |isted
Superllite sheet was nolded into fthe final shape and
1t hen bhdAdad®wi th Le33n(r) SLX fi|l¥B0i nsi de the|t800! for
4 ninLtes The t oo opened and tlhe aesthetic part was
eroved—SiHr-ar—t xarples—14 {he adheston—of the
l%exan(ﬁyﬂ$%9Pﬁ?W%1 %ﬁgolypropyleﬂ@ Uten(r), |20
Lexan(r), and Xenoy(r) SuperLiteg substrates were found

to beexcellTent. The adhesion strength was found to
exceed the cohesive strength of the nol ded SuperlLite

substrate in all cases. Results can be seen in Table
Ezamplghl3el® IMD/injection molding for making Lexan® SLX film/SuperLite

articles

A 30 mil x 3.5 inch x 4 inch Lexan® SLX film was placed in the cavity of a 3/16 inch
x 4 inch x 4 inch plaque mold with the aesthetic side of the film against the tool
surface. A molded 3.5 inch x 4 inch sheet of SuperLite was also placed in the mold
cavity. Xenoy® 5220 or Lexan® 141 resin was injection molded between the
Lexan® SLX film and the SuperLite sheet. A Nissei FE160 injection molder was
used. The mold temperature was set at 145°F, injection pressure was set at 9000-
12000psi, injection speed was set at 1.1 inch per second, and the cycle time was set at’
45 seconds. The temperature profile was set at 495°F (zone 1, nozzle), 490°C (zone

2, front), 485°C (zone 3, middle), and 480 (zone 4, rear for injection molding of
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Exanpl e 13-18:

Lexan(r) SLX film SuperLite articles A 30 m |

| M injection nolding for making

X 3.5

WO pl/1x8247 i nch Lexan(r) SLX filmwas pl aced i nP€T®S2005/015177
cavity of a 3/16 inch x 4 inch x 4 inch plaque nold

with the aesthetic side of the filmagainst the tool
Xeuaf® $820)Aand 1538 Gzomei nglozzle)y 538 (ziveed, oot BIAFEFE i(zame 3,
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Yonov )
ACTTOy (1 "

Teatrenl The
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16trength of the Su
excel | ent adhesi on

PELh&E substrate 1N
was due to the cong:

Redoy®a529. The

atlblllty

L WVken®ubst r at es, and
cklng Cpt|cal mcrdg

I'BLX filmand Super
nechanical interlo

Tgxas®ilédhg
scopy shomed

Ins [ H H
||Cll 1Tl gll | ||J CcU 11 Ul UI ||g l CIIpCI
1%ressure t he nnltégﬁ §1n penetrat ed [t rpﬁgj%%¥5us

SuperLite substraties and solidified, rlesulting in

Thé h@FioRBRFNBO Ledn® BLET FiRg ké Nex2i®] Mg@, af® Mfehi® SuperLite
to strong adhesi on. Exanple 19: Sur f ace qual ity

subanta et foradite hesycatipnt - ”Sb@ﬁdhwwnéﬁemgtbméggnda@ exceed the

c hlgg%g (sﬁi?rﬁgéb)f ﬁl% g#@on%lb%rég E)&e?lb%?% 'aﬁﬁl C{((gé;lle %(dh%gon was

exan
diy RCBS shih@atitiigi Btwech DexA®! hiel Xaie® @ sesins with the Lexan® SLX

film and SuperLite substrates, and/or strong mechanical interlocking,  Optical
microscopy showed that at high injection molding temperature and pressure, the
molted resin penetrated to the porous SuperLite substrates and solidified, resulting in

strong mechanical interlocking and hence, contributing to strong adhesion.
Example 19: Surface quality characterization by Wave-Scan method

A process as those described in Example 13-14 was used for making Lexan®
SLX.film/Xenoy® SuperLite article.
those in Example 13-14 except that 30 mil thick Estate Green Lexan® SLX film was

All processing conditions were the same as

used and the Xenoy® NBX218 resin was injection molded between the formed

SuperLite and Lexan® SLX film. The surface quality of the Xenoy® SuperLité In-
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those in Exanple 13-14 except that 30 m| thick Estate
Green Lexan(r) SLX filmwas used and the Xenoy(r)
WOBM2A1828Esi N was i njection nol ded between thePdDUI®AS/015177
SuperLite and Lexan(r) SLX film The surface quality
of the Xenoy%r) SuperLite InMold decorated with
Mol deqorjtedsimithi Isexan®" {34 35 oA*Class-AZ serfatrathal & tettet than that of

t.han that ,.of pai.nt ed autonptive exteriors. Results can
R0 ahiBion Ok eBRHENT Rk BT 150 ot her

enmbodi nents of the disclosure have been descri bed
AhlBéwgihnprefatrddhatd embo dinbeainsentRyf e PREICSIrE GthvbYbebh Qiescribed

skilled in the art wi thout departing fromthe scope of
hergia, firther sarhodimenty aidyneql PERFeVES byofhosgskiged in the art without

. _ | i 2 ng:
Rl i ope oM blscRUe bbb AT ooy,
pol ymer and fiber in a range between about. 15 weight %
and about 75 weight % based on the total weight of the
fiber-reinforced pol ymer substrate, and at ‘| east one
top layer conprising at |east one thernoplastic
pol ynmer conprising structural units derived from at
| east one 1, 3-di hydroxybenzene and at | east one
or ganodi carboxylic acid. 2. The nmultilayer article
according to claim1l, wherein the substrate | ayer
i ncludes a polyner selected fromthe group consisting
of pol ycarbonates, polyesters, polyetherimdes,
bl ends, copolyners, and alloys thereof. 3. The
mul tilayer article according to claim1, wherein the
substrate | ayer includes a polyner selected fromthe
group consisting of polypropyl enes, pol yphenyl ene
et hers, polystyrenes, polyan des, blends, copolyners,
and alloys thereof. 4. The nultilayer article
according to claim1, wherein the fiber conprises
glass fiber. 5. The nmultilayer article according to
claim1, wherein the fiber conprises
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di spersed chopped glass fiber. 6. The nultilayer
article according to claim1l, wherein the fiber is
w@e@sar287 n a range between about 40 wei ght % BeUsi»OR015177
60 wei ght % based on the total weight of the
fiber-reinforced pol ymer substrate. 7. The nultilayer
CGiAIMA:e according to claim 1, wherein the top |ayer
conprises a bl ock copol yestercarbonate. 8. The
j rticl ccording to claim7, wherein the
Agyhﬁfé%g%lgolﬁgeé neSI %hydroxybenzene IS unsubstituted
resorcinol . 9. The mul tilayer article according to
a (Shbﬂtﬂite? layehesmaprisitigiet i@bst! celashemr@l&flg poBelice AND At irca range
a mxture of jisophthalic acid and terephthali

b%r@fesn ot Tphueiglii Y anghaboubys waight Fe batedi tiythedotal arremhg Of the
wher S thal i cderived structural

ﬁun| tegif?rggggmggﬁtk Eutf%lfrgﬂedég{r&l“ved structural units is
about 0.25-4.0:1. 11. The nultilayer article according

att teasf ana'ntdm layeh enosipnisinigeatr kenstoonsf thesmpplasia 'pcldme’r \A:ethprising
struc unit tot repht hal i erived struct

sichitel aits ggfived s T aCRT 0n8. L SaiSHinrsbezphs Sat i deast ome

oRBEEdiBIBEk IR aeld@i m 1, further conprising at | east one :
suppl enental ther rmpl astic layer. 13. The nmultil ayer
article according to claim12, wherein the

2supplberenulilayen artidp asserding 4y eaimohprivhseein sthe usbstrate layer

S PN S R Bl A Bl B O AP CHPONRR st

poiyethetiaides, HeddsCbodenas, Cﬂnﬂ@llb?s kb 12, wherein the
suppl enental thernoplastic layer is in contiguous
ontaﬁt with the substrate |ayer and the top |layer is

3in coheigublayet Sride tacpidng K cdaiBsty a‘(f}@rql%\ytb?‘ Supgirate layer
inERfdef VA t RB@M‘I%E aabdted endmcand! glg)u%)i eﬁhﬁétmg ’oé ﬂ%ﬁfpylenes,

conprising at | east one adhesi ayer
polwbhenybeper ethersj pblysgrawsdipntyatnides| dilends, copeyeers, tand alloys
%}Jet())%trate | ayer has a

4. The multilayer article according to claim 1, wherein the fiber comprises glass
fiber.
5. The multilayer article according to claim 1, wherein the fiber comprises

dispersed chof)ped glass fiber.

6. The multilayer article according to claim 1, wherein the fiber is present in a
range between about 40 weight % and about 60 weight % based on the total weight of

the fiber-reinforced polymer substrate.

7. The multilayer article according to claim 1, wherein the top layer comprises a

block copolyestercarbonate.

8. The multilayer article according to claim 7, wherein the at least one 1,3-

dihydroxybenzene is unsubstituted resorcinol.
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stiffness to weight ratio in a range between about
100, 000 psi and about 1,000,000 psi 17. The nultil ayer
waedsaiesdpf claim 1l which is an aircraft, aut oP@r/Uym®es/015177
truck, mlitary vehicle, mlitary aircraft,
wat er - borne_militar vehicle, or nDtorcycIe exterior
9or | Ahermghilexsrpatielet accerdiageto, clpimr fervisaeial ther @t Keast one

I Kl i
R parbbyTle R S APELLRERTlHCeid BTisbhmelig R,
pillar applique, cladding, body side nolding, whee
100V efl‘he Ii’mﬂﬁhper atiocle deamdirg, tos@giid ef whWefhdﬂhW thti@ B isophthalic-
ze|, head| a tail lanp, tail lanp
Sﬁacmfai s %resbtilénfc dPW‘@érﬁé@c‘b‘FaéﬂJélt%W&bQBW -4.0:1.
roof rack, or running board; an encl osure, housing,
lpanell“he Rulidyr drifle %@c&&'ﬁl QQr aYlﬁhl'OC kx%]ef:éﬁn B1LA08 5 isophthalic-
devi ce; an enclosure f ec rfca A
derited stmrotursl oaits tm’temphﬂaahq dcxmaicmnciﬂlwi ninttsiiseboatrD.40-2.5:1.
article for boat or marine equi pnent,trim enclosures,

17 na P ol Ry Rl R Raflait O Sl SpisFing at 1gast one

supplimental SRRinoplab@d yeh; a step; a step covering; a
bU|Id|ng or construction application glazing, roofs,

w ndows, floors, decorative w ndow furnishings or '
13.r eal B rinuitilayer rastigle cacgpiding dovaaint d2, pmqrqne@le supplemental
t l.ay [ ns
oRAORLPR, R0 S, ShOBARYWhAE Tl ABY' S e 1
dihgoaybenabee aphit hakome drgasdicarbaallic pdael , or door; a
protected graphic; an outdoor or I ndoor sign; an
ousi n panel rt for omati c

ncl gsure,
FIF e totelan, panly o0 by T anamyle L
thefmAHhdticliSer! 19%0&1"[ gg&fsd&)ﬂtatcf A5thQhe suﬂsﬁ% 1 F}tﬁ ’rtlilér)r{op layer

tool's, lawn and garden tools; a w ndow or door
lsamcmttguo%cmﬁacsmoﬂ]tthe supsirpledaperor a toy; an encl osure,
housi ng, panel or part for a snowmbile; a

l%leg; ! Iargug g&ﬁl ?}h\glﬁt ac'&&rﬁ r Conﬂagléﬁntfeg d:‘%f%p%rsh)igcételegsft one

adhesive Halay@ns of plastic and mood, a golf course
marker; a utility.pit cover; a conputer housing; a
desk- top conputer hou5|ng rtabl e conputer
1housThgymultilpygs.arégle aenppding to ﬁg‘ﬂl@ In gvhegeip Ahensubsirefe layer has a
[ r
S]%{%E%S{lelgﬁ@? oarg@ng@ﬂ@g&a ? 10800658 %{i%g&ut 109,000 psi
housi ng; a
17. The multilayer article of claim 1 which is an aircraft, automotive, truck,

!—F

military vehicle, military aircraft, water-borne military vehicle, or motorcycle exterior
or interior component, a panel, quarter panel, rocker panel, trim, fender, door, decklid,
trunklid, hood, bonnet, roof, bumper, fascia, grill, mirror housing, pillar applique,
cladding, body side molding, wheel cover, hubcap, door handle, spoiler, window
frame, headlamp bezel, headlamp, tail lamp, tail lamp housing, tail lamp bezel, license
plate enclosure, roof rack, or running board; an enclosure, housing, panel, or part for
an outdoor wvehicle or outdoor device; an enclosure for an electrical or

telecommunication device; outdoor furniture; an article for boat or marine equipment,
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t el ephone housi ng; a nobil e phone housing; a radio
sender housing; a radio receiver housing; a |ight

wo poosarse287 a |ighting appliance; a network intePEBTB2005/015177
devi ce housing; a transformer housing; an air

condi ti oner housing; an article of claddi 0 eatin
trifno Bnqioﬁmrisc and heeyiesst ar paoardrmelor PEYENSH A ‘?q%ﬁhép%é %8}‘51%%? a
seat.in or tral y r t o
peReeh e Sl RURYE oo PR B Py oy o
bull@ngs 8t Q:'ohéthﬁ’:tldh shfsicatiorC @idzéik, h@bfsetwmdowk hélioomssy tdeccbretlve
of personal protective equi pnent; g oat.ed synt.het

window fempishings &% {tepents; @ dietsd gﬁﬂ%f’%\fir DHRIELFSS pﬁugﬁmg, posters,
a h| ti,

RS P S PRI phactad

impRatadie 61§1ﬁm1ﬁ1ﬁ¢ len‘s :ea wilB parel narl doiot; aymptea‘remgrd\rénc an outdoor or

conpri sing a substrate |aye r t | t
infesiy HEBpS SREOBEFy HEF-iah b UEAsE PUbdRt Pogiatsner Hihines
1 % d
BT g, 45, gt o
me@Ey PooPYlse mvrsmsgarderetoobsc alwaéowmeiwbpnma%mwle of sports
conprising at |east, one thperm)pl as Ha
equEmRROL s‘?rn@ Q¥ AR t TEISUIGn i OUSIHEr P?Peif unsu Spoymegle 2
re 1%§t‘i)c§ 111c?en arfel TBrXédthsoneht; 'a?lom'fcfbabf @la’c}@fdﬂmdnd;ulpment an

erep tha cid, andat | east one adhesive interlay
arbielt weela ftone c&umaumsmﬂpéaﬁeﬁ apthwopdice gdpcouaseaparkey a ?lty pit
nmul til ayer icle co

CEEHp? i°§ 65t PUSING %R‘I{éslbgq g?lﬁgut%lu %zyhglﬁ% lngyl%{ble computer

h&ﬂsﬁ% f idpabpl @nﬂaﬁt@na@shﬁg Ve palnaBeldt cdrﬁplwen tibrbsifig; am dnonitor
75 wel ght % based on the total weight of the

hcfusimgs a peintel dslpu%ug,pﬂ)kfgbé’phrés RHASE nwbglﬁrhé’ll@ngaa% gopjgr housing; a
telep?g?% (:;]LE&'{%O% IB&%I Fer%’l%%g@lro{lghggd Pdtdld %%EI' H 1nl%n a radlo TGCCIVCT

conprisi ng structura
holRfrgy @didht amnues abighiibgbpslianegar aétmolk anerf:a:erﬂmwrlmuefng; a

pht h
ek BAGSIBE A 47 FOIYBNOnE BPERES ot g o e Figeging for
p Sbg %Mn%o%aé%%ﬁf{)e&%mrdf%]a{&1ﬁ or! R3Gtg RRSralRESUBRNEIritRises; a

I'n
meter housing; an antenna housing; an article of cladding for satellite dishes; a coated

helmet or other article of personal protective equipment; a coated synthetic or natural
textile; a coated photographic film or photographic print; a coated painted article; a

coated dyed article; a coated fluorescent article; or a coated foam article.
18. A multilayer article comprising:

a substrate layer comprising at least one polypropylene polymer and glass fiber in a
range between about 15 weight % and about 75 weight % based on the total weight of
the fiber-reinforced polypropylene substrate,

at least one top layer comprising at least one thermoplastic polymer comprising
structural units derived from unsubstituted resorcinol and a mixture of isophthalic

acid and terephthalic acid, and
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range between about 15 wei ght % and about 75 wei ght %
based on the total weight of the fiber-reinforced
w@iopies28subst rat e, cooling the substrate | ayePCT/US2005/015177
placing a top |ayer conprising at |east one
t her nopl astic pol ymer conprising structural units
atdegst veeladhesiye antetlags betgigen thezubistrapellayssandrthe top layad. at
| east one organodi carboxylic acid on the cool ed
ubstr . ing the multilayer article by
1%’eat %nlgﬁlﬁhaﬁgﬁglg{er a?“ﬁlar%ér and top layer at a
tenperature less than the glass transition tenperature
a efibstihate Inharsapirastg a 1pot yﬂepoltgeqheﬁﬁj/ﬁpcaﬂdelgﬁn%glass fé%eé in a
ressure in a._rang t ween abaqut (15 psi and about )
ragg? betyvgen Wtdﬁdﬁf‘é@q’%é\gg FRRU o Stverigltare prsey, ory the dofaly weight of
1.5 LA ; Lve dnterl ayer between the
ﬂﬁ@{ ?eg{lfggﬁegfgﬁeg%g@ﬁg%gh%h@ﬂgﬁ 22. The process
according to claim 21, wherein the step of placing an
atalthgfsonee tamiayet apmprisogpati kes @leattiengoplhsicapblesiey eomprising

interlayer .on the surf . of .the top |ayer prior t.o .
st G A5y FaeinsGicinied crusindh ek &ymitss of fpephthalic
adill afERfephgfaficdbidg to claim 21, wherein the step of

pl aci ng 't he adhesive interlayer conprises placing the

adhesive interlayer on the surface of the substrate
2Q.ay e ppesesy for anakinga Avyltilpcer egirle egpepristng t he substrate
| ayer. 24. The process according to claim20, wherein

f i . r C i .
R FBs e 1A FLORplOFe SRS LL ek By ROPRIA B8R iberin
range betdicay atiomt ¢ b aveiglit Q) amdh ebait 15 twedgls (%6 pasedd dnahetaig wéight of

sybstrate | gyer conprises conpression nolding the
thgg.‘g@ﬂ%‘? rqeg)p@[y_mgr@p‘tr)sﬁqge,pr ocess according to claim
20, wherein the step of placing the top | ayer

coMRR hesRBstdatt NEefOf Or med top layer. 27. The process
according to cl"aim 20, wherein the step of form ng the

substrate | ayer conprises formng a substrate |ayer o
Plaging ha itap | lapers cemposipgrest peste one dhérmoplastie polymer comprising

. structural units derived from at least one 1,3-dihydroxybenzene and at least one

organodicarboxylic acid on the cooled substrate layer, and

molding the multilayer article by heating the substrate layer and top layer at a
temperature less than the glass transition temperature of the thermoplastic polymer

top layer and at a pressure in a range between about 15 psi and about 800 psi.

21.  The process according to claim 20, further comprising placing an adhesive

interlayer between the substrate layer and the top layer.

22.  The process according to claim 21, wherein the step of placing an adhesive
interlayer comprises placing the adhesive interlayer on the surface of the top layer

prior to placing the top layer on the substrate layer.
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group consi sting of polycarbonates, polyesters,

pol yet heri m des, bl ends, copolyners, and all oy
wo bsaof287 28. The process according to clai m 2BCT/US2005/015177

wherein the step of formng the substrate |ayer

conprises formng a substrate |ayer which includ%s a .
23pol Ylie prewbe etconding donclaim s sihsraib ity gep af phcing the adhesive
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iy RS anE K BN il o, rRESEBY IS substate
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step of formng the substrate |ayer conprising formng

a substrate layer including dispersed chopped.qgl ass
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the ste IR Tel M cTe conprises a top
la}feﬁﬁ%lpp eg?l]éqrﬁ)o?%ela% ﬁﬁggglgétmgén%y%; ganodi car boxylic acid

is a mxture of isophthalic acid and terephthalic

25aci dCheJtocekheacqrdingss chin @0 mhgreiro thel sigmet fogminghbesupstrate
the step of placin he to r.conprises a top
laxeay@mpw?éﬁ@mrftsﬁl@n%“gdl&s %@8 e is
unsubstituted resorcinol. 32. A process for neking a
26Ul ¥ BEes8 b ddrlifig A6 ERinSI () GYIRETh gk fep Wb Placiigethk ayetayer
conpri sing pol ypropyl ene pol yner and di spersed chopped
cogipaises 4 thoenoformed toargkerbet ween about 15 wei ght % and
about 75 wei ght % based on the total weight of the
fiber-reinforced.nol y ; £ CRR1ih D ehet fBstrat
2Tsubs }i'eali’rgcffsgﬂgcr(),rdl%géééi%;laglﬂaiot?g‘gl eféé‘gﬁg %%}?np?rl S| r11121é1ate sirate
lay@35tpfis® foRRimgrubstrite 14et wiinh iadupes spoigmst saleted fiom the
units derived from unsubstituted g,e or.ci.(gqol 1ang a
grovixeensistiog of pebrerTranates. AOLPsieRy PPRCESHINASS; Rlends, fopglymers,
t.he cqol substrate layer, and nolding the nmultilayer
angr PXﬁ’eer%’g' heating the substrate |ayer and top | ayer
at a tenperature less than the glass transition

28, enpEicaprocess atcdrimgt th edaimpl Gy silieceip dhey step of écp'migg,éhe ahstrate
at a pressure.in a.ra bet n_abqut 1 S|
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o3l cEhEstm@ B PoByR8pylenes, polyphenylene ethers, polystyrenes, polyamides,

blends, copolymers, and alloys thereof.

29.  The process according to claim 20, wherein the step of forming the substrate

Jayer comprising forming a substrate layer including dispersed chopped glass fibers.

30.  The process according to claim 20, wherein the step of placing the top layer
comprises a top layer wherein the at least one organodicarboxylic acid is a mixture of

isophthalic acid and terephthalic acid.

31.  The process according to claim 20, wherein the step of placing the top layer

comprises a top layer wherein the 1,3-dihydroxybenzene is unsubstituted resorcinol.

32. A process for making a multilayer article comprising
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formng a substrate |ayer conprising pol yetherimde
pol ynmer and di spersed chopped glass fiber in a range
wheddae28about 15 wei ght % and about 75 wei ght POb/Ds®e8015177
on the total weight of the fiber-reinforced
pol ypropyl ene substrate, cooling the substrate |ayer,
qmnmg mgulzstnatwplaygy@nnmm palyprgpstent pakymeo red dispersed chopped
pl astic

oS h R B Riet RO Ebo BT R A P SUs ei dohagedgn the
tok QRIEI B tife ek Heinfttloddas o‘gfﬂﬂ)}%@éﬂecsu%%ﬂe on the cool ed

substrate layer, and nolding the multilayer article by
heati ng the substrate |ayer and top | ayer at a
cqoding dheatubpieate dayver.t han the gl ass transition tenperature
of the thernoplastic polyner top |ayer and at a

pla&ﬁgsg Ep| 1@53 mgﬁ?&gwwgea ta|81%Jtth%l%q[ﬁadsté«?rﬁorl?xggfteco%%gsing

roces Ing a nmu

stnml’qrall Bml’sgderfx&d nfirerg vmstiogpithtad eésommﬂr el Agnikturk @dsiophthalic
ng structural units

I
%‘2 F“P‘{/@BGPF’%‘HP ﬁ%ldlcoé'gg? X‘gﬁ %gngﬂfﬂ §F-%Ybenzene and at

| east one organodi carboxylic acid, heating a substrate
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team@mturé Jessctharh the)glosss transitiont feepetttade ofiethg hherm‘opids’ec polymer
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the top layer and the heated substrate |layer in a

3% ONPA§ESded fodAtindemaitNaydd artResiMQiristngsi de of the top
| ayer is contiguous to the surface of the conpression

nol d, and nol ding the top ¥er and heated substrate
formingra sbsgatedyss ICS’EI]!HFlémBélO hegignge aglézrrter and idispersed chopped

ngﬁ% & Y ggfbettmn:%n taﬁ@&t%%e?g}ét' o aﬂg ap tv%i g}lnta%g)rase%noql the

a pressufe In a range b en a
toaaﬂ)wiglﬁeﬁt}pﬁber-ﬁﬁnfoid@d potmqg&er&cmbartfhte)g to cl ai m 34,
further conprising pIaC|ng an adhesi ve

cooling the substrate layer,

placing a top layer comprising at least one thermoplastic polymer comprising
structural units derived from unsubstituted resorcinol and a mixture of isophthalic

acid and terephthalic acid on the cooled substrate layer, and

molding the multilayer article by heating the substrate layer and top layer at a
temperature less than the glass transition temperature of the thermoplastic polymer

top layer and at a pressure in a range between about 15 psi and about 800 psi.
34. A process for making a multilayer article comprising:

forming a top layer comprising at least one thermoplastic polymer comprising
structural units derived from at least one 1,3-dihydroxybenzene and at least one

organodicarboxylic acid,
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interl ayer between the substrate |ayer and the top

| ayer. 36. The process according to claim 35, wherein
wo b@s4a1887 of pl aci ng an adhesi ve interl ayer coP@I/US®85/015177

pl aci ng the adhesive interlayer on the surface of the

top layer prior to placing the top layer in the
heatingracibstae fyer comprisiyg at leps oag shemoplagtipolymer ped fber in a

[ . f. RLACI [ve .

reite DR Bk 13 PHER A anaBG R AR G et et of

thenfibdreremifsrtad @obindr mbsittis ttd ad Genhiy@treDinl @rrafige Péta@em Gbout
gn the substrate |ayer. 38. The process

top layer
1%\@%0‘?@%’6“{%700Cai m 34, wherein the step of fornming a
top | ayer conprises a thernoforned top |ayer. 39. The

plfﬁEﬁ’l%_Qﬁesto?Q% dhdheltRatel 3183t | ﬁ‘gér}iqﬁ &l CB?‘%F%SI%% %golfl’ fwherein the

ormng the substrate |ayer co ses
agsthstic rsadeeof] thy ¢op lalyects domtipudssoghpeifaverofsbt ecmprbssiommold,
t(ge group consi sting of polycarbonates, polyesters,
456l yet heri ni des, bl ends, copol ymers, and al | oys
thereof. 40. The process according to claim 34,

molEhgitie topelagéreidhedted RitGratRySUBSA t@hFerh@¥ebelow the glass
~conprises formng a substrate | ayer which includes a

trﬁ‘ﬁﬂi tﬂﬁﬁ’\? tempsrabge od the dhermpplgstsupolymes o layer @fd at a pressure in a
gk YBLABYL6RE S0 ROl YRSV BnS, et her s, pol ystyr enes,
polyanides,” bl ends, ol yners,

cop and al l oys thereof. 4
1. The process according to claim 34, wherein the step .
38f f Ghenpngresshaccerding tatcaimad4 rfuethemedrspriring pradingdardadhesive
.supstrate | ayer .including dispersed chopped gl ass ,
infqrigypicbetyyeen t%xﬁéu’tﬁrg@gggergg HredPRédyeh cl ai m 34, wherein
the step of formng the top | ayer conprises a top

36.2Y eTh¥BRIcRisadchRlidd td E@fh 3@9%@f&@g%gétsﬁgggﬁgﬁggm%&&swe

is a mxture of isophthalic acid and tere
ingslager a@nprives phrcoetls albesveiintgrlayer ohathensBdacenbethei top layer

the ste or.m n he top | ayer conprises a top
oricla Plapfgtae PR R I RGotires R niSene | o
unsubstituted resorcinol. 44. A process for neking a
3Tul t ThepRicesir dob6idth LCRMELinS BB Jwherein the step of placing the adhesive

interlayer comprises placing the adhesive interlayer on the surface of the substrate

4 layer prior to placing the top layer on the substrate layer.

38.  The process according to claim 34, wherein the step of forming a top layer

comprises a thermoformed top layer.

39.  The process according to claim 34, wherein the step of forming the substrate
layer comprises forming a substrate layer which includes a polymer selected from the
group consisting of polycarbonates, polyesters, polyetherimides, blends, copolymers,

and alloys thereof.

40.  The process according to claim 34, wherein the step of forming the substrate

layer comprises forming a substrate layer which includes a polymer selected from the
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thernmoformng a top | ayer conprising structural units
derived fromunsubstituted resorcinol and a m xture of
w0 s@phidf28t i c acid and terephthalic acid, heatiPQI/ES2005/015177
substrate | ayer conprising pol ypropyl ene pol yner and
di spersed chopped gl ass fibers in a range between
graBp gonsigingedigietymwriencabpelyrirmylear ghersypplysedenss, pdigamides,
a [ f [ -rei nforced pol ypropyl ene
blélg Sé% ?ﬁ;@gg%, agldtatélla SeIrtheS)?'e in a range between about
180C and about 370C, placing the top |layer and the
4heat Ehe probsdsraterdirpyterclaim 34,ooligpeiashé oep dlfemwhg tied Substrate
the aesthetjc side of the top |layer_is contiguqus tq
laygreomprisnigdopring RSURHALE lyer igrludime dlispsregd shorped glasp Ebers.
top | ayer and heated substrate |layer at a tenperature
4el oppd c%s%éoxﬁfr%%'éléiﬁﬁ?fi,%&ﬁgﬂé ﬁegfof )¥hing the top layer
t hermopl asti ¢ polymmer top | ayer and at pressu%e In a
camaprgpes b éeplager whaein the aplsastand osgaoodic@DOx iR acidifs. a Rixture of
. pr. ss for Ki nmul.tilayer article conprising:
lsgﬂﬁﬁ%a&‘ﬁ%‘ggrﬁpﬂ‘gﬁﬁ? 4€r conprising structural units
derived fromunsubstituted resorcinol and a m xture of
43. s oplidplocess aetstdmattot @Y, Willedréin Ad Step @Rt MEnR the top layer
substrate | ayer conprising.polyetherimnde polynmer and
commises & Lap leyapeacig thesk 3 fdilpalrexybanzene irnsubsituted resorcinol.
about 15 wei ght % and about 75 wei ght % based on the
ot a ' g -relnto . hal. ypr opyl ene
4%5, u bs}ts’ P \gﬁdg Qétﬁ%,r %Ha%( g%%elﬁjg?ﬁéyg ; ?fﬁ&ge ‘{Oglﬁg]es et ween about
18Q0C and about 37Q0C, placing the top |ayer and the
thbeeadfenniag bs toalayet aymiprising astiootpal essiisoderivel dfrwh etiresubstituted

t he, aesthetic side of .the tqop layer is contiguous to
reb e e opaiple aa Br TGOl of ng-t he

top layer and heated substrate |ayer at a tenperature
hdaBh®W ub&raé &5%r LbAPAkihk PalRoBasRE lfm@If aftd Bispersed chopped

t her nopl astic "polynmer top l'ayer and at a pressure in
glassrigherh o aveange dgbraen dopis1 S weighaboand ggmt 7§iweight % based on
the total weight of the fiber-reinforced polypropylene substrate to a temperature in a

range between about 180°C and about 370°C,

placing the top layer and the heated substrate layer in a compression mold wherein the
aesthetic side of the top layer is contiguous to the surface of the compression mold,

and

molding the top layer and heated substrate layer at a temperature below the glass
transition temperature of the thermoplastic polymer top layer and at a pressure in a

range between about 10 psi and about 900 psi.
45. A process for making a multilayer article comprising:

thermoforming a top layer comprising structural units derived from unsubstituted

resorcinol and a mixture of isophthalic acid and terephthalic acid,
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46. A process for making a multilayer article

conprising: placing a top |layer conprising at | east
wo@p@stisesnopl asti c pol yner conprising structureCT/Usins015177

derived fromat |east one 1,3-di hydroxybenzene and at

| east one or%anodlcarboxyllc acid in an injection
hmnéimglbtsmﬂe mrcempnsms redyethipsinpide @plyenemfand respreoged chopped

S._conti us t sur.f.ag

el Bt T S ARV Eer Sy S o SRR B O Fetgh 26 based on
tHehetal Rl g loif ehaPBborFeinf@ el HolIpefo Iéna stisshge: 0el Watikrature in a
about 15glﬁme|% % and abou? ?g{\lzgl ght %based on the
range Aptween gheu dBO‘{(ﬁ@né #oswf 3YQGaf or ced pol yner substrate

in the injection nolding tool, injection nolding a

glglgt . aJt {1 er aﬁ@ﬁif?egﬁ:qle‘éﬁﬁsp r?rggée‘lgl I‘glg 2 g?ﬁﬁ)?esgl%ﬂ n’i{i& wherein the

aeb&)etm/h;ﬁfeecbﬁlthé hep Biyepisodonfipamisng thé euﬁacbstfrthé eoﬂnpmmon mold,
conprises placing a substrate [ayer which includes a

‘ﬁfgl ymer selected fromthe group consisting of

pol ycar bonat es, pol yesters, polyetherimdes, blends,
nfoRRRE YIS top la%lxdaxﬁi heysd fsﬁ‘l?s'h%ﬂ:f la P/éISat 4 hém r%%%elow the glass
according'to claim46, wherein the step of pl aci ng the
traustsar mrrqneraag«erofdberpharmeplamcap@lwglea tepulayer atdeatl apegssure in a

ncI ected fromthe group
ra&@ﬁ@?@‘f@e’ﬁﬁ (833186?5@‘%%5}%%@ nol yphenyl ene et hers,
pol ystyrenes, pol yam des, bl ends copol yners, and
46! | onsprbbsE efmAdng hﬁﬂtﬁlay@s&&l@e&ﬁp@mﬂg to claim 46,
wherein the step o % pl aci ng the substrate | ayer
conpri ses acing a substrate | ayer i ncludin .
P@P@ﬁe? sied @H@fp ﬁ@@PQ‘Plagsatf 1938t §ne Shermapda SEP QT comprising
Ay 140Gl AITL G 193PLAE N 3- \Aﬁlgﬁh‘%ﬁbé}{] zehd %‘ﬁ NG A% one
top ayer conprises a top Ia er e at east
orgarodicgboodiccaidiaxanl m}Bc’a@n rhoildingtcml wthareén tife aesthetic side of the
i sopht halic acid and {?f% ht halic acid. 51. The
topylgYeE 4 Coptigno s thghe g h&é"(’lwher ein the step of
pl acing a top |layer conprises a top |ayer wherein the

pl:hcﬁg(ii' M@M&ﬂ%ﬁé&ﬁﬁadﬁg HSAR Dhé th-@epla8ROpAVMe! andBber in a

A process for ‘making a multil ayer art| cl e ‘conpri si ng:
range between about 15 weight % and about 75 weight % based on the total weight of

the fiber-reinforced polymer substrate in the injection molding tool,
injection molding a thermoplastic resin between the top layer and the substrate layer.

47.  The process according to claim 46, wherein the step of placing the substrate
layer comprises placing a substrate layer which includes a polymer selected from the
group consisting of polycafbonates, polyesters, polyetherimides, blends, copolymers,

and alloys thereof.

48.  The process according to claim 46, wherein the step of placing the substrate
layer comprises placing a substrate layer which includes a polymer selected from the
group consisting of polypropylenes, polyphenylene ethers, polystyrenes, polyamides,

blends, copolymers, and alloys thereof.
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placing a top |ayer conprising at |east one _
t hernopl asti c pol yner conprising structural units
walersiestst rom unsubstituted resorcinol and a MPRI/USBODG15177
i sophthalic acid and terephthalic acid in an injection
nol di ng tool wherein the aesthetic side of the top
49.ay ef'h¢ prasess dqgamsling tooclaime 46uwhaein tie stépeof plating the substrate

i ng. bstrate | i Si ropyl ene
1SRl d e 52 S Rl Beb e cBbeRea bty fih ghers.
bet ween about 15 wei ght % and about 75 wei ght % based

5@n thke pajcads aveodiig ©f claie 46] WREremEthB fsRpC8Tlacing the top layer
ol ypropyl ene substrate in the injection nolding tool,
COTRPIESEE A 6PP leyeidvherein the at leassloas organpdisanhorpicvenic ist dymixture of

Bﬁgﬁhhﬁ%ﬁ&iﬁpﬁf#gﬁﬁﬁHP§§&?Ie | ayer. 53. A process for

Ing a nu yer article conprising: placing a top
| ayer conprising at |east one thernoplastic polyner
Skonpthe progesst aagotdimgito uhirh stoglevtieveal the elp Wisplighd bubgdayer
i sopht halic acid and

resorcinol. and a m xture of _ .
QTGN HER T Ao M 1o BB i Wb Ehch el
the aesthetic side of the top layer is contiguous to

54.he AprdREELIP kI 4 altilayRl 8ficNGed .rate |ayer
conpr?ging Sbﬂgépﬁ%riniagﬂtolfner Aﬁgﬁg%spersed

chopped gl ass fiber in a range between about 15 wei ght“
plaging p dewJeyerscaeprging ot bigasdonm thérmopbistd podymért comprising

gl B 8 8 5 oL B o B
acidhenidrapdphsiialie acRBinnarbatjdeon thélaingabol #Y&kinthd deltetic side of

substrate | ayer.
the top layer is contlséuous to the surface of the tool,
placing a substrate layer comprising polypropylene polymer and dispersed chopped
glass fiber in a range between about 15 weight % and about 75 weight % based on the
total weight of the fiber-reinforced polypropylene substrate in the injection molding

tool,
injection molding a thermoplastic resin between the top layer and the substrate layer.
53. A process for making a multilayer article comprising:

placing a top layer comprising at least one thermoplastic polymer comprising
structural units derived from unsubstituted resorcinol and a mixture of isophthalic
acid and terephthalic acid in an injection molding tool wherein the aesthetic side of

the top layer is contiguous to the surface of the tool,

placing a substrate layer comprising polyetherimide polymer and dispersed chopped
glass fiber in a range between about 15 weight % and about 75 weight % based on the
total weight of the fiber-reinforced polypropylene substrate in the injection molding
tool, injection molding a thermoplastic resin between the top layer and the substrate

layer.
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