WEATHERABLE MULTILAYER ARTICLES AND PROCESS FOR
MAKING BACKGROUND OF THE INVENTION This invention relates to
color stability, and more particularly to improvement of the color stability
of compositions containing arylate-comprising polymers. Coatings made
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€ arylate moieties typically contain isophthalate,
terephthalate, and especially mixtures of iso- and tereghthalate units.
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provide protection against photoyellowing when coated over a resinous
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mers comprising resorcinol arylate chain members make them
especially useful in blends and in m;iltila er articles in which

said . . .
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film of polyesters. containing resorcinol arylate units as a top layer a Aot
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applications.in automotive vertical panels Iikq fenders;and dogrs, othep .
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H?Qrgbers act to further screen UV light and protect UV-sensitive components in a
resorcinol arylate-containing composition. The good weatherability properties of
polymers comprising resorcinol arylate chain members make them especially useful
in blends and in multilayer articles in which said polymers may act as a protecting

layer for more sensitive substrate components.

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 viz 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



1 construction applications such as roof sections, wall panels, and
glazing.' However, these parts do not offer the advantages of lightweight
and dimension stability. It remains of interest, therefore, to develop a
method for preparing weatherable, lightweight multilayer articles which
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vehicles and deyjces such as automobiles. BRIEE DESCRIPTIQN OF
B R ENTIONE T BB B R Arde
comprising: a substrate layer comprising at least one thermoplastic
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strate, and at least one top layer comprising at least one t lastic
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1,3-dihydroxybenzene and at least one organodicarboxylic acid. The

BRESeDHIreNEOrONrthe Tpievides B prosess for making a multilayer article
comprising: forming a substrate layer comprising at least one
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polymer substrate, cooling the substrate layer, placing a top layer
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organodicarboxylic acid on the cooled substrate layer, and molding the
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temperature less than the glass transition temperature of the
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organodicarboxylic acid.

The present invention further provides a process for making a multilayer article

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.



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, heating a
substrate layer comprising at least one thennoplastic polymer and fiber in
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total weight of the fiber-reinforced polymer substrate to a temperature in a
SPétween about 180C and about 370C, placing the top layer and the
heated substrate layer in a compression mold wherein the aesthetic side
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The present invention further a process for making a multilayer article
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ayer. 3 DETAILED DESCRIPTION OF THE DRAWINGS Figure | Is a
grdphical representation of wavescan measurements of painted
automotive exteriors and molded LexanOO SLX film over a Xenoy
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transition temperature of the thermoplastic polymer top layer and at a pressure in a

range between about 10 psi and about 900 pst.
The present invention further a process for making a multilayer article comprising:

placing a top laver compnsing 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 resit: between the top layer and the substrate layer.



As used herein the term polymer comprises homopolymers, copolymers,
interpolymers, higher order copolymers, and higher order interpolymers,
but is not limited to these specific genera of polymeric materials. The
present invention comprises multilayer articles comprising at least two

Dagey s bD DESERIPaUTheoty THkibRrerwItntes of the present invention are
those comprising a substrate layer which includes a thermoplastic
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substrate of the present invention is a thermoplastic material that is

peniqrged pvticiiersdarnedpge asubsigiswith a high stiffness to

weight ratio. Here the stiffness to weight ratio is defined as the ratio of the
tensile mqdulus (in psi) over trge specific gravity of the material. "Hig
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combinations thereof. Preferred fibers will not add color when combined
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be chopped or continuous. The fibers may have various cross-sections
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preferabl;;31 the fibers are dispersed chopped glass fiber. Preferred fibers
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microns with a diameter in a range between about 6 microns and about 17
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to a ratio 1n a range between about 100,000 pounds per square inch (psi) and about
1,000,000 psi. Any rigid fibers may be used which inciude, for example, glass fibers,
carbon fibers, metal fibers, ceramic fibers, whiskers or combinations thereof,
Preferred fibers will not add color when combined to the thenmoplastic 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, frilobal, 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 befween about 6 microns and about 17 microns

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



useful. The thermoplastic material of the substrate layer in the multilayer
articles of this invention is at least one thermoplastic polymer, whether
addition or condensation prepared. Condensation polymers include, but
are not limited to, polycarbonates, particularly aromatic polycarbonates,
theofizhenitte aeckihecs] polyéthergaides, ingiyathardtetdnese the thermoplastic

lyetheretherketon esters .and polyestercarbonates (different
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etherimides. Suitable addition polymer substrates include homo- and
copolymeric aliphatic olefin and functionalized olefin polymers such as
polyethylene, polypropylene, poly(vinyl chloride), poly(vinyl
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poly(acrylonitrile), acrylic polymers such as those of (meth)acrylamides or
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syndiotactic polystyrene. The preferred addition polymers for many
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polyester/polyetherimide, PMMA/acrylic rubber, polyphenylene |
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of alkenylaromatic compounds such as polystyrenes, including syndiotactic

polystyrene. The preferred addition polymers for many purposes are polypropylenes.

Blends of any of the foregoing types and species of polymers may also be employed
as substrates. Typical blends include, but are not Himited to those comprising PC/ABS,
PC/ASA, PC/PBT, PC/PET, PC/polyetherimide, PC/ipolysulfone,
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.



material of the substrate comprises a sufficient amount of polymer
material and fibers to provide the desired structural integrity and void
volume to the substrate. For example, the fiber-reinforced polymer
substrate can include polymer material in a range between about 25
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article ranges in thickness from between about 1 mm "and 10 mm an
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calcium carPo ate, talc, mica,_ lithopone, zin¢ oxide, zirconium silicate,
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glass flakes and beads, ceramic particles, other polymer patrticles, dyes
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another embodiment the present invention encompasses multilaye
IgpficleeccEHpriggm tigatherivsEatup strigadine préiciaipraing fillers and
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substrate layer may also comprise at least one cellulosic material )
q%@aﬁlﬂn fibers, carbon black, graphite, calcium carbonate, talc, mica,

lithopone, zinc oxide, zirconium silicate, iron oxides, diatomaceous earth, calcium
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 inciuding, but
not Hmited to, wood, paper, cardboard, fiber board, particle board, plywood,
6



not limited to, wood, paper, cardboard, fiber board, particle board,
plywood, 6 construction paper, Kraft paper, cellulose nitrate, cellulose
acetate butyrate, and like cellulosic-containing materials. The present
invention also encompasses blends of at least one cellulosic material and
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can then be passed throu%'r)gtension rolls and cut (e.qg., guillotined) into the
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size,

The thermoplastic polymer of the top layer comprises structural units derived from at
least one 1,3-dihydroxybenzene and at least one organodicarboxylc 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



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 7
isophthalic acid or terephthalic acid or a mixture thereof comprising
iipuatalunits of-dormue LWk sl Ruld ledRY WREHSIMEENRIS Ghits of
substituent, especially halo or CI-12 alkyl, and p is 0-3, optionally in
fegpgHiAation with structural units of formula 1l © O (Il) -II-R--11-O 0-,
wherein R and p are as previously defined and R2 is a divalent C3.22
aliphatic, alicyclic or mixed aliphatic-alicyclic radical. Moietigs represented
by R2 are 1028980748often re¢ferred to as_"soft hiock™ units. It is within
f the i id grodps, slich as those derived

from aliphdtic dicarljoxylic acids sucly as succihic acid,adipic acid or
cyclohexane-, 1,4-dicarboxylic acid, er aromatic dicarboxylic
acids su10h ~ naphthalenedicarboxydi€ acid, to be present, preferably
in amd&nits 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 Il. The units of formula | contain a
vhswicinetoR Sishstibsiumsoraneriokely i Whickilatyard grisups. sionally
RIEIRAARMN SnlehrRcha1 MELDYE BERYIIPIOPY! Or butyl. They are
preferably primary or secondary groups, with methyl being more preferred.
The most 8 preferred moieties are resorcinol moieties, in which p is zero,
althogigh moieties in which p is | are also excellentHith respect to the
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wherein R’ and p are as previously defined and R* is a divalent Cso aliphatic,
alicyclic or mixed aliphatic-alicyclic radical. Moieties represented by R? are

10280807480 ften referred to as "soft block™ umits.

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 amounis 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 IL

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



Said 1,3-dihydroxybenzene moieties are bound to one or more types of
organodicarboxylic acid moieties, typically aromatic organodicarboxylic
acid moieties which may be monocyclic, e.g., isophthalate or

terephthalate, or polycyclic, e.g., naphthalenedicarboxylate. Preferably,
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or a mixture thereof. Either or both of said moiefies may be present. For
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terephthalate in the range of between about 0.25:1 and about 4.0:1,
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formula I and especially structural units derive resor
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israphihalig acidynits. (sometimes referred to herein as resorcinol
isophthalate/terephthalate) in a molar ratio in the range of between about

and apou prefe in the range of between about 0.4:1
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%g: t'a%gglgﬁ:e&k;uﬁ repésrg%} partlcsﬁi: ¥ {% fin ahpham
arylate-comprising polymer contalnlng soft bIock unlts IS one consisting
Bsteiampofreasréhisdl teephtridiaormgising polymers most easily prepared,

especially by interfacial methods, consist of units of formula I and especially
structural units derived from resorcinol 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 11 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 isophthalaie and
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9 resorcinol sebacate units in a molar ratio in the range of between about
8.5:1.5 and about 9.5:0.5. Arylate-comprising polymers useful as
polymers for the top layer may be prepared by conventional esterification
reactions which may be conducted interfacially, in solution, in the melt or
r443ASH50NS Alae FRdliaN Rk AhMIGN Y ¢ AR BRAREA"IbolYRIZ 5 and
Interfacial preparation conditions are described for example in commonly
abii @b 0.8, Pat. No. 5,916,997, the disclosure of which is incorporated by
reference herein. Also useful as polymers for the top layer are the block
Aaepaesigrsaoniatrdisaosed pag-elaiietiir eaprpdingacompaeplied by
owned a%zlicatio s Ser. No. 09/368,706 and Ser. No.,09/4 6,%%%%%?1 .
BTABEERES BYHHICHPe LTREHMROBEISted By 1afe ERIE T I TREF > 1
stietise bldekmeelpotyimeéss eoiiptisingppoiyaiy)ale oS tkidthralelnitsrarivibel art.
rom a 1,3-dihydroxybenzene and. either ispphthalic. acid or terephthalic
B T RATEBTR OO Ao S A ot 2RENG A (o Rorly
canthavih PheNormis 04), héR)p{aR3GoMAidd ¥ irtotpotated bwhelkaimce
hlg;(e%rlld p are as previously defined, each R3 is independently a divalent
organic radical, in is at least | and n is at least about 4. Preferably n is at
least about 10, more preferably at least about 20 and most preferablg%q
nates

Alspursdol 59. ProtaeEbYom Heatarakitysbae sthm Ve ctepabissiE e
Ahoutek0 and mestareferabheabayt 20n2R0hin espesialypRtatamedSer. No.

embodiments of the present invention, in is between_ about 20 and 50.

PHABEIN DRk N NUH Straduiha GisrloByRiRisHgch are also mcorporated
B 3diyaxyRengenermaieigsuidigoara): Bgounselstiiggahe  polyarylate

substituted, Alkyl substituents, if dpresent, are . . .
structural units dérived from a 1,3-dihydroxybenzene and either isophthalic acid or

terephthalic acid or 2 mixture thereof in combination with carbonate structural units

and having the formula

N VPN
Ay

wherein R! and p are as previously defined, each R? is independently a divalent

(1)

@)

W

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

10



preferably straight-chain or branched alkyl groups, and are most often
located in the 10 ortho position to both oxygen atoms although other ring
locations are contemplated. Suitable C-12 alkyl groups include methyl,
ethyl, n-propyl, isopropyl, butyl, iso-butyl, t-butyl, nonyl, decyl, and

oty dhstiute daaikyl i psiugdingshemexsvith enethyl beinendaricutasiplated.

preferred. Suitable halogen substituenﬁ,ﬁre bromo, chloro, and fluoro

SHitghYSi iy dPGS HEROLRR IR SR S SRR S BITAR BRE haiegah
-5uSliHeants 8 Blsei ipblBstTiaed al] fan shmas bed-3, piefarrilylGbding
and re prefer b%o'_llﬂ%é)r ferred ,%—dih¥drox§genzen§hmoietﬁ
PEHRRHIr RSB0, THEMoSRI0RETL AR 1 Tt SR YBEn 28R I BTty 8-
1 grBibslitidebnest: cineh tisyhictnpisiizera. Rolymersconigiylingrixhategen
f 1,3-dihydroxybenzene moieties, such as a mixture of unsubstifute
STRE R A AL ook S bR a8 i o Sy Ragemore
peiferabiyad-dnits pedtbicd-tibydingybahzenmenoiatiosiaferbahyidetorcinol. The
aromatic dicar lic_.acid moieties which m monocyclic moieti .
e O LB Rl A e AT R p i
- zelerivaessor poljayolc midigte sislichdisydiphehghaticanboigiiate such as a

diphen icar iphe icar ,

e g e RIS o
naphthalenedicarboxylate, preferably naphthalene-2,6- dicarboxylate; or
I r@%ﬂa’fwﬂ&%{c%/@w&owéyféﬂa/%fw‘awa‘?@am@fyﬁtﬁe bound to
afgiRralkheatheiamatic disaexyisacismoirtiesasesnpbalate, andior:s

terephthalate. Either or both of said moieties may be present. For the _
iSRRIt Boi e ECoR M BIS PSR GT LB e o Polyeyclic

reephihalaienn the rapighapibetdrerbalbit 0. 28ifhanddalaut 4Qatboxylate,
When the isophthalate tg terephthalate ratio is greater than about 4.0:1
TS B TR P cy 0 SRS ER e PR WA o B Denetlside
drefhthdlate to erephihdididaatiiciaessithan ahouftadh: 1, thephthalene-2,6-
nacceptable levels of insoluble polymer may.form. Preferably.the.molar
VS SRS Er R RS (4 RIS AR PR S bRRaLEs oy o es
Pantiabbut #h6: 1a@andiordicpriafaptibly inid rangetivetveee nisdpitihdasy : and/or

tgx%%h% ﬁlef{,[e;l"%.i&lerxnoirsb%ttﬂeo%sstaﬁp%%e]c%saﬁf% be present. For the most part, both
are present in a molar ratio of isophthalate to terephthalate in the range of between
about 0.25:1 and about 4.0:1. When the isophthalate to terephthalate ratio is greater
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 Jeast about 10 and
n is at‘least about 4. Soft block moieties corresponding to formula I 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
11 '



n is at least about 4. Soft block moieties corresponding to formula 11 may
also be present. In the organic carbonate blocks, each R3 is
independently a divalent organic radical. Preferably, said radical
comprises at least one dihydroxy-substituted aromatic hydrocarbon, and

pahiRRshabenintlipereent ohdha tolahnabahfRRouRs INReid Llicyclic,

polymer are aromatic organic,radicals and the balance thereof are .
oF R ARAEHS: i dtic sasradisnelnfsnie Phstrdancale-rhaudene, 4.4-
bzplfhbyfgﬁgg%,waet(lersyr!]ﬁmeilirﬁiﬁpz}taﬂW'z % %,Ier%;z-blis(z;mhenyzene)pée ane, 6,6

-hi(3,5-dimethyl)-phenylene, 2,2-bis(4-phenylene)propane, 6,6'- i
CRr et ARSI Rt b R e
ctr{itrdlﬁpcwhli)ﬁh t}egﬂﬁﬁ.gmgge&hﬁuﬂ& yﬁt@xyhalut%ﬁmm @f@m!@;,ecg by name or

rocarbons disclos or_form eric qr specific) in U.S. |
R R B1G SEeAc oNe Aol oy T RarearATatd herin
bparifetarte. preferreditivialént argfamairatiicatis oPehis{pradical is 2,2-bis(p-
henylene)isoprapylidene ang the, dihydroxy-substituted aromati
ot Y e e

cigestiendd ghatrthe iagdatecdyiprsingpblyphersloithe top layer undergo
thermally or photochemically induced Fries rearrangement of arylate

xbip%ﬁé@d@&%@@%@&ﬂg@hg@m@%ﬁﬁe% @%Lgigﬁ‘n%é%%ennaﬁy

which serve as stabilizers to UV radiation. More parficularly, at least a
opoPliGEPERarFatly cHilhcrde FitRs: S eatreneamaRb o fiortat chiarkemempigl o-
YR 2 H RS PRI GERETD Bt de asiane keleng GislReRUShUY

rearranged chain mempbers are typically o-hydroxybenzophenone-type .

RO MPERART ibte P e PREBINE SRRt e SRS TGN f9g Tearrange
6t el eietipsefarmulrky o¥e Oy ¥oi WodpGr@d @l Nedd e bne

V
gg‘ozlp. Such rearranged chain members are typically .o-hydroxybenzophenone-type
chain members and typically comprise one or more of the following structural

moieties of formula IV, V, or VI

f av)
“%"C“‘“—O \ OH
|
Z
(RUP/ ﬁ"%“
O
HO N OH V)
|
4 : (R])p/ / ﬁ*%—_
O G
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D™ CxZ 11 (R]00120 11 HO OH (VI) (R)x 0- 11 0 wherein R' and p
are as previously defined. Thus, in one of its embodiments the top layer
of the present invention comprise arylate-comprising polymers, at least a
portion of which structural units have undergone Fries rearrangement.
Fries rearggangement typically gives polymer with structural units
represented by a combination of Formulas VII and VIII, 0 (VII) (R)p |
O-C 11 (viill) 00 -011111 (R)p wherein R'and p are as
previously defined and wherein the molar ratio of structural units
Hgpresente by Forrpgla VI @;ﬁtructural units represented by Formula VIl
een about 99:1 and about 1:1, and preferably in a range

wherein R’ and p are as previously defined. Thus, in one of its embodiments the top
layer of the present invention comprise afylate—comprising polymers, at least a portion
of which structural units have undergone Fries rearrangement. Fries rearrangement

typically gives polymer with structural units represented by a combination of
Formulas VII and VIII,

®") ﬁ | v
~2 ™ ’ Q
£ | Ao l_/\wll,_gw
/ P
OH (VD)

GO
OO0

-/ b -

®Y),

wherein R’ and p are as previously defined and wherein the molar ratio of structural
units represented by Formula VII to structural units represented by Formula VIII 1s 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
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99:1 and about 80:20. Although iso- and terephthalate units are illustrated
in 13 Formulas VIl and VIII, the dicarboxylic acid residues in the arylate
residues may be derived from any suitable dicarboxylic acid residue, as
defined hereinabove, or mixture of suitable dicarboxylic acid residues. In

rBrRiggetemRediments afdbsoprpsapldnvgatian: PR BAINEEDRAS YA be

and Vil is zero and’the arylate blocks comprise dicarboxylic acid

drgivef domeAvR TGRS Misathexshissacigntrdephasafieinedd hesimgbavey or

g @IS0 soniamuaigckipdRyRdues maigties ofithemasdlvsitatefiiss of the
Formulas 1V, V, and VI via synthesis andé%merlzatlon of appropriate

PHISHS RS RS TRn a R R eBhATSIRE D Offnsars M atfupee - axhsbeiindate tlacks
cRBpIRECHHRIINBRS RAMROTIHIONSLRRIAIINY (CRARYRSIe EBIDARAE phthalic
containing structural units comprising those shown in Formula 1X: OH 00
a sf}a%d&%aéte%é% ﬁoatﬁrfwf%ﬂ Qindrdhoe MRS /f BRdmedlagrated in
Ferauibusly, definady Withisy tiiecco ateb af the-prasanif nveniiend shauidepsein
agﬁderstood.that the top layer comprising resorcinol arylate polyester

A BRSNS RAMESE include polymer comprising

0-hydroxy-benzophenone or analogous chain members resulting from
IfFries fetreangebwshtshsaitheesorcinayarytatssingin wrenpoerisyior containing

c%@‘f%%{%ra%&n&%%@ %%Qi%%%&%%%@g@’ﬁh%%ﬁ %){1& g, SE%BB(@HXn%omuIa

preponderance of polymer zophenone or
Ehalogous 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 unggarranged resorcinol arylate

chain members. If itgs wofn away or othérwisegemoved, polym (IX)
cpomprising o- hydro zophe analogHous chain memhgis is
>Leggnerad ¢ X
m
I
' l / n

®"),
wherein R, R®, p, m, and n are as previously defined.

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.
14



renewing itself from the resorcinol arylate-containing layer or layers, thus
providing continuous protection for any UV-light sensitive layers. 14 It is
also within the scope of the invention for other polymers to be present
which are miscible in at least some proportions with the polymer top layer
1t Gondgay iRiftig Pty RueheCofMips iBingnatnu €t rahm;ts}gm&menb foopredelgaghichere

1 benzene and at least o anodicarbox I|c acid,
PGS A0S BRALTSARY pEtally A oo eb s i potymes
cqaniyethe rimideumh dipdy dsfiers Sieh as kwkjl(ﬂ:xxb-bl,&ydéqeirwmhﬂaatawﬂ at

PBT ne tereph te ri lene
te é';FeOpd er éé‘teﬁ) Y 1Cnye ha@ngr é]gp % % g’%\lhﬁéwlg%h I}Pémlsmble

poigpiethalatepdd m)ypﬁhlgxéwdbheuéne:@imthandmﬁi etﬁwlmmé}’(l 4-butylene

1tetr%}['%Ja%exane mﬁgﬁ %%%ﬁexan‘gﬁ . al‘oi%"/lategpﬁrl(?tDlj’dY(mmethylene

etoblhast ATy apyle Inieter abppieten) | AFEBopHebupRetsgaptthalate)
(ﬁ@ﬁ‘?“%@/ @cﬁ%ﬁ&%ﬁ{eﬂ%b@%%ﬁi%@f%ﬁéﬂﬂ&&i@f&‘ﬁ@%@@ﬁ‘ﬂ@%ﬁ 4

one'1 hydroxybenzene and at least one organodicarboxylic acid

cyg}mmwdsﬂmé%dmp@sqtma@ﬁﬂﬁ@m%ﬂﬁ%ﬁi mAFeebffedied bipphenol A
laE?&QQnlé@@f&é%ndIragfkﬁfh@&u?ﬁhmsedﬂgw%mm lgndinganlymer
SO on

blending. In another embodiment the multilayer article of the
insfadas aﬁv@m&%w&%ﬁw&é FRmirelTagiantor- %Mé@%ﬁ%’ﬁ%w at least.

otiierayeriseneimestknown as a tielayer), between any substrate layer
and any top layer. Within the present context a multilayer article is one

h cantains two or moelay Multil er a artl espoft dove tion .
TGRSR R GPTTRREN 200 ke PR Erobh Ce e AL Ay e
béeridipdasemithese mmmméwmﬁm@&edaybﬁmmlan@pgayer on

each side of said substrate layer; and those which comprise a substrate

ﬂﬁx&&ﬂ&deﬁ{ﬂs&ﬁ%&mﬁe%Yﬁyw@tﬁsﬁé%qwagéﬁﬂ%n%wv@&ﬂp&% an

substrate layer and a top faf,é‘)e’/er Any interlayer may be transparent

intsRaYeReft GRapRiENaMIEH RaT oIt EYRBRRR MR vaxama|digdayer).
HeRIREANLAY dﬁl%@ﬁ%&@’ﬂé?éﬁeﬂﬂ sMehtap metal flakeifdesiredeat context a

overlayer may be included over the top layer of the invention, for e am|a%leh
76115 BVAHaTHEEISigRe Which contains two or more layers. Multilayer articles of the

invention include, but are not limited to, those which comprise a substrate layer and a
top layer; those which comprise & substrate layer with a top layer on each side of said
substrate layer; and those which comprise & 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 fop laver of the invention, for example to provide abrasion
or scratch resistance. The subsirate layer, top layer of the invention, and any

interiayers 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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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

IR AN CHRIRNGR, (0 ARRIESONRO R ARERIPIEIRIL RGN o daringlny

applications. Generally, the surface of the multilayer article has an
PHASHSIRAAYODRERRY otlsicrEEEBE THEST eIl sHePERE cHbET
st desired SXsUPLISUIac AR AR AXIe IOk 8 asTRASHERCR fiisSheFRIthIe by
articles may also be recyclable by reason of the compatibility of the
repsnsbthsreranpidhiity Mithaidisrasdalsssehetiipassed by the present
invention also include those comprising a supplemental thermoplastic
NayshyEhestigipleraantapthssinaplasiic laysenmaykattny additiorlatde those
condensation thermagplastic polymer. described abqve. For example, th
SR PR h NS RN b1y e R EEiEh 2o R gever
n&y foarmkynathitiop dayendehstii@petharticipk@nconipassedsoyitibé iboentiofor
Rsginchide lhoss comarising gl Ieastone qlassaver ae A supplementaler
ayelr) “rhe gfg?sﬁ%lyer mayybe cgrllltlguous o the ¥op Igy r, contiguous to
athtowubstthtetdayleyeor interposed between a top layer and a substrate
layer. Depending upon the nature of the glass layer and the layer to which
NiulgiaoatliguRus aldeaphaee %?hﬁé"lﬁv'éﬂﬁé@yﬁédﬁﬁ}él@@ehﬁﬂﬁ icYrising at
employed between any glass layer and any top layer or substrate layer of
IRE PRFcHESHleTF A RN FYEHIYSF A Best Msp menbanagigads to the
tHRNSEcedtiRbRaRPAlGHINNSHdE ArelesssithaldhrdntariayatRe and a
Sggéically tranZ%arent in nature and generally have_ a transmission of

EFRAF IR abBRNS6™% Wt SR 28 RRIdhe SaiTdRvEhERA Bis avith 19ohich it
iokjasiipnablatceler ohnaihesiaspeetial theniiveptirAdidanethad Jasd between

RO SRR PO B TG o Ve bt A g THC adbesive

interlayer may be transparent, opaque or translucent. For many applications it is

preferred that the interlayer be optically transparent in nature and generally have a
transmission of greater than about 60% and a haze value less than 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 laver 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 meolding), 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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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

1EENQIARI9 G 80 1 J@Wﬁm%@? SRRRESSIOR MU Whcoration, or in a

overmolding, blow molding, multi-s ﬁfg{ectlon molding and placement of
hatmiesst RSP oRgEtAmsER ks eandusipherdst arsiasosnieetbeRINBVed

by adhesion of the two 16 layers, typically in an injection molding
LaRparattidiof. of, ﬁaeﬁaﬁtﬁgot@eqmﬁﬁmy@f urticlbatprebsirdbasaiepediansd or
be. condu under art- r d conditjons. In.one metho

TR oy Tt PE G s e Mo TGl Rb Codled.
th@mpfm&dm:ﬁd&d&&aﬂtﬂaﬁ@mb@ﬁﬁam ladresoithecfingbpattoaedide @dqﬂaa%d
ther rmed nd trim ith an adhesive |nte er on.o .
o B e R SRl O Ol i
mhmtdnhmmesﬁ@nrﬁerlmpéﬁwr amdrﬂmla;lmtﬂa&tween tAddorthyerinadgheed

UALA 1R T éﬂ%c!ﬁ' the”ePaﬁ‘l %e%%%ﬁeag%gtr%g# dignder he%?ur

oF faemperature beiglo e glass t ansmon temperature o
- m@mmywmmwmmmmmmm@mmmmm rﬁmﬂhtaybﬂayer

t&?ée éﬁﬂgyﬂ@f‘eﬁgﬁ%@%%ﬁ% é%%%e@ﬁ%%ﬁ{‘z%b@%é%oﬁpgswc

out 1 hd more typically in a ra ge between about 35C and about

| anﬁa@orwwmm@y e presssbrovech Brahde etndahanddd 16 pdvaally, the
ﬁ@&ﬂt@ﬁ%’ékaﬁggt{%@eﬁyﬁ’d%{'ﬂ ipei ANIERENBRIARAMNLIODSIAN in o

about 500 psi. In"yet another embodiment of the present invention, the
rgnebeiudenahqst 1REmoTRRARRIHP B Rfression molded into the
substrate layer of the final part and cooled as described above.

Iﬁh@ﬁﬁaﬁﬁéﬂ&xu rifrodiayer ﬁfamwsﬁeﬁfﬁerlﬁyeﬁt&napmwdﬁbsmesuﬁwe is
f the rmed and cooled §§tra e er % herm (ﬁ]mgdﬁ d + and
%I%&@?W{ﬁﬁsﬁoﬁlg’ 4% %p HSS A eS|v ntér ayer an
whhd@ ssadksmmémbda@ed 'htmafemateal mmfdnmdhegreheﬁt alictgvessindatyer is
fi ayer arficle. A nfo min |cone or. rubber
aé’é’dﬁ%e‘?ngé be USet mﬁtﬁé m%ﬁcei o%?alnaaasgo 1?éur atl:je Frgfsh%rtg {h god 2
tioprtayfermed and trimmed top layer is then placed on top of the adhesive interlayer.
The whole stack is then placed on a heated mold under heat and pressure to form the
final multilayer article. Also, a conforming silicone or rubber padding may be used in

the mold to retain class-A surface 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 fransition 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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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

aﬁE&HHI RuBgaIRSTh Wi@ﬂi§tﬂ$§ﬁ€tﬁi§dﬂﬁh i hext:éﬁm@wmliemm&:aaqﬁm @Stsepdmw
the glass transition temperatyre of the top layer polymer. The substrate

PO HGH AL VT BB 2P O P see 0 B Sre Rearead-

thangk hetween abfaut HBP&fanibab olhaSitRC {daeddied anvihieh iafierthofop
the substratec) ang the

t substrate la iS i ediately transferred.to the
Iy SRR BT BT AS TS e SRS TS SVRE A bR Tes T BIRe R e
aboptldgesi hrdoatdth @ Gulsstrate Isyatrundtweytodllln thicmaniendnabibstthop
top layer to he arated from the, hot substrate layer.until the tool is
O R SRR R o RS St W R B dBmoved.
AmpirtsictonsiEhe toey is thep midbegiaseuhich time the top layer comes
into contact with the pre-heater substrate at a pressure in a range

IRSBYEEShB0AHEIHRSHESRDAREAAA MR INE B1DSIAIRJBY &R IS W Srepared

cavity, bonds with the top layer, and cools. The tool opens and the
bendrfiajaieadatnaitins: eosde PArfisvdep Japeadtesihe ifeHERjRriaYEy ol he
tHeAN JTSRG RERSE Ry RIpARGEN &F Rk ciRdeE RRINE BresaRdRyaniNding
the multilayer article is prepared by IMD/injection molding process of the
todlp Y4 i it AasthercuHe At dna i 168 28R SRGIRRFERF & AR S mold
t&ﬁ%ﬁi&%&?dﬁﬂtﬁﬂhﬁﬁgﬁé Qfa’i@iﬂmﬁﬁtéﬁﬁpﬂlﬂ&@@@ﬂ@ﬂ% Vt/cbﬁhhtﬁﬁr pollymer.
esthetic side of the top, layer agajnst the tool syrface and with the mo
S SR BB B SIS R T h  EC ER G 0L- A
ipetymeastivedcad stheatiaiecthyemis dddamtatedcivilyeacaviyibédive interlayer.

}i}u'ecti n-mol in%toolldA therrgopt stic tesir&_{is the inection I%ed}in%% "
& ity 3SR atite sV hterayer, "BUnfg the Phettion THOIGING process,
Hitereao ten ttheiayep lastith eesibs e dhvetyafldvies betviee teiive 40p thy enlamicite

1th%_s[ub{{iséjrg}te layer and ties the top layer and the substrate layer together.
The thicknesses of the various layers in multilayer articles of this invention
are most

The thicknesses of the various layers in multilayer articles of this invention are most

often as follows:

substrate layer — in a range between about | mm and about 10 mm, preferably in a
range between about 1.75 mim and about 6.0 mm,
top layer — in a range between about 2um and about 2,500um, preferably in a range of
between about 10um and about 250um and most preferably in a range between about
50pm 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 250um, and most preferably in a
Tange between about 50um and about 175um,

total — at least about 125um, preferably at least about 250pm, more preferably at least
about 400um.
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often as follows: substrate layer - in a range between about 1 mm and
about 1.0 mm, preferably in a range between about 1.75 mm and about
6.0 mm, top layer - in a range between about 2m and about 2,500m,
preferably in a range of between about 104m and about 250m and most
Theaﬁwhﬂhwéﬁ artahgediahieenabimit HOrhartiatioed bi5Hn usetorgdeficial

l, i narnebet ena out 2 rna about 2,50
RTINS T RE A8 S A G Sncras Ot 280, HrarBGiicy e
ew:hfmmbhyln@rmgedamnmhmﬁmm mﬁaﬂbmﬁnﬂi?zﬁmntéﬁﬁabe af Iglast,
£ 125 f tI t b rably at Jeast
S ORI . o RSB T chiiabonane
mﬂkﬁhmmblmnm&bomm@simgheﬁﬁaﬂnwwmﬂayhrmakienoa layesibie to
ex%gﬂfg%} EP%{QQH Y 85, SS0ee byfumﬁé?"egd %IStanf:erﬁzcleS of the

atlon and maintenance o gloss anc ven resistance.
HD@pitmdlng upon the top layer/substrate layer comblnatlon, the multilayer
articles may possess recycling capability, which makes it possible to

ReprRieiferegrind spateral a6 a wuksraig fopfurtherr ragiugiiop.afpiticlege
of the, invention. Representatlve multlla#'vr articles which can be made

CQRRORI BN BB HEY BRAP RO RER i ARIRSROMI B el cPiitary vehicle

(iactemeliveckisivanilitenny ehie|eratitduelingrahiIBantivg alatally ddxterior

ter-borne vehicles torcycl exterior and interior components,, -
aﬂﬁ? etk &ﬂB’rB"Eﬁiﬂ)FteF‘ﬁ FEOREY pHHEIEr tﬁﬁ?ﬁq’ﬁerfé’éﬁfd%é rim,

feteleldjddodrsin lﬁhdshﬁmaﬂﬁﬁﬂﬂ@ﬁ Btﬁldﬁ)d:f&mlmtm peuds.faseipegyilRscianigifes,

housm s, pillar appliq claddln ody Idings, wheel covers,
nﬁrrgcapsué gor fgall?rf%resp %f)aélfefs W|n eglar? 5% $edhfsl covers,

hhbagigndpes:; taihdbem pmoﬁé&téammdmusﬁmstaﬁdaﬂtmdpehetsisllc}maéﬁmm;etaﬂ

enclosu o00f racks, runnln bo rds: enclosur ousin
1 sé|§a1§n Baﬁr?s nrg ’u? gl lam hlc esac&née pf:% engi%’sures rogfs Yacks, and

runmng boards; enclosures, housings, panels, and parts for outdoor vehicles and
devices; enclosures for electrical and telecommunication devices, outdoor furniture;
boats and marine equipment, including trim, enclosures, and housings; outboard
motor housings; deptﬁ 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 furmishings 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; uiility pit covers; computer housings; desk-top computer housings; portable

computer housings; lap-top computer housings; palm-held computer housings;
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devices; enclosures for electrical and telecommunication devices; outdoor
furniture; boats and marine equipment, including trim, enclosures, and
housings; outboard motor housings; depth finder housings, personal
water-craft; jet-skis; pools; spas; hot- tubs; steps; step coverings; building
mamdi@ohetsiotien prpkcationsnaarikagbgtadin gl Asofsiavtitdowsudlagss, copier
at| ndo furnishin r atm nts treated. glass, cqvers for
hg{itu eéygéﬂ)ﬁr}g INgs 08(5315 Sr’sn%)srqgﬁl Red sp% Ssmol‘gfJ 83??5?\ gsmes, radio
r@;@hthalhmstagseéxghmrrﬁm&prﬁg]mm|(ajn@ﬂmes¢smpmt&blempﬁﬁnalrﬁrmce
doors, protected graphics; outdoar and indoor
e B R BahE ferete o
prdichiersipaTalipne ndklings Ohowstn@ ﬁoanemsamdmmys far |dwsesnaneter
HaRLER0 UARILe h@wgggloefy&@ng%@&ém@g&ﬁgggJ&W %%ﬂna% té%g%%m
window and door trim? Sports equipment and toys: enc osures, housin
Pﬁ%{ﬁ@@’eaﬂﬁlpmgtfdw@mbﬁé@ %@mb@u}eﬁm@aﬁérm@tagwhw film
2ROTIIRERShiRIaygrRL ng e InmERLadislas Made o RIRSHEA0 ated

comblnatlons gofcourse markers; utility pit covers; computer housings;

fhressedens anirlseierdiet SngsapisieabRaddER HIdIcABYRIN G apvason further
cearBRpiRElAuEINGR] PAIRRRIE SRMRIE! HPUSINGSILO MANIOIRHSIERited

printer housings; keyboards; FAX machine housings; copler housmgs
tteldBAGHEN BRI ATSBIRBhoREFREISIRGS; RIRS sefidler HotaMgS: rapor
thesedfertiagsings; light fixtures; lighting appliances; network interface
device housings; transformer housings; air conditioner housings; claddlng
19r Seati ubI s ol tation; cladding or se |n for trai
?vay%g%r%‘useslﬁﬁlg{e erghéus?ﬁgs g}rc]jpenr%a ef)u@slng% ?&1 %he present
@aﬂeﬂmd&héﬁimdﬂammatwwmmedy plfaih(ﬂnmtmq amadmemzy way of
gﬂﬂgg synthetic or natural textiles; coated photographic film and
otographic prints; coated painted articles; coated dyed articles; coated
fluorescent articles; coated foam articles; and like applications. The
GRpERESH AN SRS S5 4N il Falo B P SFAB SRS G SM)

SOEHOIES, BHGh@S AREtNeimitRe «£0i8eHeNara-PaRid de crRERIOR BRI e KDO

8 int ove Iamln%tlon and/or thermoformln%
were obtained from Azdel, Inc, A 15-mul thick thermoplastic polyurethane

film (grade A4700) was obtained from Deerfield Urethanes, Inc. A 2-mil thick Vitel
1912 co-polyester film was obtained from Bostik Findley, Inc, Araldite 2040 2-
component urethane adhesive was obtained from Ventico Inc. Hybrar 7125 resin was
obtained from Kuraray Co. It was injection molded inio 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 | minute.

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

length. Lower values on the Wavescan plot correspond to better surfaces.

20



In order that those skilled in the art will be better able to practice the

present disclosure, the following examples are given by way of illustration

and not by way of limitation. Commercial and experimental grades of

2000 grams per square meter (GSM) Xenoy(r), Lexan(r), and Ultem(r)

Erupariitessheet, ard-RalyRBUIRRE PMREE e GOR <GP M) WRiEnp 1 exan®

obtained from Azdel, Inc.” A 15-mil thick thermoplastic polyurethane film
60w aE6ltined from Deerfield Urethanes, Inc. A 2-mil thick

Vitel 1912 co-polyester film was obtained from Bostik Findley, Inc.

1ATaldite CR4O®@; compaberiiapibangddhesivepyiasOaied Eomdanticse

Inc, Hybrar 7125 resin was ohtained f Kuraray Cq. It was jnjection
e R e N R TR S
plibireaBdthnd 47 00nandl ydbsardins2veientaminateddadhadisigk efdsexanis 2

fil btain rgm General Electric) at 125C and 50 psj.for 1
n%lﬁ%téemgﬂur ace O(%d?;l if%1 %%%afré%;%%tzegt%ﬁrt\a/v)gg%so%rae@c?g (?rbeﬁ?é?l]ﬁ@gapﬁwfor a
cGwid red myiraNesseaderinstrim b ptesAfarcsca Aeds iresusftestiahofidghtcy to

ima [ < I r_values,on the Wavescan, plo

e B B e T U e oSS ks
bstwees shrtitasrofbess) fondrizkindidtekam FibBL X dilowsi fergittingtipled wet-
oh0 PG D HSAND RXE DAY mb E XU AN BAVBRERY éﬁ%?%iﬁ?h%egﬁs%ﬁdated

were molded at the molding conditions listed in Table 2. Fir

seples, e sRadOWAS Preprodst dndErmiigmbtprien iledor arinsedso set
tHhenPraderdmlhigliessirefanh 4dB¥RKIEs N e molded sheet and

plates were transferred to the cooling press for a couple of minutes under
lng) irgg_tl reesﬁirl:]lre,gust enou%%f}o,counteract the tendency to loft. The

f Eer e & BT BRSPS by putting the appropriate stop blocks
between the plates. These conditions listed in Table 1 allowed for getting
fgeohlwet- out priorSwepkaitibg for optimaVisidk@anical propeitieddiig mekssure

fully consolidated| samples, no stop hlgcks were needed. | amples 1-4,
stop blocks were used to set %%mPera{:ure F%q G’S%(

1 Ultem® 330 800
z Lexan® 275 450
3 Xenoy® 260 150
4 Polypropylene 190 5

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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the gap and the final thickness of the molded sheet to 1/10". Table 2 -
SuperLite processing conditions Example SuperLite Molding Molding
Pressure Temperature (C) (psi) 1 Ultem(r) 330 800 2 Lexan(c) 275 450
3 Xenoy(r) 260 150 4 Polypropylene 190 15 In Examples 1-3, a Lexan(r)
SupkXifitnaubvitrase, LEespicthiely AAHROwhekmoaptashiy wolytiretrdmedntedayeied
laminated.on the was used. ample 4, a Lexan(r) SLX film with
mgﬁﬂﬁﬁﬁ g&éﬁ?&&lﬁ% gﬁﬁseugﬁ/ggfn enrjlié])%ersraminated on the back was
- used. The Lexan(r) SLX film with adhesive interlayer on the backside was
AtRBh peek teattopsoiued fooldeduatio SoreaubRenyridhesian By Yanayiylater
sysRI¥Propylesg: O%%@%Qﬁ{hg%ﬁﬂﬁ%ﬁ%t%{ﬁ%@@%&‘/ﬁly-IEQ%W'}Q@@%@;WQ'}@

was then placed in a heated ‘mold under 130C and 150 psi pressure for 4

copsiftis o oerised ftasinkls Tl tobishatllatint fifsristissirate dprarssied at
a [QnERGvdHiRYes SYsiem iR Y0P ealJ8sting AARABUS6ENSISIRpRBimen

Instron fitted with a jig consisting of a series of movable rollers which
waTRowass iasthepissimehan stpeierad dpcn s sbafiyiecaiBRy fe of 1
iRpireaee! lengthtbe gars prabsyofdheiEneerperiwake @ased ) thee

jaws of an Instron and then separated at a chosen %egel rate of |

Lha e s S T R TR I R mﬁmmamhe
awl};@ﬁf%ebgl)ﬂ/z@%m?%@hs‘ﬁ&ﬁ fitrmoySheeliandithd adhasiveniht@dayeopylene

efare molding. The ayerage 90 peel strength_far Xenqy(r), Ultem(x), ‘
SRS TS SR SRt e oAb U o AT g, e
lih2abinkB. 8ol dR6s, pheipdd faihepmiodineatiadbuid alleaSes;ribiee pebitrate

failure mades were found to he SuperLite substrate ive failure, |

T S 8 SRSV iR S SR Yo S I E ety
ofhalodddStpenlife. Inlallatbhsessthibes udideesob thibarwlddadmuititdygesr articles

r&%‘gelzgsexcelient surface quality of the co-extruded Lexan® SLX film.

Examples 5-7: Secondary operation process (2-hit process) for making Lexan® SLX
film/SuperLite articles

10”x10” Ultem®, Xenoy®, and Lexan® SuperLite sheets were molded at the same
molding conditions as examples 1-3. A uniform layer of 4 mil thick Araldite 2040 2-
component reactive 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 SuperLitel
substrates was coniributed to higher cohesive strength of the substrates, and hence

high peel strength.
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retained excellent surface quality of the co-extruded Lexan(r) SLX film.
Examples 5-7: Secondary operation process (2-hit process) for making
Lexan(r) SLX film/SuperLite articles 10"x10" Ultem(r), Xenoy(r), and
Lexan(r) SuperLite sheets were molded at the same molding conditions
Eagiansplen/ibicoiprifeion iayetieg Aenibiiich\TRIHERI84G 2fim/SuperLite
component reactive urethane adhesive interlayer was then applied to the
a%ﬁ}?gf%?%ﬁ%%ﬂ/&rm{& Y fPerLite substrate. A Lexan(r) SLX film was

then placed on top of the adhesive interlayer. The whole stack of Lexan(r)
ASIﬂxtfiﬂrWAHﬁ’emm@grﬁIsﬁp‘émnwawais}&h@h Mef&immafﬁeatédanmd
c ?%%&Qﬁ%&rkgiﬁptﬁé'aQéﬁl%%‘ér&{Qr?? @é%ﬁsa%irf&r RSOl RAl IRy Rhim

article. The average 90 peel strength for Lexan(r) SLX film over Xenoy(r),
the freei crapraiatakaa{ )t S GPEL ikenaStiduperlvise Fatgh v 86 breates i1 4 geparate

nfch1 reQundspesdingasdnch.with,a, cophinalion. ok agResie Ierayerimen
coheslive and interfacial peel failures. The penetration of Araldite 2040 to

iechiselYsISuPEH e osIE SPATBE §6iR% dopiriBietPRd HiRfhadpessheisivkich time
th%tﬁ%&%ﬁéﬂb@fﬁﬂ?@é&ﬁ%t@&%ﬁ%@ﬁ%%h%@%hﬁ@&%@h&% dsempigoRiing

IMD/compression molding for making Lexan(r) SLX film/SuperLite articles
PIRRAG R e e Thectarehita sheet wastoeidsd anie) s Sosl shapsspibberried
witoteesavitL of ameaimat aeMBiesion teehwih themaastietiseaide Slithre

film against the tool surface and with the mold temperature set at 130C.

B (PRS RS TSI et WEs e Rfeh SReR &R 5RO VA AfebF pribs PR FREd

theSIRA FRIRIFD HDJRIREs Wb dakd XeiiessapervassiigtratgImediately
transferred to the compression tool. The tool was closed at which time the

exan(r fihn, came into_contact with the,hot Superkit eget under a .
B T DL SR BaCEL TRl S bR
afincés e alhdsberdedlapeth Lexan(r) SLX film inside the tool for 2

minutes. The tool opened and the aesthetic part was removed. The 90
Iﬁ@!a%ﬁfﬁ&gmlw,% foupg tg_é%@n@f Srpovndswane athe-peeiaisrermodanas
iggg§§é¥ela)1§1ei§tgg r)or? ?}?ee"gléggsisd%bv?rgsa%%éd. In Example 12, a Lexan® SLX film
with a 10 mil Hybrar 7125 film adhesive interlayer laminated on the backside was
vsed. The 10”x10” Lexan® SLX film with adhesive interlayer laminated on the 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.
Kenoy®, 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 pressare for 4 minutes, and was then immediately transferred to the
compression too] 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 fo

Polypropylene, Ultem®, Lexan®, and Xenoy® SuperLite substrates were found to be
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Example 9-12 IMD/compression molding for making Lexan(r) SLX
film/SuperLite articles (with adhesive interlayer) In Examples 9-11, a 30
mil Lexan(r) SLX film with a 15-mil A4700 TPU adhesive interlayer
laminated on the backside was used. In Example 12, a Lexan(r) SLX film

- et and 0 i Butiasy d#enBim rehesive interayer aniatad onileeth of the
backside was u%gd. The 10"x10" Lexan(r) SLX film with adhesive

TERAyEP IR TREEIT R b SRR W AS IR SR B°E58 Bl OFa warmed
compression tool with the mold temperature set at 120C-130C and with
the aesthetic side of the film against the tool surface. Xenoy(r), Lexan(r),
Ultem(r), or Polypropylene SuperLite sheet was heated in a separated
heated press to 270C, 270C, 330C, and 210C respectively under
minimum pressure for 4 minutes, and was then immediately transferred to

ih@ compression tool set at a temperature of 120C-130C. The tool was
A& Elosed at which time the Lexan(r) SLX film (with adhesive interlayer
laminated on the back) came into contact with the hot SuperLite sheet

Emderla nSofdirigtpregsuretisted iBrébable3. MhédBigpertitesshédoldag
molded |nto the final sh and.then bo ith- Lexan(r) SLX film .
Pg err%%r 'fd %c\% %‘etﬁlger&%tx)ﬁ %essuﬁe V\ggss})

inside t%e tool for 4 minutés. The tool opén n aesthetic par

removed. Similar to Exanffes 1-4, the adheEidfidf the Lexan(r) SLX film
to Polypropylene, Ultem(r), Lexan(r), and Xenoy(r) SuperLite substrates

gvere Tojry@e;g 23 exaejlant. The adhesippgirength Was Taugi to
exceed the cohesive strength of the molded SuperLite substrate in all

ocacos acstilte-can-he.caanin-Tahle.2 Tahla 2 Evamnla Sunarl.ite Tuvne
SUATLOD TCATT OO OG T AT OC = T AT L 7N UATT Irll\l =AY} T ETOO T J o’

HWeater F’?é?%a%%t Molding‘zlgpess Molding T'ér?]%erature Ti Set >
Temperature Pressure (psi) (C) T2 (c) 9 Xenoy(r) 270 130 300 10

Uexan(r)| 2180 350 11 3kem(r) 330 130 860 800

12 Polypropylene | 210 120 20

Example 13-18: 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
% 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, nozzie), 490°C (zone

2, fi'ont), 485°C (zone 3, middie), and 480 (zone 4, rear for injection molding of
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12 Polypropylene 210 120 20 Example 13-18: IMD/injection molding for
making Lexan(r) SLX film/SuperLite articles A 30 mil x 3.5 inch x 4 inch
Lexan(r) SLX film was placed in the cavity of a 3/16 inch x 4 inch x 4 inch
plague mold with the aesthetic side of the film against the tool surface. A
XeMRo320)nahixs4JPEaheet oidGHpgy Sie Wagals @ piaaeil iMMORE otk 3,
caV|t Xeno %) 5220 or Lexan(r) 141 resin was injection molded between
é&gr?(@l LSCRf-dRf the SuperLite sheet. A Nissei FE160 injection
molder was used. The mold temperature was set at 145F, injection
Tpvbs3uSpabisepacedda: X2000wsi, injection speed was set at 1.1 inch
per second, and the cycle time was set at 45 seconds. The temperature

TR g{g@ewas setat 495F @2@,&@%@), 490C (zo%wmozdﬁggq@,;ﬂﬁ5c (zone
e

3, middle), and 480 (zon rear for injection molding of 24 Xenoy(c)
_5_22@.)_anrl "_\Q')l: (Zgne 1 nn-)-z!o\’ 53' F (chc 2’ f CAD

lﬁmddle) and 540F (zone 2(%%}@ Table 3: SuperLlJe\,\tﬁ# % g conditions
Example SuperLite Type Molding Resin 13 EJXenoy@ Lexan(r) 141 14

1Xenoy(r) Xenoy(r) 5220 Ksdce@n(r) Lexan(r)141 |Techex@{ZEXenoy(r)
5220 17 UItem(r) Lexan(r)141 18 Ultem(r) Xenoy(r) 5220 The adhesion

' gl theCexart(r)-StXfitm 10 LeXan(r), Xenoy(r), and Yuemes) superLite

substrates was found toibe excellent. The adhesion strength was found to
exceed.the cohesive ernnﬁfh ofthe Snnarl ite-substrate-in-all-cases

The
oS TTIC

16xcellent adhesion was | dti8488he compatibility , DO TWEE’ (r) and
Xenoy(r) resins with the iLexan(r) SLX film and SuperLite substrates,

t@nd/or strong mechanicaliidar@cking. Optical Lexan®141

18 Ultem® Xenoy® 5220

The adhesion of the Lexan® SLX film to Lexan®, Xenoy®, and Ultern® SuperLite
| substrates was found to be excellent. The adhesion strength was found to exceed the
cohesive strength of the SuperLite substraie in all cases. The excellent adhesion was
" due to the compatibility between Lexan® and Xenoy® resins 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 soiidiﬁed, resulting in

strong mechanical interlocking and hence, contributing to sirong adhesion.
Examnple 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. All processing conditions were the same as
those in Example 13-14 except that 30 mil thick Estate Green Lexan® SLX film was
used and the Xenoy® NBX218 resin was injection molded between the formed
SuperLite and Lexan® SLX fitm. The surface quality of the Xenoy® SuperLité In-
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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

Mé'ﬁﬁEﬁ%@ﬂ%@@ﬁ@%ﬁ’ﬁ‘@ﬁ%@srﬂﬁt*@ﬁsﬁﬂmﬁﬁ%ﬁ:@%ﬁ%%&%‘i%ﬁﬁ%ﬁl of
Example 13-14 was used for making Lexan(r)_ SLX.film/Xenoy(r)

Patftipd AR AATISFS c BSEHS S8MERtRSHR Weiigiie lsame as those in
Example 13-14 except that 30 mil thick Estate Green Lexan(r) SLX film
Avtias:ghs eckfenckdhenX eniyr(9nitB X218 e sintha disciien mmoddbetbeiwesbed

the formed SuperLite and Lexan(r) SLX film. The surf uality of th

o St T e Do Mo LA i TS ean I BLR g Winont

déElans: Atsutifacedivat fshbetiwidhan dhdebheddintte fnltowot\wdaaxseriors.
Results can be seen in Figure 1. Although preferred and other
embodiments of the disclosure have been described herein, further
embodiments may be perceived by those skilled in the art without
departing from the scope of the disclosure as defined by the following
claims. 26 CLAIMS: A multilayer article comprising: 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, and at least one 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. 2. The multilayer article according to claim 1,
wherein the substrate layer includes a polymer selected from the group
consisting of polycarbonates, polyesters, polyetherimides, blends,
copolymers, and alloys thereof. 3. The multilayer article according to claim
1, wherein the substrate layer



includes a polymer selected from the group consisting of polypropylenes,
polyphenylene ethers, polystyrenes, polyamides, blends, copolymers, and
alloys thereof. 4. The multilayer article according to claim 1, wherein the
fiber comprises glass fiber. 5. The multilayer article according to claim 1,
Awheieln the fiber comprises dispersed chopped 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
AJEHRIGh S HeP RIS REnforced polymer substrate. 7. The multilayer
article according to claim 1, wherein the top layer comprises a block
acopetydstercarbonateind fHeanultitatleradidleshe potding tadlAbar n a range
wherein,th least one 1.3- dih xyhen IS unsubstituted .
breehggﬁcirr]% %?%9 %ﬁ%%lﬁng%Ogr%c eég% g%r%%?t%e%c}%?m ,%\%ﬁle‘feeilﬁ%gfa ©
fleerstamioraxdypriodicasiostydie, aoidl is a mixture of isophthalic acid and
terephthalic acid. 10. The multilayer article according to claim 9, wherein
ahgationf ﬁ%%%’i‘"@o&i(?ﬁ%&ﬁ siruciuraldinitsdentsiepithalic:Agrivethprising
structural units is about 0.25-4.0:1. 11. The multilayer article according to
SHIFHT 0 Uik Asivere Famd o ieasintmslid- e iveacsbrazsas (s ab least one
diereRatbale-aerduagastructural units is about 0.40-2.5:1. 12. The multilayer -
article according to claim 1, further comprising at least one supplemental
iherm%laslgglﬁxe& 13%.&he %}%%g'{ artﬁg&aqco&q{ggi}lot Iea inh)ls%x‘ate layer
Wherein the sup emental tﬁermop sﬁc(fayer comprises structural units Y
idridetlfrovyactesdtoek o8 ditaborybmszing afigaytedshens, polyesters,

SiagREOMGecd, 14 e

gill%??rtgé}ie%@ according to claim 12,
erein the stpplenien rrhoplastic layer is'in contiguous contact

with the substrate layer and the top layer _
3. The multilayer” article according to claim 1, wherein the substrate layer

inchudes a polymer selected from the group consisting of polypropyienes,

polyphenylene ethers, polystyrenes, polyamides, blends, copolymers, and alloys
thereof.

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

dispersed choﬁped 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 muliilayer article according to claim 1, wherein the top layer comprises &

block copolyestercarbonate.

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

dihydroxybenzene is unsubstituted resorcinol.
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is in contiguous contact with the substrate layer. 15. The multilayer article
according to claim 1, further comprising at least one adhesive tielayer. 16.
The multilayer article according to claim 1, wherein the substrate layer has
a stiffness to weight ratio in a range between about 100,000 psi and

gAbout#,000 000081 Lficlds, bk e{oar&lﬁkﬁaoﬁ?'%lﬁ?eﬁe%hi&@ '$tMbast one

aircraft, automotive, truck, military vehicle, military aircraft, water-borne
orgmariosEnsIdicaicHl dtarayislensatisophrimadst eshiponkthelz peidel,
guarter panel, rocker panel, trim, fender, door, decklid, trunklid, hood,
1bz}orér;¢rhm§ﬁﬁbwy@ar_d “f??%&ﬁﬁ‘mé(%f@faﬁ%@gm*%m@f@%r@f isoplhthalic—

addjng, body side molding, wheel cover, hubcap, door handle, spoiler,

Tt %ﬂ%ﬁﬁé,%éfaa?a‘ﬁrﬁpg&aéiFﬂéaaﬁgn%%&fr?ﬁmstaﬁ|amp0r?e§%i%,-
tail lamp bezel, license plate enclosure, roof rack, or running board; an
lénclosiire mhidtisiyey, el aoropdintgor daimutpwheetictbeantiotoidaophthalic-

%gtvé%%ér ur@ﬁﬁ'rﬁeﬁ;igﬁi?éﬁéhﬁlg sHieal ory g%!&gt?ufgfnu%ﬂi&%%gg{%%%.s:1.

or boat or marine equipment, trim,
enclosures, and housings; an outboard motor housing; a depth finder
HousingeamHEHsyRn pRiE acrardiagdeskiim pbofvrbsp gomposinghataletapone
s@@%g@e@ﬂﬁgﬁa}}ﬁg@{g@g@r construction application glazing, roofs,
windows, floors, decorative window furnishings or treatments; a treated

lass gover far.pictures, painting,.posters, . ar display items; an optical :
]I%hs; ane prﬁ%%{é%ﬁ,% |§h§‘§s‘;gg et iy ShRTEE i e ,eéﬂnirﬁbﬁa Hpignente!
thpinthalasic: Idagsra veatipane| sovcoo;, atotelziddedraphic; &in leatdogateon ,3-
' ign:.an_enclosure, housin nel, or part for automatic teller
dm C éﬂg%ﬁ]ﬁ' ;%%%%%Fo%%‘?gﬁgéﬁ%?ﬁﬁﬁh%%‘ai a(§;t10dr|r5art for lawn or garden
tractors, lawn_mowers, or tools, lawn and garden tools; a window or door
fim; ahbsrdeltidngioAdicde apraetria ©iian Bhclshendn hbgsimgpisamalial
RERAb IRk ﬁ@%@ﬁ%@&ﬁ%@&t@&%ﬁﬁmﬁéﬁsm&@!@@Fﬁ?ﬂ%@%@f%y@r

article of playground equipment; an article made from combinations o
15I’£s‘fﬂ?ﬁ%°9§cﬁ9&?3§tg‘8%}b§ﬁr§$’ﬁﬁéﬁ&¥%{-utility.pit cover; a computer
housing; a desk-top computer housing; a portable computer

15, The multilayer articie according to claim 1, further comprising at least one

adhesive tielayer.

16.  The multilayer articie according to claim 1, wherein the substrate layer has a

stiffness to weight ratio in a range between about 100,000 psi and about 1,000,000 psi

17. The multilayer article of claim 1 which is an aircraft, automotive, truck,
military vehicle, military aircraft, water-borne military vehicle, or motorcycie exterior
or inferior 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 vehicle or outdoor device; an enclosure for an electrical or

telecommunication device; outdoor furniture; an article for boat or marine equipment,
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housing; a lap-top computer housing; a palm-held computer housing; a
monitor housing; a printer housing; a keyboard; a FAX machine housing;
a copier housing; a telephone housing; a mobile phone housing; a radio
senc_ler housing; a radio receiver housing; a light fixture; a lighting
tﬁgﬂ? Bﬂ@ﬁ&ﬁ?e@, @gﬁx%jﬂé@{f@g@ﬁ@&éﬁ@ hotsihgnsanandéprméndousingngna
ir conditioner housing; an article of claddi r i i .
pefﬁaﬁglpwﬁﬁﬁ&ﬁ%fsnaa}%rgﬁé%facm "r?gsé’taééla%%t&?gea% 4 \%gk%"mg; e

. P falin , Su ysS, or
bul%t _tiof%d_mhﬁéﬁﬁhm&ﬁlm%paﬁaﬁﬁﬁergﬁb&ilﬂguw arwartclespfftladglingdoative
satellite dishes; a coated helmet gr pther article of personal tecti

BRI B AT ESPRREEE BERAUAI GG, 3 CoRE pRAtOD
Orfﬁggpmy%t?ﬁ@gmmﬁcﬁriMm goaphthphintdenartictorzctvargdidigluiattte 2o
. acoa orescent article; ar a coated, fo il ILi

O L BTG A D S T ot BT oeed B MeRlcor o
ing@d;yn’g_@iﬁar;tl glﬂssds‘ibe,r hwasinengedsiveeaprsbbut 25 WAt PHen o abngs

eight % based on the total weight of. the. fiper-rei fggﬁgq
(’Ap%r y gﬁlé) Sélﬁ%’sﬁg}lgfnft’ I %%\%ibngg l%%tla%/%r%g&n&%ng at Ie%ag(gﬁfelawn

mm%rstl,)oqniamls, pekmrericgmismsingssarrandelvuritogs iy Fropicle of sports
unsubstituted orgin ixtuee of i thali i i

g e o o e e
reanatinpaiopeligler PG AoMmCHRpBEH tidle AHAD RS MRS SR RpERt: an

a%;%i‘é%if?d@ ghleashans AlveibrEmidsrphsner ane @kass fiferdn autngeit
etween about 15 weight % and about 75 weight % based on the total
cqusiy it GOTISHDSIONSIRG e dlpiyeRn SARRUES USRS, AnBORARISsFInR

niQRlAYer camppising,ahisashaneherpaniasiie RoMMAECHPBISING monitor
structural units derived from unsubstituted resorcinol and a mixturehof .
it e REIRSR HH b BRHIA A il 20 TR DOEE B AR R "I &
rduilaveloagicle Coppmis i mingnysulbsifatestaise hooshprisingdis eastver
one therm_oglastlc polymer and fib(la_r ina . . .
housing; a light fixture; a lighting appliance; a network interface device housing; a
transformer housing; an air conditioner housing; an article of cladding or seating for
public transportation; an article of-cladding or seating for trains, subways, or buses; a
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 & mixture of isophthalic

acid and terephthalic acid, and
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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

atldsfpiadienzepesnthatleasianaRigen ReiGaRDMdinatg@n the

cooled substrate layer, and molding the multilayer article by heating the
ubstrate Iﬁ.l)fer an .t%y layer.at a. temperature less than the glass
ayer 1CIC C

aye
?ran& |onr~1mtem5ergﬂtjre o] %ﬁ%ntﬁg%hoplastic polymer top layer and at a
pressure in a range between about 15 psi and about 800 psi. 21. The

2 SEbetste desrenRPIERith I2estiorthBelystiniising praviy andaglaessiiker in a
rARIRHRVGEDEMGEN sheau sk alR Vst aRdBGHOD, IBMRE &2 tENBIRIQRESS of

according to claim 21, wherein the step of placing an adhesive interlayer
theorhsrisaniprasieptnehmameisic shtErsy@dbn the surface of the top layer

prior to placing the top layer on the substrate layer. 30 23. The process
attenndiig topldaye? bombasaip titel siep @feptheinghestd hedwesr niatayieng

comprises.placing the. adhesive interlayer on.the surface of the substrate ..
SRR P IR BOmo RSB PO S e Jo P ST F (rob et
aeidcordliacepbthlaima2@, wherein the step of forming the substrate layer

comprises thermoforming the substrate layer. 25. The process according

29 Claifn 20, ahpreiR R sion S IREIRGARE SHBskAle layer comprises

compression molding the substrate layer. 26. The process according to

claim 20, wherein the step of placing the top layer comprises a )
fm@m%?oﬁ*mw&smyéﬂw?%%ﬁsa%&agé%ﬁ%%m? &, Wfdiegin @

ringestepvetdaiining sheaehiskaiel yar COmPIihe s o gratse batiakeight of
%a% r whic inclgde a%?lé/gwertselected from the group consisting of

t @%%FE% SHEES 88@3% FeP B therimides, blends, copolymers, and
alloy thereof.

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.

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 fop layer

prior to placing the top layer on the substrate layer.
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28. The process according to claim 20, wherein the step of forming the
substrate layer comprises forming a substrate layer which includes a
polymer selected from the group consisting of polypropylenes,
polyphenylene ethers, polystyrenes, polyamides, blends, copolymers,
p3and aligys heteabodfidh e rmpaass acapidingite slepnoPplasihgrein dtikesive
_ step of forming the substrate layer comprising forming g, substrate layer
intEdRYETnEPBIRpErS BUPERE e FOTASS RiBRITIE rg%%g%ea%iig%iﬁu fate
lapiaiprieoyhRisiibecpten af plasngtbestopdpyer comprises a top layer
wherein the at least one organodicarboxylic acid is a mixture of
oy P s S SPIRIG SSE i JN U QG AEA  HRiRe

step of placing the tép layer comprises a top fayer

lawdrexatptives Hi@rdibfuomainglibe submrigaulasemstituted resorcinol. 32. A
process for making a multilayer article comprising 31 forming a substrate

pdaver eampgsing RRlYRIRPYEASIRONINGH aRthdisPekGesf doaRROME agsstrate

fiber in a range between about 15 weight % and about 75 weight % based
I PRI e TRTBPREBT PR e SHRSHES KBFEpylene substrate, cooling

the substrate layer, placing a top layer comprising at least one '
2¢hernoplasdcdas ytaaideameprising Xirucherednutiitsstigrivelérong the top layer

unsubstitué_‘ed regorcier%cil an&q a mixture of isophthalic acid and terephthalic
R SF PR BB SR Byer, and molding the multilayer article by

heating the substrate layer and top layer at a temperature less than the =
2§lass Tempiierstamsedingre el IRerheristic st AboBRrRRT shRFiggte
188 ggﬁﬁﬁ%@g AfAngeneiweeR aheLARRShaRA RRONEISRRARIC3RIATom the

rocess for making a multilayer article comprising forming a substrate
SreYer CHRPIENY POIYATERAcNOb RS RRINASSERIE L RS CrasameTs:
aflRefinayapge between about 15 weight % and about 75 weight % based

on the” total Wéight of the fiber-reinforced polypropylene substrate, cooling
the su
28.

ftzr%gclgs)éearc’cording to claim 20, wherein the step of forming the substrate
layer comprises forming a substrate layer which includes a polymer selected from the

group consisting of polypropylenes, polyphenylene ethers, polystyrenes, polyamides,
blends, copolymers, and alloys thereof. '

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

layer 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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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

fIRRIRY A ﬁa@m@%}&ﬁ%@gﬁ%@ieﬁé Hapsitionde mestA &ifpped

the thermoplastic polymer top ager and at a pressure in a range between
gasblibasiharanee REBURBEO DY 32y Ak Ges8d fhoM My tiayes on the
tAElIGle] SRTBPHR M FaEmIRG 8L 9Bl IaYeh AemARBERL least one

thermoplastic polymer comprising structural units derived from at least

Sne ;%édsi’tl}gqltog@égenzene and at least one organodicarboxylic acid, 32
fed mg a s_u%s ra eyI%r)’/er comprising at least one thermoplastic polymer
and fiber in a range between about 15 weight % and about 75 weight %

Pleieg ntehe ol wesighissietié firstrensfoleesppigsier mibsateamRising

sieRBRTRtHER IRARRgR REINERRARNH 180G Ad.ARQUL3/O Placg g
ag}p{g layer and the heated substrate Iaégr in a compression mold wherein

trrehihslireefre thsrrgjed mbormiglaes @the surface of the

compression mold, and molding the top layer and heated substrate layer
nedldiigmpe rafulicidetourittie lassedtansiiensicinpaeatuyerobbieiop layer at a

thermoplastic polymer top layer and at a pressure in.a range between
TR B R ARG 500 PEP T HPBFRAE G vl aavmer
tdpriiner codhprisines piacing an gdhesiven ibtartdyfessendebotht8sstrate
layer and the top layer. 36. The process according to claim 35, wherein

sire stop gt placigaan AdussiimTIeUANGE compises placing the adnesive

interlayer on the surface of the top layer prior to placing the top layer in

the compression mold. 37. The process according to claim 35, wherein
freingf SR RE QOHRESRE Hﬁ’ﬂ@ﬂﬁ?&‘r‘%&%ﬁé’&%% fgshgased chopped
cdibafiveiinietayepanibe suiiace abibe substiat@ut 75 weight % based on the

total weight of the fiber-reinforced polypropylene substrate,

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 muitilayer 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,

32



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

hiagies whithtiatUses achalyisies sclepteck ahtihepgravpoionsistng fber in a

olycarbonates yesters, polyetherimides, blepds, copolymers,. and
NGRS o e 0 A RO VS e S RB G B et
tHerfitagrthdmubsttaligniayenlecarmprises fampagiarsutnst atefaybetwbiahabout
1%@%%& g&l%%a,r ,elected from the 33 group consisting of_
polypropylenes, polyphenylene ethers, polystyrenes, polyamides, blends,
copolymers, and alloys thereof. 41. The process according to claim 34,

Plariaesiketne sy endohnirgitdesbisetialeyiaye n compreshiriomidiigherein the
aSibstealglayenip q&;ﬂi Re:AiRRRERERGRORPER URssibe e 46mPRERIRGASR,

according to claim 34, wherein the step of forming the top layer
mprises a top layer wherein the at least one organodicarboxylic acid is
a mixture of isophthalic acid and terephthalic acid. 43. The process

natdprngithg toclkivar3dhdvinaiedn sitaisiep laf toraiagdhpdaniayBelow the glass
" comprises a top layer wherein the 1;3-dihydroxybenzene is unsubstituted
R T K e TSP ARy P Ao BerAp g T

réheeiveifoceni agpattdd payardcarmpriifigostructural units derived from 7
unsubstituted resorcinol and a mixture of isophthalic acid and terephthalic

cid, ti u [ kS y mer, :
?gigge?;%%@ﬁ%ﬁe%%“‘?i?é?ﬁ?%???ﬁ?5’5%?&&%%@@&%?%%%f&"tﬂ%};m
1

P
ABORRTYSH SRS S &Y Brnth EEFRR 1ERght of the fiber-reinforced
polypropylene substrate to a temperature in a range between about 180C
3and affaetyBres placitmihe tapitayes, anctbm heateehsubpliates ayeidhosive
.compression mold whereip the, aesthetic side of the top layer i
TERAGTORBTRE BUPTAS PR EON o ETBN Bt Scutate of the top laye

prior to placing the top layer in the compression mold.

37.  The process according to claim 35, wherein the step of placing the adhesive
interlayer comprises placing the adhesive interlayer on the surface of the substrate

| 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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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:

g@wmﬁmﬂ@%ﬁﬂ@@gwmﬁmﬁﬁé@%{er&he&@itw;%y%&g)gmymides,
an

b 1un%ubstituted resorcinol and a mixture of isophthalic aci d terephthalic
S0 SPAART F4MRYa9EREr comprising polyetherimide polymer and

dispersed chopped glass fibers in a range between about 15 weight %
4and dBouprobaneightinmeedom Rde titalveipbhtabtbé fibeireihtorobsirate

lypropylene substrate t emperature.in a .ran ed:E) twee out.180C

] .

R S R M S b R S
compression mold wherein the aesthetic side of the top layer is

YeontiddisuBeeH e etIdies i hactiprdusiin thoricraridienoiai thenerdpyer
coayeisand Rpatsdsvhstaien@yel-alia LR BRer e B8N he 8RS S mixture of

. transition temperature of the thermoplastic polymer top layer and at a
isgrbduliearidand Agenbiwiscitdbout 10 psi and about 900 psi. 46. A
process for making a multilayer article comprising: placing a top layer

4sompiisingadeleastcontith esnbptasic whiyele tieo gy isihigrsinictisabyniser
derived from at least one 1,3-dihydroxybenzene and at least one .

T A o S T 0 TEPaTURe Frseiagl
side of the top layer is contiguous to the surface of the tool, placing a

48ubstfafslesrsieompdsmymarlchseonéereramopiadiik polymer and fiber in

a range between about 15 weight % and about 75 weight % based on the

tﬂaﬁ?gwm ‘ tgloag the _ﬁ'&g@rr%ﬂf@ﬁ@a% M@&%l B_Hﬂ&@?d@giﬂeﬁ‘%ﬁﬂi@ﬂ@ﬁbslﬁmted
molding tool, Injection molding a thermoplastic resin between the top layer
TIPS AL S SORPU S BrLERL SECTOHTRP £ Qaim 46, wherem
the step of placing the substrate

heating a substrate layer comprising polypropylene polymer and dispersed chopped

glass fibers in a range between about 15 weight % and about 75 weight % based on
the total weight of the fiber-reinforced polypropyiene substrate to & 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 thermopiastic 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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layer comprises placing a substrate layer which includes a polymer
selected from the group consisting of polycarbonates, polyesters,
polyetherimides, blends, copolymers, and alloys thereof. 48. The process
according to claim 46, wherein the step of placing the substrate layer

héamprisasRlacingyersshabiaip oy shishdnr udesmed ehdiespseiesi@hpped
from_the group consisting of polypropylenes, poly hensélene éagers

elgstySRFra e TRARAIEED BRI ScBpsmAaraih AR dys tRisRof Ja56 on
th-Ehgt@I Qﬁ&gl‘eﬁt @EQ@@HB@%M%W@%@W&? ﬁﬁﬁr@fflg‘t@i ﬂ%}_ﬁb&a‘cﬂrg ina
substrate layer comprises_placin strate layer including disperse

. gﬂeﬁfh%@ﬁbég?é@?%ﬁb%%g&%according to claim 46, wherein the
step of placing the top layer comprises a top layer wherein the at least
Ptﬂwg@amlawbmx%hedxﬁatéé wmmméaqerisophmmmﬂd m@éld wherein the
aggﬁgﬁm@?da%we B 1E06 POGSRRASAOISIAN . AIRKN S BB F50

acing a top layer comprises a top layer wherein the

and3-dihydroxybenzene is unsubstituted resorcinol. 52. A-process for
making a multilayer article comprising: placing a top layer comprising at
nRashenadhesmapiastie Pelyeacs bRk Sigr Siructuialdinitsedpsivadfroass
unsubstituted resorcingl and a mixture of isophthalic acid Smd terephthalic
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polymer comprising _structural units derived from unsubﬁtitute resorcing)
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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.

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 poiycaifbonates, polyesters, polyethermides, 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 conéisting of polypropylenes, polyphenylene ethers, polystyrenes, polyamides,
blends, copolymers, and alloys thereof.
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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
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50.  The process according to claim 46, 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.

51.  The process according to claim 46, wherein the step of placing a top layer

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

52. 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 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.
33. 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 laver and the substrate
layer. ‘
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