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Summary of the Invention
The invention provides shaped and layered composite articles comprising a
35 layer of a thermoplastic acrylic polymer having a thickness up to about 2.5 mm, or
' greater than about I mm to about 2.5 mm, a layer of 2 thermoplastic polymer having
a thickness of 0.5 to 15 mm, and a third layer of fiber reinforcement composite. The
- range of thickness for the first and second thermoplastic layers may or may not
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35 FIGURE 17 is a cross section of another embodiment of the invention.
FIGURE 18 is a cross section of another embodiment of the invention.
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30  have an additional layer comprising a thermoplastic acrylic or ABS-acrylic alloy
having a thickness up to about 2.5 mm. Another useful thermoplastic sheet has a
layer of thermoplastic acrylic, a layer of ASA and a layer of ABS. Thermoplastic
sheets with more than three layers may be used, but are typically not economical.
The thermoplastic sheet has a softening point of about 200 °F to about 400 °F.

35 Suitable thermoplastic sheets may be formed by extrusion methods well

_' known to those skilled in the art. A sheet having two layers or more layers is readily
made using extrusion technology and is suitable for carrying out the invention. The
sheets may be manufactured in the form of large rectangular sheets or in roll form
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reinforcenent layer. Natural fibers can include

cotton, flax, jute, knaff and other fibers derived

f r omileaean bel appbind to eeplding prosessexsubiyble frdornfingedtisiractions of the

ski | hn\ﬁeﬁtléﬂ"' eI‘h%rﬂSelmﬁbllt c%ﬁééfs mﬁé’trl% I%Eﬁ :ych?ﬁ%lgfﬁlﬁi 1fs8fhl in

i ncl yde olefin yeste ers
Cory Mo Shdrtions B¢ oo BihelpoeRErsrdbY Roping dcomposite
t her siosdire Ag ihpdrent apee of &iesherﬁmplakt&:r she@tidtpnt it yase ficed into

reing @f{e?rﬁ 1fx$ Hl%[cﬁﬂ]&t%n %é'm'sx{}e(‘d'jé' ge%blgd avall it %ﬁé b%ﬂ&? gﬁlshmg

car bon ers su c

fi bePel id. eTfE tﬁeﬂ}iﬁ@f@%ﬂ@é? P@fﬁ!ﬂtﬁr besdsw apho bileblpsn faddy, sags, or
use fS othet distbiiop lofgik Isﬁloﬁﬂh%ﬁifac%sof ﬂ{b extdMof hdrPfic SilyR 4t 18YdrOKuch
sur ro ecor ati ve or. cos

app e%?%ﬁ%: gX»t?soarE ¢ (ﬁbe Bm}éégtwﬁ]nﬂé ?an'l’f?ag tﬁiﬁ épﬂﬁﬁq‘%\%ﬁ Honléx?/ g pmooth
has WH&nbsHdghderthatHathe ¢yej mseawifbym colot dedsity.i nt o t he

lam nat e Tl’(b&ﬁéfﬁr%ﬁiastﬁ th&tnll’dfyeoe AR fﬁﬂ‘lﬁ bS] tsfﬂ&t Qt{)ap L §%ed stock

i nherent in ofmgt i on, erno
L hoctdipety ettied Oke Fmatorans rld. Khs tirlBere i hagaplasti
t h| clbeetssayohngetionnt aBhub 0s5unmtie aldut MFmna ﬁai-mmm cﬁ)ﬁireét

n U e
f or a@&#dm L Elog%gﬁcr)ﬁe)ct gig% L#: anrAH% 1ifi tgd g?a éﬁ thﬂtoul ][m eﬁ,? *ﬁ)ﬁ%f;tbout 3
can B& Q5 Héél in the éﬂ%ﬁlmtﬁ@eepﬂmg%@gsedfupmémshed part
1isnv erequmnwnfEh Suiidted MePhcp¥dstie naheRlsSndBLADE PVRAS Wonitrile

o SR e Bl LS, SEDLG AR ot Aol (s

t hemebshaene polydadwnatea siylonepdpaveylates, uahlymet}tacnyiateagjollyyners
inc |ﬁé%ﬂ1y‘ldﬂe ﬁolybl%ﬁﬂgﬁes‘ﬁfdtth&ﬂl a"sﬁkcifuﬁét@ tha?fb‘% By Q' g:%bfntlaﬁon of

t
5; e?\lﬁff onaQ},?g{@etg%%{‘qc As ﬁ%ﬂs Q8 éang%@ee rg;%p aﬁgt‘wmr of
Zch yharmoplasticrmateriais incltié shesrShaving ah . BSIOYHr and B 148 éWibrising a
CrI. t
R e g e T s ML D
s heéﬁ*c IpfisPhesmopastic edaytomepus Md(ﬁi%ﬂmm%dbéqnd@oﬁpﬂhm thg ABS layer may

: Elegﬁam)&atmh aqwmawrat@r oﬁ%@&fﬂitb %f%ﬁéﬁ?ﬂatéﬁﬁ)!ﬂlﬂ&yﬁte

{ nerRTay Rt nRRrt radins indls BH Sspic o uader tho trade
23cr gedignation AGRSTSIEEAIM aad dn aclyiy/ABSAAmABS. sheet sold under the

Th e&MﬁﬁtAHA@FEQI gﬂ# QEJ ARAE i bg{ﬁrﬁ%ﬁuﬁ% GHP 2 iMble

_ %Jrsed but are_ t not econom ca
the

Rhile Aciicsi. %El%e@éﬁ%&Uﬁj"WM%?smerQ@ﬂy
| F t avaiiblols frodBayer PASmSH P?Eﬂngglﬁ ey mmrmfsbtagto%nﬁ%mauy
SH O 0] 0]
e, FAERE b, GHLEUSERB, RLRGNR AP e (kIO fin RS Frninate
3Q ay@reridessa posggtically ateastveottemprentiangs |Qihertsext¢him$}mg§matmja1
| s is.ulutlam%, atnammaew B8 Widkr thB Grald Y CEN RERE and

1l B e Pl B i e W#@%E@%%wﬁmaew

PC'IVOEJSQQT@AHI’) aveglatile fiohaBayeaQolye, Rifighuiahgd PAO mhnhpa@nc polyolefin
Pr 08§t 3a%ing #i'()tdﬁptl desigitdt o‘iﬁ'—ﬁﬂ)ﬁ gﬁ Cﬂl?ﬁﬁ gﬁg{{ﬁ@’ﬁ’ ok cf)m%nerclally

beeas

i nven astilc
3harfd Fﬁ@?%ﬁamgg’m EGH, %Pﬁbsr%ﬁ@?* Ry T@s&s&w‘cm@r@mam qupplied
ol idivagouspeades kehspérsvn ddllediin thearGRIBBEhdShow to select a grade

appropriate to achie_ve the desired characteristics of the fabricated article.

12



structure. An inportant aspect of the thernoplastic

sheet is that it can be placed into 5 a thernal

form ng nold that can achi eve the general overall
¥apad/en7246he fini shing nol d. The ther nof or medeGies2604/001843
preferably has few or no bubbles, folds, sags, or

ot her -distortion of the snooth surface of the exterior
acrylic plolgenenl, mpescessSifthe insention ¢evolea f@miriea fiberbéinforced

g\r/rg gglﬁlq“% o?{r?niusy uﬂra g%ﬁ%{l r'all ?:!\t?l‘%r oh gitgnérqsuﬁﬁge 1a§je“:f' t&med from a

uni f BFFRPlIsHs Slzféh%ﬂ‘ftfgg a ‘Iﬂb}Pﬁ@SfFﬂ@Plﬂﬁb@#ra@t"ﬁ éass-;heén appgpriately
be i sizddtRerhophisitf shetitis Hioices ﬁrﬁ@ K prdf&ﬂﬂ thE:@eh %rﬁﬁﬂg mBJd in order

Chi cRiabbiE b A Sehedel o URAA B e BP g et gatosriing
abouirugtuge. rﬁhettbermslashq@emmat@cﬂl panf wowamed kn endedfioreaset

ext r &g etont JTeH WY cﬁ&hﬁp% i ﬁfé‘%ﬁéﬁ&lﬁ slebMirhe ﬁlehﬁoi%rmm% mold
sheet tps kness nmm ki |l ed

o Gapag o aged Beald o MPUICHeld SRR B ficicnty ntroduce
finitsh édlpp ate theShermgplastznshedts A Supéraintecfot hernoldirast caefully

TRt Sfeiclded to ﬁhﬁicﬂ dee rtﬂﬁ,?at%lp e (SefuGl @%&%éﬁsﬁéﬁ% e;Tigsome

acryl ate copoly acryl a ene s
copdPsinses eﬁ@@)’eramﬁ%li‘sﬁ f%&féfﬁ%f thanghe seffepingpoey o ﬁ)yl on,
pol ythermpbabifsshego |@eﬁ&hlﬁﬁ&bryﬂlﬁﬁﬁ)pfa@ﬁ@éh)éﬂi€ lthe premold step is

P atcChANAEE « RN AR AR ool 25 EE BB 38 ° R ftogasti
suc wh% cayl lenyse directlnimtredvesd intBlzepbldriyr fowing slyerongsite article

1tshervﬂqah§§uf&nnﬁg Sfri shedtAEhA G- g)g@yacréﬁmt% B0 wakned to a

ol JPBRTERPAYGts (5 Gloatamyiparperh i ik g faoducton ino the mold

c ogdiejlh@ﬂeamm temmperafuncinaylBe ddiertingd aesdriitged ASflmlBtfng method

an ayer nma e

al | oye%ﬁ%&rﬁﬁ{mf%% o bggﬁf?ﬂ% SE ﬁk%t @?e%lyl)/at e, )c;r an

acryl at ePHGbhumpldE lﬁf@ll Eﬂ@ﬂ%/ WOSEM@W wel nawretoi thoss skilled
23 nc linithe aﬁmnaﬁfcwsnﬁ g%EE?&EMVEQ{j éhteid) @l@ﬂyhé b& Eﬁdf‘olggpomdes,

esi, and a am.n

e Lonalan, AEReRTE b MRl Gl i bl el T Stymers

QJAP!M'I@GPQMS'CMS mcwiniees thatebfcapelde bfimdergofingoan irreversible,

Ari Eﬁ@xﬁeal/c\fdsk’ﬁdkﬁi"g ﬂeﬁc@onFNBﬁQﬁﬁﬁﬁnﬁxaggwﬁB@ﬁ%fﬁ%lﬁét%r materials

conme ¥ | abl e.from Ba

Pi tf@[&@%ﬁﬂ B4 Belele A sompre wﬁﬁfﬂ@ﬁaﬁm Btsgp (Chigmisals of
25 r o@nh‘sm-huk et SG:G’P@L pdlyeaisk eins Ikz’@mnEi‘tﬁalgmwiIaIﬁe ﬁ@ﬂht(rdm

t

ext e r | r s ur algoel%lag h e?blg 3?? Sﬁ]on%g)%sqﬁg eﬁﬁl‘ n@ ]élﬁ CStérvrgsms

i nclilh&typena cammepgtlystvaidable fom Reideld Inhe)fﬂ)whpen A¥Eend

CEI\NBBX%%; este lcmﬁ{ets&ﬂgt @aﬁﬁﬂ@ﬁoﬁ@ﬂ/{ We&f ¢8fo tIfaﬁd e

al | _of. which CONMEr. Cl. a avalla
Fmay by infugera mta)sbe FPHfE ﬂ%‘ﬁ %%wn@g cafalyst,

3ol yt@ctoeﬁy modieg bgdnssy invdd mlcaskimdenid olilicys) pignoemtdBREci fSigs and the

égﬁﬁﬂ,’sﬁmcdlﬁ%‘uﬁj lgf’ﬁa%ag‘éﬂ@ Qﬁgqh%&ey(}l%ﬁﬁ rflétlaﬁ?,écgsesa? ﬁ%rozﬂdes

supﬁmdlcéﬂgta 1 b&#‘?%‘ﬁ‘sﬁﬁﬁr@iﬁ%@ ¥HFI person skilled in

the art understands how to select a grade appropriate
to achieve the desired characteristics of the
fabricated article. 12 WD 2004/ 067246

- PCT/ US2004/ 001843 _

..,_J

13



In general, the process of the invention involves
formng a fiber reinforced thernoplastic article
having either an interior or exterior surface |ayer
MO0 pA8¢f047e46m a  t her nopl asti c sheet havi ng a vPGI/U$2004/001843
cosnetically attractive layer. An appropriately sized

t hernopl astic sheet is introduced into a preform

t her mal f Gsafulmgsimbcthdenthe follywindfoautitd: n a shape

that conforms to the nold shape of the final

t her nogsett I Ty structure: Thc t hci’ IIUPI ast+e DIICCL

materi al can be warmed in order to gai¥sts byoveightporeach 100
the stqucture or shape in the prenolld stepEar{gQ,gresm

t her no ?f ’Uﬁ"g_f_FPD| tcan .al SO De VVaT oor 0 O dan
appr opi+ e Y tly i ntrnr{ t he

shape |h1ulsatu1h®dtvh:edm3m astic sheet. A t enper a@t- uroe for
pr e- nol gtj},;bg i's carefully 10 seI ectec to match 8100

Aot~ chAant

tenperd tre—useful—wth—the—ther ll%dg asttH+e—Sheet
6

some | Ritalgnt mstaliimelcrblypefabalimixelsdd is greht el0t han

t he so t@%y@@t@@%hﬁﬁwﬁdﬂ@pm@er nopliasti ¢ sheet.
Genera her opl astic sheets,| the preppig-step
is co .j@ihgﬁcﬁn %Eﬂggnper-af ure fromlabout 2 i

about BBCeiFl acFamidehwnpophdasti ¢ sheet can al®Gb- be

gio[rgg; Wi A SIRRHE 6D ginbﬁsae@&d oM,
CTTrouat T T g T e oottt
i s not | Besctabdr @dd. the sheet can be |war med 0l 810
t enper aplug@@’@gjélghérgss heat defl ection ten‘per@f Ui@
prior intr UIIO Tro_the mgtd Heat—deftectton
temera@m&% A%@Qm&k%&y HHordling t o ASTMD 648
met hod Pigmelnti(Blawkymonl y specified by suppliexs- o
sheet Itabl e noldi ng TTuids i nclhude
LR g ST

thern FestHRs nl | I/nn\An t ot h_nc s QVIJ |A(Q

t he artAlémhcaltwbbmmpp@m@/est er, vinyl esters0.08dr-lli c
pol ymers, pol yepoxi des, am nopl asts, alkyd resins,
pol yam d%ﬁ oI yol efi ns, pol yuret hanes vinyl polyners
and phendh$ eOTRRASTtR oktipe sRPRTAHISIRT eaEInesTuL HigiRpmEoR s

findeharadierized by iusing veylskileand ﬁh@ﬁ%e@ﬁéld ?ﬁeﬁﬂﬁhﬂe@ i fl@ns
rea es. 0 user u Q] yest er.
o S s AR 553 8oty B8 HE5ACh s
c onriEFasp frmakingsamapsisie frtieles mmﬂmemhemssar efmptBto replace a
g\?gmﬁiﬁu@fﬁ ﬁ]ﬁﬂ?&ﬂa ﬁﬁﬁf cdridh g‘&u‘iﬁh‘%&ﬁﬂoﬁ fl.J. d/escnbed in
P M BER i B K erR R o T Bl L ana el acly i the
1@: 0 rrﬂ@mpta:inl thatfoldows Iﬂiee;ame mfeﬂaectmhmhdﬂallmmed @br the s Part

llﬁglgated\{g%hoﬁ%é’ ﬁ?ﬁfrgs{ ﬁ'ﬁ{g‘@&% %‘Jg %b%ﬁﬂﬁén@sbéf‘%hé 9% 500,

ar oUS
i nc or por Bhag: hampiging aﬂ&%“r‘ﬁ GOHEITISeR G Redrafmepld halves in an

cat eppsddsapad QelufiGonpl B, MeBbkyh fight RGIKSE 1 SR LsebStBASR half

age | nt i,f.iers and t
e 4 reoR 0 SR i Pl Ay g e
1%xu eemiJed with rﬂwxﬂ r@a@cumoldrsyefacas 5i hin, oppyaitlulg‘@mne another to
Sat ek 8@ REh W ithin WRickEd BRAALHEREred le. B
: i’?&d‘i‘fgg 843, ef ul i@n [ ngﬁ%gege t%ompfo acgt\}\/?ﬁ ach
o or%ﬁg eﬁ,glntgé s8;%, o ]:fmgé@, 15 removably mounted
to the rigid housing to form a fluid tight chamber 17,19. The membranes may be
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. manner known to those skilled in the art. The membranes of each mold half may be
of the same or different material. Further, the membranes may be flexible, and are
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example, the sheet may be shaped in a vacuum forming step wherein the sheet is
softened by heating, placed on the master mold and then shaped by applying a
vacuum to the softened sheet to conform the sheet to the shape of the master mold.
The master mold may provide a male or female molding surface. A shape is choscn
30  for the master mold so that the shape of the molded thermoplastic sheet is
. complementary to the shape of the mold membranes of the injection molding
apparatus. The shaped sheet fits within and substantially conforms to the shape of
the mold plenum defined by the mold halves. The mold membranes 13, 15 likewise
have male and female molding surfaces. The female features of the shaped
35  ‘thermoplastic sheet are complementary to the male features of the mold membranes.
' The thermoplastic sheet 25 may have a cosmetically attractive surface 31 and
the cosmetically attractive surface 31 is intended to be the exterior surface of
finished composite object. The composition of the thermoplastic sheet may be the
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supported during the nolding step by a backing fluid

21 to ensure proper dinensioning of the finished
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0 boa uita nstructi.on fro

0B B cuPed ) deVerfion RO WousBln e AR BE%,
30ex ehyri¢aly, ﬁ;e e@mraubamoma e part isel-expntiing, setfveming Goam that
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ap plsmayamatemﬁi ativelgirogdnefinctionallpoote. cofubieab férl brethane bonds.
ac CIQ {:&n%dﬁﬁdé RY el p iATOhb AR ok YR QLially available in

acry

- 35 vanous grades from BASF Corp., Bayer Group and PPG Industries. Blowing agents

for foam formation inchude "hydrogenated chlorofluorocarbons” (HCFC), water
and/or CO,. Suitable polyol compounds vary greatly in chemical structure to
- provide a broad range of physical properties. Typical polyol compounds include
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filmhaving a thickness up to about 2.5 nm often

greater than 1lmmto 2.5 mm and a |ayer conprising an
ABS or ABS-acrylic alloy thernoplastic having a

Wo mkaessicof about 0.5 to about 15 mm  An adelmUSEI001843
| ayer conprising a thernoplastic acrylic 20 polyner,

ASA or ABS-acrylic alloy having a thickness up to
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th i dingof | uids j-nel
oy D A2l gr EuBaP ey @ 418 B SutlBRL L B fOP r s
ski $h0@féng the corapesite cansirurting indecatesEptgidst er, vi nyl
esters, HgﬁfﬁlS%hM MERss sed@@h)z‘sﬁ&ﬁ?ﬂiéﬂ eﬁlbo@meﬁpwaq&ms

o rtspER R e BT R H RSl anerBoplli B
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35

ester mat er 1 al I nc
powi@?%rr rﬁn@éme@%téheampplawéwcaﬂ%a thewpapinste Eperior layer
Chera ctbahguomfs wilh! therihesndgihstic layer 72 and a fiber reinforcement layer 76
contiguous with the interior layer 70. The interior layer 70 provides a bonding
surface 78 for the fiber reinforcement layer 76. The construction may include a rigid
- polyurethane foam stringer 16. The stringer 16 is enclosed within a fiber
reinforcement composite layer 24 to retain he stringer 16 in the desired position.

- C heﬂéhﬁ'@ljcmﬁérﬁw& KT coﬁ&ﬁﬁ:ﬁbﬁ’ Bf FI%Q% 15 ﬁ@r@?@% SRR Serylic

- 22



STYPCL polyester resins comercially available from

Cook Conposites and Polyners of Port Washi ngt on W5,

PCLYLI TE pol yester resins with styrene 15 comercially
avatdosd7ed6f rom Rei chold I nc. of Durham NC. amcir/OE2adionis3
pol yesters comrercially available from DSM B. V. of

Cono, Italy. The strength of the adhesive bond

bet ween thmtheh embodilnast is desstibddacich witderice ¢o Bigned 16- 18 Figure 16
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f r apuding PRRIMWENKIEHEY: otﬁE@ surfﬂfe fidat Rashep é: xﬂﬁﬁ’e‘r mold heated to about

Iy SWQEO@TPH%? iy By oBPres shigt G2 pSupss Bppticd Te

30c orgertentosmédio the Slmpcrpﬁtj;le poktgrmeldh ite shapahshée issdlosred to cool
Skltblr&gnt Oﬁgpgfﬁrggﬁ@gtfyéﬁr et hane foam understand howto

conmpound rethane to obtain desired properties.
- conposi t"’éd{? 0ld cppaspfunetadable fgm VEEHec Iiﬂ@nGFf@nVﬂle
desh ishsed wirhdke theéenimniteatioleFThe hﬁﬁral@s donprisespesetidnold

s h@lvreg %5&?’]%&1‘ I?atwn%na 1%1(1 %m?s?uagt lill'lila mem rar}l%\élﬁgtgled. The membranes
35 = are shaped as male and female mold members so that a mold plenum is formed when
“the mold halves are brought together. The rigid housing and membrane of each

mold half form a fluid tight charaber. The respective fluid chambers are filled with
water as a backing fluid. The backing fluid supports the membrane to ensure proper
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sides 2, a flange 4, strakes 6, chine 8 and a transom

12. The flange 4 may function 10 as a gunwal e or
attachnment surface for a deck, hull liner or other
conposredTe4s of the construction. The side wal PGT/252804001843
a substantially planar surface and may forman angle
with the chine 8 of about 85 to 105. The transom 12

may ¢imessiemog nd asbiesnwinpeshoeandjudtments fsteghlaiente cure rate of
mec h@pidaal gg@nmponents such as a bilge punp or a stem
drive. gure 13 sh ms the hull 10 in cross section

and as s&b&e{sg?ﬁchlﬂ? NoREets thget apnforms b the shape of thg mold

t he kembrafes. so Fhat tltarh&:ld h@lvbm@lnlbd%o@adﬁgm& 16 fatnd @€ Moy

ox 3”. 3 Wﬁﬁeﬁgf%ﬁ FHEHRE Il P Lo R S Riageg o 150
&- tihe shapsel thermeplashiy @heetzm pﬂmecﬁ Wga @nkﬁ h@ﬂfe ribent 17. 6 pounds of
S u r fﬁhb@glﬂ& anat ds ﬁ;bpbﬂﬂ to the'le déé@ﬁﬂﬁ@é oﬁiﬁgﬂﬁﬁh@ﬂa%@)éﬁéet 3idat is,

t h 1 {,
oot oSS BB P ololbie ath% Syfi o B e iteElin e
st r itpgyebrandes Th@ meeld ﬂl@lseicbrmbltohgla‘. t@gptive dofodmfthdmpld plenum,
Iei nf or ceRRh WRESlohRink 3%E1diA8 Auf i glﬁ}lal%d tagzﬁ)rdmg to the

strap 16 in the desired posrtion

ﬁ%}”ﬁ GRBR¥MOPRe stringer 16 nmay have a shape that
conforns to the shape of the thernoplastic |ayer. The
stringer 16 shown in Figure S a protrusion 26
that conforns to the depresg%]%'pg% on the interior of
t he hu 10 formed by the strake 6. The protrusion 26
engages- the depression 28 to assist|25 r%ﬁgw'qgméﬂ@e
stringer. [ace durimg the motdimg process. 1he
botton&@!&iﬁ‘é'@&r‘% mayhe flat or curved. Fi m]tpg 14 jis
an enl dt@amxednnfaﬂa)xpkatet(vﬁ%rm@mn&bgure 13 showopg the
corrpo§ Shﬁltssonst ruction in greater detail. Figure 15

" :
shows fh—eross—sectton—of—another pedi-preat—of—a—hH

const rjdeN-grmemaveladinan addi ti onal
t her Mmiass héoryatakhRL 30 conprl si -

pol yng acrytTc—al ntigouous—wt-h-t-he

fiber Wﬁ?l}w?@m&aﬁ?&t{ @Eatoﬂ“he const ruct | oB3of
Fi gur ¢ Vidgetabley@il ses an exterior acr ylic polyngs | ayer

Zﬁ’erﬁ{ﬁﬂ;ﬁg&?ﬂ el nmoplastrc Tayer| 72, a

t her m@lﬂbﬂf&z(})ayer 72 and a fiber [reinforcengdt |ayer
76 co@géngéﬁ@@a&th the interior layer 70. They,

cirf-ace £ ~r

i nterio rfo—proviades—a—bontiAg—35—surfaece—+8—fot
the fiB @é%@)cenent | ayer 76. The construc®Vdn may
i ncl udGtydedel g| d poI yur et hane foamjstringer 167 The

stri nq?b 1) I.S.enclosed Wthimm a fifoer —rernforcenent
conpos 11 24 to retain he stringer 16 inthe

1ﬁeS|red position. 22 WD 2004/ 067246 PCT/ 0S2004/ 001843
~ An enbo i s descr HMAth reference to
F|8%§§§516- q'{jéﬂf@meure 16 |sh? ?epresentatlon of a
bat ht ub 40 hd&%l#yPeakt eri or 31'déS 42, interior sides
43a, a bottqmmﬂsxaﬂ@ﬁpent gﬁ@g%ﬂterlor sides 43a, a
concave interior 44 and apertures 46 at. one end for
pl unmbi ng connections. Figure 17 shows the tub 40 in

20cr oss section. The 5 tub 40 includes an exterior
t hernopl astic acrylic polyner |ayer 52, a
t her nopl astic ' '

|
nterior |ayér 70 of
g an acryI|§

as|— o
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| ayer 54 |am nated to the acrylic polymer |ayer 52,
and a fiber reinforcenent conposite |ayer 56
contiguous with the thernoplastic |ayer 54. The

&e0 sdog/ee7pesl yer | ayer 52 has a cosnetical |y PCEUS2004/001843
attractive surface 58 that is wholly or partly

vi ewabl e depending on the installation of the tub 40.
The tub 40 illustrates a conBtamgi¢2on 10 havi ng both
concave and convex viewable surfaces. Figure 18 shoms
t he tub=™@0 T ——Tross—sectionm—w tJﬁ_UFLIUIIaI f

pol yur ¢t hane f oam support 60. The shape a??@tSbb'd@@gﬁlton
of the|Nigjldstpolyir et hane supports fay vary wjgph tub
desi gn cessar vide T desiTed Strenothn
and ri qla\gb?% af:ﬁ'éo’fygﬁe &‘rl’pén?li‘rbef fol yur et han&- b
suppor &) are enclosed with a fi ker rei nf or cenent

conposi NENJdilih%[p RaudiR retain the support 15 60d n

pOSi ti aurT g theT1otdi Mg~ pProCcCeSS: ok N19) txaﬁ“ﬁ. €S-

Represngﬂ‘g%ei'%ﬁﬁtyk%'ﬁmﬂl@f‘q of making alconposjte 0.15
accord waédosﬂidaﬁe WBtﬁﬁghg@llﬂ’degfeQAtdnows An acryl i g/sABS
sheet 1@, 8 di mensions 3.8 mm X 1650 MM X
20 mMm : 5 ation DRLG
conmer *Ph&tiqmampﬁ@m e from Spartech Cor p. , CI @yﬂt on,

MO, is HBE')”(%%Q}” a‘ rotary style th(=Lanorm n%o

e f o ot
appara | E—strrace—+S rEe—COSHet1+€

sur f ackPigment Blskkheet is ther mof or fied so t hat 02he
acryli bPlgﬁlléﬁta(%ﬂe§ the exterior surface of thegys

finisheg articre: The sheet Ts posriTomed T g
pre- he d tion and heated at tenperat urpq&angi ng
from apiemi-cadéBolF to 25 about 370 F.|The sheet 037

“ heated until a proper formng ténpérature s achi eved
as _indicated by the sheet begi nning to sag. The sheet
ws@eﬁ‘ét%ofteﬁéﬁlm@ obtain &% 24™itial preshape such
shat the pref gengegiheet camobgswpl aced in the nold
W t hout causjng .ga win Or other surface
flaws. A shap}éea%a@f’ﬁ’lehﬁol d ﬁég% to about 170 Fis
brought in contact with the softened sheet and a
vacuumis applied. The 30 shegt .j.s formed to the shape
of the master nold. The shap‘e‘%hg%‘@et is allowed to
cool o roomtenperature and stiffen. A closed mold
appar gtus avail able from VEC Techno| ogy Pﬁl@sbmeght
Greenw\} ](El tor o S USEd TO MBakKe The conposrnfo(irtl cle:
The appg eﬁgr{@gl#nuces—q;posed—mm_hal Ves ach
hal f r:ﬁxxbmlgnmcadlcgrbdxﬁmiﬁ%gnm&rala menbr ane at@.ached.
The rrﬁlgpﬁl@sljes 35 are shaped as rral e and female nold

B

nenber cl ' TOT O v, > Ol 6 W e FFOTO
hal ves :--‘ eRriEdite get her . The rilgi d housi ng®-And
rrerrbrdm.n@ga@@qacetmﬂg half forma ffluid t| ghto 15
chanbe cd—wi
wat er | Ylxed silicape r?ﬁl‘l’lgu‘i‘gﬁwd?ﬁ@'atﬂhPKLm £1 i d support s
t he mW@gaaiﬁeDml ensure proper 23 W) 2004/ 06724[65
PCT/ U I mensi oni ng and enabl es
t enpe %&gﬁé&%&@grﬁ%w +6 r“g'gu'! atg—+he-—cure rﬂ$° of
mol di h§¢HQ:(AERO 20
Pigment (Black) 0.2
| Pigment (White) 0.75
Styrene 7
t-bu-catechol 0.07
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The shape of the thernoplastic sheet conforns to the
shape of the nold nenbranes so that the nold hal ves
can be brought together to formthe nold 5 pl enum The
venpes/adrewse of the backing fluid in each nol dedmU$20042001843
adjusted to 150 F. The shaped thernoplastic sheet is
placed in a nold half. About 17.6 pounds of

fi beRghhss matGel timeappl i ed tps'2ire exposed surface of

t he ther nopl a%e'? oﬁe'ﬂﬁet’ t ha 5,'? w the surface of the
sheet opposite e surface o e sheet in contact

wi th the menbPg#eExofimmnol d H&Bs are brought
together to formthe nold plenum 10 A resin blend
for formng a nolding fluid.jis epared according to
tsﬁe foll owi ng conpositi ons:ﬁlggﬁi?p‘fe 1 Parts by Weight
Vinyl ester resin 100 Cobalt m xed carboxylate (6% in

mneral 0.3 spirits) N N-di-me-p-toludi s Weight
D - me- pcetyt—acetanide—0—Mxed—si+ttcone—
agent[dﬁ%{i%“élﬁ@ 5 _Vegetable Ol 0.5 Plastlog
M cr ospOga@isniledcarbohdfRd @R midoral Pi gment (Bl agk) 0.2
Pi gmenft §V\| ite) 0.75 Styrene 7 t-bu-catechol 0 15
Resul tisPHER) +ipe 13" 47" Gol 1o Pbak 21' 15" Peak -
Exot herdN2@omep-toR0ing4 WO 2004/ 067246 0.2
PCTI US2904£ 901843 Eﬁﬁﬂpl e 2 Parts py Wi ght I nyl
ester f cgl.%.. getlrg %Iﬁqa. t——xed—carboxytate—{6% .yn
ni ner alMixed pilicens wettiag agent/deaerator 0.5
Vegetable Oil 0.5
Plastic microspheres 0.5
Al O3(3H,0) 20
Pigment (Black) 0.2
Pigment (White) 0.75
Styrene 7
t-bu-catechol 0.07
Results: Gel time 22412
Gel to Peak g 25"
10 Peak Exotherm 327.2°F
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N, N-di -ne-p-toludine O Di-ne-acetyl acetam de 0.15

M xed silicone wetting agent/deaerator 0.5 Vegetable

Gl 0.5 Plastic mcrospheres 0.5 A1203(3H20 20
WOoRmHes744Bl ack) 0.2 Pignment (White) 0.75 StBCTEUS2004/0061843
t-bu-catechol 0.07 Results: Gel tinme 45 24" 5 CGel to

Peak 22' 15" Peak Exotherm 247.8F Exanple 3 Parts by
Weight Vinyl ester resin 1@xamgbalt ni xed
carboxylate (6% in mneral 0.1 spirits)
N, N- di Fre=p=toftudime 01 —Dr=ne=acetyt—acetanrde—6-15
M xed sili i S L
G | 0. pVink!l @sdriresinm cr ospheres 0. 5 A\1203( 3H2Q)p20
Pi gnen 0. 75 Styrene 7
- bu- crr SRR bRk e ter ol 0
PCTI US2904£)001843 Resul ts: ting 76' 21" Cel to
Peak 451\1&6&'11_111@%5{51]1@&@ her m 186 8F 5[ Exanple 4 Rarts by
Wi ght—Vimyt—esterresinm 160
Di-me-acetyl acetamide 0
Mixed silicone wetting agent/deaerator 0.5
Vegetable Oil 0.5
Plastic microspheres 0.5
AL Os(3H,0) 20
Pigment {Black) 0.2
Pigment (White) 0.75
Styrene 7
t-bu-catechol 0.07
Results: Gel time 104" Q2"
5
Example 6
Parts by Weight
Vinyl ester resin 100
Cobalt mixed carboxylate (6% in mineral 0.2
spirits)
N,N-di-me-p-toludine 0.1
Di-me-acetyl acetamide 0
| Mixed silicone wetting agent/deaerator 0.5
Vegetable Oil 0.5
Plastic microspheres 0.5
ALO5(3H,0) 20
Pigment (Black) 0.2
Pigment (White) 0.75
Styrene 7
.1 t-bu~-catechol 0.07

Results: Gel time 34' 25"
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Cobalt m xed carboxylate (6% in mneral 0.2 spirits)
N, N-di -nme-p-toludine 0.2 D -ne-acetyl acetam de 0O

M xed silicone wetting agent/deaerator 0.5 Vegetable
& 2004/867248] astic m crospheres 0.5 A1203( 3H20rC12052004/001843
Pigment (Black) 0.2 Pignent (Wite) 0.75 Styrene 7
t-bu-catechol 0.07 Results: Cel tinme 22" 12" Cel to
Peak 8' 25" XgéelkeBdekExot her 28'327. 2F 26 WO

2004/ 067246 PQLLUB200440018434, fkanple 5 Parts by
Weight Vinyl ester resin 100 Cobalt m xed
carboxylate (6% in mneral 0.1 spirits)

N, N-di -ne-p-toludine 0.2 DiExmwkcetyl acetami de O

M xed silicone wetting agent/deaer ator 0.5 Veget abl e

| 0 |’| abll C III Cl UD[JIICI €S UA 5 r\:lqn')/ou%n\
P| gment_(Black) 0.2 Pigment (Wite) O, 7\5Partsbyﬂr%¢xght7
t-bu-c aVﬁ@hggterQe@J Results: Gel ti 104" 0ZXpo5
Exanpl ECBbaﬁa}lrqu%d g%‘bo \Eﬁa(%e EG% in mineral 0.2
Spirits)
N,N-di-me-p-toludine 0.1
Di-me-acetyl acetamide 0
Mixed silicone wetting agent/deaerator 0.5
Vegetable Qil 0.5
Plastic microspheres 0.5
Al04(3H,0) 20
Pigment (Black) 0.2
Pigment (White) 0.75
Styrene 7
t-bu-catechol 0.1
Results: Gel time 350 23"
Gel to Peak 21'37"

Peak Exotherm 224.2°F
10
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Vinyl ester resin 100 Cobalt m xed carboxylate (6% in
mneral 0.2 spirits) N,Ndi-nme-p-toludine 0.1

D -me-acetyl acetamide O M xed silicone wetting
feioplieasr ator 0.5 Vegetable G 0.5 Pl ast PCT/US2004/001843
m crospheres 0.5 A1203(3H20) 20 Pignent (Black) 0.2
Pignent (Wite) 0.75 Styrene 7 t-bu-catechol 0.07
Results: CGel tinme 34" 25" 27EM¥MEAE84/ 067246

PCT/ US2004/ 001843 Gel to Peak 20" 22" Peak Exotherm

242. 1F i Exanpte 75 Parts—byWerghty —Vvimy—estet

resi-n 100 _Cobalt mxed carboxyl ate (6% I%ﬁrﬁlbﬂeWnghb 2

spirit<)V1ﬁ§11IHsiﬂireﬁa p-tol udi ne O 1 i - me- acet o

acet amj de I.C g |[agent/ deaerag or

0.5 Ve=gepg%?1§! g%ﬁrbﬁxjgatc%é’? Fl&neﬁ‘il rlospher es 0.

A1203( 3EPI035) 20 Pi gnent (Bl ack) 0.2 ] Pigment (Wite)

0.75 s:mq%%wzp tc;mcgﬁb catechol 0.1 f[Results: Ggjjtine

35' 23+ CGet—to Peak—21-37 -
Di-me-acetyl acetamide 0
Mixed silicone wetting agent/deaerator 0.5
Vegetable Oil 0.5
Plastic microspheres 0.5
ALO;(3H0) 20
Pigment (Black) 0.2
Pigment (White) 0.75
Styrene 7
t-bu-catechol - 0.1

Results: Gel time 91' 35"
5 Gel to Peak - 30'+

Peak Exotherm Below 110°F
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Peak Exotherm 224.2F 10 28 WD 2004/ 067246

PCT/ US2004/ 001843 Exanple 8 Parts by Wi ght Vinyl

ester resin 100 Cobalt m xed carboxylate (6% in
WE0EP67RH62  spirits) N, N-di - me- p-tol udi ne 0.HCT/US2004/001843
D -nme-acetyl acetamde O M xed silicone wetting
agent/deaerator 0.5 Vegetable GI 0.5 Plastic

m crospheres 0.5 A1203(3H20Exdngple @i gnent (Bl ack) 0.2
Pignent (White) 0.75 Styrene 7 t-bu-catechol 0.1

al

Resul t g7 Get tinme 91— 35" 5 Gel—tu Reak 30—, Peak

Exot hem-Below 110F 29 \WD 2004/ 067346 _ =%

PCTI US"Mtﬁhﬁfeﬂqaalyeﬁmmhe 9 WI. % Unsat ur at edé

pol yest Q,r 18 Lo Vinyl ester resiin"4 "Cobalf m Xxed

car bOX) I érllsrc a%l&)el A—Aaeral—0-—2 on' Ft tS) E.

N, N-di { @bﬁtweééﬁfh@%até(@@mmea@et yl acetani 84 0. 15

M xed s$ipitigpne wetting agent/deaerat or. 0.8 Vegetable

0. 4 Nﬁ"df‘-%e'.p‘imﬂl CT ospner es 04— CaCO816-4 0.0

Di-me-acetyl acetamide 0.15
Mixed silicone wetting agent/deacrator. 0.8
Vegetable Oil 0.4
Plastic microspheres 0.4
CaCOs 16.4
Pigment (Black) 0.2
Pigment (White) 0.8
Styrene 0
t-bu-catechol 0.03

10

15

Molding fluid comprising resin blend, catalyst and about 0.001 pound of a
flame retardant is heated in a reservoir to 82 °F. The molding fluid is injected into
the mold plenum to impregnate the fiberglass reinforcement material. The injection
rate is about 190 inches-sec™ until full. The molding fluid is allowed to cure for
about 60 minufes. A peak exotherm temperature of about 151 °F occurs at about 40
minutes (otherwise as noted). The mold halves are separated and the composite is
allowed to air cool before being removed from the mold. Afier removing the
composite from the mold, excess material may be trimmed from the edges and holes
cut as needed to complete fabrication of the finished article.

While certain embodiments of the invention have been disclosed and

 described herein, it should be appreciated that the invention is susceptible of

modification without departing from the spirit of the invention or the scope of the

following claims.
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Pignent (Black) 0.2 Pignent (Wiite) 0.8 Styrene O
t-bu-catechol 0.03 Mlding fluid conprising resin
bl end, watiaimyst and about 0.001 pound of a 5 flane
retardant is heated in a reservoir to 82 T. The
molding fluid is injected into the nold plenumto

i mpregnat e tAh@ethddEMgpkg S niokieR hditie @HMpHsinFRREdpRin. ther}@er as
|nject| rate i s about 190 inches-sec untll ful

The nDI@EW@ fluid is allowed to cure for about 60

mngtes. A poalacixal hehddbprphatd feitiOhshpRa#t mbRilhalf comprising
40 m nutes (otherw se as noted). The

occurs bou
mol d hal %gh d mspbraggiand fetond Mok st spiising apepond
al | owedhdped @bld nea®rand hereR tRei-fand K8ENM8RLHEE R8Nt he

nol d. Aft ving th conposite fromthe nold

excess n??ﬁ*?@ﬁ?% elipgdmpld Pfqnww@ai hrpeght opehes tpmeld aggles;
hol es out @ pheRdethehBorkRPIned: & thahbldGhninaRyhefeintihe
f|n|shed article. V%lle certain enbodi nents of the

nv&nt RS %thﬁéfé)ﬁ agficshech Gbstantiaty copdasis fodhasharsrat ilis,

it showuloth BentappRr eci ated that the invention is
susceptibleggf 15 mdi fi cation. wi t hout departing from
the spirit plagrag § @ﬁ?W@HmﬁﬁﬂﬂH@h%gﬁﬁéf%WmFﬁénwnwmmn

f ol | oWediinGdud btk ﬁgé}gMﬁ sGéeRlinthe nhold fleh@h;n0od of neking a
nol ded artlgée co |S|Q%_the steps. in the order as

fol l ows: 5 (HAfloppg ﬁ@“ P sgcoap gelddelyperieh Bpbs ed

rehat i eRspRsta dhbdt $hd M&cd&@htfméi&ﬁpz{rb §én|f&ted @ thé fadld plenum;
shaped nol d, genbr ane anﬁﬁg cond nol d half conpri sing
a second sh&pEGOMSTE PRl “W%ﬁ’réﬁs‘r‘fe M‘éthF oldplepyp;
secondmﬁhaped nol d nenbranes define a nold pl enum

when brough ogether to pold articles; (b) placing a
thernDpIast{ cuzif@ the malipgilnidy g plenun1mhere|n the 10
shape of the thernnplastlc sheet substantlally

conf or t of t nol d nenbr ane;

pl &ti nEB rei ﬁffc?ﬁt? ﬁéﬁ%fd%tpé fin WeftCH@P‘F%?%fP%?tCPaOfWEG’Eﬁ

or | 30 mlmmpea pr&gmtze kD B&w@&ﬁﬂﬂ?eﬁop@{tﬁ Ioslﬁe%sanah&aﬁom Peinb@ne that
no enu |ng the fi nd second

hal vespfgﬁ&tﬁ %%f{fm?ﬂ %Jff[aﬁ“e‘?fﬁlﬁﬁ\r‘%?i? pstig H@s&ﬁ%@mage from the mold
rei nf ohgmpepldidgat eri al are contacted in the nold

pl enum (e) introducing nolding fluid under pressure

into the nold plenum and (f) curing the nol ding
fl26 d.3.20 2A mithoe bheskigcCasidédgtidiocoadpabing the kgt her

conpri sing aﬂﬁac?rgg% a spacgcl a%%ll't ogposed relationship, a first mold half
comprising a first mold membrane and a second mold half comprising a
~ second mold membrane, wherein the first and second mold membranes
_ define a mold plenum when brought together to mold articles;
300 (b) placing reinforcement material in contact with one of the first or
second mold membranes; |
(c) placing a thermoplastic sheet in contact with the reinforcement
material wherein the thermoplastic sheet has a shape substanually
conformmg to the shape of the mold plenum;
35 (d) closing the first and second mold halves toward each other such
- that the thermoplastic sheet and reinforcement material are in contact in the
“mold plenum;
(e) injecting molding fluid under pressure into the mold plenum; and
() curing the molding fluid. H |
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a shaped protective liner between the thernoplastic

sheet and the nold nenbrane that protects the surface

of the surface of the thernoplastic sheet from danage
WQMME24%0l d  during nolding. 25 3. A net hodPGF/US2004/001843
maki ng a nol ded article conprising the steps: (a)

placing in a aced apart opposed relationship, a

first nol4 halfﬁmeéf@ﬁ}@ifn@kiﬁgaaﬂqlﬂﬁ@tﬂlmb‘@mm&netemd

a second nol d Pfaci@l ﬁﬁlﬁdrﬁbﬁlﬁstﬁ sh§e§%98g R b1 ABAPHASSIN the
wherein th d gx(%n mﬁa ({na anes define a '
mol d pl ent O%Pﬁfféﬁ %8@%’? oold memBrECar ti cl es; 30

(b) placing rE(bhpbpmemempan@imartaipposedwdmﬂcmshmwhdiﬁrsmeldhalf
of the fifatnok an@ﬂee&ﬁi ﬂ&d%ﬁ%ﬂ&@ﬁa n sbdohd @k@%& Hl%ma

t her rmpl astic she igmt act w rein cenent

mat eri al THFRPIAAGY ‘Ff%m e geqmd Sé%é@%@ealbaﬂa@@eﬁne 2
subst ant imaéld plenamnflenvirought togdthe 16 hapeatities;he nol d

pl enum 35 (d) C econ
hal ves toward (cé)a{::lﬁscio%1 ﬁlgtd;‘& ZL%EE%%’WEP% a‘i‘\? %iuc% f ﬂ%? iC
sheet andh¢reiopkesiicheeiit shapaddnitizg meldwléminyont act in t he
ool d pl enurr{ @?1 o;beﬁ‘ﬁrltgghé Rt 51 Wit hdidindivender

ressure into,t.he m curin
ol di ng fluid® )3i’lax‘iﬁgiﬁgﬁ?f??%%h@atﬁﬁﬁl/1@%6%/‘@81198%@064@“-hf’
A net hod Sbatpedﬂimmgplastmh@be;d article conprising the

steps: (a) plagi &&1@ hé ﬁfsf’%s%ﬁt%ﬂdqnélh‘?ﬁfveé fb%{(f‘eafch loftfer such

nol d hal f in rises

shaped mifait mﬁéﬁﬁwgﬁgsﬂq%?ﬁﬁpé Eqﬂhf@rqeweat gpghd drgiggpptact in the
16pposed medldplenimahi p the fi rst nold half 5 and sheet

and a second I S ld .
menbr ane wher g@ ﬁjlﬁ%alllg glg%egﬁ%‘g&%g%é%ﬁl% ogd Hf%mﬁflm, and
menbr anes def (1ﬁe0lﬁmgﬁ1m1§016m@rﬂllmdv\hen brought t oget her

to nold articles; (c) closing the fi rst and second

nol d hal yes sych that.t t he pI a i ¢ _sheet

shaped i 'theﬁrﬂ}?tﬁo‘g féﬂag?ﬁ‘gﬁ’fﬁm Oﬁﬁ’r Wgﬂf‘??@’ﬁ

28nd second nol(a ﬂiaiinmﬁm( &)ammpéa:stm glaeehavﬁrrga:mapmmto a first mold
; materi al hél?wﬁ%IﬂEE m\Mcf ﬁgﬁg%‘:ﬁﬁ@ P&t m §ﬁgﬂ<§1%rane pnd the

t her nopl stl C aﬁeet rst and secon
nol d hal e0h FIEP“@%IHSt’GtSH%qt S@?E"’ﬁﬁal%%nf‘ilﬁ@ to the shape of the

t her nopl asld membeet; and reinforcement material are in

oo unger ' AAEPA Al i A RS

shape thennoplastlc sheet;

(c) placing a second thermoplastic sheet conforming to the shape of
the first thermoplastic sheet in contact with the reinforcement material
wherein the first thermoplastic sheet, the reinforcement material and the
second thermoplastic sheet comprise a laminate;

30 (d) placing in a spaced apart opposed relationship the first mold half
| and the laminate, with a second mold half comprising a second shaped mold
membrane wherein the first and second shaped mold membranes define a
mold plenum when brought together to mold articles;
(e) closing the first and second mold halves toward each other such
35 that the thermoplastic sheets and reinforcement material are sandwiched in
- the mold plenum;
(f) injecting molding fluid under pressure into the mold plenum; and
(g) curing the molding fiuid.
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(h) curing the molding fluid. 5. A method of making a
nol ded article conprising the steps: 20 (a) placing a
first thernoplastic sheet having a shape into a first
nold half wherein the nold half conprises a first

shaped npl g,
t her nop| ast I C she@ﬁ%&% %%P%?W@ga%%%%%ﬁ?%u%ﬁghe structure
shafﬁéﬁm}sntg]e nmol d nmenbrane; (b) placing reinforcenent

t I'(
L0 ETeRM o ALY o i1

t her rmpl fl thermpplasti ot Iddrﬁ‘"gj CP%ta@tWélﬂéﬁ!ﬁ [FEIYHE pobymrer layer
fi rmlrtgrnemmpmsiﬂabom h@8imrh fo Sk A8 kv Mi t he

f t
" her nop! G0 MrdORLE coRprs B Sl brRetd ket somane

the second ther rmpl astic sheet conprise a | am nate;

30 (d t .
the t1r o baichePorBRaE RN L dORIRC AR BhLaRE R is e
noICEPPerf deserabive skisgonlayeraditle eonafyedionnl d  nenbr ane
wherein the flrst and second shaped nol d nenbranes

defi ne % fgrg Ienu when_ br qught togst her to nold

article eoaé’F?F ngifa claip gt Whgteindbe bird lawsr & ashigopeisio the
t otlearchophaetic ivker such 35 that the thernoplastic

sheets and reinforcenent material are sandw ched in

the nold plenum (f) injecting nolding fluid under

pressur €. iAn atickecontithgpb elairm6 velredein (g aceydid fdyhddayer is about

I
OS89, 18001 8 Bt 80 R SASICRTRL AL RSt 15 .
(a) an acrylic polymer |layer having a thickness up to

about  2.15, WBtruchire AcdofBhFRPAIART b thleféYl‘?ﬁle'tﬁerI' Bﬁgt'ic layer is

cont act th the acrylic paol ymer l|ayer _havin
© hPURES Eobring gEwp Solastad aro Bp A Ao ARSracavlie glloy- a

third Iayer corrprl SI ng a fiber reinforced thernoset

conposi Ie a cor to.c e

t he acry %@ COF TEITLR W %g g’@&gu‘étgiadﬁ ﬁ’\‘?é‘ﬂape ofa
exbahiuby a P@L}lp@neut of mm()tﬂw rvshmlﬁcnrlremeatﬁna]mqumnuam bean aircraft or
acsRb&apgabAcc! @i m 7 wherein the third layer is

adjacent to the thernoplastic layer. 9. An article
according to claim6 wherein the acrylic polyner |ayer

i's abOUlZ Bn4rtiele Ao fo claifil® althek Bﬁnﬁﬁk@ﬁogrﬁ%h%wu‘fethane

| aye bout bouf 15. nun
st PER e Re e Aghs BeitPalRirdbatdpans enedosed by a iber
t h@jmfomemni @nirapee laysr. sel ected from the group
consi sting of ABS, ASA or ABS-acrylic all oy.
13. An article according to claim 6 wherein the composﬂ;e is reinforced with -
S a natural or synthetic fibrous material.

14. An article comprising a shaped and layered construction, the structure
. comprising:
(a) a first acrylic polymer layer having a thickness up to about 2.5
nmm;
(b) a thermoplastic layer in direct contact with the acrylic polymer
layer having a thickness of about 0.5 to about 15 mm;

(¢) a third layer comprising an acrylic polymer ASA or ABS- acryhc
- alloy; and



11. An article according to claim6 wherein the
structure is in the shape of a bathtub, a conponent

of a notor vehicle or recreational equipnent or an

N0 04047246r aer ospace device. 12. An arti cl ePCT/US2004/001843
according to claim6 further conprising rigid

pol yur et hane. foam reinforcenent and the rigid

pol yur et hane f @Bmfibsr enrfbrosnehtRympoditebBer contignous with the third
rei nforce conposite layer. 13. An article

according to claim6 wherein the conposite is

reinforced with a natural or synthetic fibrous

mat eri al . 114Anéﬂlcw atcb&ﬁﬁng@B‘Eﬁﬁ $4 %el%uﬁtﬁé‘@&?h@ﬁﬁymer layer is an
! ?ye efosed Ql%éora Ve eﬁ%%mq lgleeé-?otfﬁ%\cﬁt Huiriglguconpr i sing: - (a)

irst acrylrec p ?hi ckness up to
about 2.5 mm (b) a therrmplastlc | ayer in direct

contact wig.hah Hﬁw&%&drﬂﬁlg@@l:ﬁéﬁﬁ? E4 Wlhé%ﬁxr Qﬁ%é't E&;ﬁﬁc pplymer layer

t hi cknes bou bou

| ayef‘ 338“%?% fé‘ aimutg Wﬁgplas V&§yis about 1.5 mm to about
ABS- &zmpb.i ¢ al | oy; and 33 WD 2004/ 067246

RET/ US2004/ 001843  (d) a fiber reinforcenent conposite

| ayer con}lguous with the third layer. 15. An article

accor di ng!t oM prknageprding feslpim WeWb@ﬁ;llthQ:thmetlc layer is

| ay eselécteddFom the@xPDIRBsistHRGINHST, WS ACK! LB -QEryli@NRSy. Of
the construction. 16. An article accordi ng tyo claim 14

wherein the first acrylic polyner layer is about 0.4
mmto abok$ An afivlasecording tohdaimol wisdrein theapmrturesis abthetshape of

55 :ﬂﬂﬁtﬁ@oﬁh@éﬂa cor ox‘[@ﬁt oﬁ@m&}zar v&ici8 BP eleBHARE Q(iv.ﬁlérg?rg 89 an

Cla'mlaét erein t hernoplastic layer 1s
f r on?'tH (@rrag{fﬁpaggﬁgwgq, ng of ABS, ASA or ABS-acrylic

alloy. 18. An article according to claim 14 wherein

the str ucl@g% cdn§trﬁc@10f1 Q@@Hﬁg? i 1Ry r%g%lgqrc%gﬁ?}g%%ma

conponent recre
or éﬁlﬂf‘&F?chIQT ? nwab@r%@a%ﬁbreus wateriald. A
2onstruction according to claim14 wherein the

conposi t rei.nforced w tural or .s etic
fibrous %gt 2“’1 afffcleagg 5‘8“ Wﬁﬁg}?@eﬁﬁ%l’%@?%ng’g polAFGthane
14 ffogm rrinforvoment asid tigp nigid pdlymethane Etaheisenclbwed iy a fiber

r el phiafremRnt ccﬁ%sﬁ@ﬁy@ﬂ gi d pol yurethane foamis
encl osed by a fi'b

25 21. An article comprising a shaped and layered construction, the structure
comprising:
(a) a first acrylic polymer layer having a thickness up to about 2.5
mm;
(b) a thermoplastic ABS or ABS-acrylic allby layer having a
30 _ thickness of about 0.5 mm io about 15 mm;
(c) a third layer comprising an acrylic polymer, ASA or ABS-acrylic
polymer alloy;
(d) a fourth layer comprising a fiber reinforcement composite
contiguous with the third layer; and
35 | (e) astructural polymer foam reinforcement, -

22. An article according to claim 21 wherein the acrylic polymer layer is an
exposed, decorative exterior layer of the construction.
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rei nforcenent conposite layer. 25 21. An article
conprising a shaped and | ayered construction, the
structure conprising: (a) a first acrylic polyner

VY 2004/pEdong a t hi ckness up to about 2.5 nmm PEHYS204/001843
t hernopl astic ABS or ABS-acrylic alloy |ayer having a

30 thickness of about 0.5 mmto about 15 mm (c)

third | agar Ananié aicoglingtoatsiny 21 ewhersinytie iﬁTSTASE(h@POl)mef layer
ABS AL b § mn ﬂtm{ 1 ﬁ-‘n#, 26 thé lrRofiRUE IdYel B¥BEut 1.5 mm to about
conpr|3|ng el ntorcenent conposite contiguous

wi t H3t#8 - third layer; and 35 (e) a structural polyner
foamreinforcement. 22. An article according to claim

gl wher ebi M%ﬁ&w&p&u@w@@ Wheleid e @f}uct&)éf?@ﬁﬁﬁe fle shape of

ecorati ve exterior construction.
2004/ 1E8TeE tubGT FAUSpEEEY Qf@lfBQtQT vehiple meﬁﬁ%qoeﬁleeqmpment or an

acc Qi iafGr b&osadd favdde, Wherein the first acrylic

pol ymer | ayer 'is about 0.4 mmto about 1 nmm and the

t hernopl astic layer is about 1.5 nmto about 15 mMm 5
24. An article according to claim2l1 wherein the
structure is in the shape of a bathroomtub, a-
conponent of a notor vehicle or recreational equipnent
or an aircraft or aerospace device. 35
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