WD 2004/ 067246, PCTI US20041001843 COVPOSI"F_E MOLDED
ARTI CLE AND METHOD OF MATING A COWPOSI TE MOLDED

wWARMAIsE24Ehi s application is being filed on 231)@'@/@5]@[0)/{001343

2004 as a PCT International 5 Patent application in

the name of VEC Technology, Inc., a U S. national

cor por @OMPOSEPR!NIOADED NRTRELE Qﬁﬁﬁﬁﬁb foBfoRNIAKING A
countries except the Ub and Ropert — P NCCorfumr d

U'S. citizen, ShirS2MPESITE MOLDE En, " Jeffrey
J. O Hara and Ri chard Eugene d ark, citizens,

BP0 o o s whiSRTY S SRoS f@%%eyrﬁ%&?agé‘i’ﬁi pternational
5corfabmi Hmalmatmiem the hiré efﬁEOJI TghaolsgRdne, a WS ratbale
ig:mﬂ)%(;am%bmq%lﬁgﬁttfamcﬁg i hetfaﬁ\f/’em i on?#el taﬁnefjst, %nd Robert
coﬁ‘pb@@ogluat wil&Becitizan, Sglraz Sldn n<lnddisncitzen, Jeffrey J. O'Hara and

| NYE AP B8R UlafiCl B, &5iRs %ﬁgﬁ LR Bl cggl%xﬁg)n OJ ﬂi%US only. -

conposi te fol ded articles cohprising a rerfrorce
thernosetting material having a thernoplastic exterior

Wy
AR

:')

10l ayer, the nethod havi nBjeld pPiReYedesiidd ci ency and

reduced,.em.ssi aQns ? hazardous. air_pol [ lﬁgﬁ ut ants.

Backgr odiig TSR3/ cormppsite meldedariatle haying a smpetha
compmsiitesuitice eMoas pamblﬂaﬂ)T Rke inﬂ&ﬁiﬁri @htdsub tcl‘.hfﬂb11’111?1%)mater1als in
rel %qéugo altsha ed aq ¥ red re ]grd:ed conﬁg

ar £1¢1 e 0 RN Bt ¢ PETROSHE aF Irlq having g Hpished sprf & iyyention also
matdateato drmeihogd ﬁimrpalongcbrpmm majldqfﬂ mnelete ceapadihge kdinfirced

15 ¢ h@egrﬁ%%é&ﬁeé%%nﬂrﬁa%ﬂ{% Itﬁé%l%'é é%sa}: Sf( P% %@F oﬁiehrgetﬁog £avmg

nmaapREedieicishcy anbrsdiced enpbdes dheraties aispoiptaitosed
nol d processing. Mdre particularly, the invention
relates to an inproved nethod for making a 25
thernoset article haw2egaIRu h ed structure

and an ght [r@@hﬁdxﬁre‘.&iﬁ@r’cﬂﬁ RbADbiife mBed blfie.! PNy BN Hrther

20 P PR R e Mo i P PR b AUsuS n he

s oforminifa. lamﬁmmamateﬁalsramgtmpﬁﬁzea PhpsitAlipigpcatids dffe@ﬂﬁg the -

re AN al
e R B PR B e P BT o on alo relaes
note-thg man’efaaﬂurta@ﬁ QO(mtmslttf wolded nstinkesr ustngiclosedusdldipadcessing.

PULRPS Satticy Fﬁj\s/ Exgtﬂﬁ I@faie's% gﬁ 1rﬁ§1%@fﬂ@ﬁ1&§kg)%sf0r ﬁl%ﬂ?l%g a

recreati ona

2> cothpansat %mgkjdw@ﬁ a iﬁz@aren@@m@é san@tumndsan Atigactivg almam@plastw

Fi ©@éridreaydr ﬁﬁﬁﬁg 1&%@%5&&@&%&@&5%@%@wa é)cfenﬁth and

thei.r stregﬂgq@(&nd durability dition to havi
0 EFF RO 32 FIRFrO RS OB NPRYS 08Venise arti cl es
ray--havEompeERatatins cofmpHbiapalibyodtel@sicementshstage-

RS R G e b EERSE ers nor

30 pomeﬁabatrtlt:he fecbpsumnerthé irghsiriabpiepodeac §hefe includebuticles such as

35

ar bg ltl?os c%aﬂghg F{fe 016%%% Qo%tne@caﬁxd Snﬁar@i%%%ﬁ{p%rqgrg? such as

The Vi sua
-boat decks angl hulls for example. Fiber reinforced composite artlcles are known for

their strength and durability. In addition to having desirable structural
characteristics, the atticles may have a decorative or visually attractive surface. The
-decorative surface may be a visually exposed layer formed on the exterior, the
interior, or on a portion thereof, or the entire surface of a useful article to provide a

- smooth, attractive appearance. The visually exposed layer may be polished, shiny or
matte, transparent, white or colored. Materials selected for the exterior decorative




matte, transparent, white or colored. Materials
sel ected for the exterior decorative WD 2004/ 067246

wED082004/ 001843 surface of the conposite reROMiI$®0L001843

conbi nation of desirable properties including outdoor
weat herability, inpact resistance, attractive cosnetic

_ q uslrfdce @f thenmbngasite ﬂd‘quu‘@ b @6@BHaAE oﬁ@é%ﬁﬁ@l"e'p%}%'mes including -

k. f d
ot PR RS ettt SFab A GoRhecr e e of
fibecessmga nol d surface and then inpregnating the
fib t
T'yp.eéa“FBHV%ﬁaﬁﬁ%%%é#%fm%%gg%bst reip e cetep G hageges
r eBIvVA Vﬁ@ﬁi}@ﬁﬂ]’ slehping thi ecinfording bafto tahnoldmhﬁ‘acdmﬁdhm :
f OfrBhaink 'ﬂ‘i@ﬁbér@mﬂ(;'%{ %‘yﬁ; '#‘.fet cg%?nle ;EH Skt EOR! T vpically, a gel

results in a cosnetl exteri or SU

* f 003t pEClp T PREaenied therradsshisioris eewtied to ke furfaee of the mold

10

15

20

C 0156181%' fbBnihe afﬁrﬁﬂl@hhﬁé Etrﬁ’éﬁn‘él trha eg\’:l &!aﬁesﬁﬁgirﬁ ¢f¥hetically -

the s e ers made from ge
g £ Eior S Tatfoe RUBhed Foq TR feeiects derag somposite
c rﬁmnmgadcb;aukm aolet @dation frbﬁﬂhte gu® VwaEVéfelayést @iﬁ%tfrom gel
n rom.s ce or. cosnetic hai.rline, cracks to
C Pbal B0l A B 9 e bR Troa 4251p KEvista egaand color
|OI nfadinglowet Gmen Sracks esntanps ﬁ“ommuriﬁgé entdsaletis haﬂﬁﬁ%kﬁaéks to
| ed t.o aire
O A Thay XA B e ECATHRe B8 S0ai R0 TR0 Siilifpe in
Rewaentigl @awuuel dofprsn siEwen Tanding hmcks:meeglm bk repaired tofrevent

| |
o AP oty SRl B ) bl o
| | teep thgegel @Cﬁift mﬁé@m Hmﬁﬂblgémrwé@t mat er i aI

is pl ao@a c@ﬁts §}§Iiﬂfe@(i§tﬁerh1§id|sﬂﬁ§ée ﬁtlfﬂﬁﬁdﬁnﬁ THY

tg Pout 1 i ck. EJ% coat nateria ont al ns
volugkened %Slﬂlbf%\ &0%11%%6%1 ped qnibeayold @eﬁa@s}nmlweé About 0.3
nmmma abdutdl$ irén tiedle aﬁaoget Bodt Rt EHED Sithins SOk lePGHIRA

th vol a conmponents .are cl|assjfi ed
et GO R SRR 6% Sakareaty ﬂm%alwent
heavirdnmagd. Myeaf\these maketite coBipoherite bre dansETedme fbzardous air

ot W BEOMBHR b URECHAR, BRGRRGT, Siiers
h &2 SerEmcH @B@hﬁ@@ contmually ch’wass emigsion pendinde. Eﬁrther VOCs are
e@ﬁe@ ARRmdbte fe@ﬂﬁhg &l i Hﬂzﬁﬂdmﬁéﬁodr&@ gw&nﬁ&aﬁ At fehsive

gosure to these vql atil subst ance rve
PRFRisgetred de mmnigaze o aglease of and exnaspredethase velatite

oauﬁmcegxterl or surface of the conposite.

Ther nopl astic .l aye tend to. haye better

veat he %é‘oqsl{ % BO95! ES81hEY \{lcPﬁi 1§ A é‘henﬂﬁ’élaﬁ*{b%]@ﬂef on the

pkaistibcmirfing oﬁ&e&eh@ﬁ&td éﬂ&ﬁ’ﬁ@p’lait& 130erk-ednd 6 haedSetted he—

30

35

eforgl cracky, Shephestmay f, BAPdB82heinsabosmgandihads dndlthen
C%&f&eﬁmﬂﬂﬁﬁé}gﬁﬁé édn shL B@@A%?h%g%ﬁgéf la?rU\ge (SIS

f §,{\§Aé%% ﬁigggs)s/:}%ég p,boa@uﬂ{fc@lﬂggmpn compgsing ultra high molecular weight
(UMHW) polyethylene having KEVLAR® and fiber glass-resin reinforcement. The
‘thermoplastic UMHW polyethylene hull is shaped in a thermoforming step and the
reinforcement applied to the inner surface of the hull using a vacuum bag molding
technigue. Vacuum bag molding processes involve conventional lay-up of resin and

filler materials on an open mold followed by covering the lay-up materials with a

y n@gﬁ@ﬁg?%@ﬁ%% @g)% i @a‘&%gf P %%Sh %ﬂ% Wﬁemy - e



t her nopl asti ¢ UMHW pol yet hyl ene hul | is shaped in a
t hernof ormi ng step and the 35 reinforcenent applied to

-Wormod/eenzee surface of the hull using a vacuum Pagys2004/001843

nmol ding ~ techni que. Vacuum bag nol di ng processes
i nvol ve conventional |ay-up of resin and filler

tpdastiallsyen thagnad '
matpdastiallayeo thadnabREA V'i&luﬁté E%& g&*gg«gx/tggofg%ﬁfﬂlmcagsmt the

lay-.up materials with a

Péﬁ”%@%ﬁﬂ%mms pl astic |ayer that enables a vacuum

to be driawselt &.8.datemt Fheﬁﬂgaﬂlsb%s@ﬁaﬂh‘lBﬁlb%tf%réaldng-a'ﬁberglass—

rei, SRR v . S., Patent 4, , _ _

di 5¢ gggs a {:rlgtv@ gg&fépmr‘?%%%lgtﬁfﬁn}opi?épﬁ %ﬁ%éﬁplﬁ%ﬁdﬁﬁ@@@&ng
Sar tEre afieoss reinforsemkot medrisled wopbisthbendsel @i Sayer are

pl & i i ' i krous . . .

P BEiD (B B MDfhalty. & kol BrofBalathHebolastie o epvtied to

I ay&reg&gcmgﬁﬁyqre dhe gompesiteiis thenmebjédtedih y theams B process,

r &f 9VaReni HeH | ki | Lie t o
I?ei nf orcing | aﬁggﬁ%ﬁgﬁc@%g]sﬁﬁ%ﬁﬁg 1§t %%é golfﬁlj %ﬁat%la?t haying an
a t1ePefo lf?‘ﬁ?%ﬁgj’ AP sritsdabout { gnm).y Swesl thint oateGalscathbe difficult to

10 shapeide and dre basily Magnifléd msiising b M‘ﬁnsﬁ@{t? a?g%ag‘?ﬁt%‘%ﬁ uneven

hayi avera t hi,ckness, of 40 m 1 nun).
Su§%Wﬁe%?%ﬁﬁe a@ﬁ%ﬁ%‘?’lﬁ?@fl}g&@’@i to 10 handl e and
s i E,’h‘?f‘é?ﬁ“m‘g“?ig PSR! Bl lamingjed to a
£ ettt IY SRt rovide Smarovefl Banid negiiasties. Remssentative

c obFelsgIradesaribedinyutiedgs, (UhS| Batemiat22d,836; Goldworthy, U.S. Patent

15 t henomed DEAEI s SURS .St 8\s88 51 g%g@ﬁg@ '&'a:;ﬂ‘ﬂe shaped

pro}F ti ets. Representative panel's a

=% @8’@%0 oppugg npethedsiwe]l lowwrgadhe @bhutusitfonced Wit 2 composite
Pathemitostbredinda8 £B4rk1R8 SadiigK i? -

> 0&9 0551.6. ni28 4 ngg g}) ﬁg?}.uié‘i%ﬁh‘%@iﬂg%%éﬁﬁg afs}& flififorced

t HE YSFOrmithy thlichgay | fheppefrmedpioriectas geterally performed

r ehafuaily edtsidetthe thearafpafinganoll heh IR Tatof flihsBGrocess. Such a

fipe: king. nbi ni he fibergl
20 | RS AR R eb ol O e o aulauring

25

t Hgphestionmed product is generally performed manually

out si d ] d.in a.slow..labor :

"t ons it Bl EORBLRAI A Bt ookl cal ity fibs, b surrounds
urtle 8pasday egaraed epa Ainish, fuertertbicuwea in npohilutsaahd/or exposure to
digin, Réhd BB R &RRsy Eﬁ@?ﬁra{f%gb Eévetlcﬁwgmmpé g:fe a%ntﬁél%g/ develop

ofr, recreaew onal vehi¢ ) sur roou
s pHFEUEHRTH gRIFTgETacky et ¢anrilgmateliresulbin staictursldaiture of the
noompbsitesenstAdtion. exposure to sun, tend to | ose their

gl ossy ear anc devel op, a chal ky surface and may
devel o Eggg’eseo?g@éef BRSPS, (REF &5 raingmged todinprove the useful

30

35

u .lfffifl'lm_t,--ebsyhﬂt'eqalndl}ierﬁi@-a&ﬁrsttaétufaa-in-tég&iti/-@f@agEdr-hﬁl:ﬁlayered-
¢ RPNl iRt Ml b onaflopby E0E e trsdrammprove the
- Profuetioneateeofishansiddapinatedropinpesismattisles, U6 keduat labor costs and to
| e ilcenlsiS0BPRAaABY: LRYERRGy ! of for ced, composite
?Egded constructions. ere Is dl'so a need to i nprove
Summary of the Invention
The invention provides shaped and layered composite articles comprising a
layer of a thermoplastic acrylic polymer having a thickness up to about 2.5 mm, or
greater than about 1 mm to about 2.5 mm, a layer of a thermoplastic polymer having
- athickness of 0.5 to 15 mm, and a third layer of fiber reinforcement coraposite. The
range of thickness for the first and second thermoplastic layers may or may not -

3




30 production rate of shaped | am nated conposite
articles, to reduce |labor costs and to c¢ontrol the

w@m}m@kmﬁ of hazardous air pollutants. Summaryp@fiutingsooisss
I nvention The invention provides shaped and | ayered

conposite articles conprising a 35 layer of a

t heyermp! qfeﬁ- Leﬁarﬁﬁl%ﬂhb @mﬂ@:!ehﬂﬁrth@ ﬁkgeﬁmfarrpn*be ‘ﬁg%gab&ﬁ %t.‘f)mm

abou greater t

ffa hneé% S ot bie yegaRg 135 fiom W?ﬁi@rmwdv ishgut 1 mm. The term

t hi'@ifeske Ofcfds Qeﬁe?alﬂsﬁo ABorditthtion bR bhélot ABEY m@ﬂ‘enﬁﬂs *&?ﬂfenng in
nf orcenent.,co r ange .of thi Cknﬁ
to 9’[163 in the

T e VR AR
5 n oten3e WAt 2P 416067 2160l ST mﬁ%@ @éﬁl@ﬁﬁ:ﬁ# to O¥E Bh@ther Hetough they

SHTBh Sonctl” D85 Rl s b ¢ iy G SRR Bpd St

frmmmmwwmn@habout 15 mm The term

|
oot sy OBAp 4o FREIDARLL AR 08,
a pelpvsthopg feam. THee E@M@ﬁﬂ@%ﬁlﬂ@l memiPniunhiens to provide stiffening

10 i dﬁﬁ kel mﬁtméhcﬁlf& fﬁ)aﬁtﬁﬁﬁ & thb @asetd‘f%r% a%?éleéj' ﬁﬁé’éo o%{te
e Cco ete ®ﬁh0ne not h er, alth oug ht

Bledes am%?q o g1 Fﬁ?ﬂ?@ﬁ?@nﬁ%tell@f% ﬁg@p@ag ﬂy- rigid

|d]§1ﬂ ttﬁdem%fbﬁjeﬁleﬁm interface between one
anot The 0Si t article may also_include a
e bor | ity RS Riet forer Rt figty & EdtmationIba s sppearance to

poihy strettharmmdiresists omokiap and saidopnd nieﬁ?nﬂg oYhélgerylic polymer layer

15. Stéofnfsgtﬂlte@%fne gurfafcg [)f glgeco%'%ggx afﬁ O%I%(I)TI%I’% t a%t%v%a} ;}Hﬂ/ls
hawsaaly ﬁwpdsefdl, @e:rxcrresurfﬁm cwentfacomppbitea faly evrved, concave
eng! B8l SHaB@ ﬂcgrgﬁrzrtfﬁglcﬁbrrg& I\I%L?%e gf gﬁ%ﬂ i ndeﬁ Ig&r ﬁf TROthe acrylic

The acrylic
atRolEBey %ererpmm rﬂ@@eﬂp@@ara@wfm aticler Graphic s mﬂmds may be

C rl%@& kd) ﬁlc@ﬂﬁrﬁg § lqeeRhtile dSBich '11'&9 or Eﬂl‘% tﬁ@ Eé(ﬂs'ﬂ%cﬂ@d y’f‘??é composite

CO stitutes the surface he conposit

' er
—’-0 fielpds ?Sﬁ’é‘f PEAKIAAYS 3PPUFRiRRS) Ia»alarrf‘oprrxglea SuFhy qs%oa#@ﬂls and
emmsi, owedd R kk@éatipuillabRles Fheh %JAT&?@ QndBYoWRAYEII& and, in

ved co or co hape. .| ncorporatin
b e e s Re e s e GO N DR S SRRE R b, direct
p Gluyt gt dnd}eetremyenwmghmehenmpear ance of the ar ti cI e.
G aphi LAl
Gecr ar TSRS e RY pBmel RO bt 1B TRRRpBAe Byer may be
25 cdwpbwiaia tho fCEIﬁ]t ofay eombinadsbénmopiastic sgebnBhe tlEnnopIastic sheet

appdy E@;Bﬂeout ogﬁ?rcbﬁ%nﬁﬁﬁél%ﬁﬁlo %fﬁ?n?ﬁle%ﬂg Hhk%f;%@ﬂape

hat ches recreati ona es suc
- al¥PIseskBYS Pessiblsndrapgsinclydgraonaponentsiof anyute hadytsueleas door,

bt sar BECGh m il BRV: SHAHOFRSnRl: <5909k O and boa
I rect sunl i ene t erature ranges. - e
 eRaprS Pk desiing Totohor g SoRp et RITRIGDIS of recroarions!
30 trmejmmuam A’H\ayﬁrbwﬁa?yatﬁfbrﬂ:t ozx@odaainﬂa;&k%owmmghﬁatfeﬂﬂm and

S h%@ tb%%%ﬁ%' %%g tl%e@n%%p aQu eet is 8 apeh 50 Iha% theha%g ﬁo By poqymﬁr layer is

the exterior or normally visible layer of the composite article. The acrylic polymer
layer provides a durable surface with an attractive appearance to the exterior of the
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In another embodiment, a thermoplastic sheet is placed between opposed
* apart mold halves. The mold halves have complementary molding surfaces such
35  that the mold surfaces form a mold plenum when the mold halves are brought
together. The thermoplastic sheet may be softened before placing the sheet between
the mold halves. The molding surface in contact with the thermoplastic sheet is

provided with vacuum ports for applying a vacuum to shape the softened
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Other details and advantages of the invention will become apparent from the
35  following detailed description and the accompanymg figures. .
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FIGURE 16 is a cross section of another embodiment of the invention.

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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sheets may be manufactured in the form of large rectangular sheets or in roll form
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softened by heating, placed on the master mold and then shaped by applying a
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The master mold may provide a male or female molding surface. A shape is chosen
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 imjection 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
- fmished composite object. The composition of the thermoplastic sheet may be the
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h allnfinrﬁ[ﬁi{a oriaf il‘i’all Hi:f‘ei' Hﬁj@nﬁg gfeggﬁﬁ&l Jiat ol df%ﬁopp-gaesnﬁﬂﬁ%ie ¥

and acenent rues

: cmlgmlﬁtsnéwi amt éesﬁbeéam@h@ﬁaﬁé:@@lasg;m@ oPlytenigr, hemp, knaff
30 aridth@hf{@ I@tffeﬁ‘ﬁi 8 Figne 3t ﬂﬂ@ nidI@¥alvENRIAGE Fduht ﬁ&eﬁﬁer to

nol di n 0 a manner understood
g fhg 1%118% P gtgmp ﬁ {TﬁL ﬁg@r rleglforcement matgnal 33 may be pl%ced in

contact with the thermoplastic sheet 25 before the thermoplastic sheet 25 is placed in

contact with the mold membrane 15 without deviating from the inventive concept.
The temperature of the backing fluid 21 may be varied to optimize the cure
35 rate of the particular molding fluid being used. Typically, the temperature of the
backing fluid 21 is 80 °F to 200 °F. Further, the temperature of the backing flnid 21
in each mold half 1, 3 may be the same or different and can be selected empirically
based on the properties of the sheet material and the molding fluid. After the mold
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In accordance with the present invention, a
t her nopl asti c:sheet 25 is shaped by therrmform ng

woigeaesgest er nol d. Ther nof or mi ng net hods f%%ﬁlﬁgﬁbﬂ 1843
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t h?% ERA ﬁEtepﬁﬁJéxgd bas-gﬁﬁ.lpn'lggz}c s évlch rr%\é t@ﬁ:@ %{1@@1 F&Lle art. Once
th éhermg}cdaﬂerrmn &b @mlﬂdctalty filted \ﬂtiamelduﬁg flirid thimlnjibetion ceases.
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in the T RE 8%‘9?‘?8f |aémr§§ F‘?‘&@ @ﬂlﬁ?cs 1.8 Be pleceminean opposed

S wﬁaﬁqelanﬁnﬁhpasﬁdsmmrﬁbbﬁmmrl& ﬁz@ﬂeﬂl&bcﬁﬁq@ﬁtc Wéﬁm@ to Figure
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b eth@wommc pheet 3henplackl teheen tRSmahthaledst, 3ragé Mesdntact with
nghLe Eén@t*orccﬁ%n@ﬂia@e?ﬁl g‘f ! 'ﬁhéﬁgmcﬂﬁ%hn%ﬁ%e? 25 :iaﬁ\e/ eél%]l%g 51?:% conforms

rei nf orcenen mat er | I oXl
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ther tlcseet and
r%}o% 18%fe ROPATNGS & 5pereicaly pirageyeliim A2 aonbingd ?Hlﬂl a

; “mgh imgsetheaady lystiatsubakd ZSEpl%defi@g?@cc%fneh?ﬁllyzﬁggéuﬁcssurface
QL0

clé rqrp ce[s)ﬁltet QSptiqa 1P{31£traFH¥6 fﬁ%%&rﬁb‘?"é © SHerar surfaseRf the a

30 sicoupipesiteveticlop Ths ticld palvysred arabhiu@hﬂtogaheﬁb IS Bnd1ao
0 a lam.nate o
RIERAE WRERRNAL: e MRS picPun PPt i Ringbrgemen
f G§Edr dhe §1%‘§11&§1u31 lpmllgﬁd rapd Iﬂairt@mposﬁe molded article is removed

from the mold.

Referring to Figures 5-7, in another embodiment, a thermoplastic sheet 57 is
35 . placed between the mold halves 1, 3 and the mold halves 1, 3 are brought together to
shapc the sheet 57 to conform the shape of the mold membranes 13, 15. The
- thermoplastic sheet 57 may be softened by heating before placing the sheet between
the mold halves 1, 3 to facilitate the shaping step. Alternatively, the temperature of
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foam havi ng thernopl astic sheet material affixed to
one or both sides of the foam core. A thernoplastic
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35
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L e e 0 S5E8 R IS0 RS o
i rplacteﬁen theSloged herid appre&étas r b!dcmxm Hia@\held b dsempplekticisheet in
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s esrlnsctrtg tk(erﬂhmptshf)thp)nold mem rane As shown 1n e 10, vacuum ports 45,
are formed in the mold membrane 15. The ports 45 are associated with vacuum
lines 47 that are connected fo a vacuum pump (not shown) or other vacuum source.
The number and'piacement of vacuum ports 45 is not critical and may be varied

based on their intended use. For example, fewer ports may be required to simply
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- of natural or synthetic fibers can be used in the reinforcement layer. Natural fibers
can include cotton, flax, jute, knaff and other fibers derived from natural sources
known to one of ordinary skill in the art. Similarly, synthetic fibers can include
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b@&ﬂﬁﬁ&n&éﬁ@ &E&ﬁ'i‘@ﬁeh@d s 965k "&?ﬁ%‘? “"%@?ér%&reqﬁ&?f

and the - -- surface o ot'h
w@ﬁ%’ﬁ%ﬁ@%‘%ﬁl e foremeniang dloatetipn frioompositebest bpls. 3¥ringers
Oﬁndyftﬁ; dfﬁﬁ? Blidpeind TiBer@itESEbRAP tue%h'gﬂ 0% tfeHoat hﬁl@ ind are
i nf osite articles i udes™ structural and

d %‘B}eﬁr 5811153%@8?@@3%1 %tﬁpéff %5 shaping I%{&YIEG@@%@&PES

30 mypicauy,\zmsmndal foumds a marpaﬂr @1%@aﬁd1ﬁg,l s@[fscuntng foam that
[ covers onn

BB b3l BE T Briot G " Hiensgayopane pLpolyetiete are

baidiistoygnain dntanattive diylmgea comphes! sibh angpolspl ageiahie. An
P %Eﬁanhfécinﬂ ‘%bﬁ‘@e A A1 él%gf)‘ comBRYE0 TornNMWEhe bonds.

pans and
Isocyanate compounds for forming polyurethane foam are commercially available in

3.5 various grades from BASF Corp., Bayer Group and PPG Industries. Blowing agents
for foam formation include "hydrogenated chloroftuorocarbons" (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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surrounds; recreational water craft including boat
hul I s, decks,  hatch covers, masts, seating and

w@ms,@(mg recreational equi pnent such as gol fp@ﬁﬁ%wwoms“

10
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235

30

'sand oXes; I"rcra

chassi s and bodies, canoes and kayaks; playgroun
eqU|pnent such as water slides, surf boards, snow 19

Qﬂél%?%ﬂ p%%t&fﬁg ogg %%s?jﬁenoe} %gmp@ﬁ edfgh%lﬁ{n%dl apﬂnes

ospace

eprlyeter POS@ASpé@,d ﬁcefmllbéheat@psaﬁmltmwmmmwOaumcess ing
s u&b@bﬂe@hﬁ(ﬁﬁicapm SorfBEmAR! Parhd TRobHA {488 from

us Nﬂf}g trength ura

nﬁ HEratt Ff?@’ Leig : ay ﬁwsﬁ'ﬂ}féﬁm@f B@E@m qoatglogents for

Tﬁﬂl@gﬁ@ﬁﬁi IRé€doin® ﬂqg{ad Iﬂhﬁabﬁg 981)&1%%11:&;1% fgargn g
e des u in siz

%‘dsfs aRddﬂe?P‘H &ané’f’gﬂig?léﬁmﬂw e a{mﬂ e propertics |

]|¢ool y ur e ampositarmnsigiationracesrding t? Sid inh@eion i9edcAB&) with
i at a

e s 801 | R3O Bon o1 A ] v
n'a‘i)f? i2 p Slangg 4, @makersoﬁs shite Sanilbethrbetio. Tevkes 4 raay function
peel'ssa(%ﬂm%}&lé dr8kakifin ?ﬁrﬁ?&%f 4 lf“!&ﬁé ﬁ %gefg}q)%&fﬁgx%%nén% of the

struc Cl‘ltel‘la or a par
i feBREucEan; dha gige walls Peare ¢ @hﬁ@@haﬂjﬂplasawﬁaa@hmi fnay form an

ca Iervuleﬁ tm@hﬁfe%mbé% 99IROS 'Ifh% tf%&«%'l%'n% ylﬂv‘e%%‘i}es (not
t.hull js us {t 0. exenp const Gl

2 CBERBI fog Tt slires i) mmpoalea@rsg@th =5 bilgs Rl Py stern drive.

S ngdrte rlletshgm #edullN@tinthas Eéﬂnbn%ﬁ@ Q? s?i‘stahﬁ@lrl]ﬂ/ %Efrﬁﬁl with

is_nat. liJm 0 of shape an

i AEPTdR e Iéereg 5% Fﬁ%ﬁ@? E)é “5 'F afgma:@g g‘iﬂlaﬁ@& with 2

albottem strfboatl tnrhprishee ar d{t&g)rttbelzrtﬁvplasﬁ&’ aéYy1i® Bolymer surface

C e 0 avi

© R 18 2o b TP 30 Kol B i bbae S ufibot e

t geipfoscamgnt am@pogtellaype 22 contpgriosis mgthethe ABGiarsurface 19a and an

A%§t1§f&il Yﬂgi@p(ﬂ&ﬁt@ﬁﬁaﬁ@ ?aﬂp&hﬁér'lg i \é'sfrﬁ}g% T3 1scel§1rc1:Fos§d with a

to about I ona
C 6?&9@@%@1 prremephsanpaste kyey?4 o lzt}illpﬂle)sttmger AGin the desired

ABSsiti6ii uim@o el Ingﬂdmg\pkms@ Tﬁy ﬁ%a 64yt f}%bv@ Bt

cI ud nprl si ng
ré??%%@rféﬁ ﬁ%g@fﬁtﬁ a&Bﬁ e Lo strager 16 shown in Figure
t had mnppmmzsmn cohftimk $o mlaelef;fa:gﬂam 28 oh ®EhitRfor bP e hull

- O CFRRALSART SRS, e Bleon PR bRt DR SBpisenpmAS s

t tetaihimg the atengaréuﬁnﬁ (piace niarmg ﬁmﬂp@lﬁlﬂgq)rbwsﬁr Thab'otﬁhﬁ efirface 21

RS Deiaf oPbftvat ML 4 1P af Bl BT Rl o PR ersﬁ%
ﬁlﬁ’r‘“@ﬁ M@WS%W@Wftmnmtwmtmhar acteristics
the 11 Rigahers aRRALH HﬁJsL %ﬂo§%?§ﬁotﬁ&l§%ﬁoglsﬁ?§%fa%1

cust om made by pl ext rusi on_met rovi de

afPSHurHsay hagfig mé‘ﬁ]dméeéﬁb layst 7OAL @ﬁm‘t’mm&t@s@h c
nﬁilﬁ;ﬁm@hg,saﬁ .ﬁUryI&b fntnleﬁ Ui% oﬁﬁ%ﬂcﬁﬂﬁﬁaﬂéftﬁbﬁﬁéﬁﬂﬁ with the fiber

Str
- S0 1% men{ Iayer nl%e cons t10n O?Flgure 15 comprises an exterior acrylic

35

polymer layer 74, an adjacent thermoplastic layer 72, a thermoplastic interior layer
7@ contiguous with the thermoplastic 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.
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The construction also conprises fiber reinforcenent or
a filament reinforcenent conposite |ayer. Fiber

WPaGHosTeement typically conprises a woven Of pCyS2004/001843

non-woven sheet made up of fiber portions or filanent
materials. The woven or non-woven material can be

f or med Anhotget ﬁﬁbédlﬁx@ﬁﬁs dEschiBBd Qﬁh'r%feﬁggﬁ)t ]?%m%s 1%518 grlgure 16

|ned Wlt {W_gstlnsor resi ns
non Wover - uR P g0yiavige exierigr %ildeﬁﬁz Sl}tnnm@as 43a,a
f i bettan é&adjlaemm ﬁmdmenot ﬁ&esf@anﬁ 055 RVB Hiert AYE and ugwr@é 46 at

ot Pt o, BRI O8E Rk, b T st b 4o arpos ection. The

on’@l 0 ingladasamyexeskiot ﬂiermoplhmcarcf licPoljrhé'lh rﬁ}’mﬂ%ﬁhg}%asuc

pofsemaRg i S GFI oAt

- antPIRROSES layeicyp @Qﬂ@gﬁﬁp‘l wich the tbmnophenmat 34, "phd ddb@ic polymer
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el k53l fiber
™ ﬁro éig‘rsrg bﬁﬁ'ﬁﬁaﬁﬂtﬂg}} Iagﬂlagl?\'?e:%@ ’5$ ﬁ%ﬂg ﬂsew}golﬁr @Je’t?%mewable
e BPRUFEOT i inithlstion e diodtio wOr bbb 44ibhstustes boratinction
fu}twngbo&tm EVThﬂcfdnb@{ n
et (ﬁ ncave ; vﬂégagglfe%{ellf&ﬁ?%@? Fl({é&?e y%%%&d[hmub 40 in
stTengt %ﬁi tf?é‘?at%a &8 Bf”éefgﬁ’ﬁ eam Suproabe® hied shiapg and
f Ingisition ofitHeuritsd polyssthanat@sh AYOREY with HNdetB s necessary to
ed,i t i ncl ude
gﬂ%g&% \glftd%i?eﬁlysl%}éhétb 2nd ngéﬁﬁ{] 3P ?}&e fBEi he pigid polyurethane supports
O)ﬁé?)@)@ﬂ%é@ withra fikesp reisfosgenadnk veinpesiic iSier 6B Qb ¥ddTh @féssupport
p@OMﬂP@Jlﬁ&?dungj HEERINIARBReeul Y1 PO VIEr'S and

phenolic resin ttres t her eof capabl e of
undergoi ng an irreversible, chem cal crosslinking

reaction. Non-limting @R 5 lggc,ef uI poI yester
rmterlgs |n | ude RDSAW?F%T‘
conmer SFEIEFSH %W&l Pappiss of C%rad@ﬁlr@ﬁmcwar@n@fo the invention

Ccﬁtllmisu ArCHrylicBAEBRGhe R QbyiBg ey mﬁi%ﬁélﬂﬁs § QRO O:SXJ:[] X 2030

m..Cook oSl n yners o
in % onrj{}% e%%p%ﬂ@?‘&} 1339@ ﬁ@nmef%albt gadplde from
15}3&1‘@0‘&@0@ aClaVcoayM(D ak)hﬁmﬁfedlim RedteRydrle Hgm oﬁfrmmg apparatus,

t
vt Lot e PRy g S e SR ertuo et ot e
ofcrylifesurtage isthe @xtb@wub%tmﬁme finishtd ertiotzp| ’ﬂlié blet is positioned
hhrf
e e by IR TS
r %’QY‘E 0A onedd ity heagedt yritil garoney foriing mrqmrhtm@rmmﬂn«h&d as
sindigated b?ﬂla&}féeﬁ B‘e‘gaﬁﬁﬁg 1’3%‘&@ L 9hé ﬁ{e%ﬁtn]u s%ﬂ%ﬁc{d BloBidiPan
OBl SR T e b com e
§HarYT /o8t agreiyansdbiset sar Ae slacedhircthe meold ssthaut
i qausingl Eap, wuinkleg oc athat stﬁfa&e ﬂ\iwf§ Cﬁlsdhtaq)(e ﬁﬁﬁﬁéﬂ‘ liﬁbf&%eated to about
v illers

z@c? 3 o Bhl EEANORAE G Bt st e Ryt speties Toe

get ,131@|nug@ taghg ghapel of heet mbstenindids Thie shﬁ’;ﬁéﬁ%&t&@§alﬁﬂv¢ed to cool

G Y@ kdmgearuidyelh o saturat ed pol yesters. 25 The
construction nmay further conprise rigid polyurethane

f oam  closed mold apparatus available from VEC Technology Inc., Greenville,
PA is used to make the composite article. The apparatus comprises opposed mold
halves, each half having a rigid housing with a membrane attached. The membranes
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 chamber. The respective fluid chambers are filled with
water as a backing flmd. The backing fluid supports the membrane to ensure proper
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rei nforcenent, often referred to as "l ogs".or

"stringers". Stringers are used to provide structural
woeonfeeraenent and floatation for conposite boperhdihHooisss

Stringers may be of any shape and di nensi on suitable

to the design of the boat hull and are fornmed and

C uditer3ionbaittinbleR ten{fRtAAAAd R R BELIRRIHULRE DA St

fo m .30 'f%fl cally, the structural foamTs a two-part,

sefPIRS B ng, self-curing foamthat has expanded to

fill t h@hesthapepf iterthérmdplstc sﬁ&jtt @dnfgxgﬁ@o@rtﬁ@{;ﬁapefofthemold
0] a. I SOCyanate ana an active
Ry aRREHeRRE AR e e be B o g oo ot

5 i splepamafTée dempagiuioef thy Hackyenflfid e tachnabldgabiup adjusted to 150

e | d
£ Sp LR R DB ISR T s o

- avEPberglspemph Isymplisd foils cgpesde suffacornl BkSherioorasticBayey that is,
G gdRuest Jiitte SREUSHIObRSthe @hﬁ%&'}gﬁﬁ'ﬁ% in doRfacf %%ﬁghe

formati on &gcl%ii "hydr ogenat e rofrl'uorocar
- (HERBPTaGa BF mokhBplyFs weprovgh agher fodpy thewoidoplenizn.
1o vary gr aatdybled shieoiriitle aShMALUNA i bropleY hilSidinb iRl
rq@ag ogaggéégégl_propertles. ypi cal” pol yol conpounds
i nOFggE: $968%/ 067246 PCTI US2004/ 001843 pol yet her
pol yol s, pol yval . ent al cohols, bi sphenol conpounds,
al kanol am nes, polyester polyols, and so forth.
Treatises, such as Rigid Ué%@ﬂé&%fFOan1ProCessing

from Technom ¢, Pub. Co., or Urethane Foans:

Technhol o and l[ication from Nadyes ta Corp., are

avai [abte—that—desert-be—eriterta
conppMend ssteigtesi® f or ni ng pol yur et hdne foam Pepsons
ski | ' [ 6 foam understandg _howto
conpogg%ﬂﬂgpeﬁfggﬁg gxﬁgfégﬁgﬁﬁﬂgesired properﬁﬁes. A
conppEH¥) const ruction _according to the invention is
-desclNR@Ui Welfot@her ence to Figures 12-14. Figure 12
I s afrepresertatton—of—a—boat—hut10-havirg—Si-des- 2,
-a f| pRyEepcely] pegtamidg, chine 8 and|a transom 1@. The
f | angeridedeiycoht Retd unwal e or attac nt
surfaﬁe Tor a,deuEF%ﬁﬁéﬁm?%ﬁgggu. bther cenpenagfs—ef
t he | Xes88a%%Q1 on._The side walls 2 are a
substm.agﬁcqhicyosphﬁggr surface and nny f

with G§{3335e 8 of about—85to 10p—The—transomt

may 3 fures (not__shown) fof installjngd

mecharipmaht (BoaERPNent s such as a bifge punp or @ystem

driviy _kr%&hﬁ 3 shows the hutt—ip—tn—cross—section-

and [d488EHAMHIY Al |y symmetrical wth 15 respediSto

the |kglend4. The hull 10 includes gide walls 2 formng

- an dngl e n%i portom surface 2irconprising-an

ext et 04 %8P opl astic acrylic polyner surfacé | ayer
15 18, a thernoplastic layer 20 having an interior

S e 19a .fiber reinfgorcement conposite |ayer 22
c%%%ﬁ%Uous %F "Fhe interii?‘@ﬁrface 19a and an
~optional rigebtogwakur et han21'fidam stringer 16. The
stringer 16pl.S ed W i, =20 second fi ber
reinforcene%#ﬁg%ﬁﬁggﬁﬁe |a329§§ﬁ to retain the
stringer 16 in the desired
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24



“. The ub-A0—Tttustrates—a—<construetio

position during the nolding process. The stringer 16
may have a shape that conforns to the shape of the
wohermepiast i ¢ | ayer.
13 has a protrusion 26 that conforns to the depression
28 on the interior of the hull 10 forned by the
strake 6. The protrusion 26 t he depression 28
to assist 25 retaining the g?@%%%%? 16 in place during
t he nplding process _The hottom surface 21 may be

The stringer 16 shown i npdiy8&d06e/001843

flat jor curved. Figure 14 .is an enl argewqighsgg,wmght

porti Oj; Fl qure 13~ Showi ng tihe-ctpnpostte
const W 3rranf er_detajl Fighre 15 sho® in

Cross @dmﬂﬂmmxe@f;alhmﬂkter(é%ﬁb@ﬁhéiﬁﬁt of a hull ¢
constﬁ# tgon havi ng an additional ipterior layer 70 of
t her B u\.nl e materi-al--30 _cnm’]rl N ng an HPrJJlJ ic

pol yne¥.N-disaeqrtoAidBicacryl i ¢ al | oy cpnt i guous wigt h the

fiber| pr [ ayer 76, The fonstructiorn of
- Fi gur D %I%& faanMd criylic  pal ym—OLISI ayer

74, arMixgil aidiente whitinguptmsiehaatonyer| 72, a 0.5

t her nqpég@ﬁiolecolllnterl or layer 70 contiguous W LI the

t her moptast+e—+ayer—F2—and—a—fiber frelnforcenent’ | ayer

76 ,c&hﬁthmgl@mhem the interior |ayer 70. Theo.s

interlfﬁgoJ(gzﬂ%) 70 provides a bonding 35 surfa 78 for

t he fiper—retrforcerent—tayer—#6—The construdtion may

i ncl ddegmentiBlack) pol yur et hane foamistr i nger 160.2The

stri rg@gcméln@ Wiut@ﬂ‘:' osed wthin a fijber = rei nfobclsrrent

PP ha efrjnmnr 16 in

conposrtre rayer—z4 to—tetratni—me—-St

desi | S&THRssi tion. 22 WD 2004/ 067246 PCT/ US20047001843

Q fﬁfLﬂD (a)

Anot h%u_ecggggdlnent is described wth refer enceptog

. Fi gures—16-1&6—Frgure—16+s—a-represent
bat ht ub 40 having exterior sides 42, interior sides
43Results: bot t@aNiffe adj acent jfiggé nterior sides 43a, a
concave interior 4%%and apertures 46 at one end for
pl unbi ng corA®dPis Fi gur®'17" shows the tub 40 in
Cross secti dreak Froetlenhub 40247@fudes an exteri or

t hernopl astic acrylic polyner |ayer 52, a
thernoplastic |ayer 54 lamnated to the acrylic

pol ymer |ayer 52, and a fi [Bxampsd f orcement conposite
| ayer 56 conti guous wWith the thernoplastic |ayer 54.

The gerytiec—pobyrer—tayer—52-has—acosnetically

attractive surface 58 that is wholly or RmrstHyyWelght

Vi enaly rS/I eg&ggglﬁil ng on the install dtl on of the tub 40.

etilon—10 hav Hg bot h-

conciebaliiaized aubrxylnie WAl is rsigetahcbs. Fi gure 181shows
t he tg.plpmgp in cross section with pptional rigid

pol ym% hane |Udn Support—60—The—shape—and—position
cof t hmépo %t hane supportsimay vary wi®h tub

desi (gni-fs- ae@@p@%mﬁ&o provi de the dleS| redestd'iajngt h

and 't 1O ThneTuo.— Ine Ilglu por-yturernane
sup M@%SH§OB?@3§%I%§%W¥WIa f { ber " rei nf ors&nent

corrpd\sdegeelbllea@gr 62 to retain the SJppOI‘t 15 6&5n

posi dori ng, the notdimg—proces—Wrki-ng T)xan‘pl es
5

[i
Ellastlc nicrospheres

ALO(3H,0) 20
| Pigment (Black) ' 0.2
Pigment (White) 0.75
_Styrene | 7
t-bu-catechol 0.67
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Represent ati ve exanpl es of making a conposite
according to the invention follows. An aerylic/ABS
weheajostrayi ng the di nensions 3..8 mm x 1650 mrP@T/agﬁ)@;;jo{)ls_ﬁ;
20 mm and sol d under the trade designation DR/ GX 3
~commercially avail able from Spartech Corp., d ayton,
MOpehsitsmount efl) .2 rotary sgyi@ thernoform ng
appar at us. e acr I|c surf ace is the cosnetic
surface, andGehto i s tKer3®f orned so that the
acryli.c ,surfggﬁ(Eﬁoth% ext efg@gesur face of the
finished article. The sheet is positioned in a
.pre-heating station and heated at tenperatures ranging
5fromabout 320 OF to 25 abopBiangl@40F. The sheet is

heated until a proper formng tenperature is achieved
as i-hdicated by the sheet -beginning to sag The sheet

oo

~ nust {be softened to obtain an initjal pmﬁhapewag]@th
t hat t‘P].’Syl eegmsn’ed sheet can be placeédin the IQBDI

W t hod gaps—wi-pkles or_lot her surf

fl ang Co&ahhap&lmbdn@latﬁ@ﬂ%nhﬁﬁtaﬂ tio about 17Q20F is
br ouqlgbn_hg contact with the softened sheet and a
VaCulllll‘rQ ap—hl I nh‘_ Tha Qn Chﬂﬂf I C f r\r ™t

of tr1é~TNa'htm¢~pftoludineThe shaped shedt is allowed.2o
cool ﬂl‘%né g@e@lta%&%eﬁ&t ure and stifflen. A closed nold

apparat-gs—aveattapte—F++romVeECTFechngl-egy—4nc-

GreeanPib(éSlhcmW@tmgegiemt/deawdster t hd conposi te arxicle.
The (h%gé@glge)lponprl ses opposed noli{d hal ves, %071

apne—at ar\hnrl

hal f navtng a1+ gt heustrg—wth—a—trerbrane ached-:
The BHsHamigogsesse shaped as nal d and f emal eifol d
nenbemz@oﬂgzt@t a nold pI enumis fgrmed when 2bhe mol d

hal ves—are i ngrl togetter—Fh t-8-houstrg—and

menbt Biganest (Blagly nold half formalfluid tight02
oharrbp[gmémmﬁé)oeotlve fl UI d chanfjers are filjed wth

Il I, 3 p=| nLLnnnri-n

wat ef—as—a tackirngfturd—The—backihg—+ui-e—Ssuppdrts

t he nERE#¥ne to ensure proper 23 WD 2004/ 067248
PCTI Jggp.@g{egggsm di mensi oni ng an enabl es 0,07
t enperature adjustments—to regutatethe—<cture rate—of
nol ding fluid. The shape of the thernoplastic sheet
caudsghists t 0 Gédiginghape of therpwld [ nenbranes so that
the nol d hal be bro t ,together to formthe
nold 5 pl enlﬁﬁﬁ E%Eﬂ(terrperat 2 of the backi ng fluid in
10 each nol d hdtebk Exotidjmist ed 326.22B0 F. The shaped
t hernopl astic sheet is placed in a nold half. About
17.6 pounds of fiberglass mat, is applied to the
exposed surface of the thernoplastic sheet, that is,
the surface of the sheet opposite the surface of the
Sheet in contact with the nenbrane. The nol d hal ves
‘are brought together to formthe nold plenum: 10 A
resin blend for forming a nolding fluidis prepared
‘according to the follow ng conpositions: Exanple 1

o

Y1
T
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Parts by Weight. Vinyl ester resin 100 _Co_palt m xed
carboxylate (6% in mneral 0.3 spirits):

W, 28b4di673ae- p-t ol udine O D -ne-acetyl acetam decfusioes/ooisss
M xed silicone wetting agent/deaerator 0.5 Vegetable
Ol 0.5 Plastic mcrospheres 0.5 ?1(2)0?(53%?) de .
i gment (Black) 0.2 Pignen e yre
tp-gu-cat échol 2) 15 Results?i@e?ittsﬂ me 13'47" Cel to
Peak 21- 15" _Peak Exotherm 220.8F_ 20 24 WO

2004/1067246 PCT/ US2004/ 001843 Exarrpl e ZPDang B§ V?é/lght
TS M P A
N, N- iCataltpnited catboney1fe (6% inBragat VI acet am de o0y 15
M xed Sgirlt%gcone wetting agent/deaerator 0.5 Vegetable
al g astiec—mi-crospheres 0.5 A12B(3H O 20
~ Pi gmyAY,Ne@hmekjtoludihe Pi gment (Wiite) 0.75 St ypene 7
Di-me-acetyl acetamide o : -0
Mixed silicone wetting agent/deaerator _ - 0.5
Vegetable Oil : - 0.5
Plastic microspheres ' 0.5
ALOy(3H,0) | | 20
Pigment (Black) 02
| Pigment (White) _ 075
Styrene _ 7.
t-bu-catechol -0.07
Results: Gel time 104" 02"
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 wetiing agent/deaerator 0.5
Vegetable Oil 0.5
Plastic microspheres 0.5
ALO3(3H,) 20
Pigment (Black) 0.2
Pigment (White) 0.75
Styrene 7
t-bu-catechol 0.07
Results: Gel time 34' 25"
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t-bu-catechol .0.07 Results: Gel tinme 45 24" 5 Gel to

Peak 22' 15" :Peak Exotherm 247.8F Exanplé 3 Parts by
wibbdfb7240/ Nyl ester resin 100 Cobalt nixed pcrys2004/001843

carboxylate (6% in mneral 0.1 spirits)

N, N-di -ne-p-toludine 0.1 Di-ne-acetyl acetam de 0.15

M xed silico k-Ng. agen erator 0.5 Vegetable

I e o'spherg{s)(%éS A1203(3H20) 20

Pi gment (Bl a@Rrgk Bxgtherp gnen242.Wi te) 0.75 Styrene 7

t - bu-catechol 0.07 25 WO 2003/ 067246

PCT/ US2004/ 001843 Results:_Cel tinme 76'21" Cel to

Peak 45' 36" Peak Exotherm E&u®e7s Exanple 4 Parts by
5Weight Vinyl ester resin 100 Cobalt m xed

O ARG SR Al ey

M xed Whjliesemecsivt t i ng agent/deaerafor 0.5 \agetable

Ol ¥ Ral Sl Gl SR B S it [ 200 SH20) 20
spirits) _ o - o
N,N-di-me-p-toludine 0.1
Di-me-acetyl acetamide | I 0
Mixed silicone wetting agent/deaérator o _ 0.5
Vegetable Oil ' | 0.5
Plastic microspheres | - 0.5
ALO,(31,,0) | | 20
Pigment (Black) 0.2
Pigment (White) 0.75
Styrene : 7
t-bu-catechol 0.1

Results: Gel tume . 3523

| Gel to Peak 21" 37"

Peak Exotherm _224.2°F
10 s
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Pi gment (Bl ack). 0.2 Pignment (Wite) 0.75 Styrene 7
t-bu-catechol 0.07 Results: Cel tinme 22" 12" Cel to
Wheak/0872425" 10 Peak Exothenn 327.2F 26 WO per/us2004/001843
2004/ 067246 PCTI US2004/ 001843 Exanple 5 Parts b

Weight Vinyl ester resin 100 Cobalt m xed

carboxylate (6% in m neral rits)

NN- di - rreptoludlneOZ D“rTéLLngéﬁgﬁt acetanide 0

M xed—silicone wetting agent/deaer ator 0.5 Vegetable

Ol 0.5 Plastic nmicrospheres 0.5 A1203 ]E?h'f%

Pi gment. ( Brack) .0. 2 Prgment—(white ; o%r@gl'cgh%

t - bu- Pof 6587 Results: Cel tihe 104' 021005

Exanl @olltRaivke chboXVIh@is% ikbibrfSt €7 resin 109,

Cobalt S i, x)ed carboxylate (6% in mngral 0.2 'spirits)

N, N- diPHE2%-t ol udine 0.1 Di-ne-acefyl acetanide 0

M xeq N,N—dmaq; -tobidikeng agent/ deaerator 0.5 Veggfable

Gl q'ﬁi—me-acetyl acetamide L 0
Mixed silicone wetting agent/deaerator : 05
Vegetable Oil . o 0.5
Plastic microspheres - 0.5
A1203(3H20) . s : 20
Pigment (Black) - : 0.2
Pigment (White) 0.75
Styrene 7
t-bu-catechol - 0.1

Results:  Gel time 91' 35"

Gel to Peak - 30+
Peak Exotherm Below 110°F
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Pl astic m crospheres 0.5 A1203(3H20) 20 Pigment
(Black) 0.2 jPignment (Wiite) 0.75 Styrene 7

wb20Moelsechol 0.07 Results: Gel tine 34 5"P@¥,S¥QO4,001843

agenty deaerator 0.5 Veget able G1 0.5 P asw
m cr ospheres—0-5 I-\.LLUJ JI_ILUT 20 PI gllclu =y aCI’ 02—
Pi gmeln B?WEGQPOUWGUGSIM ene 7 _t-bu-cat echol 760, 1
Resul tvmyq:‘@gteltlbgg 35" 23" Cel to Peak 21" 37" 4Peak
"Exot herm224, 2F 10~ 28 “Lno 2004406724
PCT/ Ls{ég‘%?it/@@féﬁsrbowlaﬁ?dﬁé ig maewl by Wi ght 0.2
: spiriis) | : _ -
N,N-di-me-p-toludine = 0.6
Di-me-acetyl acetamide o ' B -0.15
Mixed silicone wetting agent/deaerator . : 0.8
Vegetable Oil ' 0.4
Plastic microspheres 0.4
CaCO4 ‘ ' 16.4
Pigment (Black) | 0.2
Pigment (White) 0.8
Styrene . 0
t-bu-catechol 0.03

10

2004/ 067246 PCT/ 1JS2004/ 001843 Cel to Peak 20

Peak Exotherm 242.1 OF Exanple 7 5 Parts by Weight
Vinyl ester resin 100 COball:!'xafH xeql car boxyl ate (6% in
mineral 0.2 spirits) Nl\l—dV_ITE‘Epﬁ- 2 oludine 0.1

D -ne-acetyl acetamde 0 M xed sil-icone wetting

Molding fluid comprising resin blend, catalyst and 2bout 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 minutes. 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. After removing the
composite from the mold, excess material may be trimmed from the edges and holes
cut as needed fo complete fabrication of the finished article.

15

While certain embodiments of the invention have been dlsclosed 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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Vinyl ester resin 100 Cobalt m xed carboxylate (6%in

mneral 0.2 -spirits) NN\-di-nme-p-toludine 0.1
wOizeemcaaet yl acetamide 0 M xed silicone wettpOBus2604/001843

agent/deaerator 0.5 Vegetable QI 0.5 Plastic

m crospheres 0.5 A1203(3H20) 20 Pignent (Black) 0.2

Pi gment YW Whidigy: 0. 75 Styrene 7 t-bu-catechol 0.1

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

Exot her m Bel ow 110F 29 WD 2004/ 067246

PCTI US2004/ OO&&ibfﬁlodE)faﬂiﬁlﬂl@ Q?%ed%udl@&‘iﬁ h ?w steps
I t e
D boyt ot o Lo PR h bS8 i el o st moid Bl comprising
5N, N- di - refirgt shepedtinnkl erBbrafk amdea swehy ino&@ﬁilﬁﬂduﬁﬁnﬁn §second
M xed S'Shﬁeﬁ%olﬁ%%ﬁg%@ﬁﬁ&%{nqgaﬁr L 011 sl}gpe%

tiIc mecr eres i
( BI ac k) mgergbrapgsgieine a mwﬂ plshvig. vﬁhenﬁrwgm éogdther to mold artlcles

t - bu- cat echolgP pf3ingMah I Hb}?e ‘881 L ERhA91eh 85 Wherein th
bl end, catal y ndga o%ﬂ%%g s BEH EO G1eh§3 Wherein the
shape oft the el’lllf)],iﬂt’:lsf:lc sheet substannally conforms to the shape of the

10 mold membrane;
(c) placing reinforcement material in the mold plenum;
(d) closing the first and second mold halves such that the
thennopiastic sheet and reinforcement material are contacted in the mold
‘plenum;
15 (e) 111tr0ducmg molding fluid under pressure into the mold plenum;
and
() curing the molding fluid.

2. A method according to claim 1 farther comprising the step of placmg
20 . aliner between the thermoplastic sheet and the mold membrane,

3. A method of making a molded article comprising the stepé:
| (a) placing in a spaced apart opposed relationship, a first mold half
comiprising a first mold membrane and a second mold half corprising a
25 second mold membrane, wherein the first and second mold membranes
define a mold plenum when brought together to mold articles;
(b) placing reinforcement material in contact with one of the first or

second mold- membranes:
(¢) placing a thermoplastic sheet in contact with the reinforcement
30 material wherein the thermoplastic sheet has a shape substantially
- conforming to the shape of the mold plenum;

(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;

35 _ ~(e) mjecting molding fluid under pressure into the mold plenum; and
() curing the molding fluid.
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5 flame retardant is heated in a reservoir to 82 T.
The nolding fluid is injected into the nokd plenumto

wonpregrate the fiberglass reinforcement materp

S2005/00
injection rate is about 190 inches-sec | untl?hp % 1843
The nolding fluid is allowed to cure for about 60

m nutes4, A peahsiidd oF fakista e;?m 1al3

occurs at abgﬁHt 40, m nut €s Eervwcgee&{;\s&? %eﬁ

mol d hal ves eP%%‘B&Félﬂeé@OH]ﬁﬁFKt Hhectisimpo st enqléhalﬁwherem the
al | owedrntodd aalfcm@hseb@ff@ﬁ%hﬁﬁu@ﬂoia%@aﬂﬁqné rom t he

nol d. After vi.ng.the rrposHefromthe nol d
excess mater @m‘ﬁ'ﬁ?g B2 fl?alc PRASEd s atiogaliip dprifirst mold half

5 hol es  aud shast mmdoﬂd):noldrmﬂfeioﬁl R, ac@cb@@sﬁ e& Hﬁ»m

finishe I in e -
i nvent i glnﬁ{]gz\k/n(eé ré/\%ﬂ rlc‘éfa W@B@‘gﬁo GWQFBéieﬁdeﬁne a
it shoul@ do@le@ppw@mn@t@xght hgtthtlma rholdesptidleny i s

susceptibl e 0 dosRpl Eahh Aol hgH R ARPAIA A e O™

the spirit o ventlon or

~fol l ow %HE‘I’P&?%S & iagbapabiay/ theZRidpe@ThIS2004/ 001843

10

15

20

25

Ve claim 1. E“dé\ hﬂ@@!h@ﬁrsf‘ﬁ{ﬁ o MRl LEfvrticle

conprising t g steps: (a) placing 1n a spated apart '
rel ationship PliaFlé,lg r%foaceﬁﬁlimtqmlmqmgact %ith o surfate of the
shaped dimpeti ﬂhiemlﬂmwmta second nol d hal f conprising

a second sh nenbr ealg]erel n the first and
second shape Sﬁlgt 15 %mﬁge mioid balyes tgwardesnghhother such
when bribeighe theugelb]hmc sheetnmd eeiffolrdcehe® mafdtial ﬁ}ﬁﬁ'cﬁﬂta& in the

t her no h;&} eet in the nold plenum wherein t

shape o e érnopl astic sheet substantially

conforns to &h eﬁj§ﬁa‘{£en@1ﬂlrlgi‘fh11d bfdergiressoreriboathe mol€ plenum; and

pl aci ng rei in the nold pl enum
(d) closi ngrqlﬁ f1Tst angﬁgefg%%d nmol d hal ves such t hat

the thernoplastic sheet and reinforcenment nateri al

are cortact Qfdrrlefhddhﬁ‘rrfm&ﬂ; aofn%[&émam&éc&ﬁ% é]ﬁé ﬁ%dslﬂ%sng
rroldlngflwg)g der ure 1 nto d

and (f) curl p aﬁ]élg gnfqglﬁsgc s}zeet}s‘amgﬁéhape mto a first mold

accor dihalf Whereih mam&ldfha[ﬂcbﬁfpflﬁéy’&t)ﬁfﬁ gmea 'ﬁ?}lé &r%&.ﬁ%&ne and the
placin n ween e e St C shee
and thgh?éooé% r#efn}‘?g iasgl% E?Qt Stda ?f’cﬁ‘htgﬂﬁﬁmathﬁﬁh"ﬂ’@d)f the

r—

articl axdémpnitgimey t he steps: (a) placing in a spaced

apart oppos Iy ol
conpri si ng g@f P%gi?&n%? é&r%ﬁmr? aaibn %Ong%cé 8"!’1{5‘ Fffpce of the
hal f céltgped dhamgoplastic sheet;

(c) placing a second thermoplastic sheet conforming to the shape of

the first thermoplastic sheet in contact with the reinforcement material

30

35.

second thermoplastic sheet comprise a laminate;

(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
mpld plenum when brought together to mold articles;

(e) closing the first and second mold halves toward each other such

- that the thermoplastic sheets and reinforcement material are sandwiched in
the mold plenum;

() injecting molding fluid under pressure into the mold plenum; and

(g) curing the molding fiuid.

32
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25 second nol d-nmenbrane, wherein the first. and second
nol d nenbranes- define a nold pl enum when -br ought

woagatdaerst o nold articles; (b) placing reinf osEBIERb4/001843

material in contact wwth one of the first or

secondnol dnenbranes; (c) placing a thernoplastic sheet
in cont acinwridlc b&ﬁﬂﬁﬁhgﬁ%épeﬁﬁm lay3dBh&hicAbn WREE Bl ure
the thernoplastic sheet has a shapé substanti a?l y
cofffBP*G to the shape of the mold pl enum (d)

cIt (r)]si ng(d) Eﬂ afﬂﬁ/ﬁts p?lgrﬁfétr ﬁ@eﬂﬂiuizlﬁ[@dtl ﬂnd]@ﬁysﬁ@ foaibahih & ath:
ot her s at. the r Mo ¢ sheef an
rei nfor @’g ﬁémmr?g{aé&? gyerg}agufggmﬁﬁto?iaﬁoﬁhgs gty about 15

5 plmmympd35 (e) injecting nolding fluid under pressure

a6 TR B Rt a e bR, ' R
met hogl of making a m?l ded article f:orrpri siang the .
0, A B SR ¥

s hBPEEF I Be P HBisISEERET laye offheeonsfustiom spaced apart

10 opposed relationship the first nold half 5 and sheet

15

20

25

and a sgcqgnd | d hal.f conprisi a secaqnd shaped nol d
menbr ant AREFIIGHACAIHS fosim{wEgieb e SHEplsACTB pefaccnt fo the
netvamaopdssiidéfyene a  nol d pl enum when brought toget her

to nold articles; (c) closing the first and second

nol d hal ves such that the thernoplastic sheet is

- shaped $.nAn hdickpdatopliegienaih0s ¢hyreophaaoylit pelyider #yer is about

ertal 1n contact wt
t hernopl astic sheet; (f) closing the first and second
ol d hajyyes shrawaetceaaigdd Bﬁ%m SURLreih i tthElqﬁoaﬁlas;iF éayfeﬁ is

the{rm lastic sheet and rejnfaorcement materi

cofteset fom thegrouscopsisHngpepbim Apd)or Mpeeeivlig aHeY-di ng
fluid under pressure into the nold plenum and (h)

curing t.he, noldjng fluid. 5. t hod, of Ki ng

ol deq Hr AL legRpoiery opim 6B eR thrp g o tishape ofa
f ibagttuli, heompphat tof @ nshaetehiviy domgcatidrad equipinenteorfanasicraft or

o hal 4 erein the nold half conprises a first
glh)@'lgpc'aS rréjle&%rr‘enbrane and the shape of the

t hernopl asti c sheet substantially conforns to the
shape aqb. tdifarticle according to claim 6 further comprising rigid polyurethane

?ra rff.ldf Patiing %]glnorﬁ? I1 gnrﬁ %H B tﬁérg')ogu rs?cg icaggrol;s %&)ﬁtfétolré r% gc} dabout 15 mm.

foam reinforcement and the rigid polyurethane foam is enclosed by a fiber
reinforcement composite layer.

30

35

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
mm;

(b) a thermoplastic layer having a thickness of about 0.5 to about 15

(c) a third layer comprising an acrylic polymer, ASA or ABS-acrylic

alloy; and

33

- 13.--An-article decording to-claim 6-wherein-the-composite-is reinforced with— oo



nmol d nmenbrane; (b) placing reinforcenment material in
contact with a surface of the 25 shaped thernoplastic
wehanrtos74e) pl aci ng a second t hernopl asti ¢ sheptrus2004/001843
conformng to the shape of the first thernoplastic

sheet in contact with the reinforcenent nmateri al

wherein the frystaHePgs: | ; . : .
rei nforcenment ( r)rat er P%@?gﬁ%ﬁe&%&%@% ¥ ﬁeﬂ‘g"r“&%%%wﬂa the third
sheet cd@ﬁ?ﬁ-se a lamnate; 30 (d) placing in a spaced

apart opposed relationship the first nold half and

the lampate, with a second nold half conprising a

second sﬂip‘gﬂ aﬁjéﬁeoaccﬂ@ﬁ‘i‘ﬂ"ﬁﬁéal%]é’f‘éhﬁemﬁbe a¢iyle palydher layer is an
5s e copdsesih deuedativel ettty aneiahé 8dish@cion. 0! d pl enum

when brought together to nold articles; (e) closing

the first and second nold halves toward each ot her ,
such 356 hiw attiete achendingb asiind 4shieatia taddrst acrylic polymer layer

rei; ' e dwi ched.i t.he l.d :
ol ey &Pk (3l PPt AERicHnp At Byend dbeihies mm to about
i ntlé e nol d pl enum and (g) curing the nolding
10f luid. 32 WD 2004/ 067246 PCT/ US2004/ 001843 6. An
article cozﬁgi sing a shaped and | ayered construction,
the strudt drbattiglsmgeardingde claim 14rwheeeiy ithecthpohgptestic layer is
| ayelectba FoRgtha gkdlipCdonsis apgut %qé% i€ :
t her nopl astic Iggyer havﬁgﬁa@ﬁiggﬁeos—fs 0 %&)15918?5 nm
to about 15 5 nun; and (c) a third layer conprising a

f : ber rdBnfAr @ﬁcﬂfﬁm@iﬁg}t@claﬁn llé\ﬁ\vlﬁi‘elﬁh HeSstRCRRE B i Qape of
yscl gi ei,n the acrylic po r layer iis an
15, AR SE wphRndS bLi i GFETe of Higtion Squipment or an

coawenafioriaomspad dgvicn, article according to claim?7
wherein the third layer is adjacent to the

thernopl astic layer. 9. An article according to claim
6 wher eilfl. Aeonglengiionacepwliyngde claay dv wierdhdh cordfosite 4
M feidBrd : .]ic | ayer is about
1.5 nmtg%&ﬁ#ﬁ%ﬂ?%ﬁﬁ%&'ﬁ%@%@%@é according to
claim6 wherein the thernoplastic |ayer is selected

f t h2o.gRauR losdi i 5 fildd
alr 0 gn . ﬁ(é g11gﬂ%@%o%?g&aaglgfmﬁcﬁ%ﬁé%ﬁ%&éédéﬁjr{emane
th O%}TF PUPRCTIANE g ! éﬂﬁg)ﬁ’ée%@eafoa@dﬁ BREIpseday a fiber

c orepdoeamenf canpusiiolaywehi cl e or recreational equi pnent
or an aircraft or

20

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

.............. - S . . mln; O PPN RN

(b) a thermoplastic ABS or ABS-acrylic alloy layer having a
30 thickness of about 0.5 mm to abouf 15 mm;
(¢) a third layer comprising an acrylic polymer, ASA or ARS-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. ‘

34



aerospace device. 12. An article according.to claim®6
further conprising rigid polyurethane 25 foam
woabnforzement and the rigid pol yurethane foanpésus2004/001843
encl osed by a fiber reinforcenent conposite |ayer

13. Anarticleaccording to claim®6 wherein the conposite

is rei nﬁﬁr%;g@itlﬁﬁlé ibcoﬁinggaioltﬂlﬁh DI wh¥inhat !ﬁ@stfab@h@ %l er layer
artic

mat eri al conpri a shapé

|a3§@§3@%r Gb AR F%hopbhm%%d@ae %Sﬂfg%ﬁéfsﬂs B%t L. %gljnao abowt
firstom@acrylic polynmer [ayer having a thickness up to

about 2.5 mm 35 (b) a thernoplastic |ayer having a

t hi ckness of about 0.5 to about 15 mm (c) a third

51 ayer c»ipAnsitivie aoosiingdoi cdaipd lywherginABAstoncture is in the shape of

- AB : : .
pcrr e B b borEone S Ao D el B Eltionst cquipmen pran
| agieraft onedrospacsdamieeh the third layer. 15. An article
according to claim 14 wherein the acrylic polyner
| ayer is an 5 exposed, decorative exterior |ayer of
the construction. 16. An article according to claim 14
wherein the first acrylic polyner layer is about 0.4
mmto about 1 mm and the thernoplastic |ayer is about
1.5 mMmto about 15 nm 10 17. An article according to
claim 14 wherein the thernoplastic layer is selected
fromthe group consisting of ABS, ASA or ABS-acrylic
alloy. 18. An article according to claim 14 wherein
the structure is in the shape of 15 a bathroom.tub, a
conponent of a notor vehicle or recreational equi pnent
or an aircraft or aerospace device. 19. A
construction according to claim 14 wherein the
conposite is reinforced with a natural or synthetic
fibrous material.. 20 20. An article according to claim
14 further conprising rigid polyurethane foam
rei nforcenent and the rigid pol yurethane foamis
encl osed by a fi ber

35




rei nforcement conposite |ayer. 25 21. An article
conprising a shaped and | ayered construction, the
structure - conprising: (a) a first acrylic polyner

| ayer having a thickness up to about 2.5 nmm (b) a

t hernopl astic ABS or ABS-acrylic alloy |layer having a
30 -t hickness of about 0.5 mmto about 15 mm (c) a
third | ayer conprising an acrylic polymer, ASA or

ABS- acrylic polyner alloy; (d) a fourth |ayer
conprising a fiber reinforcenment conposite contiguous
wth the third layer; and 35 (e) a structural pol yner
foamreinforcenment. 22. An article according to claim
21 wherein the acrylic polynmer |ayer.is an . exposed,
decorative exterior |ayer of the construction. 34 WO
2004/ 067246 PCT/ US2004/ 001843 23. An article
according to claim21 wherein the first acrylic

pol ynmer layer [[[ is about 0.4 nun to about 1 nm and
the thernoplastic layer is about 1.5 mmto about 15
mm 5 24. An article according to claim 21 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 H




