1 TITLE G=~ THE | NVENTI ON THERNL‘PLASTI C ACRYLI C SHEET COVPOSI TI OMZoAR FHEI RIP0¢
USE ASiSEBSIITUTES FOR HI GH PRESSURE DECORATI VE LAM NATE BACKGROUND OF THE
INVENTTCN‘?“eId of the Invention The present invention is directed to a
transl ucent -or opaque . t her nopl astic acrylic sheet exhibiting good scratch
resi stance, hardness “and t oughness, and capabl e of bei ng machi ned. The

t hernopl astic acryllc sheet of the present invention is suitable for

| am nation of structural plastics and aLticles produced thereof The
preferred d@se for the conposition of the present application is as a
substitute for conventional high-pressure decorative |am nate, for exanple
I n production of count er-tops, vanlty tops, bath and shower surfaces, and
furniture Jdis AEHERNVENTION of t he Background The use of structura

pl astics, such as acrylonitrile-butadi ene-styrene (ABS) resin. poly(vinyl

chloride) (PVC) resin THERM@PDASTIC ACR YO SHERTOOOMBOSIIORE and shower
stalls is known. However, al tkgqggﬂmmgggsxgw tics are strong and

tough, the propertieés of;:ot}tl by light, they
can be easily scratched WlthOUt berng able ?6%1'% W ey are

adversely affected by sol vents and water, they require substantial

t hi ckness and sone of them a Ta gver cone t he above

defici encies crosslinked conpe . I S QN he past. Thus,
U S. Patent No. 4.085, 246 refers to a castable corrp05|t|on for making a
si mul at edEﬁiﬂﬂ!&IMﬂDrrpoleon of the above '246 patent conprises a
poI ymer or a m xture of

The present mvermon is dlrected to a translucent or opaque thermoplastic acrylic sheet

exhibiting good scratch resistance, hardness and toughneSS. and capable of being machined.
The thermoplastic acrylic sheet of the present invention is suitable for lamination of structural
plastics and articles produc;ed thereof. The preferred use for the composition of the present
application is as a substitute for conventional high-pressure decorative laminate, for example in

production of counter-tops, vanity tops, bath and shower surfaces, and furniture surfacing.

Discussion of the Background

The use of structural plastics, such as acrylonitrile-butadiene-styrene (ABS) resin.
poly(vinyl chioride) (PVC) resin, polycarbonate as counter-tops, bathtubs, and shower stalls is
known. However, although these structural plastics are strolng and tough, the properties of
their exposed surfaces are degraded by light, they can be e;sily scratched without being able to
be repaired, they are idversely affected by sbivents and water, they require substantial
thickness and some of them are expensive.

i;o overcome the above deficiencies crosslinked compositions have been used in the
past. Thus._ U.S. Patent No. 4._085,246 refers 1o a castable composition for making é simulated

granite. The composition of the above '246 patent comprises a polymer or a mixture of -



2 pﬁfﬁnéig di ssolved in a polynerizable constituent. This conposition is
t hen, cas{; or poured into a nol.d and cured giving a flat or shaped article
with & treproduci bl e sinulated granite pattern. However, this conposition
attains its properties by-fhernosetting. Further, U S. Patent 5,318,737
refers to a nethod for prepari'ng a plastic conposite by feed stock
coextrusion of a-nolten acrylic based gapstock overlying and integrally
bonded to an underlying structural plasStic ply. The conposition of the
capstock of the 737 patent contains an acrylic polymer having a nol ecul ar

vei ght of p@itmeRAgitscRAUR 2 PRy R abiaIchRfRudrR, ahissTRpYsitivh i@ BtcadGorigduplp Ut

88 w.% and an acryl ate-based inpact nodifier resin in an anount of about

12 to about. 60 Yoin_ the .for I.screet L - r al ic .
particl es'{.&?—g\%‘?\?ﬁér@d EHfed %‘Sh%(%rsqaﬂ’%%a%%gﬁ%etw’é@hir%?a%&f‘{@egé"d%l%@mtredness
for counter-top . uses. In addition, U S. Patent, I\gx 4,533,680 refers to a

t her nopl aBHETy HOPMAVEro HBH SOMP RN AHRAISIISRIORETIES Y HhermARtiBE nopl ast i c
resin, a reinforcing fiber, a flaky filler and pol ycarbonate. The

conposi ti on of FurthemRb§ePate®s. pi8. 3t rafers saia mithasd fop preparidg agplastiowemposite by
crystalline thernoplastic resins, such as pol yacetal, polybutylene

t er epht hajeali StodRQaeRIr@sivh 60 & nicheR Rbyliabae@ capabiiesvarydiptaddin@piipdonlisd fnd

pol yam de, described in the referenCe, are not suitable as surfacing

at or i al , : ST : . . a
cap 1 ayer * SRRl A RE by, THe Ubdbocion 6E e BapstBiche e el

i nsufficient hardness. U S. Patent 4,938,825 di scl pses. | am ath tub -
o shower CTIEARE 29 BEVEA PPIBIR BEVIRE A pdlesbias vt o ast sbget 1 2L 000 #ifenddn dhs
or extruded acrylic with a second | ayer of reinforced rapid injection .

nol ded ( REndyntfl apokt4 imebaus §RwiYsandan asrylate-based mumictimedifies sesin inan

addition of wollastonite fibers of preferably high aspect.ratio to

t her not r opmouht sflabduc 1Y 56 sBduit 60 vk ithe fohr o distrecomdki-layered pdlyeteritpafices.
abrasion of articles produced fromthe polyner blend.

However, this composition does not exhibit the required hardness for counter-top uses.

In addition. U.S. Patent No. 4,533,680 refers to a thermoplastic resin composition
comprising 2 crystalliné thermoplastic resin, a reinforcing fiber, a flaky filler and
polycarbonate. The composition of the above ‘680 patent is suitable for molding. However,
crystalline thermoplastic resins, such as polyacetal, polybutylene terephthalate, pol'yp_ropyie_ne
terephthalate, polyethylene terephthalate and polyamide, described in the reference, are not
suitable as surfacing materials because of incompatibility with structural materials forming a
cap layer, sensitivity to water or dimensional stability, as well as insufficient hardness.

.~ U.S. Patent 4,938,825 disclases laminated bath tub or shower trays formed from a
preformed shell of cell-cas-t. continuods—cast or extruded acrylic with a second layer of
reinforced rapid injection molded (RRIM) polyurethane foam. .

U.S. Patent 4.458.039 discloses the addition of wollastonite fibers of preferably high

aspect ratio to thermotropic liquid crystalline polymer blends in order to reduce surface

abrasion. of articles produced from the polynier blend.



3 Fbmbwef;,none of these references suggest the preparation of a
thernnpla$t|c acrylic sheet conposition that can be used in the place of
conventi-on#t hi.gh pressure decorative |am nate that conbi nes the ease of
handl i ng and "nmachi nability of high pressure decorative lamnate with the
scratch resi stance, toughness. resistance to cracking and renewability of
conventional solid surfacing materials.q Thus, there is a need for a.

t hernopl astic acrylic sheet conposition, preferably for use as a

repl acenent for conventional high pressure decorative |am nate, and
preferably fornmed by extrusion or coextrusion of a thernoplastic acrylic
conposition, and which, at relatively | ow thickness exhibits scratch

resi stance, tougtioesver, nof¢ 6f heserelferendeaclggest therpremgratimdifiathernioptae hctylicy
and nmachinability. Accordingly, one object of-the present inventionis to

provi de a sglst édruﬁs&ui&hhm & beRUs6§ HHHR ﬂ&ewf%bhmnbam.?i fFrebsiad d&cdrathR
processed and hand i ke conventlonal hi gh- pressure orative

| am nat es, t: |

sur' aci ng. ik B SFuplopF HesasSoriniy ?‘W@ﬁnﬁ’ﬂ?‘w%@sen?‘e $aiven
Is to provide,a thin therrmRI astlc acrylic sheet that s the roper.ties_ of
t r ansl ucenclpmingte, withthe peratch r %mcéalﬂ“lghﬂiﬁs-afﬁé‘sﬁ@cﬂ?i epgwabtyi Qfnal
solid surfacing and veneer nmaterials, but retains the Iook feel and
durability Gdnvsuﬁm&smii@wfaohglmaerﬁalsi surfacing and veneer materials. It is
a further object of the present invention to provide an extruded

t her nopl ast.i ¢ acmhhi§,Ghérd e néed PG ithdridpRXtid %@lx@ﬂwﬁp@nﬁ%&m pref&@ablyifares
har dness, renewabi l i ty,

asa replacement for convenuonal high pressure decorative laminate, and preferably formed by

extrusion or coextrusion of a thermoplastic acrylic composition, and which, at relat:vely low
thickness exhibits scratch resistance, toughness. resistance to cracking during handling,

renewability and machinability.

SUMMARY OF THE INVENTION

Accordingly, one objéct of the present invention is to provide a substitute for high-
pressure decorative _Iaminate that can be processed and handled like conventional high-
pressure decorative lamin;_nes. but has the properties and advantages of much thicker solid
Qurfacing.and veneer materials.

A further object of the present in_vemion 1s to provide a thin thermopiastic aérylic sheet
that has the properties of translucency, high hgrdness. handleability and is thinner than
conventional solid surfacing and veneer materials, but retains the look, feel and durability of
such conventxonal solid surfacmg and veneer materials.

It is a further object of the present mventton to provide an extruded thermoplastic

actylic'sheet composition exhibiting good scratch resistance, hardness, renewability,



4 #aahﬁheplllty, for use as a base material for counter tops, vanity tops,
bat h and shower surrounds and furniture surfaces. It is a further object of
the” pFEseﬁE i nventiion to provide a | ow thickness extruded thernopl astic
acrylic sheet for a counter top base material exhibiting good scratch

resi stance. hardness, renewability, and machinability. The term
"machinability" is used to denote the ability of the thernoplastic acrylic
sheet to be nmachined with conventional high pressure decorative |aninate
equi prent. The term "renewability" is used to denote the ability to renove
scratches and other marks on-the surface of the thernoplastic acrylic sheet
by sanding, preferably wet-sanding, or#%other abrasive nmeans to result in a-
surface that contains no readily visible marks. These and ot her objects of

t he presepiachinybility, @ dde\es albashmatriabior @Bumiér ope, whnkty @, Bathfand shower
thernopl astic acrylic sheet, conprising: a thernoplastic acrylic polymer

havi ng di er in an anount sufficient to provide the
. %ﬂ"?&aﬁﬂ PEFE re ﬁtrfac%é

sheet wit ness of at I east 40 and an I mpact m)dl fier,
wherein said therno stic act.3q1 g% t ro ndex ofda
| east 1.5, and ‘Wit eggl;gactfq tT’:\P""" Qg'b gro 4O thpkmess exgruded 5 g

Its use, either alone or in conbinati on as a laginate with an opaque, I ayer,
to gi ve athsrmentestinacnyligshentfosaseunter sap basematerial gxihitipg gorgiscraighiresistance.
handleablllty and is thinner than conventional solidsurfacing and veneer
mat er i al shatdness; e¢newability)and awchingbility. The tetor abadhmablhtgf" is usé¢d wodenetd thenal
solid surfacing and veneer materi al s.
ability of the thermoplastic acrylic sheet to. be machined with conventional high pressure
decorative laminate equipment. The term “renewability” is used to denote the ability to
remove scratches and other marks on the surface of the theamoplastic acrylic sheet by sanding,
preferably wet-sanding, or other abrasive means to result in a surface that contains no readily
visible marks.
These and other objects of the present invention have been satisfied by the discovery of
a thermoplastic acrylic sheet, comprising:
a thermoplastic acrylic polymer having dispersed therein:
a filler in an amount sufficient to provide the sheet with a Barcol hardness of at least
40; and
an impact modifier;
wherein said thermoplastic acrylic polymer has a melt fiow index of at ieast i.5; and
wherein said filler has an aspect ratio of up to 25:1; and its use, either alone or in combination
as a laminate with an opaque layer, to give a product having the properties of translucency,
high hardness, handleability and is thinner than conventional solid surfacing and veneer

materials, but retains the look. feel and durability of such conventional solid surfacing and

veneer materials.



5 DESCRFPT] ON OF THE PREFERRED EMBODI MENTS In the surfacing material

mar ket . there are a nunber of products that provide a perception of depth,
a sinmutate& marble or granite appearance and provide renewability of the
material's surface. These include 1/2" thick products known as solid
surfacing materials, as well as 1/8" thick veneer products. The present
invention was pronpted by a need for a groduct that could provide the | ook
and properties of a solid surfacing material or veneer, but at the

t hi ckness of a conventional wood or paper based hi gh pressure decorative

| am nate, with the ability to be machined and processed on conventi onal

hi gh pressure decorat i ySE$@ERIPEDN OFU IIRPRE FERREDPSMEGIY] t hod for
maki ng a thinner product wth these sinmulated granite or e surfacing

mar
materials is by L N [ coul d
sinply sand the @3?’ ?guég%r"garg?%ggv@%gg’ tﬁrfeg %’fel a{‘&?gec}‘rﬁﬁ% 3 g%%%nte? ro?r E@c?kness
to a thickness af fram EO t.0 ZOJn'I. However, it has been found that_ by

doi ng so, FEFPHODOL ARRfhratiEM{ald Mable,efo8rapits APREATENSH AN RIRYIGE fgnewability of the
characteristics in that it cracks too readily upon noving and has

i nsuf fi ci ematpaalls sustacet These inchuteol/2f| thigkyprodhess knews s solrd anfacing matenilsas

an acrylic sheet material suitable for use in producing surfacing materi al

but with a vidll ask178% shicloveneergrodudt TR peSéntimvention Gehs Prompyea byl rild Fses Sur e
decorative | am nates. The thernoplastic acrylic sheet conposition of the

present | NYAacRihd: il frahie telbok i BlRRiora/boflg SRR Aleht JF Aheer, but

opaque second layer as descri be en an opaque second layer
Present g, GRARSnbAYHs GRS RS SEbabePbSRAMich Beseifl uS el SNAREL: S Vit

the ability to be machined and processed on conventional high pressure decorative laminate

- equipment.

The most Jogical method for making a thinner product with these simulated granite or
marble surfacing materials is by abrasion or sandiﬁg of the surface. For example, one could
simply sand the solid surfacing veneer material from its 125 mil thickness to a thickness of
from '30l to 70 ruil. However, it has been found that by doing so, the resulting material has
poor physical and handling characteristics in that it cracks too readily upon moving and has
insufficient heat res_istanqe..

Accordingly, the present invention provides an acrylic sheet material suitable for use in
producing surfacing material but with a thickness compafable to conventional wood or paper
high pressure decorative laminates.

The thermoplastic acrylic sheet composition of the present invention is suitable for use
alone or in combination with an opaque second layer as described below. When an opaque
second lajer is present the oi:aque layer can be separately ,prepared ot can be prepared b.y.
coextrusion with the thermoplastic acrylic sheet composition. When the thermoplastic acrylic

sheet composition of the present invention is used as a surfacing material for conventional



coexgrusi on with the thernoplastic acrylic sheet conposition. Wen the

ther mpplastic acrylic sheet conposition of the present invention is used as
a surfacimg material for conventional 6 hi gh-pressure decorative

| am nate end-uses, it is preferred that the acrylic sheet be translucent in
order to provide the resulting product with an appearance of depth to the
surface, simlar to the appearance obtained with conventional 1/8" veneer
or 1/2" solid surfacing materials. Further, when the thernoplastic acrylic
sheet conposition is used in conmbination with an opaque second | ayer as

descri bed High-pressirealecoditive lantindta ghdai®, it ivprefertedatat the ptatie skidet be translucent
conventional high-pressure decorative |am nate and has superior handling

properti eg, 3ed&rBRRERde 1k feBRRY brodleCwith 84 BPftaRsick %}fg%ﬂ‘nltb%éﬂﬁﬁtce, fimilar to

conposition alone. The opaque second | ayer provides her | nprove

handl i ng |_amn | h " i f t flexibility.
The. pr odquate bFFer@e Budndl i hoy ORI 3 VAR 08 S Dl paitiats

resi st anc stain, resi sha‘nce, heat resistance and jnpact perfornmance
sinilar tduthepevhen thedasnmapiastin acryliashecirpmposttion is Ysedid; sagbiantiopiwitlsamnd
hi gh-pressure lam nate. Also preferred in the present product is the
appear anc epafjua seasinddayanias desanibed baldwetheaesiiltinglamiriate can bauded ipplkate b6r ned
wi t hout noticeable edge whitening. Additionally, it is preferred that the

| am nat e poRdERiorRE highl fredsAredichiaive LMINAR h@ Rad sdpaﬁbflmuﬁggfdp“e?ﬁés%
postform ng and bondi ng processes w thout surface damage or breakage :

51 gni 1| CaMlpard BXBRVertlied HNRYARAer) P ThR BrmbBYRbR aioHae TRE ABKALe Aokl

present invertion can be used a Substl or ~convent onal
RSt Ree e S bR 5o e
furniture surfacing, wall surfacing, etc.

flexibility. _ :

The product of the present invention preférably provides scratch resistance. stain
resistance. heat resistance Qnd impact performance similar to or betterthan conventional SSV,
solid surfacing materials and high-pressure laminate. Also preferred in the present product is
the appearance of a solid surfacing product and the ability to be post-formed without
noticeable edge whitening. Additionally, it is preferred that the faminate product be able to
survive conventional laminate fabricating, postforming and bonding processes without surface
damage or breakage significantly in excess of conventional laminate levels. |

The product of the present invention can be used as a substitute for conventional high-
pressure laminate, in aﬁy of its conventional uses. These include, but are not limited to,
counter tops, vanity tops, bath and shower surrounds, furniture surfacing, wall surfacing, etc.
For example,. in the area of furniture surfacing, the present materials can be used to provide
surfacing on tables, desks, chairs, file cabinets, etc.

The present product provides for the first time the ability to give all the advéntages of

solid surfacing technology at a fraction of the cost of solid surfacing materials, with all of the



Fop exanple, in the area of furniture surfacing, the present materials can '
be usedf_,.f*o provi de surfacing on tables, desks, chairs, file cabinets, etc.

The® p¥eSedt product provides for the first time the ability to give all the
advant ages of solid surfacing technology at a fraction of the cost of solid

surfacing materials, wth all of the 7 handl i ng advant ages of
conventional high-pressure decorative Igam' nate. Each of the conponents of
t he present product wil'l now be described in. greater detail below. A THE

THERMOPLASTI C ACRYLI C SHEET The present invention provides a thernoplastic

acrylic sheet.conposition conprisi J Cr.ae [ r having
di spersed h?‘ﬁ(gfn& ﬁegntpg?sl Qg'rcogg%tfgﬁﬁlﬁﬂ%%g Eé%glg ? leog‘ra{,wealﬁ g'?'(q)%%'i gﬁ‘gﬁ%&g pi gment
~and/ or one or nore conventional, addjtives, mhe&g%n t he fhll?élhas an aspect
ratio of Gpmpeneys of thepraseat RroduFL Wil nayy, Be AescrRed 0 BFEHERIGAT BElOP 45t 2. 5.
In the present thernoplastic acrylic sheet conposition, the filler is
present in an anmount sufficient to provide a Barcol hardness of the sheet
of 40 or greater, . preferably 50 or greater, nore preferably 55 or greater.
The 't hi ckness g & ERMOPRLASTIGACRY EEETf the present invention
Is not particularly limted. The thickness of the thernoplastic acrylic
sheet is prefer : $ AL | s i !
nost preferabl yﬂgéoy rrcng {n? mlvfmtt‘#e)p%?%pf aalrmé(fgﬁo?%a'@iiitgﬁﬁg@cﬁﬁggf f%@sﬁﬁ%ﬁgﬂg @
appear ance

f A ' I | id.surfaci Bt er | '
BTyl oo eemegiRE genft BolyRin hiAR dsPesCE RS ecund iGripd6: MBALEE o
provide t.he necessary depth of visual field in tpe, I ayeg; _Thﬁg%.ﬂer nopl astic
acrylic siepsiongly 2 pigmenbandier onampsFoayentionak gsHyyherrip the fillerhas an

aspect ratio of up to 25:1 and preferably 2 Mohs hardness value of at least 25 i

In the present thermoplastic acrylic sheet composition, the filler is present in an amount
suﬁicieﬂt to provide a Barcol hardness éf the sheet of ;10' or greater, preferably SO or greater,
more preferably'SS or gre‘é._ter-.

'fhe thickness of the thermoplastic acrylic sheet of tﬂe present invention is not
particularly limited. The thickness of the thermoplastic acrylié sheet is preferably from 10 to
70 mil, more preferably from 25 to 60 mil, most preférably 30 mil. If the final product is
desired to possess the appearance of conventional solid_'s'urfacing materials, the thermoplastic
acrylic sheet should have a thickness of 30 mil or greater, in order to provide the necessary
depth of visual field in the layer.

The thermoplastic acrylic sheet of the present invention can be formed by any method
that provides the requisite thickness. Preferably, the present .thermoplastic acrylic sheet is
formed by casting or extrusion, most preferably by extrusion. When the thermoplastic acrylic
sheet is formed by extrusion, a filler. an impa,ét modifier, and optionally a pigment and/or one
or more conventional additives, are dispersed into the thermoplastic acrylic polymer preferably

using a melt blender conventional mixer or by extrusion,.using a twin or single screw extruder



t hat tprdvi,des the requisite thickness. Preferably, the present

ther mppl.astic acrylic sheet is formed by casting or extrusion, nost
pref'efably® by extrusion. Wien the thernoplastic acrylic sheet is formed by
extrusion, a filler an inpact nodifier, and optionally a pignent and/or one
or nore conventional additives, are dispersed into the thernoplastic
acrylic polyner preferably using a nelf bl ender conventional m xer or by
extrusion, using a twin or single screWw extruder 8 and, subsequently,
pelletized to forma masterbatch containing the thernoplastic acrylic

pol ymer having di spersed therein the additional ingredients. The

‘mast er bat cindi sulisegmentiy! palidiged 1 farf iangasterbitch Womainiigotive ebdriopiastie deryieed
‘W th a sheet formng die to formthe thernoplastic acrylic sheet. of the

present i mygphkORavidg @ispersdd TRBeASthk %d&i%}iglgﬁ%\:ﬁaie}{mh Rﬁs&fb"a&m@ 'teaséfﬁ%ied

acrylic polyner 1's conprised by at |east % preferably at |

wt. % nost, preferably. 100 wt %, based on the tot t.heropl ast i crylic .
ol yrer ori"a SHesls Bb o gy pusrdst SHEbRG! B Bhee Foopine AR B ehe Bemhopfastic
copol yneri zabl e _nonoet hyl eni cal 'y unsat urat ed nononers may be represented
by the gerfSFHIc $heehef the presentapyestipn=C(R[ err]) COOR[err] (1) where Rlerr] is
a hydrogen or a (err]-Clerr] alkyl group, and Rerr] is a (Jerr]-(err]
al kyl group, phenyl, benzyl, hydroxy-(Cerr]-Cerr])-alkyl,

al koxy-(C[err]-Cferr]) alkyl, cyclopentyl, cyclohexyl, and conbi nations of
t hese nMONOTRé ThickMotRstiCARIREPE orOf nMONoners where R err] i s hydrogen
and nononers where R err] 1s an alkyl group are used to nodify the gl ass
transition tenp . . lo2S

comnoners. are, Bouieoplitle Ryl R Ebmpth 6 i YO TRE prbferably a leas

et hyl (mot Iict ) 3t g dRLRRH 1BV Bhst e PSRN WA it o2

homo or cbpoly-mer of methyl methacrylate. .St_xitable copolymerizable monoethylenically
unsaturated monomers may be represented by the general formgla O:
| CH,=C(R)COOR? (I)
where R! is a hydrogen or a C,-C; alky! group, and R? is a C,-C,, alkyl group, phenyl, benzyl,
hydroxy-(CrC;)-alkyL alkoxy-(C,-C,) a[kyl; cyclopentyl, cyclohexyl, and combinations of
" these monomers thereof. Combinations of monomers where R! is hydrogen and monomers
where R? is an alkyl group are used to modify the glass transition temperature (Tg) of the
polymer. Preferred examples of comonomers are, but not limited to, methyl(meth)acrylate,
ethyi(meth)acrylate.'prqpyl (meth)acrylate, isopropyl (meth)acrylate, butyl (meth)acryiate,
isobutyl (meth)acrylate, hexyl {meth)acrylate, isooctyl (meth)acrylate, isodecil (meth)acrylate.
laurel (meth)acrylate, stearyl (meth)aﬁrylate, phenoxyethyl (meth)acrylate, methoxyethyl
(meth)_a_crylate. benzyl (meth)acrylaté. epoxyethyl (meth)acrylate, 2-ethylhexyl (meth)acrylate,
~cyclopentyl (meth)acrylate and isobornyl (ﬁ;eth)acrylate. as Qell as combinations of those
monomers thereof. 'fhe term "alkyl" is used to denote straight chain or branched alkyl groups.

A combination of these monomers may be used in order'to achieve an appropriate Tg or other



i sobut y¥: et h) acryl ate, hexyl (nmeth)acrylate, isooctyl (neth)acrylate,

i sodeci | ,(meth)acrylate. laurel (neth)acrylate, stearyl (neth)acrylate,
phenoxyethyl (meth)acryl ate, nethoxyethyl (neth)acrylate, benzyl
(meth)acryl ate, epoxyethyl (meth)acrylate, 2-ethylhexyl (nmeth)acrylate,

cycl opentyl (neth)acrylate and isobonyl (nmeth)acrylate, as well as

conbi nati ons of those nononers thereof. The term"alkyl" is used to denote
straight chain or branched al kyl groups. A conbination of these nononers
may be used in orderto achieve an apprdpriate Tg or ot her 9 properties
for the thernoplastic acrylic polymer. The tern1 (neth)acrylate Is used to

copol yror i PrpvePRERanEuRERSk ArRicRPEEL THeln - ORANASY A fisd 1o denore

nononer Styrenl c nononer depotes styrene, or a substituted styrene such as
derr]- C[erat“]a"'&fﬁﬂﬁm'ﬁ‘i‘?ﬁthé gt‘?ﬂ?f‘@’a‘e%tyrene Jerr]-Cerr] alkyl
[err]-substituted styrene or a conbination of ring and [err]-al kyl
substituted styrAdditiopalstuisable ¢opolymerizable mooosthrenigally unseisrasedmonpmetsiidelude
styrene, p- nethylstyrene, o-nethylstyrene. p-butylstyrene,

[ err] - met hystyrenicanenanét. Gptenicahonditieridenore btyréheDoei aubistithiteditgrnt sich\&d GRC,
for the acrylic thernoplastic polymer is in the range of 100,000 to

220, 000, p:ﬁ,ﬁ xﬁ?@ﬁbmtépﬁyr p@ dge QE{! o QEI%URR@& Ak B 2RbihbinatoRl 8P rihg afd

150, 000 nu erage nol ecu e present invention-
IS nore advanga to.descri he acr Wi th res | t
ol £ ow 1 AP EReR e e, BEetpmed S5renic SanpR A Botori B it d b
not only its nolecular weight but also its polyner chain structure with
respect  to Meigkrene, ovnem&hnﬁgw Erwﬁmp-r@-meébsdstmnea%ﬁgmb'eawsymeoéf
the present invention has a MFI of at least 1.5, preferably from1.5 to 30,
nmore preferably Arprefefredmdleculdrovéight fot the acmimethcrmdplns&b pylymeomlﬁ e tang8 of,
most preferably around
100,000 to 220,000, preferably 120,000, to 180,000, and most preferably 130,000 to a
150,000 number average molecular weight (Mn). In the present invention it is more
advantageous to describe the acrylic polymer with respect to its melt flow index (MFI), since
the MFI of a polymer takes into consideration not only its molecular weight but also its
polymer chain structure with respect to linearity, bré,nching, crosslinking, etc. The acrvlic
polymer of the present invcntibn has a MFI of at least 1.5, preferably from 1.5 to 30, more
preferably from from 1.5 to 3.8. still more preferably from 3.0 to 3.5, most preferably around
34,
It is preferred that the thcrmoplastié acrylic polymer has a T'g between 90 and 130°C,
‘more preferably between 95 and 110°C.
The thermoplastic acrylic polymer is preferably selected from poly(meth)acrylates sold

under the tradename ACRYLITE by Cyro.



3.4, ¢lt=ig preferred that the thernoplastic acrylic polymer has a Tg
between 90 and 130[err]C, nore preferably between 95 and 110[err]C. The
thernbpl astic acrylic polymer is preferably selected from

pol y(nmet h)acryl ates sold under the tradenanme ACRYLI TE by Cyro. The Filler
10 The filler of the present invention is required to have an aspect ratio
greater than | and up to 25:1. The filler provides a range of properties to
the resulting acrylic sheet, includinép but not limted to, |ight
scattering effects, color effects and physical property inprovenents,
particularly in the area of hardness of the sheet. Wen a filler is used

that has round Pehe ;amueé’nﬁa pPeseindRR6R is rre&ﬁii'édhfbfha%,@%\'ltasééct rétrb;i%r{eﬁéy }]ﬂeaénnﬂ

I'i ght scattering o of the particles I1n the sheet interferes
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havi ng an aspect ratio of, close to | could be used. The filler is used in
an anount @Eﬁf’l"& byt netdimited toglight eattecing effectsyealer effacts ansphysigel RrepertBar col

hardness. Preferably, the filler is present in an amount of 20 to 60 Ww.%
based on timproweménts,opaoailanyoin theranes of hartlpesatolif yhe shean Whenatfillef isaised thadhas o
about 55 wt.% nost preferably in an anount of from40 to 50 Wt % Wen the

filler is fuadatided @e, aDaspedhratidof slasil1y. the résultingi lizhs BaeleriR@ S1F of the particles
insufficient hardness and insufficient machinability. Wen the filler is

p 25E1, 2 Y S HE oL LA H R S DR
,f e ha"&é’é‘é‘m"i‘é e%(t:itcm.r ?:Ioi“(r)ever. in those embodiments where translucency is not desired, a filler
having an aspect ratio of close t0 1 could be used.
The filler is used m an amount.Suﬁfcient to provide the acrylic sheet w_ith‘ the requisite
Barcol hardness. Pre:ferably.' the filler is present in an amount of 20 to 60 wt.% based on the
total composition, more preferably in an amount of about 35 to about 55 wt.%, most
preferably in an amount of from 40 t0 50 wt%. When the filler is present below 20 wt%a, the
resulting acrylic sheet has iﬁsufﬂcient hardness and insufficient machinability. When the ﬁ_ller
is présent above about 60 wt%, the resulting acrylic sheet tends to become brittle and friable.
In a preferred embodiment, it is imporémt t‘_hat the filler have an aspect ratio
significantly different from | and up. to 25:1, preferably from 3:1 to 20:1, more preferably from
4110 10:1. | |
In one preferred embodiknent, a 11 mixture of two fillers, one of low aspect ratio of .
abdut 5:1 and one of high aspect ratio of about 20:1, are used. During the extrusion process,
this mixture of aspect ratios results in a final e.xtmded product with a filler havjing an average
aspect ratio of about 5:1.
| The filler of the presen‘t invention preferably has & Mohs hardness of at least 2.5, more

prcferably from 2.5 to 7, still more preferably from 4 to 5, most preferably about 4.5.



sighifiTantly different from1 and up to 25 1, preferably from3:1 to

20: 1. moge preferably from4:1 to 10;1. In one preferred enbodinment, a 1:1
m xtufe of*two fi |l ers, one of .| ow aspect ratio of about 5:1 and one of

hi gh aspect ratio of about 20:1, are used. During the extrusion process,
this mxture of aspect ratios results in a final extruded product with a
filler having an average aspect ratio gff about 5:1. The filler of the
present invention preferably has a Mohs hardness of at |least 2.5, nore
preferably from2.5 to 7, still nore preferably from4 to 5, nost
preferably about 4.5. Suitable fillers include, but are not limted to,
wol | astoni te, mSdtablediliefsanellde. dud asi hatdimitedi tohwalidstastepmicae Ca€0p gardrsilica,
preferred froma standpoint of aspect ratios available and range of colors

avai | abl e @M dliabloRl€Bbing %Hs@sﬁeferifézﬁ--aﬁzea ﬁindyotzft%fegﬁecfsahag §v£fabfe' dnheran d
t he present conposition can .be enployed to provide col or matching betwee

20 i B R R e ORGP

bet ween d| erent acry [ohi SO pr

because its refractive index is close to that t he ac pol y rs t hus
provi di ng BRIBRPSHAN €an be ;ﬁ"agem t@§rawée&p\°éma§6hms between Hié Oiww Hiller,
Preferred wol | astonites include Wll 266 (from Anerican M neral s), KCL-_ 12F
(from Nycobetween thesfiflef ind onepr mprapignidutsAand deovéenrdiffierslytdmichebof e¢r5ﬂi¢n§hean
the properties desired in the final sheet prepared, the wollastonites noted

above can Whllasteit® isidoyprefersed beodliRe M irbfeattive Mdek i96los9 totthat ofhe harghe
treatnment, such as silane surface treatnment, w th the differences in aspect
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Nyco). KCL-15F (from Nyco) and NYAD 325 (from Nyco). Depending o_n the properties |
desired in the final sheet prepared. the Q’ollastonites noted above can be used singly or in
combinations, with or without surface r.rea-tment. such as silane surface treatmeﬁt, with the
differences in aspect ratios of the products causing various changes in the physical properties
of the resulting sheets. For example, the usé of 20-25% of Woll 266 shows a significant
in_crease in ultimate tensile stress, ultim;te tensile strain, tensile toughness, ultimaté flexural

stress, ultimate flexural strain and flexural toughness of the prepared sheet compared to the

use of 40% NYAD 325.

The [mpact Modifier
~ Preferved modifiers are those having a core-shell particle structure, where the core is
- comprised of a rubbery polymeric material having a glass transition temperature (Tg) of below
-10°Cand a thermoi:l_astic second phase haﬁng_ a Tg of at least 50 °C, the.thermoplastic
second phase being distributed and attached to the surface of the rubbery core. These types of

modifiers are conventionally used in polyviny! chloride (PVC) polymer compositions.



stregs,“uktimate flexural strain and flexural toughness of the prepared
sheet caoppared to the use of 40% NY AD 325. The Inpact Mdifier Preferred
nmodi f fers &re those having a core-shell particle structure, where the core
is conprised of a rubbery polynmeric material having a glass transition
tenperature (Tg) of below -10 [err]C and a thernopl astic second phase
having a Tg of at least 50 [err]C, thejathernoplastic second phase being
distributed and attached to the surface of ‘the rubbery core. These types of
nodi fiers are conventionally used in polyvinyl chloride (PVC) polyner
conpositigns, 12 Preferred materi.als for the cqre of the, inpact nodifier
parti cl es Frefeded FsrRs i crR ot Hiedmpast Tk Pvcmdee)wpaﬂcg@aag?w%ﬁm prasent

or copol ymer of butyl acrylate, ethyl acrylate, ethylhexyl acrylate.

but adi eneinyentibmeomprisea homapelymanadr sipalymersofibiutyl aofylat®reshiyd mcntaterdthylhatyl
for the .thernoplastic shell conprises substantially poly(nethyl

met hacryl at&late ghdiphededimethyl silvxahe, iadiniikaires weéof. NPefertsd matial for the
nodi fiers having a pol y(di nethyl siloxane) core and a pol y(nethyl

et haCr Y1 g ingbllic-sh APERsko Abslairial ol hOTRREIa B IMdSE pFet Jdi©
pol yners isﬁinn W o provi e ?%rlgdgta%" l?ysjﬁos ncgang rreaslﬁr 'd%‘i/s?gﬁe&rggl@?ﬁoﬁd
break | oad tp.break and inp velocity.at failure. Toughness is reflective
of “the. ov B fiSatn e sorean BTIRE Rt 5 pSldiRay SIS o Rd S ¢ o
catastrophic failure and correllates to inpact failure. The toughness is
det er ni ne@ol(methy! meshacrdstehsheBs the integrated area under the _
stress/strain curve for the particul ar pol ynmer conposition. However, when
conventional i nPamtentionillyi thexiseofimpmaeti modifiees inl scoyliopofymmers is krosvit topprogide
result is that while the inpact resistance is inproved, one sees a dramatic
‘downshi ft jmPact resistance as measured by energy to break. load to break and impact velocity at failure.

'I‘oughnéss is reflective of the overall mechanical perfonnance of the polymer composition up
to _cata,stroph'ic' failure and correllates to impact failure. The toﬁghness is determined by the
measuret;lent of the integrated area under the stress/strain curve for the particular polymer
composition. However, whén conventional impact modiﬁefs are used in acrylic polymers, the
typical result is that while fhe impact rcsiétance is improved, one sees a dramatic downshift in

~ the deﬂectibn temperature under load (DTUL). However, the present invention provides for
the first time the use of the above noted core-shell type impact modifiers in an acrylic polymer.
The resulting acrylic polymer-has improved impact resistance, but there is little or no change in
the DTUL, even at high loadings of the impact modifiers.

Within the context of the present invention, the term “core-shell” is used to denote not
only particles where the core is completely surrounded by a shell, but also to “structured
multiphase composite” impact modifiers. The term “structured multi phase composite™ is used
to denote rubbery multi phase particles characterized in that they are comprised of a rubbery
core having a lower glass transition temperature (Tg) and a thermoplastic second phase having

a higher Tg, the thermoplastic second phase being distributed and attached to the surface of



t he defT egti on tenperature under |oad (DTUL).: However, the present
invention provides for the first time the use of the above noted core-shel
type i‘npact nodifiers in an acrylic polymer. The resulting acrylic polyner
has i nproved inpact resistance, but there is little or no change in the
DTUL, even at high | oadings of the inpact nodifiers. Wthin the context of
the present invention, the term"core-ghell" is used to denote not only
particles where the core is conpletely Surrounded by a shell, but also to
"structured multi phase conposite" inpact nodifiers. The term "structured
mul ti phase conposite” is used to denote rubbery nulti phase particles

char act er ithe tubbery beve ik BiRYforh @f A Higebhfrbudfredioh WP Hatefiaf FtRichAY i ﬂni@"’er

glass transition tenperature (Tg) and a therThopl astic second phase having a

glass tran re Fopl ast I second phase 'havin
gher T9-colfoskbSrRaRh o P B0 NIBL AR ) iR ANE- aLlagfed o

‘the surface of 13 the ru us fegion

of materi >t LU |.t.i  phase, gconposite are known havi

di scont i nm‘gé?légﬁcmﬁ %é‘ﬁgr‘f‘%& i‘ﬁ:%e‘ﬁ*%r ﬁﬁspéff&f s'ﬁl,(e OrMﬁgﬁ'fgg“'?ﬁﬁrﬁs-hFBbe", '
"peanut"-like, "acorn"-like, "raspbery"-like or any other form Core-shell -
nat eri al s MYF ﬁlﬁ??H‘égéb%%@‘@tsﬁvéfﬂlmiéﬁvhbﬁwé'é@ﬁsﬁsii ig eany pyblicatipangver the past
publications over the past ten years, for exanple, in U S. Patents

5. 270, 397,tes y&wrs, for Bxample lid, U.S8Patents 3. 2 70139 R 3B 06,17 7, df5a8dn8and SNS4ED8Y and
These references are incorporated herein by reference. The shell of the
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particles with the thernoplastic acr ymer e the core provi
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The impact modifier is present in the present acrylic sheet composition in an amount

sufficient to maximize the impact resistance and toughﬁcss of the sheet, while minimizing the
effect on the Barcol_ hafdness. Increasing the impﬁct modifier concentration results in (i), a
decrease in the Barcol hardness, tensile ﬁlodﬁlus a;xd stress at failure and, (ii), an increase in
the strai'n at failure and toughness. when com.pared to the unmodified base layer. It is
preferred that the impact modifier is present in an amount of from about 0.1 to 10 wt.% based
on the amount of the thc__moplasﬁc acfylic polymer, preferably in an amount from about 1 to
about 6 wt,%, most'prefe'rab]y in an amount of from about 2 to about 3 wt.%. When the
impact modifier is p}csent in an amount less than about 0.1 wi%, the resulting sheet has
insufficient toughness and impact resistance, even though the Barcol hardness is barely
affected. When the impact modifier is present in amounis of greater than about 10 wt% of the
composition, the acrylic sheet loses Barcol hardness, with little significant additional
improvement in toughness.

In combination with the loading amount, another important factor in selecting the

impact modifier is the particle size. It is preferred that the particle size of the impact modifier



decreésé in the Barcol hardness, tensile nodulus and stress at failure and,
(i)~ gansncrease in the strain at failure and toughness, when conpared to
the unnodi fi ed base layer. It is preferred that the inpact nodifier is
present in an anmbunt of fromabout 0.1 to 10 wt.% based on the anount of
the thernoplastic acrylic polyner, preferably in an anmount from about | to
about 6 wt.% nost preferably in an anoypt of from about 2 to about 3 wt. %
When the inpact nodifier is present in an anount | ess than about 0.1 w %
the resulting sheet has insufficient toughness and inpact resistance, even
t hough the Barcol hardness is barely affected. Wien the inpact nodifier is
present i rpatidensre iotthgrange of friome® | abd unictoh. preferablytin thecranpobétieemd. 2t 0.6
acrylic sheet |oses Barcol hardness, with little significant additional

| Mpr ovenendidedng oughness. I n conbination with the | oadi ng anount, another

I nportant factor in selecting the inpact nodifier is the particle size. It
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are in the range rom m cron. pretera e range myred

0.2 and 0.6 m crons it abl >0 rciall ai |l abl e e- l.qpact
modi fiers ﬁ°n%e?anﬁigra§a@e ﬁ?ﬁaéﬁk? h‘ f’zﬁﬁgﬂpﬁm“’f—" M{ﬁﬁﬁﬂ PBfhand
Kaneka Texas Corporation; DURASTRENGIH 200 and METABLEND S- 2001 avail abl e
from Elf AVGIARLENISSL00) Avrlahleomdi Aumhean KMELGaaHeble FoRDEtm20d Hass

avai l abl e from General Electric. Additional suitable inpact nodifiers

i ncl ude t handnBPEMDEX S80available o KhRenerdl Bdéatmic.ng t her nopl asti c ur et hane.

el astomers (TPU), such as DESMOPAN avail able from Bayer; styrene-butadiene

TPE such. as avajldditional utableimiphet\thstiifiers itlidetsmivpatiKBadeerS(DPE) 1Rcluding
thermoplastic urethane clastomers (TPU) , such as DESMOPAN available from Bayer;
styrene-butadiene TPE such as available from Shell under the trade name KRATON: styrene
polyolefin TPE such as available from Shell under the trade name KRATON G or ELEXAR.

' TPE impact modifiers may be used alone or in combination; combinations of TPE impact

modifiets with core-shell modifiers are also possible.

- Either organic or inorganic pigrﬂents or both can be used in the present invention.
Suitable pigments include, but are not limited to, inorganic pigments such as TiO,, basic
carbonate white lead. basic sulfate white lead, basic silicatex white lead, dibasic lead phosphite.
leaded zinc oxide, antimony 6xide. or zinc sﬁlﬂde. and organic pigments such as
benzimidazolones, phthalocyanines, quinacridones, dioxazines, isoindolinones, disazos,
pyrazalones. diarylides and dianisidiﬁes, with the inorganic pigmenté being preferred and TiO,
being most preferred.

The thermoplastic acrylic sheet of the present i'nvention can be either translucent or

opaque. When the acrylic sheet is translucent it is preferably either combined with a suitable



pol yoi efin TPE such as available from Shell under the trade name KRATON G
or ELEXAR TPE inpact nodifiers may be used al one or in conbination:

conbi nati ofts of TPE inpact nodifiers with core-shell nodifiers are also
possi bl e. The Pignent Either organic or inorganic pignents or both can be
used in the present invention. Suitable pignments include, but are not
limted to, inorganic pignments such as ﬂgCIerr] basi ¢ carbonate white | ead,
basic sulfate white | ead, basic silicate€ white | ead, dibasic |ead
phosphite. | eaded zinc oxide, antinony oxide, or zinc sulfide, and organic
pi gnents such as benzi m dazgl ones, phthal gcyanihes, quinacri dones, . .

i oxazi neSPaRusFaRdaYs s descibad Beisysdr Ip 4B CORbation g'm A RRaagR adhesive in

di ani sidines, with the inorganic pignents being preferred and TiJ err]

bei ng nosworgerad donddhe Fdrglic theentopha surfase 8¢ by kovereh eHithobdpaque adhesendr opaque
I nvention can be either translucent or opaque. Wien the acrylic sheet is

transl ucewhp ldvet srePictiussR M iy ikpdbaikt 16 BEBirefllto\bvoid andiehicaltrg of tAS sOBRQUS
cap |ayer as described below or is used in conbination with an opaque

adhesi Ve 18 <Al dud (b eRsbsbAOARE WntfeeBGLN b GIBMLTAGRC Relle WRKELEGH

If the op esl ve or opaque cap layer~are not use 'S 1Tnmporta
be careful,to avoid.uneven cqloying of the surfage to be .covered due fo
exposure 3I°TEH °§W¥'a§?fef Fﬁ"bﬁ%g? ﬂ&"(’“Fa&l"éﬁ\?&E‘H odimenh the RIgMERt 1S\RAESENt AR
al one the acrylic _sheet can also be opaque. |n that enbodi ment, the pignent
i s presen@moyngsuffigsnito blogk 0% of light transmission ghrpugh theqgerylic hieetathysirendering
t hrough the acrylic sheet, thus rendering the sheet effectively opaque. It
I s nost ptied sheeeeffédnvelytopaquecr yl i ¢ sheet be translucent. The translucency
and -opacity )
It is most preferred that the acrylic sheet be translucent. The translucency and opacity
can be determined readily by those of skill in the art in accordance with the procedures set
forth in U.S. Patent 4,085,246 for measurement of optical density, the relevant portions of

which are hereby incorporated by reference.

Additives

Additional additives indude. but are not limited to, a fire retardant agent such as a fire
retardant polymer (e.g. polyvinyl chloride, polyvinylidene chloride), a fire retardant monomer
(e.g. bis-(b-chloroethyl) vinylphosphate) and an inorganic chemical such as zinc phosphate; a _
processing aid; a stabilizer; an antioxi.dant; an antimicrobial; a release agent; 4 dye; and 2
particulate matenal for decorative effect.

Suitable such additives are commercially available; they include, but are not limited 1o,
fire retardants under the trade names ANTIBLAZE, available from ;A.lbright Wilson; FR fire
retardants available from _Ameri:rom: Antimony Trioxide under the trade names AZ 12, AZ
14, AZ 15 and TruTint, available from Anzon America; SAYTEX flame retardants available

from Ethyl Corporation; PYRO-CHEK flame retardants, available from Ferro; SAN-70/30,



can”be fetiernmined readily by those of skill in the art in accordance with
the procedures set forth in U S Patent 4,085,246 for neasurenent of
optlcdl deffsity, ‘the relevant portions of which are hereby incorporated by
reference. Additives Additional additives include, but are not limted to,
a fire retardant agent such as a fire retardant polynmer (e.g. polyvinyl

chl oride, polyvinylidene chloride), a f{fe retardant nononer (e.g.

bi s- (b-chl oroet hyl ) vinyl phosphate) and an inorgani c chem cal such as zinc
phosphate; a processing aid; a stabilizer, an antioxidant; an
antimcrobial; a release agent; a dye; and a particulate material for
decor at i vEVRAREQ, THERMOGUARN 2 #2ld MHERM OGEARDNIEY, AHERMOGHARIDRES. t hey
include, but are not |limted to, fire retardants under the trade nanes

ANTI BLAZETrRRMGEGUARTD 940 Alvallaib frody M2ON ChERidals! mﬁw@@mmmw*dmng
from Anmer brom Anti rmny Trioxi de under the trade names AZ 12, AZ 14

chl ;r;lt;;ne@# rom @?F@#ﬁ %br por aﬁ?’é@ %Wemgma\% abI e
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ANTI MONY OXI DE H. FYREBLOC ANTI MONY OXI DE L. FYREBLOC ANTI MONY OXI DE M—|
FYREBLOC setardaptssindgy thiel tiasleaames vy 1§ CEBnA RBHE A\ [558 0APS0,0APE hHS, AN CEXi de
flanme retardants under the trade names A1510LP, Al 530, A 1550, AP50,
APE1545, AR¥E2pA-SHODY N2¥, KBS0, WDP494ADRVEHRbIe Afdnd Bifacal Peabdudes.€ from Nyacol

Products. Suitable particulate materials include, but are not limted to,
those commer ci adithbie particulate materials include, but are not limited to, those commercially

avéilable; .-includingbut not limited to translucent and transparent particles which are natural or
synthetic minerals or mateﬁ_als such as agate, alabaster. albite, calcite, chalcedone, chert.
feldspar, flint quartz, glass, malachite, rharblé, mica, obsidian, opal, rock gypsum, sand. silica,
travertine, and moderately filled or. unfilled, pigmented or dyed, insoluble or crosslinked chips
of polymers, such as ABS resins cellulose esters, cellulose ethers, epoxy resins, .polyethylenc.
melamine resins, phenolic resins, polyacétals, polyacrylics, polydienes, polyesters,
polystyrenes, urea/formaldehyde resins, polyureas, polyurethanes, polyvinyl chloride and the
like.

Suitable processing aids include, bqt are not limited to, those under the trade names
LUBRICIN, PARACIN CALCIUM RIC[NOLEA.‘l;'E, avaiiable ifrom Caschem: METABLEN
P series, available from M&T Chemicals; ACRYLOID K series, such as K-120N, K-120N-D,
K-125, K~147, K-147, K175, KM-318F, KM-323B, KM-330, KM-334, KM-608A. KM-611,
KM-641, KM-653, KF-710, as well as those under the trade name PARALOID BTA series,
available from Rohm and Haas.

Suitable stabilizers include, but are not limited to, ultraviolet (UV) stabilizers such as

those commercially available, hindered amine or benzophenone classes, under the trade name



availsabfes including but not limted to translucent and transparent
particl es, which are natural or synthetic mnerals or materials such as
agate, al alaster. albite, calcite, chal cedone, chert. feldspar, flint
quartz, glass, malachite, marble, mca, obsidian, opal, rock gypsum sand,
silica, travertine, and noderately filled or unfilled, pignented or dyed,

I nsol ubl e or crosslinked chips of polyngfs, such as ABS resins cellul ose
esters, cellul ose ethers, epoxy resins, polyethylene, nelamne resins,
phenolic resins, polyacetals, polyacrylics, polydienes, polyesters,

pol ystyrenes, urealfornal dehyde resins, polyureas, polyurethanes, polyvinyl
chloride and the like. Suitable processing aids include, -but are not

limted toCYIASORBUDYEerikd GvhilaMEEf S MfediddRiE yahbinid?ARAGEYilRkCIrddM: the trade
Rl Cl NOLEATE, -avaiiable from Caschem METABLEN P series, available from M&T
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| m ted to ultraviolet (U}g3 stabilizers such as those comrercially

avai | abl e, ayaablerfeem Amgpe Chemigahzophenone cl asses, under the trade nane

17 CYASORB UV series, available from Anmeri can Cyanam d; heat stabilizers

under the trade Suitable @vifickbbialks (barseridideatfungicides) inahydel butthrphosiinatd tr | ead
pht hal ate salts, available from Anmeri can Cyanam d: those under the trade

available from Interstab Chemical; THOR PMDDS, PMA 100 or THORCAT PMA6/DPG
antimicrobial agents from Thor Chemicals; and. VANCIDE bactericide/fungicides from R. T.
~ Vanderbilt.

Suitable antioxidants include, but are not limited to, those under the trade name
CYANOX sedes available from Amarican Cyanamid; HOSTANOX series available from
American Hoechst; ULTRANOX series available from Borg-Wamer; IRGANOX series
available from Ciba-Geigy:; all of thch al;e hindered phenols.

Suitable lrelease agents include include, but are not limited to, those under the trade
name MOLD WIZ series availablé from Axel Plastics: CENTROPHIL. available from Central
Soya; MOLG@. PLASTILEASE, BULK SILICONE, available from RAM: the above are
inorganic wax of silicone compositions.

Suitable dyes include, but are not liﬁted to. azo dyes, diazo dy'eg pyrazolone dy;:s.
quinoline dyes, quinophthalone dyes. anthraquinone dyes and nigrosine dyes. '

The thermoplastic acrylic sheet of the present invention may also contain, if desired.

filled crystalline thermoplastic resin chips such as those described in U.S. Patent 5.457,152.

the relevant portions of which are hereby incorporated by reference.



M CRG: CHEK anti mi crobi al agents, available from Ferro; |NTERC DE

anti m‘_r_crgpi_al agents, available fromlInterstab Chem cal; THOR PMDDS, PNA
100 or THORCAT PMA6/ DPG antim crobi al agents from Thor Chemicals; and

VANCI DE bactericide/fungicides fromR T. Vanderbilt. Suitable antioxidants
i nclude, but are not |limted to, those under the trade name CYANOX series
avai l abl e from Amari can Cyanam d; HOSTAMOX series available from Aneri can
Hoechst; ULTRANOX series avail abl e from Borg-Warner; | RGANOX series

avai l able from C ba-Geigy; all of which are hindered phenols. Suitable

rel ease agents include include, but argEoL L ted to, those under the
trade nane MOLD W Z series avail abl ONTARX stics: CENTROPHI L,

avail abl e from Central Soya; MOLGARD. PLASTILEASE, BULK SI LI CONE, avail able
from RAM the abbe@refewed apbadiment these is pravidedovlaminasteRsprsinga translucens layer
dyes include, but are not limted to. azo dyes, diazo dyes, pyrazol one
dyes. qui naid areopagee Jayeni Thp htansllicene laygest therenbodooem ineomiyeed afitheabgivesi ne
dyes. The thernoplastic acrylic sheet of the present invention may al so

contain, idesdfibed ﬂﬁm%ﬁlhktﬁﬁa&fl%@éﬂ doﬂ?otsfrﬁeﬁ.nwmuamd relatio8 thiclefek PSE thesd o
t hose described in U S. Patent 5.457,152. the relevant portions of which

are hereby;| r _ ' r af
embod mon Y RERER BE Vel Ren FaehE Raliuccnt Bieiis hcler e Spadit o, fethich
an opaque | ayer. The translucent |ayer of this enbodinment is conprised of
the above Hedhe sHEiFkIeR (O 43¢ PR2ANE fayﬁ & t@lﬁ@ﬂ%ﬁ%ﬁé@ﬂng I8¥T | 1t if Peeferred
rel ative thickness of these two

from an economic standpoint that the opaque layer be thinner than the translucent layer, since

in the most preferred embodiment, the opaque layer is bonded to the surface of a substrate and
is not visible during usé. In this preferred erﬁbodimem. the translucent layer is termed the
“base layer” while.the opaque layer is termed the “cap.layer”, following conventional co-
extrusion terminology. However, the use of these terms in the description of the preserﬁ :
invention sﬁould not be-construed to connot#l ‘a particular method for making the present
laminate, nor shou!d.this terminology be cdnstrued to connote relative thicknesses to the
respective Jayers. The remaining description will describe the opaque layer as the “cap layer”
and the translucent laver as the “base layer”. The cap layer comprises a thennop!astic resin
having dispersed therein a filler in an amount of from § to 25 wt.% based on the total
composition of the cap layer, a pigment in an amount sufficient to render the cap layer opaque
as determined by optical density noted above, a glass fiber and optionally one or more
cohventional additives.

The bése layer and cap layer can be joined by a variety of methods, such as by heating
the layers in contact with one another uhder pressure, by use of an appropriate adhesive or by
coextrusion of the base and_ cap. When the E.oextrusion method is used the base and cap

should be compatibie or miscible with one another so that a strong interfacial adhesion



| ayess scan be varied such that the translucent layer is thicker than the
opaque layer, the layers are the sane thickness, or the opaque |ayer is

t hi cker ‘thhan the translucent layer. It is preferred froman econonic
standpoi nt that the opaque |ayer be thinner than the translucent |ayer,
since in the nost preferred enbodi nent, the opaque |ayer is bonded to the
surface of a substrate and is not visifge during use. In this preferred
enbodi ment, the translucent layer is ternmed the "base |ayer' while the
opaque |l ayer is terned the "cap layer"”, follow ng conventional co-
extrusion term nol ogy. However, the use of these terns in the description
of the prbemveenithey by lagersshprovidled ovithont sdditional use efancasihasivetie layar. (Thederm
met hod for making the present |am nate, nor should this term nol ogy be
const r ued“t¢smpabietie us&d widevotet guodkinesiacial 2dhesirebetespr thei coastitigntr mlyriérs,
remai ni ng description will describe the opaque |ayer as the "cap |layer" and

the translyogifie {a%Omiddbilitye is (a8 %0 HRNGE singlhshaS@Beatioe! TRABREThESTe ell
t hernopl astic resin having di spersed thereirn a filler in an anount of from

an amount KEAMPIGTENE KIS it e An A RER SR P A FRER: JRiFhec AofingfET 11

optical density noted above, a glass fiber_and optionally one or nore
convent i oMiscibiiey”s by Qiabistisbaly Asademi Pressn¥ Ye 4879 ayer can” be joined by a
vari ety of nmethods, such as by heating the layers in contact with one

anot her under [HRrefesably thdblaminate isffoamedippa emﬁédemdu pbaseflove commontyesefertasi on
of the base and cap. When the coextrusion nethod is used the base and cap

shoul d be & qBRtddAferdrotissing Mdastt b cokBusion! iaiccardatdeakitintift prestat invention
interfacia adheﬂsi on 19 b%t vveeﬂ#’t he two |layers is provided w thout

Sy A A i S B AT TR B adhebed
Accordingly, the base layer comprises" a coga&truc{ed t}iennopiastic acrylic polymer having
dispersed theréin a mineral filler and an impact modifier, and optionally a pigment and/or one
or more convemional-additives; the cap layer comprises a coextruded thermoplastic resin
having dispersed therein a filler, a pigmént and glass fibers.

In the present invéntion the laminate is preferably formed by a co-extrusion process.
Thus, the ingredients for the base layer and the cap layer are compounded in an extruder as
described a};ove for the extruded thermoplastic acrylic sheet to form a pelletized masterbatch
for the base layer and one for the ca.p layer, Thc corﬁpositions for the two layers are
subsequently extruded through separate extruders, where the temperature of each extruder is
adjusted to attain similar melt flow viscosities. The laminate is preferably produced using a
standard flow divider and sheet die.

A preferred thickness of the laminate in accordance with the preseni invention is
between 10 and 70 mil, more preferably between 25 and 60 mil.

In the laminate of the present invention, it is important to be careful with the selection

of the base layer and the cap layer, especially with respect to their thermal coefficients of



while the; term"miscibility" is used to denote single-phase behavior. These
terns are well known to those skilled in the art and are the subject of the
treatfse: *Pol ymer-Polymer Mscibility", by Oabisi et al. Academic Press,
NY, 1979. Preferably, the lamnate is formed by a stratified nmulti phase
flow cormonly referred to in the polyner processing industry as
coextrusion. In accordance with the prggent invention a conventional
flat-sheet formng die is provided in which the different |ayers are
assenbl ed. Accordingly, the base |ayer conprises a coextruded thernopl astic
acrylic polyner having dispersed therein a mneral filler and an i npact

nodi fier, and optiqpally,a pignent. and/or one Qqr re conventional .

addi ti ves; e’f??é“@’&po‘f}&&é‘%’/b%(5%)@??&}‘%‘%3@{& &ﬁ%ﬁ CPE@FWBWO SEpansiarsthat difer g
di spersed therein a filler, a pignment and glass fibers. In the present

i nventi on filom paerkmether bysngmerestham R§% mare grafcrably by nexneigshen | §reo derder to
Thus, the ingredients for the base |ayer and the cap | ayer are conpounded
in an extr adeid diferdeddrexpadionbufithe fagerstuindercthemuall sttessh Sunb diffesential axparision
sheet to forma pelletized nasterbatch for the base | ayer and one for the
cap layer. cJiid @05PEHlihg @RS rtisting GFXhé nihRE Predurt GusStdhinramiad Biresses sbhditrd

t hrough separate extruders, where the tenperature of each extruder is

adj ust ed t?he?%i ain simlar melt flow viscosities. The lanminate is
preferablyp uced using a standard flow divider and sheet die. A
preferred thickness of the lamnate in accordance with the present

invention is between 10 and 70 m |, nore preferably between 25 and 60 m .
In the | ani nate of the present invention, it is inportant to be careful
with the sel ectimnThe Baselayer | ayer and the cap | ayer, especially wth
respect to their thermal coefficients -of 20 :

The base layer of the laminate of the present invention comprises the above described

thermoplastic acrylic polymer sheet.

b,_The Cap Layer
The cap layer is comprised of a thermoplastic resin having dispersed therein a filler.

pigment and glass fibers.

he ther lastic resi

The thérmoplastic tesin, in accordance with the present invention is preferably

compatible or miscible with the acryiic thermoplastic polymer of the base iayer. Suitable such
- thermoplastic resins include, but are not limited to, thermoplastic acrylic polymer,

acrylonitrile-butadiene-styrene copolymer (ABS), poly(vinyl chloride) (PVC), acrylonitrile-
styrene-acrylate (ASA). styreﬁe—gcrylonitrile (SAN) and poiycarbonate (PC). Examples of
suitable thermoplastic resins, commercially available include. but are not limited to,
ACkYLIT’E polymers (from Cyro) and CYCOLAC polymers (from GE). Further, the

thermoplastic acrylic polymer of the cap lzajer may be the same or different than the



expansi bh. Preferably, the layers should have thermal coefficients of
expansiop that differ fromone another by no nore than 25% nore preferably
by no‘nore*than 10% in order to avoid differential expansion of the |ayers
under thermal stress. Such differential expansion could cause curling and
twi sting of the | am nate product due to internal stresses generated '
therein. a. The Base Layer The base Iagqr of the am nate of the present

i nvention conprises the above descri bed thernoplastic acrylic pol yner
sheet. b. The Cap Layer The cap |layer is conprised of a thernoplastic resin

having di spgraggdiashiehsyfic go(fyinle# lethei%a&j A& s l?dr'lgjaélh@%ﬁsd?ﬁiﬁ@rq?-cr?qbﬁtibiﬁty

t hernopl astic resin Thé thefnoplastic resin, accordance w t e present
i nvention | ef er ak conpatible or mscible with the acrylic

t her nopl ashsqcu?%o e)‘/‘grg:%éo(tf t he base layer. Suitable such thernoplastic resins
I nclude, but are not limted to. thernoplastic acrylic polynmner,

acrylonitril e-butadi ene-styrene copol yner (ABS), poly(vinyl chloride)

(PVC), acrylonitrile- styrene-acrylate (ASA). styrene-acrylonitrile (SA

and pol ycar bonatEhg filldr Exanpl es of suitable thernoplastic resins, '
commercially available include, but are not limted to, ACRYLITE pol yners

(from Cyro) and ThéGdefrereddlilersfos tef dapRyelin adcoFdalies with e pressntdileation Gre

acrylic polyner of the cap |ayer may be-the - sanme or different than the

21 t her mopLastig s Wdse dReLUBEbb&Ve P heDASEIaYEY The Bler 18 BFesB: ih e cap layer in
mscibility -or conpatibility |
~ an amount of up to 25 wt%, based. on the total composition of the cap layer. However, it is
not necessary to employ the same filler in the base and the éap layers. In the cap layer,
wollastonite is also the preferred filler. The use of wollastonite provides a stiffer cap layer.

Optionally. the cap layer can be used without the presé_nce of a filler, although the filler ié

preferred in an amount of from 5 to 25 wt%.

he jgment
Preferred pigments are those described for the base layer. However, the preferred
amount of pigfnent for tbe cap layer is an amount sufficient to impart opacity to the cap layer.
The term “opacity” was described above. For example, when TiO, is used as the pigment, a
pigment level of 5% is sufficient to render the cap layer opaque. The actual pigment level
however can vary depending on the pigment chosen and is readily determined by one of

ordinary skill in the art.

h fil
Any glass fibers may be employed in accordance with the present invention. Preferred

glass fibers include milled. silane treated or otherwise sized glass fibers having a length of up



requirément is met. The filler The preferred fillers for the cap layer in
accqrdapgce with the present invention are selected fromthose discussed .
above for *the base layer. The filler is present in the cap layer in an
amount of up to 25 wm % based on the total conposition of the cap |ayer.
However, it is not necessary to enploy the sane filler in the base and the
cap layers. In the cap layer, woll asto?jf;te Is also the preferred filler.
The use of wollastonite provides a stiffer cap layer, Optionally, the cap
| ayer can be used w thout the ppresenc f.afiller,_althoygh ,the filler is
pr ef er r ed'q K8anPrafRsably °g\‘ l?WhBé“EEP ygs\?\'/t %‘t#’hﬁaglﬁ?s %ﬁcaﬁ'}%@ﬁ'ﬁ PHOHEM s
are those described for the base | ayer. However, the preferred anount of
pi gment  f typetdfeooapercialle availablerglanydibar. suelt 4s Bypsrk. TypeiSand: Tyrsfaglasy fiberst he
cap layer. The term "opacity" was descri bed above. For exanple, when
Tigerr] is used as the pignent, a pignent |evel of 5%is sufficient to
render the cap | ayer opaque. The actual pignment | evel however can vary
dependi ngQ ) ' «chosen and is readily determ ned by one of

ordi nary SK . The glass fibers Any glass fibers may be

enpl oyed in accprdapnce with the present i.nventian. Preferred ss_fihers

i ncl ude mill ed,‘?%ﬁ"ﬁ ﬁ&b?‘{ﬁe%ﬁféfgbe&r‘i‘mf’e“ﬁﬁ‘gé“ﬁ’%g* b|‘@%§a&ﬂra%%rr°gjt eRfeNEta
length of up . 22 to 1/8", preferably of a length of up to 1/16". Suitable
gl ass fi bénventiomcapcensainiather cgsmgtoahgﬂddyp@s a1d processing; ads, WC&%HE BInotgl ass
fiber, such as Type E[err] Type S and Type C glass fibers.

: limited to, a fire retardant agent such as a fire retardant polymer (e.g. polyvinyl chloride,

polyvinylidene chloride), a fire retardant monomer (.e.g.' bis-(b-chloroethyl) vinylphosphate)
* and an inorganic chemical such as zinc phosphate; a processing aid; a stabilizer; an antioxidant:
an antimicrobial; an impact moéiiﬂer; a release agent: a dye; and a particulate material for

-decorative effect.

When the thermoplastic acrylic sheet or lanﬁnate of the present invention is being
bonded to a substrate to be covered, it is preferred that the surface area of the sheet or
laminate be incr_eased by Iroughening in order to improve the adhesion b_etﬁzeen the sheet or
laminate and the substf%.te. This roughening can be performed in a number of different ways.
with sanding and embossing being preferred. When the roughening is performed by
embossing, the sheet or laminate is preferably embossed at approximately the same time as it is
being extruded, provided that there is sufficient lapse of time 'bet\ﬁeen the extrusion die and
the gmboésing rolls'to allow the sheet or laminate fo cool sufficiently to retain the embossing
pattern. However, it is also possible to emboss the sheet or laminate merely by reﬁcating the
product and passing it through an embossing roll at a temperature sufficient to impart and

retain the embossing pattern. The determination of the appropriate parameters for embossing



Conventfonmal Additives As in the above described thernoplastic acrylic
sheet, the cap |ayer of the present invention can contain other

conventional additives and processing aids, including but not limted to, a
fire retardant agent such as a fire retardant polyner (e.g. polyvinyl

chl oride, polyvinylidene chloride), a fire retardant nononer (e.g.

bi s- (b-chl oroethyl) vinyl phosphate) andcgs:an inorgani c chem cal such as zinc
phosphat e; a processing aid; a stabilizer; an antioxidant: an
antimcrobial; an inpact nodifier; a release agent; a dye; and a
particulate material for decorative effect. Wen the thernoplastic acrylic
sheet or lam nate of the present invention is being bonded to a substrate
to be covered, it is preferred that the surface area of the sheet or

| am nat e be increased by roughening in order to inprove the adhesion

bet ween the sheet or .lami nate.and the substrate. Thi .roughenin can be

per for med SYELSHEESa 1ashingtet.rcifMEn duuripg, the exirhioR apFaRling RiOkEsH 88 ERFigMBei ng
preferred. Wen the roughening is performed by enbossing, the sheet or

| ami nat e i forpraéibacfithe sheatsand dxmimatespig ekl withie the pundewatgheseraf aadinaty skdll in
bei ng extruded, provided that there is sufficient |apse of tinme between the
extrusi on diecaranBrdféreedsubensien inchualel woddbakd produbi, sivhas partidleboard! fbdrboard
cool sufficiently to retain the enbossing pattern. However, it is also

possi bl e t gr pRARIDY; bHI9nhe Matériald, 3TEN S BefRdRisdortierhIpRAtitsIdnd hfetas oduct
and passing I{ through an enbossing roll at a tenperature sufficient to
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ei ther during the extrusion and caooling process, or after the formation, of
the sheet st%aulpsmt%apwnmtlmhadﬁfi Rean Es-_ufﬁdp ¥ langss theyoare suitable forrhirding

skill in :
the polymer of the.cap layer to the type of substrate chosen. A most preferred adhesive for

b,

bonding an acrylfc cap layer to a particle board substrate is an ethylene-vinyl acetate (EVA)
water based emulsion_s. For _éxamp_le. Lokweld 3000 (LW3000) adhesive made by Wilsonart
Internarional is an EVA based product suitable for this application. To achieve substrate
failure type bond strength, the EVA emulsions should be modified with one or more water
dispersible urethane additives such as Dispercoll _U54.' and Desmodur DA. 'fhese mateqials are
produced by Bayer Corporation and are used at levels equivalent to 2%wt. and 0.1%wt.of
LW3000. Adhesion can be further improved by the addition of sclame minor amo;xnts of one or
more high boiling. non-VOC solvents such as methyl propyl ketone at 5% by vu.reight of that of
LW3000. Other EVA water based emulsions, water dispersible urethane additives and
solvents can be used; although they al;e not as etfective as the above noted com'pination. The
EVA water based emuision, water dispersible urethane additive and high-boiling non-VOC
solvent can be mixed in any order using conventional procedures. The édhesives can be
sprayed onto the substrate or roll_ coated with a glue spreader. Strong bonds can be obtained

by either pinch rolling or cold pressing the assembly.



the art. Preferred substrates include wood based products, such as particle
board, fiberboard or plywood; polyneric materials, such as thernosets or

t hernbpl astics, and netals. Wen binding the thernoplastic acrylic sheet or
the I am nate of the present invention to a substrate, any conventi onal
adhesi ves can be used, so long as they are suitable for binding the polyner
of the cap layer to the type of substrage chosen. A nost preferred adhesive
for bonding an acrylic cap layer to a particle board substrate is an

et hyl ene-vinyl acetate (EVA) water based enul sions. For exanple, Lokweld
3000 (LWB0O0O) adhesive nade by W lsonart International is an EVA based
product sui t abliaving generallysdssiribedithis Anvention a fnrghes uadersiapding cpn be QPI@!QW
bond strength, the EVA emul sions should be nodified with one or nore water
di sper si brefetsnet baoaran shecificesaspias valsciDasprovided hesdih fanthePespastiof ilstration
These materials are produced by Bayer Corporation and are used at |evels
equi val entynyoard4Me nodiitcended W'be limlting RIS otHantispecifa be further inproved
by the addition of some mnor anpunts of one or nore high boiling. non-VCC
sol vents such as nethyl propyl ketone at 5% by wei ght of that. of LWB00O.

O her EVA water based emul sions, water dispersible urethane additives and
sol vents can be used, although they are not as effective as the above noted
conbi nati on. The EVA water based enul sion, water dispersible urethane

addi tive and hi gh-boiling-non-VOC sol vent can be m xed in any order using
conventional procedures. The adhesi veEXAMBIES prayed onto the substrate or
roll coated with a glue spreader St rong bonds can be obtalned by ei t her
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descri bed thIS |nvent|on a further understandlng can be obt ai ned by

reference to CeAftﬁéer@lr}éﬁé bei§l S HRAP I cBRiafbe BILR Y SRACAPHVERISH wa Prephtid by

pur pose of i I | ustrat

extrusion using a Berstorff ZE25, fully intermeshing, co-rotating, twin screw extruder. The
extruder had a L/D of 33. The die gap was set manually to produce sheets with a thickness of
ca. 45 mil. Volumetric feeders were used to meter the acryiio pellets (Acrylite S10, 'from |
Cyro) and 5% impact modifier (Metablend S$2001, from EIf Aiochcm) at the feed throat and
starve feed 40 w1% of wollastonite -('Nyad 325, from Nyco Industries) to the twin screw side
stuffer. These feeders were calibrated rbanually prior to the trial. The melt was devolitilized
in vacuo prior to the die. The take-off equipment was a simple three roll stack. with the roll
temperatures maintained at approximately 110°C.. The processing temperatures for all the
heating zones were set at 250°C. Measurements indicated that the meit temperature was
probably in the range of 260-270"’C, at the upper limits of_ the recommended processing
window for acrylic extrusion.

The resulting acrylic sheet had a Barcol hardness of 50 and a deflection temperature
under foad (DTUL) at 264 psi of 97°C. The tensile properties as measured in accordance
with ASTM D638 shov;ved a Stress at failure of 6000 psi, a Strain at failure of 1.4%., a

modulus of 0.84 msi and a Toughness of 55 psi. The .Impact Velocity at failure was 4.0 ft/sec,



only.and are not intended to be limting unless otherw se specified.
EXAMPLE 1; PREPARATI ON OF THE THERMOPLASTI C ACRYLI C SHEET: A thernopl astic
acrylic shéet in accordance with the present invention was prepared by
extrusion using a Berstorff ZE25, fully intermeshing, co-rotating, twn
screw extruder. The extruder had a.L/D of 33. The die gap was set manually
to produce sheets with a thickness of . 45 ml. Volunetric feeders were
used to neter the acrylic pellets (Acrylite S10, from Cyro) and 5% i npact
nodi fier (Metabl end S2001, fromElf Atochen) at the feed throat and starve
feed 40 wt % of wollastonite (Nyad 325, from Nyco Industries) to the twin
screw side stuffer. These feeders were calibrated manually prior to the
trial. Theuteh lodts dEPlbL braef oF?SUEQUQmBrah(Ene gy doirie erfalbErabRlP 19 4.
equi pnent was a sinple three roll stac t enper at ures
mai nt ai neqd,, at approxi mately 110[err] C. The processing tenperatures for al

t he heatiﬂ% zones were set at 25[err] C. Measurenents indicated that the
melt tenperature was probably in the range of 260-270[err]C, at the upper
limts of the recomrended processing wi ndow for acrylic extrusion. The
resulting acrylic sheet had a Barcol hardness of 50 and a deerctlon

t enper at urRAL ARATION O AMIN A ; . O

properties as neasured in accordance W th ASTM D638 showed a Stress at
failure of 6000SPURFAGING VENEER OR$ ANIE KNEQS a nodul us of 0.84 msi and
a Toughness of 55 psi. The |npact VeIOC|ty at failure was 4.0 ft/sec, 25
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COVPAR Sggrcrpoertsxes oPthe solid surfacing laminate of the present invention (SSL) and a conventional

J

solid surfacing veneer (SSV).

The laminated base and cap layer struciurc (SSL) was produced via a co-extrusion
process dtilizing the sheet line available at Battenfeld-Gloucester Engineering in Gloucester,
MA. The base layer was produced from compounded pellets composed of PMMA (Cyro
Acrylite S 1.0; 50%wt.), wollastonite (Nyco Nyad 325, 40% wt.) and, Metablend S2001 (Elf
Atochem, 10% wt.). The cap layer was produced from PMMA (Cyro Acrylite $10) and 2
wt% of Tibz. Single screw e:étruders were used to convert the precompounded peliets into
the laminate sheet (SSL) via a feed block designed specifically for co-extrusion. As a result of
the additional mixing steps iavolved in this process, direct comparisons between the
mechanical perfodnance of the.thennoplastic acrylic sheet base layer of Examp;le 1 and the
laminate SSL sheets of Example 2 must be made with caution.

Sample 3 .was prepared by sanding a conventional solid surfacing veneer (SSV)
product down to a thickness of 45 mil, the same thickness as the SSL. structure. Conventional
SSV differs from the layers of the present laminate in that the SSV is prepared by casting of

cross-linked PMMA containing high loadings of alumina trihydrate as the filler. Sample 4 is



SURFACIENG VENEER OF SAME THI CKNESS The data summarized in Table | provide a
conpari gon of the physical and mechanical properties of the solid surfacing
| am nate of the present invention (SSL) and a conventional solid surfacing
veneer (SSV). The | am nated base and cap | ayer structure (SSL) was produced
via a co-extrusion process utilizing the sheet |ine avail able at

Battenfel d- G oucester Engineering in Ggucester, MA. The base |ayer was
produced from conpounded pellets conposed of PMVA (Cyro Acrylite S10,

50% .), wollastonite (Nyco Nyad 325, 40% wt.) and, Metablend S2001 (Elf

At ochem 10% wt.). The cap | ayer was produced from PMVA (Cyro Acrylite S
10) and 2 wt% of TiJerr]. Single screw extr wer e 0.cqQnvert the
pr econpouHEeS Y Erod4 pript & §af"|’é"156ﬁh“ﬁé"f’@“?ﬁ% Y ?("Sgtl)le 0 Iggg?&eé‘ﬂﬂb* ess.
designed specifically for co-extrusion. As a result of the additional

m xi ng st Fhe SSWptodadt is rotrimescipliypawilahle dind was madefer Wilsomarbby Asstech.he
mechani cal performance of the thernoplastic acrylic sheet base | ayer of

Exanpl e | and time dramafieinereasb insthe edril@indAadiipd] @oughiness obzervad Giesarhpb 3
caution. Sanple 3 was prepared by sanding a conventional solid surfacing

veneer ( 5%& Ssragu %&gﬂ&%mﬁ%@eskﬂt%ﬁ@b‘%ﬁgsgﬁ t80.045" ﬁnér@&eé WEAGWIGE G Re aS

the SSL stru venti onal SSV ers fromthe layers of thé present

I t d t
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26 the SSV product prior to sandin its commercially avail able Q.125"
(125 ni|) ve-hiDithansthe conunesciall qomyleghe S5V cEhnaaveredrop "amacamsz@taaﬁe indicatedhde

for Wlsonart by Aristech. The dramatic increase in the tensile and
fl exural bypulhdeseaselis ballimpacn (67avsP35®) was, however, inconsistent with this conclusion.

Prelirhinary Dymnatup experiments indicated that the energy required for initial surface crack in
sample 3 was 1.3 ft-Ib at a load of 544 Ib with a velocity of 5.5 ft/sec. These values were
more in line with -those observed for the SSL product of the present invention (1.6 ft-Ib, 645
1b, 5.0 ft/sec) suggesting that the these two materials had similar impact properties.

. The increase in tensile and flexural performance of SSL when compared to the solid
surfacing base layer suggests that the presence of the cap layer enhanced the overall
mechanical performance of the resulting sheet. Although the present inventors do not want to
be bound by any theory on the mechanism of action, it is believed that the rationale for the
observation may be a consequence of better mixing as well as a decrease in the overall weight
fraction of filler in the laminated sheet. However, the combination of these factors produced a
solid surfacing laminate sheet with superior physical and mechanical performance when
compared to the sanded SSV (sample 3). This conclusion is based on the 2-fold incfease in
the tensile and flexural toughness observed in sample 2 and the increase in the tensile and
fle)-mral strain at failure. The improved handleability of SSL can be directly attributed to these

qualities.



conpar&d to sanple 4 indicates that sanding SSV to 0.045" increased the

flexibilLity of the sheet and produced a nore ductile nmateri al
significarttly softer (Barco
avai |l abl e SSV. The severe drop in inpact
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28 Obviousty, additional nodifications and variations of the present
inventjorm are possible in light of the above teachings. It is therefore to
be understood that within the scope of the appended clains, the invention
may be practiced otherwi se than as specifically described herein. 29
WHAT | S CLAI MED AS NEW AND DESI RED TO BE SECURED BY LETTERS PATENT OF THE
UNI TED STATES IS: 1. A thernoplastic aggylic sheet, conprising: a

t hermopl astic acrylic polyner having dispersed therein: a filler in an
anount sufficient to provide the sheet with a Barcol hardness of at |east
40; and an inpact nodifier; wherein said thernoplastic acrylic polyner has
a nelt flow i nd@bvidusht, abditienal mddificuidnsand einutivas df thelpresentiagerdionaap @obsible
ratio of up to 25:1. 2. The thernoplastic acrylic sheet conposition of

claiml, wihelightof s shdvkhéaRhings. WAk LRséfoR {ofbe whdesiéod e WRRINARE s€opadnthi C

sheet. conposition of claim11l, wherein said sheet is prepared by extrusion.

4. The thejsmunles tlafms ¢hy/InventhGRly GOPRRALL Ghelisdindh B dpeciRBfiPhlschBbd

t her nopl ast’i'c
herein.



acryli ¢¥pol ymer has a nelt flow index of from1.5 to 30. 5. The
t her mopl @stic acrylic sheet conposition of claim?2, wherein said sheet is

formed by éasting. 6. The thernoplastic acrylic shw aim
1, wherein said thernoplastic acrylic polymer has a t flow index of from
1.5to0 3.8. 7. The thernoplastic acrylic sheet corrpoHﬁ; ,Iﬂ"”:” ,
wherein said filler has an aspect rati f from 3: ,’HH'& The
t hernopl astic acrylic sheet conpositio of claim1l. further c8npfi st ng one

or nore additives selected fromthe group consisting of fire retardants,
particul ate materi al s proce55| ng a| ds, stabl i zers anti oxi dants,

anti m cr ok ‘,
a

conposi ti of : ryItc of
t hi ckness g e t her m)pl asti c acryl i ¢ sheet
W ckness of said thermopl astic acrylic

corrp05|t| A 220 , d
sheet is from 25 to 60 mI 11. The thernopl astic acrylic sheet conposition
of claim1, wherein said thernoplastic acrylic sheet is translucent. 12.-

The thernoplastic acrylic sheet conposition of claim1, further conprising

one or nore pi gherd shérmoplasticrasmlic shedr, comprising.o render said thernopl astic
acrylic sheet opaque. 13. A lamnate conprising a translucent |ayer and an

O | O ot SRR iy sbaeaas 2 her ool st

a filler in an amount sufficient to provide the sheet with a Barcol hardness of at least
40;-and

an impact modifier;

wherein said thermoplastic acrylic 'pplymer has a melt flow index of at least 1.5; and
wherein said filler has an aspect ratio of up to 25:1.

2. The thermoplastic acrylic sheet composition of claim 1, wherein said filler is
wollastonite. |

3. The thermoplastic acrylic sheet composition of claim 1, wherein said sheet is
prepared by extrusion. |

4. The thermoplastic acrylic sheet composition of claim 1. wherein said thermoplastic
acrylic polymer has a melt flow index of from 1.5 to 30.

5. The thermoplastic acrylic sheet composition of claim 2, wherein said sheet is
formed by _casting. |

6. The fhermoplastio aérylic sheet composition of claim 1, wherein said thermoplastic
acrylic polymer has a melt flow index of from 1.5 to 3.8. |

7. The thermoplastic acrylic sheet composition of claim 1, wherein said filler has an

aspect ratio of from 3:1 to 20:1,



a filder i-n an anount sufficient to provide the sheet with a Barcol

hardne;ss-;;ofi_ at least 40; and an inpact nodifier; whereif-sard-thernoplastic
acrylic pol'ymer has a nelt flow index of at least 1.5 anz Ls translucent;

and wherein said filler has an aspect ratio of up to 25: "ﬂ"}"’ﬂm"‘m
opaque | ayer conprises a thernoplastic resin having disp hed

filler in an anobunt of up to 25 Wt.%ba3 ed on total conposition of tHe *
opaque | ayer; and a gl ass fi ber. 31°I4. The lam nate of claim 13,
wherein said thernoplastic resin is selected fromthe group consisting of a
t her nopl asti c a8r yThethenhyplastic aeylic shaettconipesiton aflclaine 1 sfurthen eorapi)g osé or
poly(vinyl chloride) (PVC resin, acrylonitrile-styrene-acrylate

(ASA) 1 esi Nmofd yddiineesaelciite@Trdrh kheSgrloRp tbnsitimg b ARIrepAiNRar fiefi@life (Rtrials O-
The | am nate of claim 13. wherein sald opaque | ayer and said transl ucent

| ayer are faor ' ct W . | 16. The

| am nate o 85?%?’% JE%SC‘}%E, 1es\;\ﬁ;éthc;onxg%?lg?Eg&@ﬁl}%ﬁ%gﬁg{agiégﬁmm er posed

bet ween sai d opaq | gyer and. sai d. translucent., | ayer. 17. The | am nate of
claim 13, whereon Lbg PP R A rTlisesherFBTRoRLAT Oﬁ(?@h whigen s2dd Wisrpeplastis
The | ami nate of claim 13, wherein said filler of the translucent |ayer is

present i nacayliashsehbasof thickpess3®f fram 30 taff0mwibased on total translucent |ayer
conposition.

-
-

N

10. The thermoplastic acrylic sheet composition of claim 9, wherein the thickness of
said thermoplastic acrylic sheet is from 25 to 60 mil.
11. The thermoplastic acx;y_lic sheet composition of claim 1, wherein said
thermoplastic acrylic sheet is translucent.
| 12. The thermoplastic acrylic sheet c;omppsition of claim 1, further comprising one or
mo:je_pigments in-an.amount suﬁiéient to render said thermoplastic acxyﬁc sheet opaque.
13. A laminate comprising a translucent layer and an opaque layer;
wherein said translucent layer comprises
a theﬁnoplastic acrylic polymer haying diSpefsed therein:
a filler in an amount sufficient to provide the sheet with a Barcol hardness of at
least 40; and
an imp;lct modifier:
wherein said thermoplastic acrylic polymer has a melt flow index of at least 1.5
and is tfanslucent: and wherein said filler has an aspect ratio bf up to 25:1
wherein said opaque layer comprises a thermoplastic resin having dispers;:d therein:
a filler in an amount of up to 25 wt.% based on total composition of the
opaque layer; and

a glass fiber.



19.°Thes lami nate of claim 13, wherein said filler of the translucent |ayer

has an gspect ratio of from3:1 to 20:1. 20. The |ammnate-of claimi13.

further “conprising one or nore pignents in either or h of said

transl ucent | ayer and sai d opaque | ayer. 21. The Iam!wg”ﬂu’m ' ,
wherein said one or nore pignents are selected from mﬂﬂl ng of
TidJerr], basic carbonate white | ead, sic sulfate white |'ead, Bask
silicate white |l ead, dibasic | ead phosphite, |eaded zinc oxide, antinony

oxi de, and zi nc jqulfHedemindce aer;]kﬁml BTWhaieh Qfd ﬂieﬁgaﬁl}ﬁic ehig i eddlecte ﬁi% the

t hermopl astic acrylic polyner has a nelt flow index of from1.5 to

The | am na f_ clain When o i SAkickdo [ C | ayer is

sel ect ed fggb#]%t%oglsgirl%é?%ﬁnm é?llaﬁ'gc %Pq quﬁ{rb%ﬁlgb%ﬁ?ﬁggqe&{i 'M'€ar bonat e
and silica 32 24., The | am.nat cl.aim 13, erein said filler for the
opaaue | oy HABSYET R PAAEM CRRTng BN 5eih BHAGHSE SR AAS Aresit ai 1
13, further conprising a substrate, wherein the opaque |ayer of the

| ami nat e i styrenecsaylonitiile 4S AN) resireanst palydacbanatesPiCdt e. 26. The | ami nate of
claim25, wherein said substrate is a nmenber selected fromthe group

consi sting of wasd Thedahitiate ofMiNNB, Whereir Siid pueiayerehdibad trdfsluddi® layer are
| ami nate of claim 25, wherein said substrate is a nenber selected fromthe
group consgstd Q ' i cal wall's and surfaces.
non-verticg éggﬂrégwsﬁtpgégg@a{% ﬁon-ver t“lgriial kitchen surfaces. 28. The

| am nate of cl ai 0 217 V\,her?i nf ai d .nan-vertical. bat h&oom ?urfaces ang said
16. THe laminate of ¢ aim 13, further comprising an adhesive layer interposed between

said opaque layer and said translucent layer.

17. The laminate of claim 13, wherein said filler of the translucent layer is
wollastonite.

18. The laminate of claim I3, wherein said filler of the translucent layer is present in
an amount of from 30 to .5.0 wt.% based on toﬁl translucent layer cornposition.

19. The laminate of claim 13, Wherein said filler of the translucent layer has an aspect
ratio of from 3:1 to 20:1.

20. The laminate of claim 13, further comprising one or more pigments in either or
both of_ said translucenf layer and said opaque layer. |

21. The laminate of claim 20, wherein said one or more pigments are selected from the
group consisting of Tif)z, basic carbonate white lead, basic sulfate white lead, basic silicate
white lead, dibasic lead phosphite, leaded zinc oxide. antimony oxide, and zinc sulfide.

22. The laminate of claim 13, wherein said thermoplastic acrylic polymer has a melt
flow index of from .l.S to 30.

23, The laminate of claim 13, wherein said filler for the opaque layer is selected from

the group consisting of wollastonite, mica, calcium carbonate and silica.



non-wer i dal kitchen surfaces are sel ect ed fromthe group consisting of
counter._gops and vanity tops.

32 '
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24. The laminate of claﬁm 13, wherein said filler for the opaqué layer has an aspect
ratio of up to 25:1.

25. The laminate of claim 13, further corhprising a substratg. wherein the opaque layer
of the laminate is bonded onto a surface of s;id substrate.

26-. " The laminate of claim 25, wherein said substrate is a member selected from the
group consisting of wood prodﬁcts, polymeric matc_ﬁals.ﬁnd metals.

27. The laminate of claim 25, wherein said substrate is a member selected from the

~ ‘group cons;istihg of ﬁimiture surfaces, vertical walls and surfaces. no'n-vertical bathroom

surfaces and non-Qértic_aI kitchen surfaces.
| 28. The laminate of claim 27, wherein said non-vertical bathroom surfaces and said
non-vertical kitchen surfaces are selected from the group t:onsi_stin_g of counter tops and vanity

tops.



