TI TLE OF | NVENTI ON PROCESS FOR PREPARI NG DECORATI VE SURFACE APPEARANCE | N
ACRYLI C MATERI AL EMPLOYI NG ANI SOTROPI C PARTI CLES BACKGROUND OF THE
| NVENTI ONvBiz2eiicboed71t he I nvention This invention rel at esPCo/yse@opsE3df
preparing a decorative surface pattern in an acrylic polymer conposition
enpl oyi ng ani sotropic particles. Description of the Related Art Solid
surface materials which contain an acrylic polyner conposition are known in
the prior art. Also it is known {ie{ pt&E IRGEXTHIENCO! YEr conpositions to
contain anisotropic particles whirct nt visual appearances due
to different orientations of the anisotropic particles. U S Patent
6, 203,91 1 discloses an acrylic nolding conposition which contains an
acrylic nol di nPROGEISFOR PRERARINGREADR AGHEH BURRACKAPREARANMEBAN. U. S.
Patent 6,476, 1 11 AMRXILIOSMATERIAL EMBIOYINGE ANASOTHROBICORAR TICESMI ch
contains a sem -crystalline polyner such as a polyester. U S. Patent
6, 702, 967 i scl oses formation of a decorative pattern in an acrylic
mat eri al enpl oyi ng ani sotrgpi i , i esent for a new
process to create a decoraEﬁ#égggbiggigﬁégégiSgiﬁhigggcryIic pol yrner
conposition.:ﬁ Y “NVENTICN This invention is directed to a process
for preparin VRO 1 f ace appearance in an acrylic nmateri al
conpri sing the stepss@berion rdlQEdo PebcBss|of Gbp iR ativ O Urfa@tadbmiing
crosslinkable acrylic material and anisotropic particles with a majority of
t he ani sot r opHtAcHAICtPEINEE CHBRASHPN SAPIY PRSP oPBHCISY | east three, (D)
appl yi ng E¢e i%ui [of0) o§{ iqp to a support which has the ability to
shrink at'{ easf =€ idifying the liquid composition to forma
sol i d articl e. DETAIJHERPRSGRIRTIsOMiOFcohtE ANVENTelnfr dshislied adescr i pt i on
p

of the invention is iniIiallx»seL forth in several "parts,
known in the prior art. Also it is known for the acrylic polymer compositions to

contain anisotropic particles which allow different visual appearances due to
different orientations of the anisotropic particles.
15 U.S. Patent 6,203,911 discloses an acrylic molding composition which
contains an acrylic molding composition with two different thermal initiators.
U.S. Patent 6,476,111 discloses an acrylic containing composition which
contains a semi-crystalline polymer such as a polyester.
U.S. Patent 6,702,967 discloses formation of a decorative pattern in an
20  acrylic material employing anisotropic particles.
A need is present for a new process to create a decorative surface pattern in

an acrylic polymer composition.

SUMMARY OF INVENTION

25 This invention is directed to a process for preparing a decorative surface
appearance in an acrylic material comprising the steps of
(a) forming a liquid composition containing a crosslinkable acrylic material and
anisotropic particles with a majority of the anisotropic particles having an aspect
ratio of at least three,

30  (b) applying the liquid composition to a support which has the ability to shrink at
least 1 percent.

(¢) solidifying the liquid composition to form a solid article.



including Part | directed to starting materials which result in the final
solid article and Part Il directed to a process of producing the final
solid artwolze11/@2e7m | - Suitable Starting Materials AcrpCraSanounizas s
Suitable acrylic materials include acrylic group nononers, acrylic group
partial polynmers as well as vinyl nononers for copol ynerization other than
acrylic group nononers. A preferred nononer is nethyl nethacrylate (MVA)
and a preferred polynmer is poly(nethyl nmethacrylate). The acrylic

contai ning materi al ISMQ@ 053 (N9 4Q forma solid
article. O her nononer - ehts are al kyl
acrylates and nethacryl ates including an alkyl groups from 1-18 carbon

atons, preferably rpon. ato Sui table acryli ¢ Jononer s are met hyl

acryl ate; ethyl c&ﬁ}?%‘i@ (g%ilpﬁ%‘ﬂ g;':;lé? veiten 1~°an‘raIﬂS§Tt nse?ﬁ”iﬁ? Sacryl at es

and met hacy yl ﬁElﬁ&lng 'Pall?!llﬁiﬁféotedao QM&M@ materRibtwilictarsult mBhet flal atawkRies and
acrylate and nethacryl ate; cycl ohexyl acryl ate

nmet hacryl at es; hexyl

and met hacryl & aﬂdhé‘tj&ﬂ%@i? osaga Iy Progugivg the S8alankd seelRacr vl at es:

N, N- di al kyl am noal kyl acryl ates and net hacryl ates; N-[t-butyl]am noet hyl
acrylate and net hacryl ate. O her unsaturated nononmers can be included with
the acrylic thiti fials| y i ncl ude: styrene; bis-

[ beta-chl oro hosphonate; vinyl acetate;

a- et hyl enebu{‘%}: %ﬁ%lp( MBL); acrylonitrile; nmethacrylonitrile; acrylic
and nethatvylic acﬂmiable Aeryliomkterialm thclide berylic grpnp chom@sgrs, maﬂyﬁb groapi d rral eic
anhydride and_ e tler of mal eic acid' acr%/é) anm ?e andt. h @?r\é

i taconi c aci dPTH RRBAICE BN d Ve BRYPULLT toF £°R8 Y“iletr%%b"ﬁ’ioé A a&‘ﬁ

mul ti functi ongbupBoosRES. tAopre«fdfrﬁ:ﬁsﬂdnﬁinielnig n&urypﬁﬁmac@ucel(m\ﬂAmm&Bd ur at ed

pol yesters: al kyl ene di acryl nd di net ha | at es; all acryl.ate and
met hacryl at e; prﬁéﬁ% PN RO ére vﬁg}ﬁﬂ%@ﬁ @%WW% Wﬁf@ﬂéew - ani de;
N, N - net hyl engquld @e@aﬁME@ﬂhﬂ@hﬁlﬂd £ foBh Rastiddaat de; gl ycidyl acrylate and
met hacryl ate; diall % pht hal at e; di vi nyl benzene; divinyl tol uene;

trimet hyl B - pr oparféherpengstep ekl wxmqrﬁéblﬁa@%smua@téarﬁéHinWﬁ%? o
tetraacryl at enamelrliglcs ﬁfgﬁlﬁﬁﬁ%h&é k?rl Sroupsfrdh h MR c&ibbf &bfis ancketabiyal 4 y!

cyanurate. Anisotropic Particl
carbon atoms. Suitable acryhc monomers are methyl acrylate; ethyl acrylate and

methacrylate; n-propyl and i-propyl acrylates and methacrylates; n-butyl, 2-butyl,
i-butyl and t-butyl acrylates and methacrylates; 2-ethylhexyl acrylate and

20  methacrylate; cyclohexyl acrylate and methacrylate; omega-hydroxyalkyl acrylates
and methacrylates; N,N-dialkylaminoalkyl acrylates and methacrylates;
N-[t-butyl]aminoethyl acrylate and methacrylate.

Other unsaturated monomers can be included with the acrylic material and

illustratively include: styrene; bis- [beta-chloroethyl] vinylphosphonate; vinyl

25  acetate; o-methylenebutyrolactone (MBL); acrylonitrile; methacrylonitrile; acrylic
and methacrylic acids; 2-vinyl- and 4-vinyl pyridines; maleic acid, maleic anhydride
and esters of maleic acid; acryl amide and methacrylamide; itaconic acid, itaconic
anhydride and esters of itaconic acid and multifunctional monomers for cross-
linking purposes such as unsaturated polyesters: alkylene diacrylates and

30  dimethacrylates; allyl acrylate and methacrylate; N-hydroxymethylacrylamide and
N-hydroxymethylmethacryl-amide; N,N'-methylene diacrylamide and
dimethacrylamide; glycidyl acrylate and methacrylate; diallyl phthalate;

divinylbenzene; divinyltoluene; trimethylol-propane, triacrylate and trimethacrylate;



A required constituent of the starting fornulation enployed in the process
process are anisotropic particles. Anisotropic is enployed in its nornal
meani ng awo 2daemoees an ability to exhibit properties w PhTdiskéienerss val ues
when neasured along axis in different directions. For purposes of the
present invention, different values are specific to different visual
appearances of a particle. The sane particle wll have different

appear ances t genaerytivgelrtvteracigependastitanathattyéatg mgdligl evrate land frallgbser ver vi ews
the particle. Wth many ani sotropic particles in a conposition used in the
present proceS4M ere’ will be a degree of randormess in orientation of the
particles in AhRofrbpialPastdilésd article which |leads to a pleasing visual
effect. A requireg&nt of anisotrogic particle? used herejn is at least a
majority of the arftEGHFHhRSHYFY PEIhE SPHLRG LA ILOR SRpP oy et INShORTOGHSS | east 3.
Aspect rat3 o pRais a&ﬁﬁis&@p&ed&hi&ésmoﬁgpi@ﬁs dnf}foRa N itChABmbCAtafRt | onal |y
referred to as |length or width) conpared to the smallest dinension not in
the same axi sagrdeppigna afoééhm*zhlb@dﬁq’ﬂeﬁlqs@’fl’@rdllfé?lefttdalaﬁﬁ vhincReiewsy . A group
of particles whiedkiddldieropddt Blr&ti%ﬂé.%ogﬁgipﬂéés loPihe PG RS alitclc§s appear ance
whi ch can be considered to have two dinensions greater than a third

di mensi on. | tvalees gredeeatiowdlifftrant visupleappeasmdes dfpmarislarihewimhpaticlhe scope of
particle. CGen i rJimt r S .ath o of the

ani sotropic p§?®%%¥gggﬁﬁgﬁ%%ggﬁFgBﬂﬁéwgkg%ﬁ$§%g?ﬁgﬁgﬁggggﬁgﬁﬁy%gof t he

ani sot ropi@ pebrstived wswsiht pamiole. Méathenany aaspegtic paticles igneampositidraned0. Aspect

rati os of suitaple anjsotropic ticles over a bro r e, e.g.

L e £ 1 aicahe SeRHaRedg et RS eERe TR hofoRGe B 1eBRFot 388 *o%um 4
fiber (100-50xticleshoppethatsidarticld Weith (B8RP a ptdasippeduaess. fi ber (250-800)
and mlled coated carbon fi bFr .(200- 160.0%;. nglfs:ie.vj sual effects 3/ be due
to angl e dependent® FEFITEREN OF FRJSOUQRIGIPATIGIEH B3 feingig pipast a majority of t

absor pti on/ r efdigebpie garti@res Wiv&iaRla§pcshai®of Al MRSES . Dbt GhRSMEMY tHeGarpésat e- | i ke,
fibers, or ribbons. Plate-like materials have two di mensions significantly

| arger thbh t HEeRHen f the prstids anvenanably aefesed t9raatcagthiok &4t @MPaTcd t9 ncl ude

m ca, synthetine b6l difkAISh fdt AKES sarfBLA orfplAK fonveHisiIRARAEY &) dsi Ca
substrates, polynmer filmflakes, as well as synthetic materials such as

ul tra-thin, niidknesslayeronppeparesienesct fablkatin Gisglofinitan bavafalkie-tiks r om Fl ex
ot ), andubstaabaRGE oL LIEIALS B0 AIRPRTL LA Ly B, ol ecul
m ca. dimension. It is understood that fibers and ribbons are within the scope of particle.
20 Generally there is no upper limit for the aspect ratio of the anisotropic
particles. However for some applications a majority of the anisotropic particles will
not have an aspect ratio greater than 70.
Aspect ratios of suitable anisotropic particles may cover a broad range, ¢.g.
aluminum flakes (20-100), mica (10-70), milled glass fiber (3-25), aramid fiber
25 (100-500), chopped carbon fiber (800), chopped glass fiber (250-800) and milled
coated carbon fiber (200-1600). These visual effects may be due to angle dependent
reflectivity, angle dependent color absorption/reflection, or visible shape. These
particles may be plate-like, fibers, or ribbons. Plate-like materials have two
dimensions significantly larger than the third dimension. Examples of plate-like
30  materials include mica, synthetic mica, glass flakes, metal flakes, alumina and silica

substrates, polymer film flakes, as well as synthetic materials such as ultra-thin,

multi-layer interference flakes (e.g., Chromaflair® from Flex Products), and helical



Addi tives The fornulation containing the acrylic material and ani sotropic
particles may contain other additives which are well known in the art. A
commonl y wopboymwew7addi tive is solid surface parti cul at e PaTa$2@9/0853% het i c
fillers. Known to the industry as "crunchies"”, they are various filled and
unfilled, pignmented or dyed, insoluble or crosslinked chips of polyners
such as ABS resins, cellulose esters, cellulose ethers, epoxy resins,

pol yet hyl ene, suptiyheire, depchapee tigyid oBk@aniokculeskrs Hepfiterd Hremsi ns,

pol yacetal s, polyacrylics, polydienes ol yesters, polyisobutylenes,

pol ypr opyl enegl,a1C 3 §‘ffl§1if%11@§t}dﬁraé%m?@ktﬁa§‘leu‘aélﬁwéa-r esins, polyureas,

pol yur et hanesag@givyyi nyl chl oride, pol yvinylidene chloride, polyvinyl
esters and the like. A class of additives includes materials which inpart
flame resistance thetfpaatiogicortaining thg serdicanadeitahandsaniotippin aattielehipdy at e
(ATH) . Exaqmpl g otakitde Shibhs welkhbgf it gants, fillers, sizing
agents, inpact nodifiers, marring agent retarders, WV stabilizers and other
mat eri al s whi ch af4 eenmphig cpiplopyed addetsveas solideudasicipartignlpicaied as@esieatigl | y t he
viscosity of kh [ I C o« Lal W ' elo]l riicles and
all additi vesﬁlcl:egsrﬁ%]g%ﬁﬁlleﬁﬁg%@ %e%ﬁ%%ﬁa’é%l\%wgﬁ@%%qﬁle%% 1(l:p, leEalt’nd nor e
preferably 100@ment2D@Ctypd, idsotidblr @ereflinfkkd vhipf ofgohmiarngciras 8BS atsiniss needed
since as set fﬁrfh i? a Hﬁﬁor% bel ow_a degre? ﬁflreoQi?ntatign of

ani sotropi c parHIoeT BETHELUTLeCEST oY ERAT IR T REPTEC SR BY TS used as
t he starting imeleirdcatsinsSpidaelidmsias, polygcoriid] psighdrdiids] afdiars, Wotydstes.0Ss| i nki ng
can be carried out by either of two s nanely_ a thermal cure enpl oying
heat to causeP¥¥ WP er’i’l??’rh’agBF"PBk?n%?’E TEngs; wa%@f@ﬁgﬁnyggr%wuse of a
peroxi de. Bot foljiet ROty dr&hafRl, HoRveryPebrid¥kpdlgviayIRicHEtHlord oMy i1t he pri or
art. Part Il - Process of Preparation Support Surface A critical

requi rement ofSteh@diheldlent invention is the type of support for the

?r;[a ?; ' glg gﬁ;%' ieC MRERSY G addithvBs ABLEQUAAR P PRER InFafiS1aAR rbdiGarRE t/thk C
| S
15 1nal solid article such as alumina trihydrate (ATH). Examples of other materials

include colorants, fillers, sizing agents, impact modifiers, marring agent retarders,
UV stabilizers and other materials which affect the propertics of the solid article.
Generally the viscosity of the starting acrylic material with anisotropic
particles and all additives can be within a wide range such as 800 — 4000cp, and
20 more preferably 1000 — 2000cp. A degree of flow of starting material is needed
since as set forth in a theory below a degree of reorientation of anisotropic particles
occurs.
Solidification
The acrylic material used as the starting material is thermosetting and
25  solidification with crosslinking can be carried out by either of two ways namely a
thermal cure employing heat to cause crosslinking or by a chemical cure such as by
use of a peroxide. Both methods to obtain crosslinking are well known in the prior
art.

Part II - Process of Preparation

30  Support Surface
A critical requirement of the present invention is the type of support for the
starting acrylic material with anisotropic particles as the acrylic material changes

from a liquid phase to a solid phase due to crosslinking.



froma liquid phase to a solid phase due to crosslinking. The critical
requirement is the support material is an ability to shrink at el evated

t enper at Wwe.20/meemer i cal val ue for shrinkage of the supportuseaveni7as can be
expressed on the surface area of the material at a tenperature of 25
degrees centigrade conpared to the surface area of the material at a
tenperature of 100 degrees Centigrade (both neasurenents with the support
mat eri al mai nt ai netheatititdl espirtraom értht suppsrt horerial jpen plattyad sBhkmtnut es) . |t

is required that this shrinkage of th uppart material be at.|east
Iper cent and HoviriEraiis s AT S s nifiedpBibisstat S Tperaliial £ i1 an
area of the svp@rdsscdhelid wkfaalardbofdRghaesal Genichpeadec b52510resguar e
centineters and t hg%area of the same contact t?r}%;eri al at 100 g gr ees

Centi gr ade i sCHYS 8GR Mrstdscs aregipd therpateiitha'e wmperatyes of 188 cent .

Sui t abl e syupp@igteciat@idraleIvdth GlebdBerh B Wit the Sldort RRlaY mbihlaiRA apbi 11ty to
shrink at least 1 percent and an ability to withstand a tenperature of 100

degr ees cent i YeEdenpeitues friamgeed efddgeinttcdand a hi gher tenperature if

err_pl oyed to cause I?fs(?é(ﬁllitje&‘ﬁ{apﬁiis%ilrim%e ey kﬁ@oﬁ%a‘f@i‘fa?ﬁé £ Wast 1'-?%?&[‘1{ es of
sui table contact materials i1 nclude polynmer tilns such as pol yet hyl ene (PE),

pol ypr opyl eneandPmyre piijdrainy S pol 3¢i oy bubpses of diesti4oior)f aqgeds odshePapitoat (r), and
pol yet hyl ene e T It 4 j vi sual
effects of thlté&rselgﬁ%ggéﬁta%&ecef gg g%%adﬁelg %%({Sséllﬁ%gg&ﬁ%%gegs %@Pi%eé Efr%g Edtéléee of the
support nild er ¢omtacamete(id)at ¢r degkeag€erofgradads ey cenmiosars, alhe shankage ni ng

ani sotropic parlti Cll es. Two different shrinkages take place during

manuf act ure of” ]?‘?e BYEF solid article. A first shri nkage occurs in the
support material digtable slippansiadriabiindiedt twb rceiterib heanabr () icabify@s i al i n t he

crosslinking. . This transfer of heat occurs both in a chemcal cure and a
t her nmal cure.shﬂnkékla%algﬁfﬁ?m%@ S F VB PTG | e Eylic

formul ati on degfigagesr téhtduRhApFortRaNE Bightabnbdraicds &BplsRdditd caubbe _
di fference in shrinkage between a support material and an acrylic materi al

i mparts aldi serpridnking efithe aaplirciaraHeodue to different orientations of the

ani sotropi ¢ parti ot ggmldbf LidabBdetsd: AR hahctl fofmin ki Skfbs appear ances
ina final solid article can be obtained enploying the sane support

mat eri al and pdectiydens (BEX polypronderer (PR), Nulanhpolyvinyl fluoride (PVF) such as
Tedlar®, and polyethylene terephthalate (PET).

It is understood that different visual effects of the solid article can be
20  obtained based on (1) shrinkage of the support material and (2) shrinkage of the
acrylic material containing anisotropic particles.
Two different shrinkages take place during manufacture of the final solid
article. A first shrinkage occurs in the support material due to transfer of heat from
the acrylic material in the crosslinking. This transfer of heat occurs both in a
25  chemical cure and a thermal cure. A second shrinkage occurs as the volume of the
acrylic formulation decreases in a phase change from liquid to solid. The difference
in shrinkage between a support material and an acrylic material imparts a distinct
visual appearance due to different orientations of the anisotropic particles.
It is understood that different visual appearances in a final solid article can be
30  obtained employing the same support material and the same acrylic material with
anisotropic particles. Illustratively in a first example, an acrylic material with
anisotropic particles can be cast onto the shrinkable support material to form a final
solid article having a thickness of 1/4 inch (6.35 mm). A second example is the

acrylic material with the anisotropic particles is cast onto the shrinkable support into



anisotropic particles. Illustratively in a first exanple, an acrylic
material with anisotropic particles can be cast onto the shrinkabl e support
mat eri al wo 2bowvaeeerifi nal solid article having a thicknegsTafS2ai44i7sEh (6. 35
mm). A second exanple is the acrylic material with the anisotropic
particles is cast onto the shrinkable support intoan solid article having a
t hi ckness of 2 inches (50.8 mm) (which neans a thickness 8 tines greater).
A di fference amsosiinitiekdgeings tlpicle&smtf 2 fmchd@.e{SQ SneXaijeh @sackkethtcbnganpl e

t hi ckness whi direct unt s. f di fferent  visual nce. Also a
e o cen Sl BEStn AFRRA e RGeS R LT o R R Bce can
change due t osahiple tHRRABE which Appdtiycatduan fooa dffeRni vikabippegupport nateri al .
In a continuous process, V\égerm n the sugg{ rt materjal esen on a noving

:
belt, a sinilar ortéht ¥sPOAPREErages Yo Aaie M3irieh ¥ ’Iﬂb%m%)éfﬁg @eﬁlfeaaaélto t he

s:onst ant f3 owih é&i@t@ﬁfeyﬁdnﬁerrmraﬁﬁucaﬂmn t6R sBX APl 8uSor@nAQR.I BUOUS process
i s manuf acture o% a sheet of material which is cut for use such as in

ki t chen count €nfiBgs PRegishsredhthe SYRPeE majdriahis PEsent OF APRVARS RSH- of

ani sotropi ¢ pakkihadiRatafENoRn&YfofiPp@ibal &R 0@&99@§§) B cdrtaFBAYH §ehure of a
kitchen sink. However it Is con5|dgred useful in sone situations to provide

a correl ati onadndiowpaeriabhAn akagde of a ednengup pracess pameritedturantie sheet ofhr i nkage
of the acr y' ' ageﬁ{l(l%ﬂléht %9{& 9 40 sn?ﬁ'h as ?flgifc‘rﬁmgrﬁ@ t11§1te|rtn§\n ﬁhl@ﬁ%}‘e&lp&fe%{wvﬁgt ropic

particles. rnkage o he acr |on onents is
based on Mbl ukess dmfltatlm cf‘ransstromkpargclb@cau@bum abdter procidss ah ihi catl on.
[l lustrativel voJune is 100 cubic centineters and the final

solid vol une %gnu%c %EBP%f(léciqﬁwlﬁléters the shrinkage is 1 percent). For

pur poses of il | ustH&tdvenit& oﬂﬂﬁ@dfrecclasleﬁmhﬂ‘ioﬁfe%h@a&mh@ﬁo\/}ﬁ@ﬁd@ﬂfdn&l@&g@ of a
support mater

ressed in area) co red to a s rlnka e of an acrylic
for mul at i on Wee& Q@Sﬁﬁaﬂ@ﬁwmﬁﬁ tll%ﬂ\%ki&?@?twc Ji°) east 0.1%
preferably greahehtidham i @b{apolnleﬂtyﬁluuain vied ahisotrbpit B@m&@p p(ghﬁnuzagé gfrial
shrinks 1 gercent and the acrylic forrmulation with all rrponents shrinks 8

percent, the WaaevlicRrmaptaneyihelecqmapopentasibased|ony ojume bgé@rrwpés inlingul at i on

with all CoONPRRBin%: éﬂel LolidHchidn. rIHus%raﬁvl?@ymffaH%ﬁél%RlHe i{TBjoRfubRl ;  however it
is within the scope of the present invention to enploy a hi ghly shri nkabl e

support whi cheeshmisisngdicdinehsohidvhlimeds 99 fubineeneémptats, theichwnkege shere can be
only a small cdif, nunerical difference in the final

For purposes of illustration a numerical difference between shrinkage of a
20 support material (expressed in area) compared to a shrinkage of an acrylic
formulation with all components (expressed in volume) is at least 0.1%, preferably
greater than 1.0%. Illustratively, if the support material shrinks 1 percent and the
acrylic formulation with all components shrinks 8 percent, the numerical difference
is 7. Generally the acrylic formulation with all components will shrink more than
25  the support material; however it is within the scope of the present invention to
employ a highly shrinkable support which shrinks more than the acrylic material.
However there can be only a small or no numerical difference in the final
crosslinked solid article in accordance with the description of the previous paragraph
and still obtain differential shrinkage at an interface between the support material
30  and the acrylic formulation with all additives. The differential shrinkage may occur
at any time after the starting acrylic material with anisotropic particles comes into
contact with the support surface. It is not required that the differential shrinkage

remain after the starting acrylic material with anisotropic particles has crosslinked



crosslinked solid article in accordance with the description of the

previ ous paragraph and still obtain differential shrinkage at an interface
bet ween twe 2uppea7t naterial and the acrylic formul ati orCRitSko1alolo735
additives. The differential shrinkage nmay occur at any tinme after the
starting acrylic material with anisotropic particles cones into contact
wth the support surface. It is not required that the differential

shri nkage renmian air¢desolitl heickt diht imerfaac ayech can vany epnifibantily tibpeadérs ot rhepi ¢
particles has,crossljinkedinto. a cured solid article. The interface area can
vary signifiCQH%PVSBtﬁﬁﬁB@ﬁPﬁ%ﬂxﬁﬁﬁn?ﬂ?ckness of the final solid acrylic

article. TheoTyedr9 téS@it DiPckéie @nVRubNAPpav@ice Appear ance The fol | ow ng
section is provide to support reasons why the process set

s_a theor.
forth herein |eadsﬂ@iaff>lﬂwe%]§ecv%/%ﬁ£rwé @57 5RO SYRPOY TEAIPRSIYHEE support i s

not used, R dRGEREs@ForBHeRM REANIIGRM R aPpBsLHced O ani sotropic particles
in a continuous process such as an acrylic material with all additives

bei ng applied to dfwsinkaepepport et wame dgeige eborimiagpn extharennidpr
ani sotropi ¢ pﬁﬁsto'nﬁ%iﬁzaﬂﬁ@bésMe&ﬁnﬂu@ﬁ%@éss ls et RRL GO PIMOCRSSyifuEh as W th

use of a nold. In > present invention shrinkage i's present in two

di fferent mat#ldittiesbang anplichitogrhenies badt wihename degtgeari oripaiatemicdl and
shrinkage in an vl c. i i th i i ticl Thi s shrinkage
o the fan di FRSRERE PiEEEE i uitoshir s 3L PRL S, BRI BB S FL.° et her
chem cal or timekdmal crosslinking is enployed). It is considered that due to
shri nkage of the t different .materials at an.interfac d ee of

oo encat i on of (HERESFaBIE pEpl e S iR G SR el R a e yi i
mat eri al cr osmtdrfaksbd@ccharsipgors@htetial and steinRagelih ah Scriylemateddlivaémt at i on of t he

ani sotropic particles during .curing and solidification of the acrylic
material  whi cHISECBGRESICIY SM%@ qqﬁhwwgaﬁfer%wﬁaﬁégmlwaﬁ%i onal ly the

present theor yeiafedaOSdratercdhét@eri¥heMicaitorah Pasl Soskadingds ghpRt &N, change in
vi sual appearance occurs due to a larger nunerical_ difference in shrinkage

between twd dif f erleittconudessd thptsluato %lﬁgk%ﬁéf thadwo diffsrent BRHYE 20 appear ance
Accor dingly R e R Ty e hat
gr eat er changequithacippengtensd erossinks tkfernph sl dricley 1 &l thareprensationlof thede by a
continuous pr 8195%%1’81)1% %gﬂ?i%feg gur'in% ﬁriggaﬁkoﬂﬁﬁgaﬁ)ﬁ'of the acrylic material which
accounts for a change in visual appearance.
20 Additionally the present theory is considered to provide a basis that a greater
change in visual appearance occurs due to a larger numerical difference in shrinkage
between two different materials at an interface. This change of appearance is based
on a greater degree of reorientation of anisotropic particles. Accordingly the present
theory is believed to support a position that a greater change in appearance can take
25  place in a solid material made by a continuous process compared to a batch process.
As set forth above, a greater initial orientation of orientation of anisotropic particles

can take place in a continuous process and shrinkage at an interface causes

reorientation.

30 Manufacturing
The manufacture of the final solid article can be undertaken in a
conventional manner with the exception of use of a shrinkable support. The acrylic

material with anisotropic particles with all other additives is formed into a



As set forth above, a greater initial orientation of orientation of

ani sotropic particles can take place in a continuous process and shrinkage
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final solid article can be undertaken in a conventional manner with the

exception of use of a shrinkable support. The acrylic material with

ani sotropic particles with all other additives is forned into afornul ation
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Example 1

Metallic formulation on PVA film for uniform metallic look:

15 This example describes the preparation of a decorative surfacing material
that contains a reflective, anisotropic, high aspect ratio aluminum flake pigment and
alumina trihydrate as a mineral filler.

Formulation Makeup
The formulation was comprised of a base mixture and a final cure package as
20  follows.
Base Mixture:
590 grams ATH (alumina trihydrate) from Alcan
33.33 grams 921351 (aluminum flake pigment dispersion in IBOMA) from
Penn Color Inc.
25 53.10 grams Methyl methacrylate (MMA)
299.74 grams SIRUP (pre-polymerized Methyl methacrylate)
11.02 grams tert-Butylperoxymaleic acid (PMA-25) initiator paste from
Arkema
4.24 grams Trimethylolpropane trimethacrylate (TRIM or SR350AA) cross-
30 linker from Sartomer
0.65 grams Zelec® PH coupling agent from Stepan
1.56 grams AOT-S (Aerosol OT-S) surfactant from Cytec
Final cure package ingredients:

4.4 grams calcium hydroxide (Ca(OH)2) dispersion from DuPont



Arkema 4.24 grans Trinethyl ol propane trinethacrylate (TRIM or SR350AA)
crosslinker from Sartonmer 0.65 grans Zelec(r) PH coupling agent from Stepan
1. 56 gr arwoAn/@297Aer osol OTI-S) surfactant from Cytec FiPnaluScuwd4atkage
ingredients: 4.4 grans cal ci um hydroxi de (Ca(OH)2) dispersion from

DuPont 0. 14 grans of de-ionized water 1.73 grans of G ycol Dinercaptoacetate
(GDMA) from Evans Chenetics Liquid Mx Preparation A liquid mx was
prepared by conbi rl. hggrhine ofddoniStRiRer PMA- 25, AOT-S, TRIM Zelec PH, and

9z 35 1 i ¥ | i el | er dri ir motor d t
vix the conponant sl Tored: if Aot aed S R Boaten iR iae “** *°

conti nued forLi@iGE®EOPeHatdtion speed of 1200 to 1400 rpm The entire mxture
was placed in an eyacyator apparatus and stirred with an ippeller driven by
an air rmotor (SOGAYI@ “%i’ff"’ésli?rg%%‘{ew_ %@eMM§AS¥%£¥1gE5rAS&§>y. The
final cures pagkpgezdRanedh&ot 550 b Shal M RYdr OxingR11erREBR by ansr GBMPA) wer e
added by syringe to the m x 80 seconds after the vacuum was reached. After

an addi t i onal WaussgogRdhq apmosetvies 3 misytey Fhe ARE wiseddcd gnd nyxigppas and t he

vacuum was T el o NFebid el $ladU 08 POULER Ak GASIANG cavi ty
imedi ately. Preparation of casting cavity An 8" x 8" x 0.5" casting cavity
was |ined w tplaggn fn ¢vaceatel ahpdrefus endpitisieé wish ay sopaller difige by as eir myptawavi ty was
preheated to r i i Nieshi i X was
Poured nto o0 SERF EEedied MabLRRe A0 theler b AU, THEEUARNINANE Soer. n
i nsul ati nt cowmeredizats (Elace dydnxitgpvasdr, dnkdeSIPdAY estearddéd bynsytiogeriorntheri ze heat

5% 0, 1 U BRGTBLELA . ALLGH L0SaMEE VBS GLARISE SO SR 00R
sanpl e was t akeshdstdtalpfithd Mxccasd stapged and thy vaduingRias saeded dTHcdnigatkeéd a
surface that r\{l\lla)'iswgse orul(rae%i?t?tto ?l}ei c\éstincéfcagipyeimtr)llljeldll(ate }f] the
Preparation of casting cavity
15 An 8" x 8" x 0.5” casting cavity was lined with PVA film and held in place
by vacuum. The casting cavity was preheated to 35 degrees C.
Casting and Finishing

The evacuated mix was poured into the casting cavity and covered with a

polyester film sheet. An insulating cover was placed on top of the polyester film to
20  minimize heat loss of the curing material.

After the mix was allowed to cure to a peak temperature and then cool to
room temperature, the resulting solid surface sample was taken out of the casting
cavity.

Light sanding revealed a surface that was representative of the bulk of the

25  material. The sample can be described as a uniform silver metallic material without
an obvious visual texture.
Example 2
Metallic formulation on PVA film over a topographical surface:
The formulation described in Example 1 was prepared. Prior to casting, a
30  pre-cured filled polymer material in the topographic shape of overlapping strings
approximately 1/16” in diameter was placed underneath the PVA casting film in the
preheated casting cavity. The curing mix was poured into the casting cavity now
having a topographic casting surface and allowed to cure. After removal of the film,

the resulting cast material exhibited a surface groove pattern mirroring the



material. The sanple can be described as a uniformsilver netallic materi al
W t hout an obvi ous visual texture. Exanple 2 Metallic fornulation on PVA
filmoverwea 2opographi cal surface: The fornmul ati on descrchas2em/0Eraspl e 1
was prepared. Prior to casting, a pre-cured filled polyner nmaterial in the
t opogr aphi ¢ shape of overl apping strings approxi mtely 1/16" in dianeter
was pl aced underneath the PVA casting filmin the preheated casting cavity.
The curing m wpmsphp'mwsmtg siurfacr: tUrencastingg tlomcajsttswfm@wo hanvdve gheecattopogr aphi ¢
casting surface an of. the.film the
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pattern was observed. This reflective gradient pattern exhibited a uni que
three di nensional character. Exanple 3 Metallic forrmulation on

pol ypr opyl enml_eéi | m over a topographical surface: The fornul ation

described in GaiiRl RrdiRFioRof Eﬁlgﬁﬁj%pﬁ{] eQPPj ﬁ’ln?@v%tr'ar{ ogia gﬂh@a‘l%Hﬁﬁ&:fi Il ed
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approxi mately 1/ 16Phe|fﬂmmlf€m9tdéfrcrlmmpﬂxameb luvserereeedh Paoblogritiaklay ori ent ed,
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The curing mX was pour castim now pogr aphi c
casti ng sur f aq:@rmdataﬂyllmﬁédn diemetar ®as p%deémnalmmﬂed biarfialtyrmiehteldm t he

resul ting cast rial hlblted ur f attern rrorlngthe
t opogr aphi o cadvrrigrUrrRiee st e fin i A sReH CoPB6 e84 bttt r om
shri nkage of mbewsqloydamy ienastinglcavitUpanhasadi tﬁgog@efphtdtﬁstmtseffacalansur face

to renove the cast groo and proyvide a flat, .finished urf a conpl ex
reflective gr%ﬂcﬂ MEALO ﬁg?tgﬁﬁrslag% faaﬁha I}%%wlﬁ%&?aaﬁfnﬁtﬁﬂ ﬁéhlﬁ Bgr aphi ¢

casting surf agerapatibe¥dpaatd mikerihd hBtdpoLRKhE cRdht Qirtic¥aswabser ved. Thi's
reflective gradient pattern exhibited a unique three dinensional character,

more conplex %%&wnﬁlr%@w@bgeév%@frm SE&I&%@ ef tlze petxRiapylencdilve tlpon ¢
formul ation of,gal ¥PhemstERLsutRED tofrtthéFe the cast grooves and provide a flat,

finished surface, a complex reflective gradient pattern based upon a combination of
the topographic casting surface pattern and the film wrinkle pattern was observed.
This reflective gradient pattern exhibited a unique three dimensional character, more

20  complex than that observed in Example 2.

Example 4
Metallic formulation on polypropylene (PP) film:

The formulation described in Example 1 was prepared. Prior to casting, the
25  preheated casting cavity was lined with a biaxially oriented, extruded polypropylene
casting film. The curing mix was poured into the casting cavity and allowed to cure.
After removal of the film, the resulting cast material exhibited a surface groove
pattern resulting from random, uncontrolled shrinkage of the polypropylene film.
Upon sanding of the material surface to remove the cast grooves and provide a flat,
30 finished surface, a complex reflective gradient pattern based upon the film wrinkle
pattern was observed. This reflective gradient pattern exhibited a unique three

dimensional character.
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The formnul ati on described in Exanple 1 was prepared. Prior to casting, the
preheated casting cavity was lined with a biaxially oriented, extruded

pol ypr opywenetigmedziing film The curing m x was poured i BRCO/USh@0OIFBF Ng
cavity and allowed to cure. After renoval of the film the resulting cast
material exhibited a surface groove pattern resulting fromrandom

uncontrol |l ed shrinkage of the polypropylene film Upon sanding of the

mat eri al surfBxsemple 5r enove the cast grooves and provide a flat, finished
surface, a co eflective gradient tern.based upon the filmwinkle
ot tor ' was. olibsfFmyfiiion S5 aPbRFOiing 1 ER} el < FRPELRRESRNPERted o uni que
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repeating " ReXA8RBahdRR{or Bhliay RRhice! dirud@SoRpGHtntoganhnash h a
biaxially oriented, extruded pol ypro$yl ene casting filmlining the
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exhibited a surface groove pattern mrroring the paper perforation pattern.
Upon sandi ng oxhittifeé a menfase igeove patfearcrmirtosing drepecttpieforatisn pajicsolpen and provi de
a flat, finished l.ectiv i . n based upon
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formulation with solid surfac rticul.ate on PVA film. This.exanple
descri bes t nePBreBIFaYSIOsT - dabar e EufPrndiiny hbus At cont ai ns
a refl ective, theRidhaéds@pilchataitgh aspect ratio al um num fl ake pignent, solid
surface particulate as aesthetic filler, and alumna trihydrate as a
mneral filler. Liquid Formulation Makeup The liquid formul ation consists
of a base m xguimpieed a final cure package as follows. Base Mxture: 430

grans ATHS(aI umna trihydrate) from Al can
1 Metallic formulation with solid surface particulate on PVA film:

This example describes the preparation of a decorative surfacing material
that contains a reflective, anisotropic, high aspect ratio aluminum flake pigment,
solid surface particulate as acsthetic filler, and alumina trihydrate as a mineral filler.
Liquid Formulation Makeup

20 The liquid formulation consists of a base mixture and a final cure package as
follows.
Base Mixture:
430 grams ATH (alumina trihydrate) from Alcan
250 grams of CORIAN® 4 x 12 mesh size particulate
25 33.33 grams 971351 (aluminum flake pigment dispersion in IBOMA) from

Penn Color Inc.
69.21 grams Methyl methacrylate (MMA)
200.00 grams SIRUP (pre-polymerized Methyl methacrylate)
30 8.59 grams tert-Butylperoxymaleic acid (PMA-25) initiator paste from
Arkema
2.55 grams Trimethylolpropane trimethacrylate (TRIM or SR350AA) cross-
linker from Sartomer

0.64 grams Zelec® PH coupling agent from Stepan

11



250 grans of CORIAN(r) 4 x 12 nmesh size particulate 33.33 grans 97135 1
(alum num f | ake pignent dispersion in | BOVW) from Penn Color Inc. 69.21
granms MetWol2omaobeer yl ate (MVA) 200. 00 grams SI RUP ( pr ePpoluspeoiozeds Met hyl
met hacryl ate) 8.59 grans tert-Butyl peroxymaleic acid (PMA-25) initiator
paste from Arkema 2.55 gramnms Trinet hyl ol propane trinethacrylate (TRI M or
SR350AA) crosslinker from Sartoner 0.64 grans Zel ec(r) PH coupling agent
from Stepanl. 56 gr]ajfsgré;ﬁﬁ'AST(S\eélmsmll ODTS) Sprfgauntt domaditted rom Cytec Final cure
package ingregdi ents cal ci um hydroxi de (Ca(OH)2) dispersion from

DuPont 0.11 gt'® cugfpagmiggﬂ]gfgﬁ W&ter 1.35 grans of d ycol

Di mer capt oacet at e X &vkhs E4l it By ansideeseH)2sdidpetiondrdnoDoPdAt i on
Preparation: A Ilaougd for ati on was prepared at room tenperature by
conbi ni ng the WSOE‘%\%O%G dWeHt s, TRIM Zelec PH, and 921 351 in a

smal | vessgl. An inpelhes ofj(GlyV&ﬂ)lﬁﬁérc@ﬂoé’defatémmAy\’ﬁ@mmﬁ’s ¢Rentbixs t he
conponents for 2 mnutes. The ATH and CORIAN(r) particul ate were added and

m xi ng was cohlquiflEermuyptigoPrieparation: at a speed of 1200 to 1400 rpm The

entire mxture WaSABhﬁ&?&niu[hn@ﬂw%y%‘éﬂﬁw!m@&ﬁ?é H#ur@BY csthbiffn g%ev"' th an
i npel l er driven by an air notor at a reduced pressure of 24

i nches of mer ¥4 SIRKE, PMAald, @Qjéspﬂﬂ%g@lqcrl@r et SA3S1 (Itfaﬁmalmwf@dr oxi de,
wat er, and GDA/E‘ m%}ﬁlele?rﬁgg%g aﬁ%l tdr%% ugeglés) Qﬁx e or%?a%ﬁ%%gﬁmgﬁ &' t he

vacuum was reac t| onal seconds seconds total), the
m xer waslGt opipedTHRdd C@@IANMQW weak eddddnd Tiveng wag cantieckdrfor30nas pour ed

L0 12, o2t 003l B Bt RSN PR B SRR ERVLLY 0 0

vacuum The castudig apparathyandasinpd eitkai etbdlor &bcdegae s notor Ehmyatand

Fi ni shing a reduced pressure of 24 inches of mercury. The final cure package ingredients
(calcium hydroxide, water, and GDMA) were added by syringe to the mix 80

15  seconds after the vacuum was reached. After an additional 40 seconds (120 seconds
total), the mixer was stopped and the vacuum was released. The initiated mix was
poured into the casting cavity immediately.

Preparation of casting cavity
An 8” x 8” x 0.5” casting cavity was lined with PVA film and held in place
20 by vacuum. The casting cavity was preheated to 35 degrees C.
Casting and Finishing
The evacuated mix was poured into the casting cavity and covered with a
polyester film sheet. An insulating cover was placed on top of the polyester film to
minimize heat loss of the curing material.

25 After the mix was allowed to cure to a peak temperature and then cool to
room temperature, the resulting solid surface sample was taken out of the casting
cavity.

Upon sanding of the cast surface to expose the solid surface particulate, a
pattern of reflective gradients arranged around the large CORIAN® particulates was

30  observed. This reflective gradient pattern exhibited a unique three dimensional halo

surrounding the large particulates.
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The evacuated m x was poured into the casting cavity and covered with a

pol yester filmsheet. An insulating cover was placed on top of the

pol yest erwbi2bnvaoe7mi ni m ze heat | oss of the curing natePCaRIUS20M00€073% he m x
was allowed to cure to a peak tenperature and then cool to room
tenperature, the resulting solid surface sanple was taken out of the
casting cavity. Upon sanding of the cast surface to expose the solid
surface particulate, a pattern of reflective gradients arranged around the
| arge CORI AN(r) particul ates was obs%géﬁﬂﬂéThis reflective gradient pattern
exhi bited a uni que three di nensi onal urroundi ng the | arge

particul at es. G VES WHATMED @A MED |1S: 1. A process for preparing a
decorative surface appearance in a decorative acrylic materi al.
conprising the stelps &fPIPEESs %BPWP?%P%& Ry S&%H‘i?d’é’?%/ﬁr%ﬁe&b% EPHIKY a
crossl i nkapl earagtplcirgatérall 85rhHsiNEe agissPpt ropic particles with a majority of
the ani sotropic particles having an aspect ratio of at |east three, (b)

appl yi ng t he (2 deinngphsod cememition cantaigimgararosyinkeble perslie matcapianit y t o
shrink at | e3isohrofiE pfids whtfh n$98rielbF Mk Q&s&tﬂ)g_iclr}iaﬂ}&'lég HGORPGShEEAN. {0 form a
solid article. 2. The process of ' Claim1l wherein the support consists of a
pol ymer fil m xbetatdehsfthesm t he group of pol yet hyl ene, pol ypropyl ene, nyl on
pol yvi nyl fl ugri . | l.ene. te . s of Caim
D wher o n ¢ hethip Eirafl AR RnbeE0% o ELR AR R 0P ypitiFo BRESEC ©

Cl ai m 3 wher eleast tl Iperckntqui d conposition further conprises solid surface

i cul d hetic filler. 5. Th £ claim luherein th
Eﬁ;}hﬁ;ggtgfu@ﬁéogﬁgggi%eﬁ@hﬁﬂﬂnggﬁag)@p3ﬁ$g€{§%§§360 claim 1wnherein the

2. The process of Claim 1 wherein the support consists of a polymer film
selected from the group of polyethylene, polypropylene, nylon, polyvinyl fluoride,
15  and polyethylene terephthalate.

3. The process of Claim 2 wherein the anisotropic particles are metal
flake.

20 4. The process of Claim 3 wherein the liquid composition further

comprises solid surface particulate used as aesthetic filler.

5. The process of claim 1 wherein the shrinkage of the support is in a

range from 5 to 15%.
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