WO 2005/ 014256 PCT/ US2004/ 002712 Conposite Mterial Having the Appearance
of Natural Stone Background of the Invention [0001] The invention relates to
the produgyo 4as@iszss composite material conprising a filbefuifagoh Yeric
material that exhibits antimcrobial properties. The invention relates nore
particularly to a material having the appearance of marble and/or granite
with inproved properties as conpared to other natural or synthetic
materials. Such materials are often used to provide surfaces such as

t abl et ops and countertops that are susceptible to the growth of unwanted
bacteria. [0002] Polished natural stones, such as marble or granite and

ot her igneous forns of crystalline silica or siliceous rock, are often used
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construction applications. wever, tHese products require expensive
handling in shaping and finishing and are only available fromrelatively

f ew geographi cal regions. These_factors jgpificantly add to the already

hi gh cost of enploying such mat BAFKEIQU dfd-h?ﬂ%"&ﬁ’é?‘!y, due to natural

i nperfections, cracking and general brittleness can be encountered by

buil ders working with natural stone. [0003] Another issue with natural stone
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[0002] Polished natural stones, such as marble or granite and other igneous

-

forms of crystalline silica or siliceous rock, are often used as decorative and
functional facing and surfaces in long-lasting construction applications.

However, these products require expensive handling in shaping and finishing and
are only available from relatively few geographical regions. These factors
significantly add to the already high cost of employing such materials.
Additionally, due to natural imperfections, cracking and general brittleness can be

encountered by builders working with natural stone.

[0003] Another issue with natural stone is that it can be quite porous and can
absorb liquids that come into contact with it. This tendency to absorb liquid can
lead to staining and water marking upon use. Absorbance of liquid can also

provide the moist environment that favors bacterial growth.

[0004] In an attempt to avoid the problems inherent in natural stone prodﬁcts,
various synthetic-filled polymeric compositions have been developed for use in
applications such as countertops, floors, and architectural facings. These synthetic
materials are commercially available. Typically, these materials incorporate a
polymeric resin and morganic fillers, and are cured using curing systems that are

actuated at room tefnperature or at elevated temperatures . One drawback of these



WO 2005/ 014256 PCT/ US2004/ 002712 conpositions is that they |ack aesthetic
appeal with consuners that consider the |ook of natural stone to exenplify
hi gh qualybeddaadsgst €. [0005] Accordingly, many attenptP%TI;@S}és\M%ﬁqz made to
devel op products having the pleasing aesthetic appearance of natural
products. Certain synthetic products have becone avail abl e which provide

t he appearance of natural stone, especially marble and granite, at a
fraction of the cost of solid stone. These so- called cultured stone
products are man-made nol ded products generally consisting of resin highly
filled wth natural aggregate, inorganic particles and/or pignments. [0006]
One such product is described in U S. Pat. No. 3,278,662 to Mangrum This

ref erence desc ﬂglgf?s . b1 ' r ' S-
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by Toncel I'i i npigmentsPat. No. 4,698,010. A specific polyester resin that can
be used in this technology is disclosed by Slocumin U S. Pat. No.

5,321,055. bﬁm;_}pat %E%ué}?bl%ﬁﬁé i$ GestAb&l hQT.8NPAOBY. 098 K6 5t0 MRhehis

5, 264, 168; 5, 800, 752; and 6, 387, 985.

. This reference describes a stone-containing tile product which can be mass-

o~
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produced, and used to avoid the problems that generally face the installer of
terrazzo products. The tile product as disclosed therein contains about 7 to about
' 25 percent by weight of a thermosetting polyester resin, and about 93 to about 75
percent by weight of stone particles. The components are compressed in a mold
and cured; the resulting products are rigid in nature and have deficiencies that are

similar to those noted with ceramic and marble tile products.

[0007] Another procedure commercialized by Breton S.p.A. of Castello di
Godego, Italy, and commonly known as the "Breton Stone" process, has found
commercial success in this area. In this technology, conventional polyester resin
precursors are blended at low weight percentages with aggregate to provide a
relatively dry mass of material that is vibro-compacted under vacuum and then
cured to yield a rigid tile product. A process used to practice this technology is
disclosed by Toncelli in U.S. Pat. No. 4,698,010. A specific polyester resin that
can be used in this technology is disclosed by Slocum in U.S. Pat. No. 5,321,055.
Other patents related to this technology are U.S. Patents 5,264,168; 5,800,752;
and 6,387,985.

[0008] The growing popularity of artificial stone products has resulted in the

increased use of such products in home and business construction. The most



[ 0008] The growi ng popularity of artificial stone products has resulted in
the increased use of such products in hone and business construction. The

nmost 2 V\OwRPiesildseo6 PCT/ US2004/ 002712 comon appl i cat p@pylfbsaiabisf i ci al
stone is as a replacenent for solid stone countertops and tabl etops.

Artificial stone is also used in architectural facings, walkways, hone
furnishings, patio furniture, decorative stones, indoor and outdoor tile,
flooring, wall coverings, mantles, bathroomfixtures, and imtation stone
structures. [0009] One thing that all of these uses have in common is that
they place the artificial stone in aesthetically inportant areas and in
close proximty to human activity. These are al so areas where the growth of

bacteria, mol deoidode) p%,i\ﬁéelﬂ)n for BgifiRial ﬁoﬁ%}ﬁ%ﬁ rb'ﬂg@e?ﬁﬁi‘%lesog@@wﬁ%er tops and

tabl etops are two use re such growth is especially undesirable given
their cl ose prosunterigpstandftaldetops.eAdifwial stone if 460 0§edAh atuhitgbtutah fmingsy nt het i ¢

stone repl acenent.s are superipor.to stone in a, nunber of ways they still
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Nat ural stone and aggregates thereof are porous and tend to absorb water

whi ch can | eadstooe stragtmiesg simlar to that which occurs with natural stone
sl abs. The water absorbed by the stone particl-es also provides a noi st

envi ronment  sf0009ibl e Grerthipgthatiallasf these usstgeaisemmnbats thanthsy plade thee
product, produce, slick and dangerous surfaces, produce unwanted odors,
cont ami nat e f odHificial stong ip aesthesically. wapostanhareasomdiia ¢lase prosiapity to hyman i | | ness.

[0011] The por Qi?tli‘%rc ?f;}%sés g%ﬁagsosﬁéis rQ{he%%\g{g[adftb%gﬁ]iﬁ%Bfrﬁf Hﬁ‘l%lelneﬂ} ny

producers of ar to add a gel® ¢ e’ surtace of eir

products. Alt fimpyb id highly Wrlesitabid. SCaatbrivpd agd eablardpsvaae ewo ussevteesisugeht o t he
finished products, .they can be damaged fyaom harsh cl eani pg chem cals and
they may not &EWihds espyeially undenirablg @ivenyheircloss proximidy Preparation.

[0010] Although these synthetic stone replacements are superior to stone in a
number of ways they still possess some of the deficiencies that are inherent in
products made from natural stone. One such deficiency is the porosity of natural
stone. Natural stone and aggregates thereof are porous and tend to absorb water
which can lead to staining similar to that which occurs with natural stone slabs.
The water absorbed by the stone particles also provides a moist environment
suitable for growth of microorganisms that can stain the product, produce slick
and dangerous surfaces, produce unwanted odors, contaminate food, act as a

cross-contamination vector, and promote illness.

[0011] The porosity and rough surface of natural aggregate has led many
producers of artificial stone to add a gel coat to the surface of their products.
Although these gel coats add a degree of water repellency to the finished
products, they can be damaged from harsh cleaning chemicals and they may not

completely seal the unde'rlying porous aggregate.

[0012] In short, the increased use of artificial stone products in countertops,
tabletops and other areas of high human contact has generated a need for reducing
or eliminating the potential for growth of microorganisms on the surface of the

artificial stone.



[0012] In short, the increased use of artificial stone products in
countertops, tabletops and other areas of high human contact has generated
a need fowg RasGiapgs or elimnating the potential for gregs®bao2712

m croorgani sns on the surface of the artificial stone. 3 WO 2005/014256
PCT/ US2004/ 002712 [0013] Accordingly, it is an object of the present

I nvention to provide an inproved conposite material having an appearance
simlar to that of natural stone that reduces or elimnates the presence of
m crobes on the surface of the material. It is another object of this
invention to provide for such a material in a cost effective manner
suitable for w despread comercial use. Detailed Description [0014] The
present 1 nventgp3] S apRbidRgY Sit §CarPobétt b thé RéseROIVERIorCe TROAHS &5 _
conpri sing natural® aggregateS such as”cal cium carbonate, méarble, granite,
quartz, fel dspmprovegdaomppsite materiali bavinges appearaudfe siBilattodbatpd satuea stone

I ncreasingly u s substitutes for solid slabs of, natural .st one because
they are more. drediestraipindles thealisehte hmicres o the Sistiep a6 edhdenti ¢
structural and 1eR%hH@ES 6bj6RJTAGS BveAtidS® provid® il sull aeRekdI ¢ 8chst the term
"natural aggregate"” primarily neans crushed natural stone and m nerals.
Specifically, teffectiermatinessuitable foyqgvidespraad comimergial usgnder st ood t o i ncl ude
aggregat es-conpri sing cal ci um carbonate, marble, .granite, quartz, feldspar,
quartzite and m xtures thereof. Likewse, the term"filler" wll be
understood to include nmaterials often added to give bulk and strength to
pol ymeric conposites. Such "fill ershetailed Ddscriptiznd silica, sand, clay, fly
ash, cenent, broken ceramics, mca, silicate flakes, broken glass, glass
beads, glass spheres, mrror fragnents, steel grit, alumnumgrit,
carbides, plastic beads, pelletized rubber, ground pol yner conposites
(e.g., acrylic asi ELs : 1:RS, t
o nat o, pi oR0bRE ™ IR sERREfvehdg 10501cabfRU aTALEY of YRNHE omipBREs
comprising natural aggregates such as calcium carbonate, marble, granite, quartz,

feldspar, quartzite and mixtures thereof. Such composites are increasingly used
as substitutes for solid slabs of natural stone because they are more cost effective

and can be engineered to achieve specific structural and aesthetic characteristics.

[0015]  Asused herein, the term “natural aggregate” primarily means crushed
natural stone and minerals. Specifically, the term “natural aggregate” will be
understood to include aggregates comprising calcium carbonate, marble, granite,
quartz, feldspar, quartzite and mixtures thereof. Likewise, the term "filler" will be
understood to include materials often added to give bulk and strength to
polymeric composites. Such “fillers” include fumed silica, sand, clay, fly ash,
cement, broken ceramics, mica, silicate flakes, broken glass, glass beads, glass
spheres, mirror fragments, steel grit, aluminum grit, carbides, plastic beads,
pelletized rubber, ground polymer composites (e.g., acrylics encasing copper
filings), wood chips, sawdust, paper laminates, pigments, colorants, and mixtures
thereof.

[0016] In broad terms, the invention is an improvement on a structural material
having an appearance similar to natural stone. Such material is commercially
available from Breton S.p.A. of Castello di Godego, Italy, and is commonly

known as “Breton Stone”. In one of the invention’s most basic embodiments, it is



[0016] In broad ternms, the invention is an inprovenent on a structural

mat eri al having an appearance simlar to natural stone. Such material is
comrer ci awaoy2009y@bdeabl e from Breton S.p. A of Castello dicf686M024al Yy, and
is conmonly known as "Breton Stone". In one of the invention's nost basic
enbodi ments, it is 4 WO 2005/014256 PCT/ US2004/ 002712 a conposite
structural material having an appearance simlar to that of natural stone.
The material conprises a natural aggregate, a polyneric binder, and an
antimcrobial agent. The nmaterial nay al so conprise a curing agent and one
or nore fillers. [0017] The invention al so enconpasses a nethod for nmaking
the clained conposite nmaterial. The clained nethod is an inprovenent upon
the Breton St aeempb&itSstficturd] iit&Fd ha®iB%n abPéurfdcRisiRlarkb MR SF nAQPr | S€s_the
steps of obtaining a natural aggregate of appropriate dinension, conbining
t he aggregat e stahe.hThe mateyiabedmoprives d@atural aggregatana polymsgiatbéndgndndiander

m xture, distributing.tthe mxture i.n a |d, and curing the m,xture by

appl i cation of 2NEBicrahiy %F%%gmegigaﬂ ”W@%ﬁ e ‘Fﬁ?lﬁi dORE®F t o t he
specifics of thpRrekpied process, the variables inherent in the Breton
Process (e.g., the type and quantity of natural aggregate used, the type
and quantity |y LG, Rl ngg;pgg fy fl , i s of the
end product, gtbgpﬁ pmg%&gﬂgﬁélﬁ%hgﬁo |s%eggsl{l%thb&(;r&en\l/er %%chilf e

pernut ati on otompesitehhatsrialHdhe ¢limed hegwddk ah improvemelftaipanttheBmetdram | i ar

wi th the basic_concepts of the Breton Stone process and ihe nmanjpul ati on of
the various vaPioRgPECess, Intrpadierms;dhs ?lélﬁlqd&ﬂ?et's%?o%ﬁﬁséﬁl%ﬂ?@ﬁ,oé hose -

nventi on desc?l U heParal atrefRERFSixofiiat, Miciio RubCRER Rl SeRtal Tl on

Process to achiwdthe polyimeric bikdercts fbtm an bfgragate mtdibindexqpitiunepdistaibuting the
Nevert hel ess, the foJIova@?%‘?(}Jscuss'on.is ffered as exanpl e of how the
i nvention may BEXVRCEAHP FHIng t3e my Y@Pi‘ﬁ%ﬁlf)%? at &¥yre an

vibration.

[0018]  Turning now to the specifics of the claimed process, the variables
inherent in the Breton Process (e.g., the type and quantity of natural aggregate
used, the type and quantity of polymeric binder, the use of fillers, the thickness of
the end product, etc.) prevent a thorough discussion of every possible permutation
of variables. However, those skilled in the art are familiar with the basic concepts
of the Breton Stone process and the manipulation of the various variables to
achieve desired results. Accordingly, those skilled in the art are readily capable
of taking the teachings of the invention described herein and modifying them and
the underlying Breton Process to achieve a desired result without undue
experimentation. Nevertheless, the following discussion is offered as an example
of how the invention may be incorporated into a typical Breton Stone process.
The following discussion is exemplary and should not be interpreted as unduly

limiting the scope of the invention.

[0019] In accordance with the present invention, polymer composite materials
are manufactured in a streamlined process. Natural aggregate of appropriate
dimension, polymeric binder, and an antimicrobial agent are mixed and
distributed in a mold and then subjected to simultaneous application of vibration,

heat and pressure to cause the polymer binder to cure rapidly. A curing agent is



The follow ng discussion is exenplary and should not be interpreted as
unduly limting the scope of the invention. [0019] In accordance wth the
present i weos/ena2s¢00! ynmer conposite materials are manus@gtistoedodaad
streanm i ned process. Natural aggregate of appropriate dinmension, polyneric
bi nder, and an antim crobial agent are m xed and distributed in a nold and
then subjected to sinultaneous application of vibration, heat and pressure
to cause the polyner binder to cure rapidly. A curing agent is 5 WO

2005/ 014256 PCT/ US2004/ 002712 often added to the m xture to enhance the
curing step and speed up the overall process. Each aspect of this process
w Il now be explored in nore detail. [0020] The natural aggregate suitable
for use in theorBy8adddan thdniHERTo CARLHEE the d?@ﬁlgrsaég ﬁﬁ%g@eda;ﬁhaw&aﬁl s. In
preferred enbodi nents the natural aggregate is selected fromthe group
consi sting of pelcesurBachraspsravbthicpracess Wil nawiteeexploe¢dinpaore detegl: bl e,
quartzite, and m xtures thereof. Marble, granite, and quartz are
particularly pi062e} r e@Che Haturaliaggreghtetshitable forwisel irathe dgepneiga irclydes chushes may
vary dependi ng upgn the end use of the conposjte material and is ultimately

limted by th&atialstone apd auiperels; Agp mRodimenss the naturg] aLeEeEdts ISt us, such

as those disc ' . S 8%9‘1]1%5

comercially _agg’l?ﬁg%:ﬁ‘e%n}gh?&r %ﬁ‘fbﬂ%l%?ﬁlgogp‘%?%%%sse nlgtr?’ eta gr aﬁgé’glequ.sl) h most
processes the amaeblagquaizite, and mikhees thelieuf. dMatble @uardtpatmed qaartziate es i s kept

bel ow about 100 nm _preferably_ pelow abouf 25 nm and nost preferably bel ow
about 10 nm ABBcHlY RIF frodn Thegies e H@Y@Eﬂ@g&%étem NEH¥Y 1 nm and
3 mmare parti gb&g&fdkﬁ/g[lﬁso%ftﬁé Eftfluse JleQezéJmp%s[{b hiddrial aﬁ&‘§ ﬂ&hﬁfeﬁ’l‘ﬁnﬁ@&) t of
nat ural aggregate In e conposite nmaterial may vary dependi ng upon the end
use of the prodthecdize dfithemsilding apparates useidh Suitablerapparatygy saghtiethosé | conpri se

bet ween about 85% andg.abo 96% | ght e final copposition.
Per cent ages | oaéﬁpuﬁsﬁ R &Sé}(}@msc‘gg?%\ﬁ(gaﬂ %%Qﬁ G OmmeTg y%%@a%t appear
like natural staRgiABPYEdRGIR B RBAHRIIN S IPmbst ptSURdsHhE Herage size of

the individual aggregate particles is kept below about 100 mm, preferably below

about 25 mm, and most preferably below about 10 mm. Aggregate with an

average particle size between about 1 mm and 3 mm are particularly preferred.

[0021] Similarly, the relative amount of natural aggregate in the composite
material may vary depending upon the end use of the product. In most instances
the natural aggregate will comprise between about 85% and about 96% by weight
of the final composition. Percentages lower than 85% typically result in product
that does not appear like natural stone. Above 96% aggregate there is usually not
enough binder present to provide a commercially acceptable product. In preferred
embodiments the natural aggregate will comprise between about 89% and about
93% by weight of the cured composition.

[0022] In addition to the natural aggregate, a filler may be added to the
aggregate and binder mixture. The filler may encompass any traditional material
added to polymer mixtures to add bulk and strength to the mixture. Common
fillers suitable for use with the invention include fumed silica, sand, clay, fly ash,
cement, broken ceramics, mica, silicate flakes, broken glass, glass beads, glass
spheres, mirror fragments, steel grit, aluminum grit, carbides, plastic beads,

pelletized rubber, ground polymer composites (e.g., acrylics encasing copper



enough bi nder present to provide a comercially acceptable product. In
preferred enbodinents the natural aggregate will conprise between about 89%
and about w@zfs/b2vei ght of the cured conposition. [0022)ctis@dsbd2h@n to the
natural aggregate, a filler may be added to the aggregate and binder

m xture. The filler may enconpass any traditional material added to pol yner
m xtures to add bul k and strength to the mxture. Common fillers suitable
for use with the invention include funed silica, sand, clay, fly ash,

cenent, broken ceramcs, mica, silicate flakes, broken glass, glass beads,

gl ass spheres, mrror fragnents, steel grit, alumnumgrit, carbides,

pl astic beads, pelletized rubber, ground polyner conposites (e.g., acrylics
encasi ng copperilRg¥YOwB8 2hiphi%aRiuBCHA P RaRAARE) Sl drdenth | doldtast, andRitngdy PS,
sawdust, paper |am'nates, pignments, colorants, "and mxtures " thereof. [0023]
The rel ative arthereef. of filler used in the practice of the invention is also
vari abl e and depends upon the ultimate end use of the product. For tabletop
and count ert of§02ppl i CHie relasive aimeunpodtiliet ysedfin lthe pryctidel dfahsinyentipn,is alsay) i s
usually low to i.ntain the appearance of natural stone. On the other hand,
filTers such avanghle andderends Bbon thelimele and b5 icthePradict Eqst%hqﬁop and

achi eving a uni : 0. ]fyaffl ol o {: R vi de a
usef ul carr‘i‘er'cpgét%?ﬁééﬁ&?w@s?;&%%%ﬁ&gggm vesiesr%@hé'a‘ggﬂ\}?‘sl%{%g?ll?‘ggs whi ch
are commonl y adukintairothe appesarice of aatuchd stoneieOnfthe othet by filgwisuctpds ons. G ven

the wide variety of fillers tha y he used jn the, practice of _the
i nvention the GOt ?e&ﬂmiqdaétqﬁem%ﬁ@@ﬂma WiEEmSEEage v from

0% or a mini Sc%h?esﬁéﬂl};émln ?&t,%?&%n&é%@ﬁro%eg\%seﬁﬂIQ&ieﬁ- 'Tckrlo‘ﬂéefr?{fﬁiég %ant be

present in anou ficient to reduce the ectiveness ti mte
end product. Thdditiveksudhed UV stabiizarstwinéh dreeofmsdniy aiieddte sempositionst he

various consideratiqns that govern the use of fillers i hi r Ocess.
[0024] The pol ;9%\%1}43 o mifdpor AmpliFations: ﬁl‘feﬂéﬁepwa&k\r%tyo?p itk ey Ben may be

used in the practice of the invention the quantity of filler in the overall

composition can vary from 0% or a miniscule amount to about 12% by weight.
The filler should not be present in amounts sufficient to reduce the effectiveness
of the ultimate end product. Those skilled in the art of the Breton Process know

the various considerations that govern the use of fillers in this process.

[0024]  The polymeric binder utilized in the practice of the invention may be
any polymeric binder suitable for securing the chosen natural aggregate. Suitable
polymeric binders include substantially any thermosetting resin. The binder may
be formed of a polymer, a mixture of polymers (for example, polyester and
urethane), monomers, and mixtures of monomers and polymers. Examples of
suitable polymers include polyester, vinyl ester, epoxy, phenolic resin, urethane
and mixtures thereof. Examples of monomers for the polymeric binder include a,
B - ethylenically unsaturated monomers, e.g., styrene and styrene derivatives;
lower alkyl substituted styrenes; o, - methyl styrene; vinyl toluene; divinyl
benzene; acrylics; Cly.g alkyl esters of acrylic and methacrylic acids, e.g., methyl
acrylate, ethyl acrylate, isopropyl acrylate, butyl acrylate, 2-ethylhexyl acrylate,
methyl methacrylate, ethyl methacrylate, isopropyl methacrylate, and butyl
methacrylate; and phenols, furans and the like. These monomers may be used

alone or in combination.



any polyneric binder suitable for securing the chosen natural aggregate.
Suitable polyneric binders include substantially any thernosetting resin.

The bi ndewomys/ofagsef or mred of a polyner, a m xture of polpd@iSotdReTexanpl e,
pol yester and wurethane), nononers, and m xtures of nononmers and pol yners.

Exanpl es of suitable polyners include polyester, vinyl ester, epoxy,
phenolic resin, urethane and m xtures thereof. Exanples of nononers for the
pol ymeric binder include a, O - ethylenically unsaturated nononers, e.g.,
styrene and styrene derivatives; |ower alkyl substituted styrenes; a -

met hyl styrene; vinyl toluene; divinyl benzene; acrylics; Cl14 al kyl esters
of acrylic and nethacrylic acids, e.g., nmethyl acrylate, ethyl acrylate,

i sopropyl acrybeds). byhyle skilled Rlike a:gm%tftm{ B@%4l o3 Yhigh&propBRie ¥t each
met hacryl ate, 'ethyl methacryl ate, isopropyl nethacrylate, agd but yl
met hacryl at e; afithe polymadric, bifideradiscesse] bdreinlanid ean Tdaddly chooserthe apprepriatee used

| ' I,nat i A 2005/ 0142 PCT/.US2004/.00271 0025] ,Th
2K T Ted. i n't he DR gsE egh (RO SR ERS Ol dhe R SR ARBER 100k OB PBLEERA o -t he
pol yrrer i ¢ bi ndgsismflh ApetettsNThe pierais HaRorh s tidrlclMPB6n! e paRPEOP! | at &

bi nder based upon the requirenents of the particul ar application.

preferred pol yiewroficostpateystyrene, mathy methdosylatedinddmitylacslatpar ti cul arly from
the point of view of cost, are styrene, nethyl nethacrylate and butyl
acrylate. [0070026fhe Thedardermayalsddndludd aictupling aggit] swhageiline, ouaskisias

silane, to assist_ i.n adhesion between the aggregate and_ binder. This is
especi al | y usefadhesipn Retygen the #@rgat%ﬁk@@ﬁ%@,glwpm@&?#d@m¢ will

bi nd nore effegi &x9m ' =Y : | ic@aﬁi’ d to the
m xture. A coug}lkfégi:%&gent gﬁ%%}%%teggmgésﬂe‘%%l(ﬁ)@g%% %%?%Mﬁ% S, g‘;ar exanpl e
gl ass fibers, pildnercotyslirgiaheht Braddéd toi thelmixtufe) A2cHupAng apdrit nidyeal sot bearsed

bi nder Used | nia MEE ST STGRARR BRPIeTRIAR 4R AP,  bbodh ment s
of the invention enough polymeric binder is used to provide the
0027] s with the other components of the claimed composite material, the
quantity of polymeric binder used in the practice of the invention may vary. In all
embodiments of the invention enough polymeric binder is used to provide the
structural material with the physical properties (e.g., strength) required for the
particular application. In most applications where the intent is to mimic the
. appearance of natural stone the polymeric binder will be present in an amount
between about 4% by weight and about 15% by weight, more preferably between
about 6% and 10%. Of course, the type of binder used will have an impact on the
quantity of binder used. Those skilled in the art, however, are aware of this and

can make the appropriate adjustments where necessary.

[0028] In preferred embodiments, the polymeric binder will primarily
comprise polyester and will be present in an amount between about 6% by weight

and about 10% by weight of the cured composition.

[0029]  Suitable antimicrobial agents that can be utilized in the practice of the
invention include organic and inorganic antimicrobial agents. As will be readily
apparent to one of skill in the art, a variety of organic antimicrobial agents are
known including, for example, chlorhexidine, alexidine, cetyl pyridinium
chloride, benzalkonium chloride, benzethonium chloride, cetalkonium chloride,

cetrimide, cetrimonium bromide, glycidyl trimethylammonium chloride,



structural material with the physical properties (e.g., strength) required
for the particular application. In nost applications where the intent is to

m m c t hewordapg@sadace of natural stone the pol yneric bi ngefudobdnef,Present
in an anount between about 4% by wei ght and about 15% by m/%éu!%ﬁt’, ﬁ%re

preferably between about 6% and 10% O course, the type of binder used

w Il have an inpact on the quantity of binder used. Those skilled in the
art, however, are aware of this and can nake the appropriate adjustnents
where necessary. [0028] In preferred enbodi nents, the polyneric binder wll
primarily conprise polyester and will be present in an anmobunt between about
6% by wei ght and about 10% by wei ght of the cured conposition. [0029]

Sui tabl e anti mj ' agent. . il L. th r I1C fothe

i nvention i nc%tggergg(lrogié]ﬁﬁ %‘ﬁ%ﬂ‘z‘*fhﬁgér‘b@%%é‘? a%%ﬁ#gﬁ%f)aqrb%lga] rgfe?fgg C%S?Pf be
readi |y appar atimicfot@dl@géits skduaterhdtytainéiiim conpathdy shehidisg Bettiot
antimcrobial agents are known including, for exanple, chlorhexidine,

al exi di ne, cet {ifniiggtq thedpllewingisompodnds: benzal koni um chl ori de, benzet honi um
chloride, cetal koniumchloride, cetrimde, cetrinonium bromde, glycidyl

t ri met hyl ammor{003f]chl Bhiodide: 8 WO 2005/ 014256 PCT/ US2004/ 002712

st ear al koni um chl ori de, hexetidine, triclosan and triclocarban. A preferred

class of - anti[003¥]obi TktragsbiitPamenohiigh Fhivaidy, Petraethylummoniua/Plderidé ncl udi ng
but not |imted to the follow ng conpounds: [0030] Fluoride: [0031]
Tetra- n- butyl g(mgﬂl unchldselei de, Tetraet hyl anmoni um Fl uoride [0032]

Chl oride: [0033] Acetylcholine Chloride,

(5 eyt o Soappee| AL TR AR ton OO AN 9. .,

Chl ori de, N- Be@GhjorideBéaealkdnium ChidridepBeémethohiuie ChldrideBé&moylvholineChl or i de,

Benzyl di met hyl %r}]xforll%lle,a ]?rg}l%r}]'ilclé?quimethylammonium Chloride, N-Benzylcinchonidinium
Chloride, N-Benzylcinchoninium Chloride, Benzyldimethylphenylammonium
Chloride, Benzyldimethylstearylammonium Chloride, N-Benzylquinidinium
Chloride, N-Benzylquininium Chloride, Benzyltri-n-butylammonium Chloride,
Benzyltriethylammonium Chloride, Benzyltrimethylammonium Chloride,
Carbamylcholine Chloride, DL-Camitine Hydrochloride, Chlorocholine Chloride,
(3-Chloro-2-hydroxy-n-propyl)trimethylammonium Chloride, Choline Chloride,
n-Decyltrimethylammonium Chloride, Diallyldimethylammonium Chloride,
Dichloromethylenedimethyliminium Chloride, Dimethyldistearylammonium
Chloride, n-Dodecyltrimethylammonium Chloride, Girard's Reagent T, n-
Hexadecyltrimethylammonium Chloride, Hexamethonium Chloride,
Lauroylcholine Chloride, Methacholine Chloride, Methacroylcholine Chloride,
(2-Methoxyethoxymethyl)triethylammonium Chloride, [bgr]-Methylcholine
Chloride, Methyltriethylammonium Chloride, Myristoylcholine Chloride, n-
Octyltrimethylammonium Chloride, Phenyltriethylammonium Chloride,
Phenyltrimethylammonium Chloride, Phosphocholine Chloride Calcium Salt,
Phosphocholine Chloride Sodium Salt, Succinylcholine Chloride, Tetra-n-
amylammonium Chloride, Tetra-n-butylammonium Chloride,
Tetradecyldimethylbenzylammonium Chloride, n-Tetradecyltrimethylammonium
Chloride, Tetracthylammonium Chloride, Tetramethylammonium Chloride,

Trimethyl[2,3-(dioleyloxy)propylJammonium Chloride,



Chl ori de, Benzyl di net hyl st earyl amoni um Chl ori de, N-Benzyl qui ni di ni um

Chl oride, N Benzyl quini ni um Chl oride, Benzyltri-n-butyl ammoni um Chl ori de,
Benzyl t riwbhybsigasei um Chl ori de, Benzyl trimet hyl ammoni uBcERlBHd4HB2712

Car banyl choline Chloride, DL-Camtine Hydrochl oride, Chlorocholine Chloride,
(3- Chl or o- 2- hydr oxy- n-propyl ) tri met hyl ammoni um Chl ori de, Chol i ne Chl ori de,

n- Decyl tri met hyl ammoni um Chl ori de, Di all yl di met hyl anmoni um Chl ori de,

Di chl or onet hyl enedi met hyl i mi ni um Chl ori de, Di nethyl di st earyl anmoni um

Chl ori de, n-Dodecyl trinmethyl anmoni um Chloride, Grard' s Reagent T, n-
Hexadecyl tri nmet hyl ammoni um Chl ori de, Hexamet honi um Chl ori de, Lauroyl choline
Chl ori de, Methacholine Chloride, Methacroylcholine Chloride,

(2- Met hoxyet h LA R, ifi&h ] - ofri:ne
Chl oride, Met ﬁw{tﬂréfﬂgﬁ%ﬁmmm um Chl (ﬁq@a@l’%n st}(’)ly c'@%%ﬁ??ﬁe@ n-
Cctyl t ri met hyl estylmethytahioniund €hloBideny! t ri et hyl ammoni um Chl ori de,

Phenyl t ri nmet hyl ammoni um Chl ori de, Phosphocholine Chloride Cal cium Salt,
Phosphochol i ng0@34jor i Beospiddi um Sal t, Succi nyl choline Chloride, Tetra-n-
anyl anmoni um Chl ori de, Tetra-n-butyl amoni um Chl ori de,

Tetradecyl di nqmwllbenm mﬁeﬂﬁé?}oﬁﬁhe,rﬁéﬁoyl@h«ﬁﬁiﬁ@ﬁﬁaé,_tHeinEﬁhjfLYlL ammoni um

Chl ori de, Tetraethyl ammoni um Chl ori de, Tettanet hyl ammoni um Chl ori de,

Tri met hyl [ 2, 3- buty aimegdnirmy)Brooygd, Banzydtriethyl @hinonivde Brénide) Bodtcholis 6
PCT1US2004/ 002712 . Trjnet hyl st earyl anmoni Chl.or i, de, i octyl met hyl ammoni um
Chloride, Tri- mr&'é?ﬁ%ﬁ"ﬁ%?@ﬁﬁﬁ’é’iﬂ’%‘ﬁ? _T%%‘Fe’[@t?i‘&r%?@ﬁ%e: [0035]
Acetyl chol i ne BeQimh&RoniBaEeide) Al DS 1HnRMyISmmBRREY Bidrhide; but yl ammoni um
Brom de, Benzyltriethyl anmoni um Brom'de, Bronocholine Brom de,

Cet yl di met hy| eDidecyldimethylamBramin 8rodids), DilsusidimethylanibeniameBtrosnide,m Br oni de,

n-Decyl trimethyl an y Iirlﬂwisl%grlgrrrqngo%imn Bromide, Dimethyldioctylammonium Bromide,

Dimethyldipalmitylammonium Bromide, Dimethyldistearylammonium Bromide,
n-Dodecyltrimethylammonium Bromide,
(Ferrocenylmethyl)dodecyldimethylammonium Bromide,
(Ferrocenylmethyl)trimethylammonium Bromide, n-exadecyltrimethylammonium
Bromide, Hexamethonium Bromide, Hexyldimethyloctylammonium Bromide, n-
Hexyltrimethylammonium Bromide, Methacholine Bromide, Neostigmine
Bromide, n-Octyltrimethylammonium Bromide, Phenyltrimethylammonium
Bromide, Stearyltrimethylammonium Bromide, Tetra-n-amylammonium
Bromide, Tetra-n-butylammonium Bromide, Tetra-n-decylammonium Bromide,
n-Tetradecyltrimethylammonium Bromide, Tetraethylammonium Bromide, Tetra-
n-heptylammonium Bromide, Tetra-n-hexylammonium Bromide,
Tetramethylammonium Bromide, Tetra-n-octylammonium Bromide, Tetra-n-
propylammonium Broﬁidg, 3-(Trifluoromethyl)phenyltrimethylammonium

Bromide, Trimethylvinylammonium Bromide, Valethamate Bromide.
[0036] Iodide:

[0037]  Acetylcholine Iodide, Acetylthiocholine Jodide, Benzoylcholine Iodide,
Benzoylthiocholine Iodide, Benzyltriethylammonium Iodide, n-Butyrylcholine
Iodide, n-Butyrylthiocholine Iodide, Decamethonium Iodide, N,N-
Dimethylmethyleneammonium Iodide, Ethyltrimethylammonium Iodide, Ethyltri-

n-propylammonium Iodide, (Ferrocenylmethyl)trimethylammonium Iodide, (2-

10



Di decyl di net hyl anmoni um Brom de, Di | auryl di met hyl anmoni um Br om de,

D et hyl di nyri

Di met hy| dwpadotd/éitssnmoni um Broni de, Di et hyl di st ear yl ampgiiwdsoidesige.

styl ammoni um Brom de, D net hyl di octyl anmoni um Brom de,

n- Dodecyl tri met hyl anmoni um Br om de,
(Ferrocenyl met hyl ) dodecyl di net hyl amoni um Br om de,

(Ferrocenyl net hyl ) tri met hyl anunoni um Br om de,
Brom de, Hexanet honi um Brom de, Hexyl di net hyl octyl amroni um Brom de, n-

Hexyl tri net hyl

YR 1 RamhShiuflr RufRC g‘i‘:{%ﬂi Ofne Todi8e, O-[bgr]-
n- Tet radecyl tri et hyI ar’ill)mnl um Brom de, Tefraet hyl a}lr!na*;onl u% Br om (gbgr Tetr a-

n- hept yl ammoni

n- eadecyl tri nmet hyl anmoni um

anmoni um Brom de, Met hacholine Brom de, Neostigm ne Broni de,
n- Cctyl tri met hyl ammoni um Brom de, Phenyl trinmet hyl anmoni um Brom de,
Stearyl trimethyl ammoni um Brom de, Tetra-n-anyl ammoni um Brom de,
Tetra- n- but yl Y (7 00

NapIBhWyi@,rbdﬁefdcmlme Fstide, RhemyliriethyBromp e Iodide,

pr opy| ammon; un PSR ETRER R Bt Ryt PGP PP Ao

dm  Broni de,
Trimethylviii W)Wﬁh&ﬁhﬁr lefiddeTenR it AanBhiBmBoa e deetrd-A 3R By ldndebsiim [ 0037]

Acetyl chol i ne [odide, Acetylthiocholine Iodide, Benzoylcholine |odide,

Benzoyl t hi ocholodide, Tfotia-@ehexBElmMIumeIDdi}ie,aTnmeEhmlmmoumm b@lﬁ,ﬁ“ﬁ?ﬁ-@hol i ne

| odi de, n-Butyr hi ochol i.n et hani um,| o de, N N
D et hyl met hyl @ %&fsmwvﬁ%lpﬁl&reﬁﬁ A RUPY APTRORPEAHR trm 1 ol de, £t hyl tri -
(2-

n- propyl amoni (xR nérﬁﬁﬁiéiﬂ Mh]hh{ JodRrichy! anunoni um | odi de,
S /)gﬁéz 12

WO 2005/ 014256 PCT/ USZOO

[ bgr] - Met hyl c
Phenyl tri et hy

Phenyl t ri met hyl anmoni um | odi de,

Tet  act hyl WA |o§.% %&Y‘igﬁﬁoﬁ‘lﬂgﬁﬂ R B ammontum

Hydroxide, Choline, n-Hexadecyltrimethylammonium Hydroxide,
Phenyltrimethylammonium Hydroxide, Sphingomyelin, Tetra-n-butylammonium
Hydroxide, Tetra-n-decylammonium Hydroxide, Tetraecthylammonium
Hydroxide, Tetra-n-hexylammonium Hydroxide, Tetramethylammonium
Hydroxide, Tetra-n-octylammonium Hydrbxide, Tetra-n-propylammonium

Hydroxide, 3-(Trifluoromethyl)phenyltrimethylammonium Hydroxide.
[0040] Others:

[0041] Acetylcholine Perchlorate, Benzyltrimethylammonium Dichloroiodate,
Benzyltrimethylammonium Tetrachloroiodate, Benzyltrimethylammonium
Tribromide, Betaine, Betaine Hydrochloride, Bis(tetra-n-butylammonium)
Dichromate, Bis(tetra-n-butylammonium) Tetracyanodiphenoquinodimethanide,
L-Carnitine, 3-[(3 -Cholamidopropyl)dimethylammonio]-1-propanesulfonate,
Denatonium Benzoate, n-Dodecyldimethyl(3-sulfopropyl)ammonium Hydroxide,
Inner Salt, N-Fluoro-N'-(chloromethyl)triethylenediamine Bis(tetrafluoroborate),
n-Hexadecyltrimethylammonium Hexafluorophosphate, n-
Hexadecyltrimethylammonium Perchlorate, n-Hexadecyltrimethylammonium
Tetrafluoroborate, (Methoxycarbonylsulfamoyl)triethylammonium Hydroxide,
Inner Salt, Neostigmine Methyl Sulfate, n-Octadecyldimethyl(3-
sulfopropyl)ammonium Hydroxide, Inner Salt, Phenyltrimethgrlammonimn

Tribromide, Propionylcholine p-Toluenesulfonate, Tetra-n-butylammonium

11

Hydr oxyet hyl ) tri et hyl amoni um | odi de,
O [ bgr] Napht hyl oxycar bonyl chol i ne | odi de,
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| odi de, Tetra-n-hexylammoni um | odi de, Tetranet hyl anmoni um | odi de, Tetra-n-
octyl ammoni um | odi de, Tetra-n-propyl anmmoni um | odi de, 3-

(Trifl uorwoetobs/dugdaeny! t ri met hyl ammoni um | odi de. [ 0038] pdvidii2sé4t@2712 0039]
Benzyl tri et hyl ammoni um Hydr oxi de, Benzyl tri met hyl anunoni um Hydr oxi de,

Chol i ne, n-Hexadecyl tri nmethyl anmoni um Hydr oxi de, Phenyl tri nmet hyl ammoni um

Hydr oxi de,

Sphi ngonyel i n, Tetra-n-butyl ammoni um Hydroxi de,

Tetr a- n- decyl ammoni um Hydr oxi de, Tetraet hyl amoni um Hydr oxi de,

Tet r a- n- hexyl ammoni um Hydr oxi de, Tetramet hyl anmoni um Hydr oxi de,
Tetra-n-octyl anunoni um Hydr oxi de, Tetra-n-propyl ammoni um Hydr oxi de,
3-(Trifluoronethyl)phenyltrinethyl amoni um Hydr oxi de. [0040] O hers: [0041]

Acetyl chol i ne RejdehTQtahSutyPehmbhivin BEhidyida mamnlsbuilaimehRipdat e,
Benzyl tri met hyl ammoni um Tet'r achl or oi odat e, Benzyl tri'met hyl anmoni um

Tri brom de,
D chr omat e,
L-Carnitine,

BeBatqlwdndaatT@itrasl-bwlaanm:wn@aomadsquéc,rmmbutylmmumm

"SI IR AT B

Denat oni um Be neraﬁhm&n%fbyérﬁblaameﬁ&tﬁ-ﬁuh{ymaﬂxhﬂ@mmraéﬁrw drepel de,

| nner Salt,

N-Fl Uoro-N - (chl oronet hyl ) triethyl enedi am ne

Bis(tetrafl uormb@’t}’é%mmomum Q@@l&@ebgﬂmld%@trhﬂ-blmmmHQxaf t uor ophosphat e,

Tet raf | uor obor DO RRERBIY LR bof TP Ry AR bR BORGS

| nner Salt,

..r—r

r. ﬁre anmoni um
le. .
BT HFoxi de,

NePetd-AHub@anbidiiim Bihydégentrithidzide TEavd-AibiBiamoaum

o,
—dd

sul fopropyl ) anmoni um Hydr oxi de, | nner Salt, Phenyl trimet %I anmoni um

Tri brom de,
2005/ 014256

Tetra-n-butyl a

Pr Bijpdeapurath o ¢trren-putybimimerism Hevailuerophesphate; Tetreyak anmoni um 11 WO
PAl 2“9§A19191 y&rogensuﬁ"ece [tT ?i epdlt Eﬁrc}{nﬁ%nﬁﬂmfarf Luori de,

butylammomum Hydrogensulfate, Tetra-n-butylammonium Perchlorate, Tetra-n-
butylammonium Perrhenate, Tetra-n-butylammonium Phosphate, Tetra-n-
butylammonium Salicylate, Tetra-n-butylammonium Tetrafluoroborate, Tetra-n-
butylammonium Tetraphenylborate, Tetra-n-butylammonium Thiocyanate, Tetra-
n-butylammonium Tribromide, Tetra-n-butylammonium Triiodide,
Tetraethylammonium Borohydride, Tetraethylammonium Perchlorate ,
Tetraethylammonium Tetrafluoroborate, Tetraethylammonium p-
Toluenesulfonate, Tetracthylammonium Trifluoromethanesulfonate,
Tetramethylammonium Acetate, Tetramethylammonium Borohydride,
Tetramethylammonium Hexafluorophosphate, Tetramethylammonium
Hydrogensulfate, Tetramethylammonium Perchlorate, Tetramethylammonium
Sulfate, Tetramethylammonium Tetrafluoroborate, Tetramethylammonium p-
Toluenesulfonate, Tetramethylammonium Triacetoxyborohydride, Tetra-n-
propylammonium Perruthenate, Trifluoromethanesulfonic Acid Tetra-n-

butylammonium Salt.

[0042] Particularly preferred antimicrobial agents include those that exhibit a
substantially controlled migration through the polymeric binder to the exposed
surface of the binder (and the resulting structural material) until a point of
equilibrium is reached. Abrasion of the material surface during use or

degradation of the exposed antimicrobial agent removes these antimicrobial
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Bor ohydri de, Tetra-n-butyl ammoni um Bronodi i odi de, Tetra-n-butyl anmoni um

Di br onpaurate, Tetra-n-butyl ammoni um Di bronochl ori de, Tetra-n- butyl anmoni um
Di br onoi owigt®es/oigtssa- n- but yl ammoni um Di chl or oaur at e, Tetg@Erusobiddoytr@nmoni um
Di chl or obrom de, Tetra-n-butyl anmonium Difluorotriphenylsilicate,

Tetra- n- but yl ammoni um Di fl uorotri phenyl stannate, Tetra-n-butylamoni um

D hydrogentrifluoride, Tetra-n-butylamonium Diiodoaurate,

Tet r a- n- but yl ammoni um Hexaf | uor ophosphat e, Tetra-n- butyl ammoni um

Hydrogensul fate [for.lon-Pair Chromatography], Tetra-n- butyl amoni um

Hydr ogensul fat e, Tetra-n-butyl anmoni um Perchlorate, Tetra-n- butyl amoni um
Perrhenate, Tetra-n-butyl amoni um Phosphate, Tetra-n- butyl anmoni um

Salicyl ate, Tehgentdadddivhupts e bstaBIEREd EfuiliaROTAIstimIitePadditidhat Y| anmoni um
Tetraphenyl borate, Tetra-n-butylamoni um Thi ocyanate, Tetra- n-butyl anmoni um
Tri brom de, Tetmaahomf geenirtaihe sufaveiungilip gew eqiiibrigat mymhnﬁ@wal of

ot al | uor obor BP0 FE1eBDRG! SRrio b etk ARt ot BIREL Specitic

Tetraet hyl ammefgamc&ﬁﬁﬂlmvbmgéiﬁ@mmgwlty id@tdes®Bhloyd-anqp@ni um Acet at e,
Tet r amet hyl anmoni um Bor ohydri de, Tetranet hyl ammoni um Hexaf | uorophosphat e,

Tet r anet hy| anmdichlorephepaxy)pbennl nomrclatbtkmmmlalmmmm tiodomethydt e
Tet r amet hyl amoiium Sul f at.e, Tet r.amet h Tet,r,af | yor ebor at.e,
Tot r anet hyl ameniaiy e pafiiioned S BHRVBIET P PhoRibisel Shiuei b
Tri acet oxybor ofyéhs nolt 86dcA2pro mﬁﬁm%y@ Perrut henat e,

Trifl uoronet haEeSlﬁI?%nl c d-@TeI??g n- butyl anmoni um Salt. [0042]

Particularly pp@lwéqueﬂlyénne(dﬁmthdbmamoz@bwpge(dmﬁbﬂmm@y{ermatchl@xlﬁeb| t a

substantial ly | rati i_nd tg the

exposed surfaﬁ%pi?o% oggt @Pa?oi?k]j’e{i]ﬁg&?%’sdag 1%%1§][m lg']ﬁ? ﬁ&%’ﬁ al) until

a point of eqbigubfide (k. Ipmmemecs-trﬁbma-amsu(m 41H16H)r&1iéthaml c&HmbReglydur i ng

use or degradation of the exposed antinicrobi al ent renpves_these

antim crobi al available under the tradename Onyxide; and 1soth1az inones such as N-butyl-1,2-
Benzisothiazonlin-3-one, 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one, 2-n-Octyl-
4-isothiazolin-3-one, 2-Methyl-4-isothiazolin-3-one, 5-Chloro-2-methyl-4-

isothiazolin-3-one.

[0043] Triclosan is particularly preferred, especially when used in conjunction

with polyester as the polymeric binder.

[0044] Similarly, suitable inorganic antimicrobial agents include any of the
known antibiotic metal salts and ceramics. Such metal salts include salts of

' silver, copper, zinc, mercury, tin, lead, bismuth, barium, cadmium, chromium, and
mixtures thereof. Particularly preferred metal salts include silver acetate, silver
benzoate, silver carbonate, silver iodate, silver iodide, sliver lactate, silver laurate,
silver nitrate, silver oxide, silver palmitate, silver sulfadiazine, zinc oxide, barium
metaborate, and zinc metaborate. Antimicrobial silver salts are particularly

preferred.

[0045] Antimicrobial metal ceramics suitable for use in the practice of the
invention include but are not limited to zeolites, glasses, hydroxyapatite,
zirconium phosphates or other ion-exchanging ceramics. Examples of silver

containing ceramics include Ionpure WPA, Ionpure ZAF, and Ionpure IPL from
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12 WO 2005/ 014256 PCT/ US2004/ 002712 agents and di srupts the established
equilibrium This stinulates additional mgration of agent to the surface
until a nwo20esuikiseri umis reached. Several of the aboyweT@EbisIed?2
antimcrobial agents exhibit this type of mgration. Specific organic
antim crobial agents having this ability include 5-chloro-2-(2,4-

di chl or ophenoxy) phenol commercially known as triclosan; tolyl diiodonethyl
sul fone; zinc pyrithione; sodium pyrithione; ortho phenyl phenol; sodium
ortho phenyl phenol; iodo-2-propynyl butyl carbanate;

pol y[ oxyet hyl ene(di met hyl i m ni o) et hyl ene(di net hyli m ni o)ethyl ene chloride];
pr opi conazol e; t ebuconazol e; bet hoxazi n; t hi abendazol e; pol yhexanet hyl ene

bi guani de (i . efshiZRVBlass & ﬁn}r%&?g@%‘%ﬂ@@ ém@bh?#o@b*homc% lpe@hlity

comrercially availabl e under name Onyxi and 1 sot hi azal | nones
such as N-but yChamalsBenzi sot hi azonli n-3 -one,

4,5-di chl oro-2-n-octyl -4-isothiazolin-3 -one, 2-n-Cctyl-

4-i sot hi azol i r{eG46)ne, The bjehund-qhantitg ofi tirzmtimierdbiabagent in helcompositenet hyl -

i sot hi azol i n-3-one. [0043], Triclosan is particularly preferred a?pecially
when used in cHRCHH m@'ﬁn hvw@%ﬂdﬁg %mthebﬂwlay#aur%tl% aatural [ 0044)

Sinmlarl the Kk
ant] biot | ¢ ot Seregh BRLAARCYA ér Gter PURRES i o Bibpdle "0, KMOM
silver, copper strwitural materialirBor eiamplel ehxghl}fmrsswmmcedlmdrcuystalhmdpnlmnc

chromum and _mxtures thereof. Particularly. p erred sal s include
si | ver acet at ebindey yenld tepd o giagd ﬂ’ﬁF‘Pﬁ’@P"E&fBGH @HQW‘?FQEEA &il ver

| odi de, sliver dr?a‘é& Fﬁle ﬁhél 3&t%ﬁ6€%cﬁymeﬁé Laﬁﬁxge’?ﬂf o%itE ‘é?ﬁcbtﬁ%' de,

silver palmtate, ver su I azl zi nc oxl orate, and
zi nc net abor at mateﬁat | ’mm?sesmlhﬁ is tHewetrare ezhpablearfenaia]nhgmhd qrplrgpnqmr ef erred.
[0045] Anti m crobi al rret al ﬂhﬁ"(se sui t gbl ;Ffor use in the practice of the

i nvention i ncl #¥EMISIRD 1%r”@:a @PPreprgte bindees gl asses, hydroxyapatite,
[0047]  Likewise, those skilled in the art are capable of determining the

appropriate loading of antimicrobial agent into the composite structural material.
The primary guideline for determining the necessary quantity of antimicrobial
agent is that enough of the agent should be added to the composition to provide a

commercially acceptable degree of efficacy against the microbe of concern.

[0048] In preferred embodiments the antimicrobial agent is one capable of
controlled migration through the polymeric binder to the surface of the
composition. Such antimicrobial agents should be present in the composition at a
level of at least 500 ppm based upon the total weight of the composition. Cost
factors typically establish the upper limit of the quantity of antimicrobial agent at
about 1% (i.e., 10,000 ppm). In most instances such migratory antimicrobial
agents will be present between about 800 ppm and 7000 ppm, most preferably
between about 1000 ppm and 5000 ppm based upon the weight of the cured
product.

[0049] In particularly preferred embodiments the polymeric binder is polyester
and the antimicrobial agent is triclosan. In this embodiment the triclosan is

present in the composition in a concentration between about 800 ppm and 5000
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zi rconi um phosphates or other ion-exchanging ceram cs. Exanples of silver
contai ning ceram cs include |onpure WPA, |onpure ZAF, and lonpure IPL from
13 WO 200%io%bds2G248CTI US2004/ 002712 | shi zuka G ass Comaiyusaéh/dehaa B5000
and Ci ba B7000 from Ci ba Speciality Chemcals. [0046] The type and quantity
of the antimcrobial agent in the conposite structural material may vary
dependi ng upon the type and quantity of natural aggregate, polyneric

bi nder, filler, or other additives found in the conposite structural
material. For exanple, a highly cross-linked and crystalline polyneric

bi nder would tend to retard the mgration of a bulky antimcrobial agent to
the surface of the binder or exterior polyneric coating of the conposite
structure matposE - TR EEtRE b}r&ma&wp&éfened&mﬁ&ﬁnfeﬁpﬁﬁ'aﬁ iRficroB EPJ%:HQ t he
appropriate antim crobi al rrat erial With the appropriate | nder 047]

Li kewi se, thosés asinetal.eSilver is hpamculady@refapabmetabamﬂmayu’ompmsng aslad‘ree ion

appropriate Ioadj tlmc obla ent t he c osj.te,structural
material. The®p P‘i%’ﬁ‘?&”&% gd’eqef’ 88138?’91 Eﬁlﬂﬂs emBod: BEQ’&:S&JV?M%W ity of
antim crobi al  pageRtn e éolﬂﬁ;osﬁﬂﬁqgla cBheenfi8tiGibdtivesi bt 1060 ppiHaddt o the

conposi tion to prOV|de a comercially acceptabl e degree of “efficacy agai nst
the m crobe of 5000¢ppm, mof®predirably betvescn abeut 5@ﬁﬁcppmmrdt20 ®Oﬂeprmmt i m crobi al

agent is one c bl e of lled m t| on t he nerj c binder
to the surfaceﬁgfl YeStRRLS ad@ﬁb‘ﬂ'é?rf ge@dg’ﬂ rhlﬁ‘ie(ﬁg ra‘llseéﬁ'gﬁ&geslﬁﬁ 5d be
present in the corrp05|t|on at a level of at least 500 B)@ m based upon t he
total weight d003He cdompstilduher pegichlarly peel ng@rybwmmg antimigrabjak he upper

I t of th
ol e gk ool IhORRRAL RSN bitne Ol B0

bet ween about &)§, apinyhodstyRal: grpﬂp)thntﬁﬁ ca}fabfe&ff&bdcymgb@h\ﬁ&emacﬁmm 1000 ppm

and 5000 ppm based upon the, wei Igu cuyed . pr.oduc
polymerization and attaching 1tse1f to e polymeric binder. Such compounds will

probably have limited migration in the polymeric binder because their reactivity
essentially locks them into place within the binder. However, this type of
antimicrobial agent may be applied in sufficient quantity to provide acceptable
efficacy at the surface of the end product. Alternatively, and as discussed in more
detail below, this type of antimicrobial agent can be selectively placed at or near
the surface to provide acceptable efficacy at relatively low concentrations.
Accordingly, the concentration of this type of antimicrobial agent can vary over a
wide range depending upon how it is used. It is believed that concentrations
between 100,000 ppm and 400,000 ppm will provide acceptable efficacy if the
agent is mixed throughout the binder. Lower concentrations between about 1000
ppm and 100,000 ppm are believed to provide acceptable efficacy if the agent is
primarly located at or near the surface of the end product. One particular benefit
of this type of antimicrobial agent is that the reactive nature of the agent helps
prevent leaching of the agent from the material.

[0052]  The antimicrobial agent may be added to the composition in several
ways. The particular method of adding the antimicrobial agent will depend upon
the overall process and the equipment used. In general, however, the

antimicrobial agent may be added in one of two ways — directly or via a carrier.
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[0049] In particularly preferred enbodi nents the polyneric binder is

pol yester and the antimcrobial agent is triclosan. In this enbodi nent the
triclosanw9e0spiesent in the conposition in a concentrapcgusheiosem about
800 ppm and 5000 ppm 14 WD 2005/014256 PCT/US2004/002712 [0050] In a
further particularly preferred enbodi nent the antimcrobial agent is a
nmetal. Silver is a particularly preferred netal and may be present as a free
fon or inammtrix (e.g., zeolite or glass matrix). In this enbodi nent the
silver is present in the conmposition in a concentration between about 1000
ppm and 50,000 ppm nore preferably between about 5000 ppm and 20, 000 ppm
Pol yester is a particularly preferred polyneric binder for use with these

netals. [0053p033) a Fbi édaniplé,theintBiicidbidl cad by adiedldrecay tegodi nent the
antimcrobial agent is a quaternary anmoni um conpound havi ng an unsat ur at ed

reacti ve groupaggregate/bindesminpuredefare thegnixgurg isplpgedindbe mold alp #is bindgr is

reacting in a fr ragdic l.ynerization and attaching i.tsel t he

pol yrmeri c bi ndgcl;l?rgs&ﬁﬁe 8%%%‘5@85“’%’#?‘&06%%’8 S ﬂ%v@eff ?‘%‘eflé%eﬁﬁ}biogw on in
the pol yneric Bindetedgohpairaiktiree Dirdctaiditiot éfmetabafmicAbial abstkf theem i nto
place within the binder. However, this type of antimcrobial agent may be
appl i ed in suf eggresste/bigdermixtyrethss plso beereshavmdpivegskavellef f | cacy at t he
surface of the end product. Alternatively, and as discussed in nore detail
bel ow, this t)\[pe54f aAdternativelyi ae cogdhprepam alvonsmitratedi angiimicyobmted at or near

the surface to provide acceptable efficacy, at relat.ive | ow concentrations.
Accordingly, t n@Bﬂlé’g}?{lF;’ﬂff n@ﬁtefeqﬂt@‘?@%@sotpe% 'lmop %Qfoﬁes%?d can vary
over a Wwide raﬁwsgﬁﬁ@saﬂw@ﬂ%eﬁv ste rhaStedfithes blrfbiin ARLIL eved t hat
concentrations ~"between 100, 000 ppmand 400, 000 ppmw || provide acceptable
efficacy if t gent, 4 1 %6 r | . . rations
bet ween about q@% p%n@%%%J&J%%ﬁ%%gﬁEgﬁae e E&ﬁ%ﬁ%@?@é’&%@@é& abl e

efficacy if thHqédenirier and pddifg tHeyagenidaited sqstemrto tigabintiére Rowr f ace of the end

product. One particular benefit . L . L
triclosan/polyester systems, one such suitable liquid carrier would be a nonionic

surfactant such as Chromasist WEZ™ which is commercially available from

Cognis Corporation.

[0056] If a liquid carrier system is used care should be taken to ensure that the
- carrier system is compatible with the overall process. For example, Chromasist
WEZ™ as a carrier for triclosan results in acceptable product but can extend the
cure time when using specific types of equipment or specific combinations of
aggregate and binder. Given the nature of the Breton Stone processes, a certain
degree of fine tuning will be necessary regardless of the antimicrobial agent and

delivery method chosen.

[0057] A still further alternative would be to form an antimicrobial/colorant
masterbatch which is then added to the aggregate/binder mixture just as any
colorant is added to the mixture. This method has been shown to work well with

triclosan in trial studies.

[0058]  Yet another alternative that is believed to be well suited for use in this
invention is to selectively place the antimicrobial agent near the surface of
interest. This may be accomplished in one of several ways. For example, some

processes may provide the placement of a thin polymeric layer between the mold
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of this type of antimcrobial agent is that the reactive nature of the agent
hel ps prevent |eaching of the agent fromthe material. [0052] The

anti m cr aRoabospdeRk "My be added to the conposition in $eqAi3hos B8NS The
particul ar nmethod of adding the antim crobial agent will depend upon the
overall process and the equi pment used. In general, however, the

antim crobial agent may be added in one of two ways - directly or via a
carrier. 15 WD 2005/ 014256 PCT/ US2004/ 002712 [0053] For exanple, the
antim crobial can be added directly to the aggregate/binder m xture before
the mxture is placed in the nold. If the binder is polyester the powdered
formof triclosan works well when added directly to the binder aggregate
m xture. Direc b d Q @ﬁ%g& | | R : 1

aggr egat e/ bi nd%r%(p%gféét}(ravgﬁ % a Sgr%&[e}%ﬂhﬂéﬁg%’b?gnﬁgi?&éy\%gﬁyb?%%g lized

Al ternati vel y, anngelcoat at aomeldarekease agentandtmay mdlwle ttheypalymiersatientified

agent / pol ynmeri ¢ hi nder sterbatch which is then fed into the cess at the
appropri ate poP*HB?r M@%Qﬁ?%lwﬁpeﬁ@%@@§gﬁgﬁfﬁ?ﬁ?ﬁﬁ .tO?tBESS] A
further alterngg j [ el 264 alﬂ‘%ﬁ b a
liquid carri erﬁ%‘%gﬁgﬁ%ﬁkgﬂ?ﬁgtﬁggﬁ cg;s'rﬂia)e g?f%{uélm to dteﬁﬁe@dbl n e?lfObE?)r

tricl osan/ pol yesenér Thig$¢chnique as belgwed toshe paatididarly epell duited for antimendtdalbe a

noni oni ¢ surfactan{ such as, Chrongms;j st TM which .is commercially

avai | abl e fronf"ge@&*gt&?? O TR eER S Wgﬁﬂﬁf%@g%lpmyémq%ﬂpi"rcar rier systemis
used care should he taken to ensure that the <carrier systemis conpatible
with the over dPMS9r ocEd¥en the nareeithe Bretpn Staneipsecessesaraartain degreg ofifine f or

th ro j g f o
usi ng speci 11 0 YU RRE R R be B BB SR A U o8 ) St

bi nder. G ven fkthodahusen. of the Breton Stone processes, a certain degree of
fine tuning will be necessary regardless of the antim crobial agent and

delivery met hqgoet)oSem is anticipated that in most instances the method of delivery of the

antimicrobial agent will comprise some form of mixing the agent into the

aggregate/binder mixture (either directly or through use of a carrier). Care should
be taken to ensure that the agent is uniformly mixed into the overall composition.
The mixing step will typically utilize the mixing equipment that is already used in
established Breton processes. The time for mixing will vary depending upon the
variables described above. If the antimicrobial agent is added directly to the
aggregate and binder, a mixing time of about 5 to 20 minutes is recommended. If.
the antimicrobial agent is added via a carrier such as a colorant the mixing time

can correspond to the mixing time usually used for that carrier.

[0061] In some processes, the aggregate/binder mixture is heated and placed
under a vacuum as it is mixed. This is done to help remove air bubbles from the
mixture. Care should be taken not to impose temperature and pressure conditions
that could destroy the antimicrobial activity of the antimicrobial agent or cause
unacceptable volitization of the agent or polymeric binder. Each agent has its
own critical temperature and pressure curve and these curves are known to those
skilled in the art or can be easily developed in a laboratory. If high temperatures
are used a slight excess of antimicrobial agent and binder may be required to

offset losses due to volitization.
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[0057] A still further alternative would be to form an
antimcrobial/colorant nmasterbatch which is then added to the

aggr egat ey dgo14d8ext ure just as any colorant is added g@pE§Roddosigre. This
met hod has been shown to work well with triclosan in trial studies. [0058]
Yet another alternative that is believed to be well suited for use in this

I nvention is to selectively place the antim crobial agent near the surface
of interest. This may be acconplished in one of several ways. For exanple,
sonme processes nmay provide the placenent of a thin polyneric |ayer between
the nold 16 WD 2005/ 014256 PCT/ US2004/ 002712 and the cast aggregate/ bi nder
m xture. This polyneric layer is typically utilized as a gel coat or a nold

rel ease agent may A RS A b f i during the

di scussi on of @Pﬁzaler SAI%%{!#&%%I fggﬁsg-ﬁééggrﬁégbgg%%&g%ggﬁﬂggﬁhpé thin

pol ynmeri ¢ | ayeApplyihgpressiry menimizescaifira artdl evaperttion bfvaeletierbistieant i m cr obi al
agent. This technique is pel]j e\égg_q&rg be articutj a(r)l y well suited_for

antimi crobial COPBRRIIE i AEURFHO! %‘T’“é’tﬁ"e\/@ﬂotlﬁﬁtcﬁﬁ?&f’opﬁ’éts &f&’?ﬁ@r?c bi nder .
[0059] G ven t ] Enthe LRE pRIGELOR sTORRRARY BEEDPF5ids Lrhisail Budegy ee of

fine tuning will be necessary“regardless o e antimcro agent and
delivery net hpefehabenbodifiea3]|thd pressiraistprovigedt &ch vavatm whichsan vargt ances t he

nmet hod of delivery of the. ntimcropial agent wil] copprise sone fqQrm of
T xi g the. agedreatiibmagBitudis hedsieBRRRUER fation maseD tarpee ] or ©
through use of t&s?%'é'uﬁgérlh%ro vaBaihdis phignardy é&brffgﬁ%%ﬁjgn%héepf agent 1s

uniformy mxed Into t overal | conposition. T‘ﬁe Lep W
typical l'y util iAmeotdinglysithe imyestjen arteipatadvn encompassestynpreesénts inegcaihi shed

Breton processes, The tinme.for mxin L1.| vary dependi ng upaon the
Var | abl bs desc HSBBRIORs S will Alpdor e feeB BeaTors AL CHIBATOERER |y ¢ 0
the aggregat eﬂ%‘&cﬁhﬂ%ﬁ?lie@td&é hﬁ?tugégfgﬁfﬂ;@eeﬁb@%n o3 NUtes 1s

recomrended. If. _ the_ antim crobi a Is added via a carrier such as a
col orant the Mod63i° UidfRe the composition is thoroughly mixed, it is placed in a mold,

preferably while maintaining the application of heat and/or pressure or vacuum.
The mold’s contents are then vibrated. Vibration of the mixture causes the
aggregate to be evenly distributed throughout the mold. Aggregate particles are
vibrated into a closely packed relationship to produce a dense, substantially void-

free product. The vibrators used are those typically used in a Breton Process.

[0064] The frequency and the time required to vibrate the mixture is dependent
on the thickness of the piece, the formulation of the mixture, the concentration of
binder, and the size and concentration of filler. Preferably, the frequency and
time of vibration is selected such that vibration does not cause separation of

coarser filler materials from finer filler materials and the binder.

[0065]  Upon completion of vibration or simultaneously with vibration, the
mixture is cured. Curing is usually facilitated by the addition of a curing agent at
some point in the process. Curing agents typically used in Breton Stone processes
may be used in the practice of the invention. As with the other components of
claimed material, the primary requirement regarding the choice of curing agent is

that it should be compatible with the polymeric binder and antimicrobial agent.

[0066]  Those skilled in the art realize that the curing step is not an “on and

off” step but an event that occurs over a continuum. In fact, some curing can
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can correspond to the mxing time usually used for that carrier. [0061] In
sone processes, the aggregate/binder m xture is heated and placed under a
vacuum aswid 20050mbssed. This is done to help remove air bpdableseddoeint he

m xture. Care should be taken not to inpose tenperature and pressure
conditions that could destroy the antimcrobial activity of the

antim crobial agent or cause unacceptable volitization of the agent or

pol ymeric binder. Each agent has its own critical tenperature and pressure
curve and these curves are known to those skilled in the art or can be
easily developed in a laboratory. If high tenperatures are used a slight
excess of antimcrobial agent and binder may be required to offset |osses
due to volitizgid y 5 :

A'ter nat fvel y. orrei st Ae B e B o A RAile Femewer o elujng pep
pressure m ni msamseallyoiegandgd asnd separqie step becausd it yohamally the ratelimitingrgtepnent s
and antim crobj al agent. %he cost of | ost gg pne ts&idg therefore mnimzed
and the end prBRRIOCESS 20 Be¢ause fhe quye fafecan Bisted bYAURHOS PERFEEUr 1 . I n
preferred enmbogi Bt t he pressure is provided as a vacuum whi ch can vary
greatly in maghitude. Acceptable vacuuns can run fromal nost 0 to above 140

pccor dingl y. TSI, cARRRNE I ind oih b el BbAE Rl BB RGAREC ™ o

vacuum t echnothogyskiéd inthe brtalshlly prefer BMED ifdredie thePleRpBiHh@e to hételbbdé
current processes the vacuum applied to the mxture is between 70 tons and

120 tons. [0069yringkesaysedhe pekymericibinder ean boik sangingainbwedes inithe eurpd aced in a

nold; prefera ' s 140} 1 i ' f n essure
or vacuum Thgllorﬁrgﬁg%g ??: on sl Q%SPongf%ﬁ 81\%) 5ra é%&ﬂﬁbp%qf%?%gg 4%%*9%% xture
causes the aggnegakesiive brackivigahy cadliag in Hldbeprotiicedghecnniveiitishanol d.

Aggregate particles are vibrated into a closely packed relationship to
produce a densBrocessesstifthe tsmpgrafge ds tophigh, theqalpneriohindes wilkeuse kefgeeed ar e

those typicall yeUsdhibdafi Feshol ey Oh&ins.

[0068] On the other hand, if the temperature is too low, the uncured mixture

tends to abrade and dilute the mold release agent that is often applied to the mold
surfaces. The cured product will then tend to stick to the abraded surfaces of the
mold. As with the other steps in the process, the curing temperature must be

chosen in view of the components present in the mixture. Those skilled in the art
will know the critical temperatﬁres for their binding agents, antimicrobial agents,

curing agents, etc. and can set their process parameters accordingly.

[0069]  In conventional processes for the manufacture of imitation natural stone
products, polymerization is initiated by curing the mixture in a mold at a
temperature between ambient and 200 °C. Trials conducted using polyester as the
polymeric binder utilized curing temperatures between about 70 °C and 100 °C.
Triclosan performs well at this temperature which is one of the reasons it is a

preferred antimicrobial agent.

[0070] Concunént with the application of heat and vibration, the components
in the mold are placed under pressure to minimize cracking, curling, boiling and
evaporation of polymer components. The exact pressure utilized is dependent on
the polymer composite mixture being used and the degree of vibration applied.

The minimum pressure for this process is the pressure necessary to minimize
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[ 0064] The frequency and the tine required to vibrate the mxture is
dependent on the thickness of the piece, the formulation of the m xture,
the concewoabi/agwf Dbinder, and the size and concentrq{dng&,(foylher.
Preferably, the frequency and tine of vibration is selected such that
vi bration does not cause separation of coarser filler materials fromfiner
filler materials and the binder. [0065] Upon conpletion of vibration or
sinmultaneously with vibration, the mxture is cured. Curing is usually
facilitated by the addition of a curing agent at sone point in the process.
Curing agents typically used in Breton Stone processes may be used in the
practice of the invention. As with the other conponents of «clained

material, the gsliARLY4 Efﬂ%’}"{tmgﬁgﬁ%%{wgﬂa@ F‘d?%%%pg;glcuri ng agent is

that it should be Tonpatible with 't ynmeri c binder®anhd anti m crobi al
agent . [ 0066] pdlyester/isikldshue dpplicatidrs, the pressurk iz prefdrathly til ¢hequngensf fsdmep i s not

an "on and off' step but an event that ocgurg over a contjnuu In fact,
some curing caﬁbol’éss\@%@ 9‘1@?@6"?@4’%"@6&% b?niﬁ’f m‘éﬁ“c‘fﬁé%{% ag]%ﬁtlg@ as the
m xing step. F fl o8k SRUSHEL "W ' ' al |y
regarded as a ?ggs)gd?il?oéﬂ g? ggﬁ%é?gé et 1S E%??gréﬁy%iéﬁs%%ﬁﬁ%ﬁcﬁg&étep

I n a process eca the cure rat | .ust ed by,adj.ustin rocess
par amet er s. [3@@%‘? Al ﬁ@ﬁ&ﬁ“ﬁ‘ﬁsl t&??%‘g’ ag{i Oﬁﬁ?ts? %%Ye e'ﬂgaf%lﬂytihmf(%ﬁe Ssotgtg% in
nDst processesthe redudiaft SdlimeLebrhposith produntt his watlésirableafoids. MMpplicatiéréf ease t he
tenperature to accelerate_ curing because the polyneric binder can boil,

causi ng ai r bubtsbsige plo apaists in ex¢n distalition of bindersaithet perkets afeseured bi nder
d t ' Iy | | CKi- d
Curting i n ol apiodg arkh Qlheb GO SEcRoR cény IR Ed e e SERSAERE, 1S |

too high, the ﬁﬂélyrFﬁ‘trlbWebEfbﬁﬁfres;\/biddeﬁMEﬁnMeCﬁvenlytdiﬁxibhﬂéﬂa%it‘pfbs&&és pressure
cycle begins. [0068] On_the other hand, if the tenperature is too | ow, the

uncured mi xt ur greatee figa abguilQiqas, dhrae By be aodweherdmprovemeat i the sastltamat i s
often applied f)r%d{laeco%%{rgnt the added cost.

[0072] With the simultaneous application of heat, pressure and vibration, a

polymeric film is formed around the polymer composite product which inhibits
evaporation and boiling of the uncured polymer. The polymeric film also serves

to protect the surfaces of the mold from abrasion by the filler.

[0073] Nevertheless, a gel coat is often used in conventional processes to
provide a better surface appearance. The antimicrobial agent may be added to the
gel coat as well or a sufficient amount of antimicrobial agent may be added to the
mixture to allow for the controlled migration of the antimicrobial agent to the
surface of the gel coat. U.S. Patent 5,919,554, commonly assigned with the

present invention, discusses the use of antimicrobial agents with gel coats.

[0074]  Upon completion of the curing step the cured material is removed from
the mold and shaped into a finished product. Such products include tabletops,
countertops, architectural facings, walkways, home furnishings, patio furniture,
decorative stone, indoor and outdoor tile, flooring, mantles, bathroom fixtures,
wall facings, cutting boards, sinks, showers, tubs, and imitation stone structures,

among others.
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surfaces. The cured product will then tend to stick to the abraded surfaces
of the nold. As with the other steps in the process, the curing tenperature
must be woomesioisbsevi ew of the conponents present in th%d?fffé%ﬂﬁﬁﬂoz ose
skilled in the art wll know the critical tenperatures for their binding
agents, antimcrobial agents, curing agents, etc. and can set their process
paraneters accordingly. [0069] In conventional processes for the manufacture
of imtation natural stone products, polynerization is initiated by curing
the mxture in a nold at a tenperature between anbient and 200 C. Trials
condubt ed using polyester as the polyneric binder utilized curing

t enper at ures between about 70 C and 100 C.  Triclosan perfornms well at this
t enperature i is I bdodoSard LM | al
agent . 10070] 106781y  BREvient BEiRETARE diduishort hedalorlchte MBbORDELEN 1
conponents i ncdnysosite nthtexial haviag @f apiaeancy sinsikid te tHad ofthatil &ener acki ng,
curling, boiling and evaporation of polyner cqnponents. The exact pressure

utilized is deffEnprsiag sRatural agEsestea PAYRESS bindena curipg agaitiigd@@ed and t he

degree of vi brgh”ﬁ M lLbes F Pol i ess is the
pressure necessar y@’f 0 m'ahlgﬁrii Zl%lﬂ%%%%ﬁ@ﬁ\%%?&&%&o%%ﬁ} 8{}%12 boi l'i ng
and evapor at i ofompositeengredialireri ¢ bi nder. For exanple, in

pol yester/tricl (;g%n applications, the pressure is preferably in the range of

from about 7Qog7m)s tBadbtthe 4BHvel@hipondME SndMRrElaAbE ¥mbiinth BEedcRkER aff from
about 90 tons to about 100 tons. Thé pressure nmay be applied by a top

pl aten or by vpresantin the@Ompositd matenalare disqussed in canpedtion, widh theuedess s nay
remain in the mxture so that ,the resultant | r .conposite product has
indesi rabl e vongR: Agss ReleR dngar oot Bl rakB Ine dR ERCRGR dpRess

di stribution ofiskissidarto B refidtin@@edkbauctl Adberdirdly, datiTeiethe 34l@ ofpadiggzed” out
to be nore evenly distributed around the surrounding filler. At |ower

pressures, bi niedisenssionstrelateddo eachofthe matesigl’ s gompengntewilinetde repeateder t han
about 140 tons, there may be no further inprovenent in the resultant
[0077] Examples

[0078] Several worktops having a natural marble appearance were made in
accordance with the preferred embodiments of the invention. Specifically, the
natural aggregate was marble, the polymeric binder was polyéster, and the
antimicrobial agent was triclosan. The samples are defined by different levels of
triclosan. Each sample demonstrated efficacy against five different microbes
when tested using a modified version of ASTM Test Method 100.

[0079] Sample 1 (Triclosan at 1000 ppm)

Test Organism Percent Reduction Time of Test
Listeria monocytogenes 99.2 24 hours
Staphlococcus aureus 99.9 24 hours
Eschericia coli 0157 99.0 24 hours
Salmonella enteritidis >99.9 24 hours
Aspergillus niger 99.8 24 hours
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product to warrant the added cost. [0072] Wth the sinultaneous application
of heat, pressure and vibration, a polyneric filmis formed around the

pol ymer cwapmes/érz2ger oduct which inhibits evaporation ang®oeilbdak t he
uncured polyner. The polyneric filmalso serves to protect the surfaces of
the nold fromabrasion by the filler. [00731 Nevertheless, a gel coat is
often used in conventional processes to provide a better surface
appearance. The antim crobial agent nay be added to the gel coat as well or
a sufficient anount of antimcrobial agent may be added to the mxture to
allow for the controlled mgration of the antim crobial agent to the
surface of the gel coat. U S. Patent 5,919,554, comonly assigned wth the
present invention, discusses the use of antimcrobial agents with gel coats.
[ 0074] Upon conpletlon of the curlng step the cured material is renmoved from

the nold and D?e 912 rzo@@ roduct Such products include
t abl et ops, coun %cﬁigl 5?%% facings, wal kways, hone furni shings,

patio furniturn1 dnrnrnflvn st.one, !ndgnr and out door filn, f!nnring,
mant | es, bat hr oorest Oxanigs |1 fredengRedudtiohl Ng |boar dTimsbNkest shower s,
tubs, and ijmtation stone strudtures, anong otherg. 20 WD 2005/ 014256
PCT/ US2004/f6627 12— T 0675 —Asevwirdent—fromrthe—abovg drscussrom,—t1e

i nventi on" al ddsterie srqpacyiesenes conposit MW eri al havi ng ar24dyesar ance
simlar to|that of natural stone conprising a naturjal aggregate, a pol yneric

bi nder, a quri and an| antimc agent|. Fill nd ot her
additives nma 5%%12&88 'i)sr%lg%‘}‘?t iin the gggom te matleri al . e{%ﬁéﬁ Each pof the
above Conp(nnnfc and the relatilve anmpunts of each tthat are present-inlthe

conposi t e at egdchbricih@oliogspssed in conggetion with the prmﬁﬁﬁs st eps
Those skillled in the art can rdadily make the trangition fromthe process

n_=

di scussi on [to the TesuttT g end—product. _Accor dr ngtfy, —amnd { or tie sake| of
brevity, Salmonella enteritidis >99.9 24 hours
Aspergillus niger 99.3 24 hours

Sample 3 (Triclosan at 3000 ppm)

Test Organism Percent Reduction Time of Test
Listeria monocytogenes 99.0 24 hours
Staphlococcus aureus 99.9 24 hours
Eschericia coli 0157 98.8 24 hours
Salmonella enteritidis 99.5 24 hours
Aspergillus niger 99.3 24 hours

Sample 4 (Triclosan at 5000 ppm)

Test Organism Percent Reduction Time of Test
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t he discussions related to each of the material's conponents w ||
[0077] Exanples [0078] Several

r epeat ed.

appear ancwovgio1aesée i n

i nventi on.
bi nder was

Specifically, the
pol yester, and the

nat ur al
antim crobi al
sanpl es are defined by different
denonstrated efficacy against five different m crobes
nodi fied version of ASTM Test Method 100.

| evel s of

ppm Test Organi sm Percent Reduction Tinme of Test

wor kt ops havi ng a nat ural
accordance with the preferred qiapgk08dos712f t he
aggregate was narbl e,

agent was tricl osan.
tricl osan.

[ 0079] Sanple |

The
Each sanpl e

not be
mar bl e

t he pol yneric

when tested using a
(Triclosan at 1000

Li steria nmonocyt ogenes

99.2 24 hours Staphlococcus aureus 99.9 24 hours Eschericia coli 0157 99.0
24 hours @Al oner ta enteritidi p >99.9 24 _nhours ASPErgi rtus glger 9987124
hours 21 V{0 bstmrammanosytqeetysusP00o4/ 002280 Sanpl e E (Tri cPbBeWsat 2000 ppm
Test Organijsm Percent Reductionj Tine of Test Listefria nonocytogenes >99.9
24 hours Sta s P9.9 24 s Eschericia cght 57 98.2 24
hour s Salmonggkgggﬁﬁgr??#%ﬁg >P9. 9 24 holirs Aspergi || us n?%e? 9.3 24 |hours
Sanpl e 3 ( T+etlosanr—at—3000—ppr—Fest—Ogan-smPercent—Reduetion—FH-re—gf
Test Li st eri aEsshesicid cadicdiasd 991 0 24 houwes0 St aphl ococcus 24hews 99.9 24
hour s
Salmonella enteritidis 97.5 24 hours
Aspergillus niger 99.3 24 hours
Sample 5 (Triclosan at 5000 ppm)
Test Organism Percent Reduction Time of Test
Listeria monocytogenes 98.6 24 hours
Staphlococcus aureus 99.9 24 hours
Eschericia coli 0157 99.8 24 hours
Salmonella enteritidis -+ 99.9 24 hours
Aspergillus niger 99.2 24 hours
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Eschericia coli 0157 98.8 24 hours Salnonella enteritidis 99.5 24 hours
Aspergillus niger 99.3 24 hours Sanple 4' (Triclosan at 5000 ppm Test
Organi sm Percent Reduction Tine of Test 22 WD 2005/014256 PCT/ US2004/ 002712
Li steri a nonocyt ogenes 99.6 24 hours Staphl ococcus aureus 99.9 24 hours
Eschericia coli 0157 96.0 24 hours al nonella enteritidis 97.5 24 hours
Aspergillus niger 99.3 24 hours Sa X (Triclosan at 5000 ppm Test

Or gani smiPer centcolRpdsied intilerfd] Ravig 4 Sppedrarice edimilaiao abtt 6f @BRSal Morke, 34id
hours St aphl ococcus aureus 99.9 24 hours Eschericia coli 0157 99.8 24
hoursaterSd caBAESNg: enteritidis 99.9 24 hours Aspergillus niger 99.2 24 hours
23 d ai nsanai!uralpé gpegggsi te material having an appearance simlar to that of
nat ural stone, €5 imat erial conprising: a natural aggregate, a polyneric
bi nder, agpotyméritobiagent, and an antim crobial agent, wherein said
antimcrobial agent is an organic antim crobial agent

a curing agent, and

an antimicrobial agent,

wherein said antimicrobial agent is an organic antimicrobial agent

2. The composite material according to claim 1 wherein said natural aggregate is selected
from the group consisting of calcium carbonate, marble, granite, quartz, feldspar, marble and quartzite

and mixtures thereof.

3. The composite material according to claim 2 further comprising a filler selected from
the group consisting of fumed silica, sand, clay, fly ash, cement, broken ceramics, mica, silicate flakes,
broken glass, glass beads, glass spheres, mirror fragments, steel grit, aluminum grit, carbides, plastic
beads, pelletized rubber, ground polymer composites, wood chips, sawdust, paper laminates, pigments,

colorants, and mixtures thereof.

4. The composite material according to claim 2 wherein said natural aggregate makes up

between about 8§5% to about 96% by weight of the composite material.

5. The composite material according to claim 4 wherein said natural aggregate makes up

between about 89% to about 93% by weight of the composite material.

6. The composite material according to claim 4 wherein the polymeric binder makes up

between about 4% to about 15% by weight of the composite material.

7. The composite material according to claim 6 wherein said polymeric binder makes up

between about 6% to about 10% by weight of the composite material.
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2. The conposite material according to claim1 wherein said natural
aggregate is selected fromthe group consisting of cal cium carbonate,

mar bl e, granite quartz fel dspar, narble and quartzite and m xtures

t her eof : ceondin ng a
filler seqs ect & g%%&'t%%a{r%tgﬁ%cc rdlr% fsbt(irl% y fw;h%re% geu&“ Ipf)}y anchﬁnc(l;?? e'iéc?ed Ty

ash, frag miNgroup rc@hﬁstnrgedstambﬁ@mem 8 anixfird bt ﬁioﬁoﬁlbﬁl,(@&ymebs" thmrxtgdeacsfSpolghass
beads, glass spheres, mnor fragnments, steel grit, alumnumgrit, carbides,
pl aof @ migBie et p@mn@ﬁ@26a0bm5%%r ground pol yner conposites, wood chips,
sawdust, paper |am nates, pignments, colorants, and m xtures thereof. 4. The
conposi te mat eri al accordi ng to claim2 wherein said natural aggregate nakes
up between alihet ccﬁﬁﬁ(osite raletibl SGurdipg wei dditn 8f whereine eaidopdlyetiathirdenlis ad.
The ¢ nposrte mat er i according to ¢laim4 wherein said natural aggregate
rrake%’? Hik {fessle %ﬁ drong ghg 250U, BRRSISHAE, nyﬂ\mﬁ@sﬁsf plpmersopish dhepaosetting
me)% s6. The conposite material according to claim4 wherein the

polfl}{ I ¢ binder nakes up between about 4%to about 15% by wei ght of the
conposite material. 7. The conposite material according to claim®6 wherein
sai d polyneric_binder pakes yp between ahout 6%t o, aboyt (éO@bby wej ght of
the conpd®: t e TSt eampgsite dnatgriakrgeeo ﬁ%)d%l‘t@mrrgt}é’ prgin é@gd? Ymgne &1 ehiltna]

vvher;)% G2 RYeKRE! orﬁ'tﬁgﬁé?dgscp sﬁ%%‘fl polyeSEt, ify19&s pe #)ﬁéﬂonig rggm

rs, a mxture of nono mxuneo
ntthﬂhmmtmnhmbﬂmmsﬂ&nﬂﬂpolyners. 9. The conposite naterlal accordlng to
claim8 wherein said polyneric binder is a polynmer and is selected fromthe
group consisting of thernoplastic polyners and thernosetting polyners. 10.

The conpogite Jfﬂ%t &rh sit@é‘é%eﬂhlngccto?dlﬁé ab mrﬁmmrser\ﬁeﬁﬁ@?ﬁpga MBBE ivindet rrgiedr i's

a polymer and 1's select fromthe gfoup consisting o ester, vinyl
est engnoapmEpxand 1prse1eotledd‘rmmsthet groupr emrimnag odra(dryhcxt styeset ttyreeofderlskdnveﬂ'h'enyl

conposite materi al accord to clai rein sal ¢ bind is a
mondARFNS Y tn§[ sbé%“dlﬁedn‘?t rri“ErPi@“‘gr% &‘HH St PPRJOBY g tersc'l% ty]stawg‘ﬁ‘ef

SUYrRRRhST | ¥@1adES metlylY nethacrylate, ethyl methacrylate, isopropyl methacrylate, butyl

methacrylate, phenols, and furans.

12.  The composite material according to claim 11 wherein said monomer is selected from

the group consisting of styrene, methyl methacrylate and butyl acrylate.

13.  The composite material according to claim 1 wherein said organic antimicrobial agent

is present in said composite material in a quantity between about 500 ppm and 10,000 ppm.

14.  The composite material according to claim 13 wherein said organic antimicrobial agent

is present in said composite material in a quantity between about 800 ppm and 7000 ppm.

15.  The composite material according to claim 13 wherein said organic antimicrobial agent
is selected from the group consisting of quarternary ammonium compounds, quarternary ammonium
compounds having an unsaturated reactive group, metals, and antimicrobial agents exhibiting the

ability to migrate through said polymeric binder.

16.  The composite material according to claim 15 wherein said organic antimicrobial agent

is selected from the group consisting of triclosan, tolyl dilodomethyl sulfone, zinc pyrithione, sodium
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t ol uene, divinyl benzene, nethyl acrylate, ethyl acrylate, isopropyl
acrylate, butyl acrylate, 2- ethyl hexyl acrylate, nethyl nethacryl ate, ethyl
nethacrylate i sopropyl nethacrylate, butyl nethacrylate, phenols, and

fur i

gﬁgthll S se %c ed gﬁbﬁ(ﬁ elﬁglr %%@ sﬂi15 }{}?gngg?é s? %%lmﬁ%l%ﬂgflﬁ% poly
rret r{axye}h)dﬂre(chmdthyhtrymo}acr y¢thylene(dﬁxeth')ﬂﬂnmm)qﬁbyslnn@ nmhéqsmcbel] ac qmmpicmxgmlo,
cl ai |  wher ei id organjc, an cr obi t ese i id .
comitReptAARl: or paRoRHI g bR de: sy isBIEDEIEE ppHiaaoEo, O piHFines.
The 1CDIRESIH BHYREGRAR], iSGEREAINEed, And hdkiltel hapbiar €i n sai d organic

antimcrobial agent is present in said conposite nmaterial in a quantity
bet ween about 800 ppm and 7000 ppm 15. The conposite rraterl aI according to

claim 13 n sad organ ntim,cro ag I S. s ect o}

gr oup codghstl EPRPLF ¢ kgﬁcaﬁﬁﬂﬂﬁguﬁ%SEW% Eﬁdghmﬁﬂa e PR rﬁnﬁ%hrum
CONMBRURGE: RAY isimd &?arﬁ@%ﬁhﬁﬁc%@i@l h@aE tid Wcl&lsraﬁuﬁzheﬁﬁi 3418 tridlaShr2 13t predest APHR!
agents exhibitin ity to mgrate throu sai d polyneric binder. 16.

The cemppsmm@temltleraucmantstwgwehengbom Daapmemslimgrp@nh sai d organic
antimcrobial agent is selected fromthe group consisting of triclosan,
tolyl diiodonethyl sulfone, zinc pyrithione, sodium 25 pyrithione, ortho
phenyl phenol , sodi um ortho phenyl phenol, iodo2-propynyl butyl carbanate, poly
[ oxyet hyl ene(di met hyl i mi ni 0) ethyl ene(di nethylim nio)ethylene chloride],
propi conazol e, tebuconazol e, bethoxazin, thiabendazole, polyhexanethyl ene
bi guanide, 1,3,5-triazine- 1,3,5(2H,4H, 6H)-triethanol, isothiazalinones, and
m xtures thereof. 17. The conposite material according to claim 16 wherein
the polyneric binder is polyester and said organic antinicrobial agent is
triclosan, wherein said triclosan is present in the conposite material in a
quantity 118et weldw @Mlt@@@t%@hﬁmwlwmelpmnl wigreiisaidcerapris anemipsehizlj agent
accqf n I t P t in
. dngisaehe fef ptolh o688 SRl B e SRR SRS LARET berh R EHRIR, 1t
a nkgb@hgnLof concern. 19. A finished product conprising the conposite

mat eri al according to claim1. 20. The finished product according to claim
19 selected fromthe group consisting of a

19. A finished product comprising the composite material according to claim 1.

20.  The finished product according to claim 19 selected from the group consisting of a
tabletop, a countertop, architectural facings, walkways, home furnishings, patio furniture, decorative

stone, indoor and outdoor tile, flooring, mantles, wall facings, bathroom fixtures, and imitation stone

structures.

21.  The composite material according to claim 1 further comprising a colorant.

22. A process for manufacturing a composite material, said process comprising the steps
of:

obtaining a natural aggregate of appropriate dimension;

combining said natural aggregate with a polymeric binder to form an aggregate and binder
mixture;

adding an organic antimicrobial agent to said aggregate and binder mixture;

distributing said aggregate and binder mixture comprising organic antimicrobial agent in a

mold; and
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tabl etop, a countertop, architectural facings, wal kways, hone furnishings,
patio furniture, decorative stone, indoor and outdoor tile, flooring,
mantl es, wall facings, bathroomfixtures, and imtation stone structures.

21. The %9@13@8;&9& %}%a{ealanacﬁﬂld?fa%xhﬂe Céo%;m & %Jh‘?é aﬁfﬁ%&foﬁiapgag%nt BY ess

col or ant for manufacturing a co e material, sal
corrmpphcatﬂgnbﬁhea&haqbpresmfre anbtvibrationg a nat ural aggregate of appropriate

di mensi on; conbining said natural aggregate with a polyneric binder to form
an aggregate and binder m xture; adding an organic antimcrobial agent to

sai d aggrggat en@gs}oéesgl%eorm tt'dﬁﬁéinﬂ%@%ﬂe?éfﬁ's&ﬁ Sl & nggegg@wc&ﬁﬁm@a RN

m xture conprising organic t|mcro ial agent in a and 26 curing

sai cagigylpyericbiadet 1b|ar'qlmnt111y| suthithat dongkes sp bgtveregaboat &b taraluo B6%| byageight by
appli.cation of he @éna ressure and vi bration. 23. The process according to
cl ai%hs¥d agprepdr And BinderaiXiig) aggregate is conbined with said pol ymeric

bi nder in a quantity such that it nakes up between about 85%to about 96% by
wei ght of said aggregate and binder m xture. 24. The process according to
cI ai m 23 2dher dihe madads laestcmdiag tagtpimg2it whmekeaidjpaﬂueetlmgngambnakesw%dtwe@bout

3% ht of (40 mat eri al The process according to claim

\ﬁﬁé’t‘t\é@{g{(’r@o {%%/e&r‘/ “g%gl& OLHFRQ H%{rmegpl aggregate conprises obtaining
a nat ural aggregate sel ected from t he group consisting of cal cium carbonate,
quartz, granite, feldspar, nmarble, quartzite, and m xtures thereof. 26. The
process &abcor dibegrocess herondig té alaith@? whemginitkd stgp thebwineng tfe raturhl aggragatehe
aggregate with a fill selected fra oup consisting.of fumed.silica,
S anortgriss bbtipthech nabipEtaereeals sREAEL GoEn e SR R siing DS Calchih RN oken
9l agpartg)! tebﬁ‘ei’&?ar HaRSe, cﬁﬁﬁ%ﬁ@%nd Wik tuls tﬁerr@&“e”t s, steel grit, alum num
grit, carbides astic beads, pelletized rubber, ground pol ymer conposites,

wood chi ps, savvdust paper Iam nates, pignents, colorants, and m xtures

thereof . 26.  The process according to claim 25 further comprising the step of combining the

aggregate with a filler selected from the group consisting of fumed silica, sand, clay, fly ash, cement,
broken ceramics, mica, silicate flakes, broken glass, glass beads, glass spheres, mirror fragments, steel
grit, aluminum grit, carbides, plastic beads, pelletized rubber, ground polymer composites, wood

chips, sawdust, paper laminates, pigments, colorants, and mixtures thereof.

27.  The process according to claim 25 wherein said natural aggregate is selected from the

group consisting of granite, marble, quartz and mixtures thereof.

28.  The process according to claim 22 wherein said polymeric binder is combined with said
natural aggregate in a quantity such that said polymeric binder makes up between about 4% to about

15% by weight of said aggregate and binder mixture.

29.  The process according to claim 28 wherein said polymeric binder makes up between

about 6% to about 10% by weight of said aggregate and binder mixture.

30.  The process according to claim 22 wherein said polymeric binder is selected from the
group consisting of monomers, a mixture of monomers, polymers, a mixture of polymers, and a

mixture of monomers and polymers.
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27. The process according to claim25 wherein said natural aggregate is
selected fromthe group consisting of granite, marble, quartz and m xtures
t hereof. 28. The process according to claim 22 wherein said polyneric binder
is combingd w I egal, '
pol ymer i (r:qul nd]teﬂra B«iégg agcgﬁ%ih?vt\%g%g[gboutH%%Bt%lﬁgag&bﬁl%g%glig?slﬁtﬁé ?nngI d
aggrselgeted frndthbignalgr comsisting ef th@®nopldstic polyoessarsichemdiseging olyinirsn 28 wher ei n
sai d polymeric binder makes up between about 6% to about 10% by wei ght of
sai d aggregate and binder m xture. 30. The process according to claim22
wherein spi d PHeYBEdss alddGiRE th Slak@! ACKBL el QM pAIPmeHE DitRief ANS hokyhP aﬁ’J is
nmononers, a mxture of nononers, polyners, a mXxture of polyners, and
m xtsaleetedffrom rtberegreupa nenspbing nafr poly@ster3 y1ny1rl¢eteprm5$,splam1obc desin, usthehs, zmd22
wherein s h Iyrreric binder is a polyner and is selected fromthe group
cond&yr Fth her nopl astic polynmers and thernosetting polynmers. 32. The
process according to claim31 wherein said polymeric binder is a polymer and
is selected fromthe group consisting of polyester, vinyl ester, epoxy,
phenol i ¢ Besi Mherecdsaiaesording to plajo 130e)zhemers@ldfpol)amerlﬂbmdqrrl@aes@oa@c@nabllsng
n_sai c binder i,s.a no cted from
t he SoRo Tt S Bl BrrishPe et En) ighe i BufRO BB, oy giviBhERh PG ny)
benzg&Ryl adfplabty! etl@;ﬂr ¥drgfats, 1%ﬂwbyla§drzia&t q)utyls&ﬁyra&ylz é&&ﬁlbﬁ‘?leacr?lﬂeWmeth yl
acrylate, 2-ethylhexyl acrylate nmet hacryl ate met hacryl at e,
i sopnehadrylatet ﬁhblrrycth@@ylamnspprqmt ma&lay‘nyéattea bugyh ammagrylﬁncphenelamd fgwans. The
process according to claim33 wherein said nononer is selected fromthe
group consisting of styrene, nethyl nethacrylate and butyl acrylate. 35.
The process acmRrstb&ds hecdilinitb 2Ry Shbrefibédid RUINVARF if sddédiétefromSthe group
pol yester. 36. The process according to claim22 further conprising the step
of moas;stngqfhérrqggn@@yd@etmwlmﬁu@gutm sarylete.- under a vacuum 37. The process
according to claim36 wherein the vacuumis mai ntained as said aggregate
and binder m xture is distributed into the nold. 38. The process according

to cl ai m332 Wiiie§roces$fccdidifg &f claivi 281ghérei saiXpolyBetiB@ber is polyester.

36.  The process according to claim 22 further comprising the step of placing the aggregate

and binder mixture under a vacuum.

37.  The process according to claim 36 wherein the vacuum is maintained as said aggregate

and binder mixture is distributed into the mold.

38.  The process according to claim 22 wherein the step of curing the mixture under

pressure comprises application of a vacuum.

39.  The process according to claim 36 wherein the curing step comprises application of

heat between ambient and about 200°C.

40.  The process according to claim 22 wherein the applied pressure is between about 70

tons and about 140 tons.
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pressure conprises application of a vacuum 39. The process according to
claim 36 wherein the curing step conprises application of heat between
anbi ent and about 200C. 40. The process according to claim 22 wherein the

appl i ed Qfless gﬂr§cel3§ %‘?&lgg? V\Eltalﬂ Pe?n mdst%?QP%jéi #gaﬁ Q@nlc%ﬁtlﬂﬁcrog_gle

process accor to claim erein t e step an -organi c

ant iageutrto lsaldlaggaageuatantl(blmr thizygr eyagresenadilibg saé organict antinicobial ages daddlyng
said organic antimcrobial agent directly to said aggregate and binder

m xtif5ad ageregain and, PRAEISIXIWE G di ng to clai m 22 wherein the step of adding
the organic antimcrobial agent to said aggregate and bi nder m xture
conpri ses adding said organic antim crobial agent to said polyneric binder
prior to 4(20nbi1fher1go¢elseamtdingto clgigr 23 atherewi the stdpeofpdiingethé organedwtimictebialThe

process acc rdin erei n.the .t ep _of adding.the arganic

ant 36 BRI, 288 oblgﬁraméﬁ%? EoRpPUses A ﬁa@r"rﬁ?‘}éf ﬂwg‘émb%%'ﬂ?l 4ggat o said
"Bio'l‘yrﬂé}loslﬂhd%r?yhgﬁw Conhingltld Rl 2 B8Rt \Wtﬁ the Iﬁ)lﬁﬁél‘% BiRderand then addi ng

sai d organic antimcrobial agent and Colorant to sald aggregate and bi nder

m xture. 44. The process according to claim22 wherein the step of adding
the orga i mcraobial nt co rises ani c. an 1 cr.obi al
agent. to B pol YIRS AFardiBETataft JRnB e Sy degngtne A Sis AR o
45. abb ters@iq ggreggt@%dlbnmeﬁ MiahRl dBnAis¥d@neiRing REIdYrgaI Gntahictdbid g&i‘h%th
agent i s adde an anount sufficient to constitute between about 500 ppm

and A@)gant qndrtheart addingisaid grgagia antimridrobial agent and gelorant taigaid Tpgregateo ged binder
accordhﬁ? to claim45 wherein the organic antimcrobial agent is added in
of between about 800 ppm and 7000 ppm of said aggregate and bi nder
m xture. 47. The process according to claim45 wherein the organic
antimcrobial agent is selected fromthe group consisting of quarternar
ammoni um4denpdiedsocestiaccoeding ity claimda Whlmed:fbﬂ’pétﬂﬂdsf adﬁmgﬂhgozgnnnqra@ammrabl
reactive grou Ias and orgalca |mcro§)|al ents,exhibitin
PR

abi 198t% PR A |%“B"6‘F A e Rl o Meh P pdlacqng 6 ‘1“?‘

surface of the cured mixture.

45.  The process according to claim 22 wherein the organic antimicrobial agent is added in
an amount sufficient to constitute between about 500 ppm and 10,000 ppm of said aggregate and

binder mixture.

46.  The process according to claim 45 wherein the organic antimicrobial agent is added in

an amount of between about 800 ppm and 7000 ppm of said aggregate and binder mixture.

47.  The process according to claim 45 wherein the organic antimicrobial agent is selected
from the group consisting of quarternary ammonium compounds, quarternary ammonium compounds
having an unsaturated reactive group, metals, and organic antimicrobial agents exhibiting the ability to

migrate through said polymeric binder, and mixtures thereof.

48.  The process according to claim 47 wherein the organic antimicrobial agent is selected
from the group consisting of triclosan, tolyl diiodomethyl sulfone, zinc pyrithione, sodium pyrithione,
ortho  phenylphenol, sodium ortho phenylphenol, iodo-2-propynyl butylcarbamate,

poly[oxyethylene(dimethyliminio)  ethylene(dimethyliminio)ethylene  chloride], propiconazole,
29



48. The process according to claima47 wherein the organic antim crobial

agent is selected fromthe group consisting of triclosan, tolyl

di i odonet hyl sul fone, zinc pyrithione, sodium pyrithione, ortho

phe i .ort h I -12- pr |, but wl t

Dol yraRoERRNc. ARG | IR R e tRuERg ) BN O I SRERRA ey
pr oQREGIH8H)-&riethat9], isithiaplinandssand gk hpesahergof. t hi abendazol e,

pol yhexanet hyl ene bi guani de, 1,3,5-triazine-1,3,5- (2H, 4H, 6H)-tri et hanol,

i sot hi azal i nones and m xtures thereof. 49. The process according to claim48
wherein t p j ' [ ) t g [ i1 |

agent is dt@?i c?lt)}%égﬁ?&e% g‘kéﬁﬁ{nﬁﬁé cE)a(rzﬂlmc ogvgl%re?gglﬁrﬂg)g}%&cgﬁﬁg ﬁreﬁg%)'rl]%gg% tgga ?ﬂe

mat egrgalic antimdicrabi agerit)s bridlovagwhdreint thd Gl gami apidsénd & thewompolite harripl MeES S
according to claim 22 wherein said organic antim crobial agent is present

in dheRbybstvesnepowi 8QPrmandeit9NPIat e commercial |y acceptabl e efficacy

agai nst a mcrobe of concern. 51. The process according to claim22 wherein
sai d polymneric binder conprises a polyester and said organic antim crobi al
agent is triclosan and the triclosan present in the cured m xture is

bet ween about 800 ppm and about 5000 ppm based upon the wei ght of the cured
m xture. 52. The process according to claim?22 further conprising formng a
finished product from the cured m xture. 53. The process according to claim
52 wherein the step of formng a finished product conprises formng a

tabl etop, a countertop, architectural facings, wal kways, hone furnishings,
patio furniture, decorative stone, indoor and outdoor tile, flooring,

mantl es, wall facings, bathroomfixtures, cutting boards, sinks, showers,

tubs, andyg m @ ﬁ@ce%g 9&%@1}1@ WG LHifi 92 Wkrein said organic antimicrobial agent is present

in an amount sufficient to demonstrate commercially acceptable efficacy against a microbe of concern.

51.  The process according to claim 22 wherein said polymeric binder comprises a polyester
and said organic antimicrobial agent is triclosan and the triclosan present in the cured mixture is

between about 800 ppm and about 5000 ppm based upon the weight of the cured mixture.

52.  The process according to claim 22 further comprising forming a finished product from

the cured mixture.

53.  The process according to claim 52 wherein the step of forming a finished product
comprises forming a tabletop, a countertop, architectural facings, walkways, home furnishings, patio
furniture, decorative stone, indoor and outdoor tile, flooring, mantles, wall facings, bathroom fixtures,

cutting boards, sinks, showers, tubs, and imitation stone structures.

30



