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ENERGY EFFI Cl ENT CONSTRUCTI ON SURFACES FI ELD The

present invention relates to reflective coatings for
wenhaneilny sol ar reflectivity for use on exterPOI/US2004/041595

surfaces such as on asphalt shingle roofs, roofing

tiles, and other exterior surfaces and nethods to

extend the effective life of such coatings. BACKGROUND

For energy ENERGYWEFBICIHENDCONSTRUCTIONSUGREAGRS e

desirable to reflect solar energy fromroofs and ot her

exterior surfaces. Absorbed solar energy increases

cooling energy costs in bugighpgs hi addition, in

densely popul ated areas, such as netropolitan areas,

t he Thb presentiimventbn saddtes toernﬁcroglye icoafinga Sersnharsiiegsolai reflectivity

erat ures er of sol ar
for PaeRigtPoarEee e 8 f FPRAL el oS RBFERISms biner
exleBOPRIF ALY MdiretiBdsteRRlchd &t cHfeb@ life ofuchkddfingy. nore
warmer than in surrounding rural areas. This
phenonmenon is comonly referred to as the urban heat
island effect. Reflecti URiFEr 9y rat her than
absorbing it can reduceﬂ}gcoglallﬁg costs and thereby

energyert@Sy Sonsérvhtior slirpeses,it haaddtéhemord éshirabledo sledr solar
ener gy absorption can enhance the quality of |life in

engf&l §r@rryros§pa@ria1ﬂaﬁ§ eaﬁeélars%@cwewﬁbﬁegbe@éom BRI Y BICEgBeseepling
en@'gg c&&%%u@lﬁﬂ{ Sin ﬁ-dl ?rpgé'ngé'lx"?ggl{llgféﬁ laf¥f3s, CABh ?@rﬁlatropohtan

i ng mat i or coat ed 100
arcam ithe ab&bmtmtﬂmﬁe@l&r encbgciatieeses lambiead bir Gampier atnees. !Afprimary

metallic or netal -goatin ofing materials is |lo
ab%qs'aqﬁ ofraelar snersy la&uﬁ&ng 59%%’3& RGLIRFOMEQR Orgaéslmgmﬁlf temperature
in BRESSitAPASE ¥ @i 10PFRR ¢hdr€ WAGRE: tﬁ&?ﬁ‘ﬁsuﬁbﬂﬁ%ﬁng Hehl areas. This
materials restrict radi ant heat flow Reflection of

phsrmlnmnoa rrsacroglymclaim raﬂesod Iveasdbe wivph hedi edlarishefest. ngefldeting solar

f
engy T s OME N Fit oL PR PR FRRE ¢S in
bufl@iﬂé@nﬁ adhfﬂ%h‘:-‘QQumﬁiglﬁé‘lﬁr enleRSf dbs@pBoR EAf &ihhRfch thé"ﬁﬁ\ﬁi{? bf life in
roofs by their very nature absorb a higher

de’d@@f muta’cedsarb@rbyeh%mgg toadrgraasd arabient eestgmpmﬁ;rps at or
f t d wi
oot PR R iR bt Fist P B e RS b oqatg roofing

ma#SHAN| @Swe B Pecalit e 1t @hRtahdddd GAdthlic SRRt codtihg roofing
asphal t base with the granul es enbedded in the

majes s low,Teeh magsriatidograd modaise sigeifigarigains in energy conservation

and reduced costs since such materials restrict radiant heat flow.

Reflection of solar energy can also be accomplished by using white or light-
colored roofs. However, such sloped roofs are not well accepted in the marketplace for
aesthetic reasons. Instead, darker roofs are preferred. However, darker roofs by their very
nature absorb a higher degree of solar energy and reflect less.

Non-flat or sloped roofs typically use shingles coated with colored granules
adhered to the outer surface of the shingles. Such shingles are typically made of an
asphalt base with the granules embedded in the asphalt. The roofing granules are used
both for aesthetic reasons and to protect the underlying base of the shingle. The very
nature of such granules creates significant surface roughness on the shingle. Solar

radiation thereby encounters decreased reflectivity since the radiation is scattered in a
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both for aesthetic reasons and to protect the

underlying base of the shingle. The very nature of
woéetnegrsanul es creates significant surface rowrghnsgen4maisos

the shingle. Solar radiation thereby encounters

decreased reflectivity since the radiation is

scattered in amulti-scattering manner that |eads to
mylfseetiesiag manaer that lsadsip empr%aéﬁgd?semtm whea compereddatliengme

Coggh?%ggcﬁ%naa Oqﬁgurﬂérface Al t hough construction

ave su TlClentIy hi gh sol ar energy
r ef | Adetough tyns‘lﬂueﬂﬂoﬁ ineterials endyiavabiffidiently itphi solay efdrgy
nvi r onnent al factors tend to degrade that

refiestivey MeRe dreyaroingiilied: aniagety ofi |68Ylé°m%%44 faggorgtepukto degrade that
ekfbﬁﬂeﬁﬁe a7 ickSbiBtaC Ba Eé’ﬁicg éur E‘rﬁ)%g Ss h QoRIO%

areas especi all'y those Where expdse aces are
prafflererondacts in manptiees cspegialiy thos¢ herdeppsset! soffads ardxsftenalamp.

terials h as soot is a priymry contributor to
In e EsaiPr i R R E Such R age! A BB copiglor to
redReM sASKRESAL 118G VRtyN Th3 15 EbIERE B SRR aHERNRd Ql%é anflfRance

art. The conflict bétween the aesthetic desire
fmﬂﬁnmﬁmlﬁgﬂbYHUUHton surfaces and the energy eff|C|ency

can tai ped through the .higher olar en
ro; dderBRngFodeRL RS el Wi BF s inststiubn Siiebad me
endrg§ @AfYi ¥y Sehithadn Beobddified thedizh rth&l‘ﬁkﬁ’ér%olaﬁ%ﬁagy ection of white
lighter colors may nmeet initial solar reflectrvify

or geafryvhitechyrigerstag sequirad a.celqmomae thet favems dighter solars Although

RS B 1D AT LSS i g ne
Star8 édbelingthdlesnd edlokbetheir réﬂecﬁ@hﬁbvdr eimeemtdintahdy nﬁ@l’b biota

severalp&}ars generally neans that the initia
acemylater Maiptpiniggsa ugedulgr dasireddeyel Pﬁlsqlﬁfgﬁﬂwlﬁ/ﬁﬁrfmt ggueral years

geﬁ%%gﬂ% Hl%!mslt tgétgﬁ% g@t{‘? a%@cﬁl’vlt* Bxugtllﬁ gl %&1&?@%‘%@ Ehgamﬂ]e ?ventual
targbteant Enierig yurS} seqliirtscdmedvien dighteg nekadesirable iaitecdlone i n
reflectivit been _re nized b i ncl usi on of
. OROSFLSEE SBITEY S oRRTE SIS it drclisspareiectvty has
i I gr
kPRSI byt ol 0 8y ey 15848 ol
refjeséivigy fdrtstdep shbps rocth inmst loe graatert tham?2 5% and amshreg’mm higher than

flegtivity..In.r ons .havi ng hi ol | utian and/or
1SR S i SR e B o e e B e Dt Theseions
haPiRg BfhAiollutibn 88d/6E ot SIditRIns f:Woh{Bl@fbr QYdal glt&'\xgﬂ gt t may be

inrtial reflectivity, in some instances as
negBsyry ithsabeod aratarply with am evesohi gleek lirgtial; reﬂtcylvayl 1ﬁrsofile 1nstances as

hiéilg%[ﬁ%l/ gItl] ofc’der foreliis Tg% reﬁ\éctl%}tgl aherli %Atrse "THiS Lgsrﬁc’lea\tl\lﬁ that still

lighter colors were required.

SUMMARY
The present invention provides a non-white construction surface comprising a
substrate, a first reflective coating on at least a portion of an outer surface of a substrate,
such that the substrate with this first reflective coating exhibits a minimum direct solar
reflectance value of at least about 25%, and a second reflective coating on at least a

portion of the first reflective coating, wherein the combination of the first reflective
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SUMVARY The present invention provides a non-white

construction surface conprising a substrate, a first
worebi/@siisve coating on at |east a portion of @TAS2EN4/041595

surface of a substrate, such that the substrate with

this first reflective coating exhibits a m ni nrum

direct solar reflectance value of at |east about 25%
coating andshe sneand efleetivd cpatinpptovilg thmsubstrate adth arefloetivirof at
leagg?p%ﬁﬁﬁﬂﬁ% ?}guq,s?af Lgﬁ:)% ﬁl}lgglﬁfrggxﬁ #}g: zlivvgegl rarﬁ%ehber%\geet‘rhﬂo and 2500
nnsecond refl ective coating provide the substrate wth a

reflectivity of at |east about 20%at substantially _

al | Ipsprae smppdipisatsyaDislegiend Brovdh dnhibjiar g 6¢1f-plpaning gomponent is
: I
im0 e b5 T RIS LS R ARG, 1 ogmens
thobielogicabgriolvtic oth§ifiton ot sedficisatifigcempaieheis prorédeioat thegsnstruction

In other enmbodi nent s, the bial ogi gal growt.h inhjbitor
supfpceandradiacent ip A goRs t@ﬁ@mtrchmbglggqca@gmaﬂsmgé substrate, a first

reQBSE E&finb QR a8 w'agtaacﬁorﬁ&g o (ﬁﬁ@ﬁhrf‘é@e & 1Bt shich that the

construction surface conprising a substrate, a first
substfateewith thes fizatdflegtioncoating exdubitea mmmlutmdlm‘ct solaroeflentance value
surfac =) strate, that the ubstrate
of ihjeest o d 2P, R srind coflichin e o1 a RS AR K (he irst
refliciio8 bodtRlawhérein 18 EaABRaNG sahotirdtefletfivd cABAYin@Bsecond
and a second reflective coating on at |east a portion

refietivh eodting providd theétlbat@tet‘@&h A meflectimiey ef ai leaseabout 20% at

e first refle nd the
sufQRBIRIT PUPPIER: invhE wakdiFest Finet BB n B DM T
reflig @hd)théﬁehép&ft tBé ilveAsdn RBoMEs 2000-thits Ystabliobdriace
all points in the wavel ength range between 770 and

copppeing msubsirag @ tiietreBenbive coatingeon;ablaapt: 4 paitipn ef/ajewersurface of
a ﬁBgra‘f‘é‘ shéh ?ﬂﬁ% Eﬁb%wa%’l}uﬁwhﬁsaﬁr‘ét I{éﬁwwe%b&%g xt%%i?st r fn‘?mmn
afirst re I've coa on east ion an

direvit soiar sefldcamee odlu@oBatiedst ot 25% ind &@boﬁmﬁﬂ&tﬂiﬁddoatlﬁg on at
with this first reflective coating exhibits a mn
leagt ¢ Beition of Bie firglmeteqtivis caating wherst the cowhyptianplihe fls%reﬂectlve

cogt?ﬁ% T‘;?léi‘ctﬁé: %gn& ﬂe@ﬁ'syé é’o%tlﬁ%gltdvﬂﬂ: the) lﬂ;str‘lit@ %Vclﬂ’l f‘sﬁ%ﬁ&d RfPectance

I rst ective c wher ei
vaheripiahkebst (aboutf7 A00easfmeastred @f the cﬂngeé;etsmhﬁﬁg aatd50Mem inclusive.

secqnd ref| ive cotln rovi de the subs te wth a
SumBSoPEETBELmEis. § BloleEle et é@g‘wt%{w&af&ﬁ c8BiHE gemponent is

1né’[§@e§ltif1 Sfe bpbétﬁ%oﬁ%gﬁorp%rwg Peﬂ%zgv@élﬁtlgéso Oin%@ﬂer embodiments,

I nclusive. In sonme enbodi ments, a biological growh
thé billdgiaabgromth glitfitor loe seif- n]garuogrpmmmrtent is provafleddadthie wonstruction
su?faceeoa?rhéagjo atgh (8 ?%tg{# {e%%nﬁﬁ{c{,g‘g gurrfaecfe lcgr%tplrlglgg %%%bstra% a first
reflective coating on at least a portion of an outer surface of a substrate, such that the
substrate with this first reflective coating exhibits a minimum direct solar reflectance value
of at least about 25%, and a second reflective coating on at least a portion of the first
reflective coating, wherein the combination of the first reflective coating and the second
reflective coating provide the substrate with a summed reflectance value of at least about
7,000 as measured in the range between 770 and 2500 nm inclusive.

In yet another aspect, the invention provides a non-white construction surface

comprising an inorganic, non-metallic substrate, a first reflective coating on at least a
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the biological growmh inhibitor or self-cleaning
conponent is provided on the construction surface and

woal)5a6ers8 t 0 a non-white construction surfacePCT/US2004/041595

conprising a substrate, a first reflective coating on
at least a portion of an outer surface of a substrate,

such that the substrate with this first reflective
RS P8 B o Y s Eeed Bibaate ExkiBima Aapinimum
diteRt siar@bflettarc8 Fakue 3P AULast 38ut 256, %@&%Qﬁﬁire&f& '\feg{:o'taﬁls%on at

coating on at least a portion of the first re
legsh apprign oftesr Rishreflhetivemoniing whereimfhetchmbiriatist of the first reflective

' ' .and_t.h fl i, '
L AT RS TR N

refléctivity o€ asleast @boiit 20902 QubstartBg bl PHintdintthewhAddIGsth range
between 770 and 2500 nm i nclusive. In yet another

befugsact’0 apfleSPhomnendt) prammed seflectrane whliie ef at least 7000 as
l; | I ng .a I.nor gani c,
mﬁaggl-%?ré#a Ir?%e?&%‘&%?@t@%gg 2? |§¢ 's’fg ’PQPT’IE%t i ve coating on
at I'Hesboepamimary iohotdfteadddeto destiribe eaciOfilubtfed embodiment or

sub%&)ﬁ ate, the coated substrate exhibiting a m ninum
evE T ERenagiational thepresent disclasuie Bhe description thaiollows Ssre
AN RO S hh i (R0 8Lk nedn P9kt gn. of
P he frrst refl ect&%é\?ie[;ﬁ lcf%g? %%%?er\%ﬁ%@gehﬁﬁgxgggﬁwwﬂf ﬁlscmsed
herdin.t he first reflective coating and the second
reflective coating provide the substrate with at | east
one of (i) areflectivity of at |east about 20% at
substantially all g PARLED ]%’S“C gth range
bet ween 770 and 2500 nm an(P ||$?gﬁs(g$med refl ectance
val (negivantagesefdhe PROMt ayeneasisite grovidetdoastnanige substrates having

T RO e L R S v
ener@h oeflvE g pﬂﬁgﬁﬂl‘é@.r Exadriple &5 ¥nsdi #idn ;%lflbsttllﬂ?es %cgécﬁmooﬁng shingles

di scl osure. e description that follows nor
angh flesj Ot feajurge and adyentageschfdiempentionesillderapparent from the

' L. t rinciples. disclosed herein.
fo%ﬁ%‘? E@%ﬁ%@@@vgﬁﬁg@%@e é?mfshe present
i nva@ht paeitIntentiph ichdRs 6 ABEIWHIKG %bﬁﬂr&ﬁ&%ﬁﬁrﬂc@%oﬂgﬁhﬂga
eg‘ganced aest hetic characteristics and/ or extende
cogiedsubstrate uchsi granules fat wserin mepfingghatdiane ewmareisolar reflectivity
I j : | e ampl es, of construction .
g o AR DR AR R PR Plec IR Shasinp by fir
prdveditg n esfleatide primaryt agederodating@o tHesaBit A ghbiles BRI then providing
follow ng detail ed description of

a(pr?ggrent fromtﬂ% [ ) et
2 SEHREUTFERTIERY BN WKErcepisnkith theseqmmdapimoaling eontaiving a non-
whitBightles. B JoRit MM JdEmERDSEL iR maY h{RSShERR "etectVitdin the

near-infrared (NIR) (700-2500 nm) portion of the solar spectrum.

In some embodiments, the substrate is inorganic and non-metallic. Although
roofing granules will be referred to throughout the description, the undercoating and outer
coating may be placed on other construction surfaces such as glass, tile such as clay or
concrete tile, roof substances, concrete, or rock, which materials can be, but need not be,
in granular form. In some embodiments, the construction surface coatings will include a
biological growth inhibitor or a self-cleaning component in or on the coating. In some

embodiments, the biological growth inhibitor or self-cleaning component will be adjacent
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coated substrate such as granules for use in roofing
t hat have enhanced solar reflectivity relative to
wooe/@stizonal roofing granul es. The enhanced PCT/US2004/041595
reflectivity is obtained by first providing a
reflective primary or undercoating to the substrate
granul es and then providing a secondary coating over
to t}hae:oustdmtlon avifang omturkg tather thao bridgrycovsidtem f termoastnictign

sy s Booll ARG orae a4 O oAb h B s

clefaNn@coﬁlz)@Qerﬁ 540 vepleseih both tBE cddiitig 20 adjasdie & theToatkd
some enbodi ments, the substrate is inorganic and

congructien syrface. Al t hough roofing granules will be

Lﬁgz\fl{:tggai | féé }nra%gn% Eons tg)%ssﬁffapets'ag’@d?&gﬁe n U S St %%;?hcatlon

N& Q05801608 ] fled o Uo&nfes 7 s:w@ta abs&@hgs&msd ¢daen§yﬁb n@fe effidient
or concrete tile, roof substances, concrete, or rock,

reflprterh ofglaransray, eléﬁmét %Iuto becfaEmplated s acmﬁvegc}aalfmcakors ata
refg%th}l] le@uﬁﬁﬁf‘t t§ %quu 1 eoal s, tl?%ééﬁ)?ﬁ%lﬁ%&% h %It ?(g(?egradatlon

byasoﬁ'eigfor blystaining dumtqmmemblotm gmwthnThé mmajaeﬂewgwty may be

di rents, the, bi ol e fant b
mBPe TR ARG PITEHEL e P e Rt dstt G Brologial growth

infiBAS SriaGel fUleHiH tg:]c%?rﬁ)oﬁeﬂtdnrlge EAshBEtidnNArREEe Ng a

constituent of e construction surface coatlng
i t sdhfsomeempedinuntss thedndlogicategnowth inhibitot mgy owludgmostalh

c%?%ﬁ#%%rﬂeu%@&?%g 4 aaﬁ%&ﬁ BRRE et boymcligh 276 Wos
Sn@&ﬁgaﬁ'}’t? - EE %Og,l%%%e hlgg(%r{lo,bdm K| 1A%, % 21%3, CdS, GaP, InP,

stru escC

AI t E‘oug?#t ese co%)gﬁgl Q&?é\ll%ggf% | cl e?? ; e%’?gflguoz,

CéD, TACH) 4 5EcbinA| on Wieheh ! DRBr tOpRe cbBpsMldBtsskut & biological
achi eve darker colors at a reflect|V|ty equi valent to

gréatt inBibite@dh ItHlijﬁverItibﬁhﬁchcfu@ﬁBBftﬁﬁldb Scuptit kleaditeh c@sric sulfate,
to deradatlon by soiling or by staining due to micro

cuBU_@ﬁ‘i‘ @r%‘m%‘s cyduds, GURIORS thpqwm@@fq, FHRIQUSEINIFES, cupric tungstate,
cugﬁduﬁih?ér&ﬁfé 158}151 %)ﬁ rl%ﬂg SHcRE rdr%xﬁfrestthl bop Yrie ety Gio'?cgglcal

east one. of oglca ‘gr owt Itor or
growtif mhibetamnnglde@lmh mlmsb nmtertalsavlmo]m Rilk mictro bmtasmrdfthcse which

In_sonme enbo nent the biolo rowt h |nh|b|tor
sighifjcanHy refad 4 g%ﬂwt SEPBTA éota p ﬁ%rm%m‘gt s dassbiglogical

grggftlhnl‘ﬁ}li% toipzr’él'a§i gémﬁﬁ%\)c%;@rﬁl%gé@%nghﬁl s)%cl? gsnﬁ@osevgcnb%aqn 2CT
PLﬁ%ﬂlEat(d%l WORIE?2/102R4. ImdomeGandtndiBertts,@ hiod{llb qr Biplogealrowkh
inlﬁ%?tor> may be incorporated into one or both of the coatings of the construction surface.
In other embodiments, it may be applied as a separate coating. In some embodiments, it
may be periodically replenished or replaced.

In other embodiments, a biocide or biological growth inhibitor may be present on
the construction surface as a separate element. For example, copper containing roofing
granules, available from 3M Company, St. Paul, MN, as #7000, #7022, #7050, or #7070,
may be commingled with the non-white reflective granules of U.S. Application No.

10/680,693 to provide a roofing shingle having an initial solar reflectivity approximating

that of a roofing shingle having only the non-white granules, but providing an extended
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Ni0 >Cu20 CQuO SIi&2 , MbS2 , InPb, Ru®2 , Ce2 ,
Ti (OH) 4, or conbinations thereof. Oher copper

woceaspesissls usef ul as bi ol ogi cal growt h i nhi bi POTAIS2IV4/041595

the invention include cupric bronide, cupric stearate,
cupric sulfate, cupric sulfide, cuprous cyanlde,

hﬁélﬂﬂf‘lﬁg §vthwllnl tHE YeHLAR Vlfxsxi,e rs%ﬁ?aé%lt na%%aﬁ- itr@g r%ﬁ(]f@ted fraction of the

cuprous

inftiall teflettevityorBiBlogiddl @@with etheiors B &l LQE(P egf ctive amount
rovvth |nhy|ob|t(;))rg |n§II$)udes bot h thgysﬁé ma\terlalﬂo é\}%" K

tomr?‘fl i Ewa)gaﬁaégap“ah cynftlbﬂ@% fW@htesdghpemo«iauftﬁn%e rEiaﬁfIﬂies of
her nmen e
suREReHb Bl Boh 23 Feord g "ORiwsr T Bol bigim o 15 vears,
gregentbaehd yeasu(ghea&sr thdaplsseydifg;‘»amd Brestet thafP@0 yERB! i cation
WO 2002/ 10244. | n soms enbodi nents, a bi OCI de or

bi ol dHirRalvelh g mileqinve sranyles may hsaefonnglagrst tathede & darger initial
coi?and il Blatht3h tﬁ@&esﬁ‘g&‘gé #Eec‘ ?Plfeﬂg{lgfwgqgrﬁt%{n%f%é gn aibitgary time

surface. I n other
intepiahduring whigh lsouglng bnnsanbicitaihing btcws.i t may be

| d. | t her
b d ERpbod b HiraeteTosmise sgmpancny R idhplstocstalyst.
Plﬂ&i{:aﬁ@/s@r ﬁﬁﬁlrﬂctloﬁlc;nr& e‘iﬁ&%&e{ ﬂé%hhﬁ’ tsééfafbﬂ%lfb@tﬁ o diatlon and

separate el enent. For exanple
requsHOn pigesg Thnse sitss arpcapitdd bfeprfevcmnnng M Chibdeny theSrowhadflalgae on

oA N NN Y
sulhitISte Aﬁ plhet ainbodintyats, e/ sﬁ@soge%%%tet ﬁacfifvg\éPgtﬁesathﬁtq%llbnghe growth

I having an initial solar ref
OfBhl ngl e gq

1o Sxihruubsig H’d{otqvataéytm@mod@ Cshvmglbealbmcmlmgﬂl byfthose
skﬂl@@ npfﬂg Vﬁ@i‘%ﬁn%&%{ﬁé]& 1H‘/E1F$rq%\éxlﬁgil1n tlapeg rllg glgﬁlocd)?plysts
c:imd@ butars ot k@lotbe'ﬁd 260 WoLsnRechlidd, #6,03, MoO3, Nb)Os,
mrefllel::t?r‘tu?tyma ol ogi (32;:l| growtﬁ d%l bItOIjS ? 3, VO3, 0205

TiX%yi 6gPp\Sils 810N, @dS,aG4Re iR, \GAARNBETIO;, RNY®Y ma;ogd}algf()3,

bi ol ogi cal growh inhibition for an extende peri
NiQ; G0, @ﬂpﬁ’@§20ﬁ1’§uﬁh02,l GeDp di(Qdt)g, omwimbdeatfon® MeZedfOIn some

ear s, to .7 years, 4 to 10 years, 5 to 15 years,
‘“5?%8’@8?3 the sransitios metal oxige pheteratalistris a&ogmatalineaamitase TiO5.

tivel the reflective
PhbERHFlic iR ard ?%?mﬁato?a&?eétwéa@vgapw Which fcabt with
i )
R T R T

i nt Brha&be $qogel\m ittt redinigi gnanudes coimprisingiatak€ meteRalto8d with
he sel f-cl eani ng

a réé%%%%e mParPFa %E‘?ﬂ% élngﬁtée?cge :tré“og; §yier coating containing non-white

pigments exhibit enhanced solar reflectivity with respect to granules of similar visible
color having a single coating. In some embodiments, the resulting solar reflectivity
exceeds at least 20% at the wavelengths of interest. Solar reflectivity values of at least
25% meet the present steep slope roofing solar reflectivity standard set forth by the U.S.
Environmental Protection Agency (EPA) under the program entitled “Energy Star." The
phrase solar reflectivity and direct solar reflectance are used interchangeably in the present
application. The EPA permits manufacturers to use the designation “Energy Star” for

those roofing products that meet certain energy specifications.
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Phot ocat al ysts, upon activation or exposure to
sunlight, establish both oxidation and reduction

WG 2a088651These sites are capabl e of preventing BCT/US2004/041595
inhibiting the growth of al gae on the substrate or
generating reactive species that inhibit the growth of
al gae on the substrate. In other enbodi nents, the
sit hssogmmdemméadm presen énviention eraploysenlped pigraents that exhibit

enti el gty T Terit BN DEAE St (fddBLAGRL AN to provious

colofintsh &’ haNTRaJognpided eprexifartel sk 60%stdf t}id'l‘ﬁlnwlﬁsﬁeﬂit energy.
i nvention, Suitabl e photocat al yst s include, but are

Impreved fefiestadt ig therNEp portipp of theeglar S?P@tmndsﬁsc@e signggoaniygains in

ene?ﬁ)b %c?‘%ﬁt@:ch élrﬁ%g are E%ﬁ%mso@egmb%ﬁlﬂl%of: tﬁ%ﬁr&sem

1nv€h|t2(§ﬁ SX2 , MS2 , InPb Ru@2 , Ce2 , Ti (OH)4 or
t r a Iélirg&t slgﬁlns egrearng%n&érlls&hg?rne en gcltté? gg t?le 1nc1(?ent solar radiation

recBRRQ GB %3hAhdd &ep@laﬁhpa% & the @is-of m&ﬁﬁé@{vythirpthﬁ h@meﬁg&h
are al so capable of generating reactive speci es which

rangea€ 80Giot 25 08 meyaas eommiedascordingsto agnedifiedtiog of| h@mﬁmate
B U St S B0 o AP AR s om

Lalvaee Ben@syal abopabed Betkidy, & A, ebmbiiing/Be Airtdtany h@ihlspherlcal Solar
under coat and a secondar % or outer coati n%rtconta ni.ng

Irragianopmiit Maps hdiatasiram iiM Mathedhe b gvasr Bse %Wréwtwmﬁwolated
reflidde HESRES ﬁteg{}fﬁ? }Hntgé r%onséfrﬂl € | b 1ﬁfél'voali data was used

aving a single coa sone e I ments,
to crestd el ghging d’hcadsrs b fdivadinig thet mdﬁ'thlam‘&dmlncdzsdgsﬂhe ﬁﬂ% satnmed

TR IP Be, H be HTH
ex%éﬂn?é'ntd'l ?éf'le%%bé’ ey takeAROQ NG 1§€e}vaflsot6tc1'3t4%( tHerlﬁrel:'{ solar reflectance

I ronment al Protectlon Agency (EPA) under the

at thosywawelengthist | ed "Energy Star." The phrase sol ar
r ef ect I Vi t

re t .sol ar, .y efl ectance _ar.e .us
|t B O e v i el h ot S AP RimBtiSy g3 g the
dldéféﬁé@ér&nﬁ@@%ﬁ&ttéﬁ:@ hfeabiRedIBES lhh@nt@@ilsgﬂ atd rafige BetRE&Y770 and
Star” for those roofing products that neet certain

25ghamgpclupesi f| cations.|n some enbodi ments, the pr esent
enh o ELAB PR 3R R by Bl 78108 mogels e

be@ehbwednusiforaoryiar spdmhg) irptheiv ivaluss. O@d)lOf amicﬁltlo'ﬁlmrrblat%s with
conprises approxi mately 50-60% of thg sun' s inci dent

disspresrigy that sespevlsde belpicer thevapfigalingrierpad (reomiey FotigAl Gor timul
ard tlljﬁlsﬁl?édQP%OS’cﬂa%hHﬁg \5«%\@ Lé?lt §1’1(95‘érf(' 1ed@3hd GRER; San'd'Blue and yellow.
energy efficiency and such pi gnent s are tseful in song
CIErA®dindieates thefe vdlaespritis thn¢e axeveht,ia¥nand b*. The central vertical axis
represents lightness (signified as L*) whose values run from 0 (black) to 100 (white). The
color axes are based on the fact that a color cannot be both red and green, or both blue and
yellow, because these colors oppose each other. On each axis, the values run from
positive to negative. On the a-a' axis, positive values indicate amounts of red while

negative values indicate amounts of green. On the b-b' axis, yellow is positive and blue is

negative. For both axes, zero is neutral gray.



10

15

20

25

30

Direct solar reflectance neans the fraction refl ected

of the incident solar radiation received on a surface
wopeop@athscul ar to the axis of the radi ati on wPChius200a®41595

wavel engt h range of 300 to 2500 ran as conputed

according to a nodification of the ordinate procedure

defined in ASTM Met hod G159. A spreadsheet, avail able

uporfoF Eguuaposes ehthisappheationgutiRleehaving s pelpbfajling within the

. l.ey: P Hp[jguﬁ .rect and hem spheri cal
m\%g{egrc g ¥ ?laqﬁllue{frilége F%%éﬁsggﬂlgg&gat a from ASTM Met hod

3 59 was used to conpute interpolated irradi ance data

at 5 nminter S .j e regi.qn of .inter . The 5 nm

i nterval dat éd\%@ [{JQ‘@(%S]?_ 6y@?t\gt+ez(&a/\g}{\$iﬁé‘t]§&tors by

di vidi ng the individual irradiances by the total

summed irradiance from 300 to 2500 nm The wei ghti ng
whed€Lgr-s6Tyer-€ 1 108en=mu, zi=pl .0 add b vahesexpar) a@ri*abre defined on the

reflectance data taken at 5 nmintervals to obtain the
Cllliatb* smleaare sa&flltebe swvhite and artibles baving elcelog falking &ytside the cone

sum cherefl eﬁ. ance value is neant the sum of the
AR EAONE of the discrete percentage reflectance

NMeasy|ed FithecdlP spidedorrdbsonidthet th S HiR T W IBE Bore’dose to the
and 2500 nminclusive. CI'ELABis the second of two

veriest bivgxiacup nelcstiopgleicplared asondicatsd by theissmalbdisplateneents along

.sho und form col por_ spaci,.ng in_their, val ues. l.ar
o B e PR b D e e bl e g of Bulrss
indieite®Bat De geptdrCidn NPT g)*ap thetvegeRbaihg con&t Fétahe Fﬁﬂp@é’es of

stimuli are translated into distinctions between |ight
thiamppldatian, ‘dedtesndeaps dean theadadkdo lattixlaivd andlH value Ell&sBdbout 1 unit

i ndi cat t hese val yes wi,th three axes: L*, a*,  and
WSt AR APP S Yt Lkt a5 e S BS Sapeted e stite o
wHietl B ddngfhr&@B L*) whose values run from O (black) to

100 (white). The color axes are based on the fact that
a cdimigeysrrbeeturatpraalhsuchds aondingrsbimgles anaydwt frodhhagd using the

el e ROHRR, ORe PSS ARRRRoRaEck BB oithes it

fideFplddyCand-the ik | ApplRAGHH bV £sdt@hbtest impelighaitSueBMibBalffs believed
red while negative val ues indicate anmounts of ]gr een.
1

esgoitiplfe eptinsly permeate jhy feliwr fiberglass basge Tamigaly,weplied over the

- ive. F |
A o8 o B A S g o
wHielt {sithen apiplibd b stitfeingwianinerh] ganules| which oorepldes ittabnbyntional

t tion: -(L*) + LO *) + *)L2 +
i fifto’s) 1 2o [ (H0) O

Various other layers can be used, for example, films useful for weather or impact

resistance, reflective films, etc.
The following examples are provided to further illustrate aspects of the invention.

The examples are not intended to limit the scope of this invention in anyway.

EXAMPLES
Test Method 1

Reflectance measurements were made with a Perkin Elmer Lambda 900
Spectrophotometer fitted with a PELA-1000 integrating sphere accessory. This sphere is
150 mm (6 inches) in diameter and complies with ASTM Methods E903, D1003, and
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where LQ*= 67, x = 1.05, y = 1.0, z = 1.0 and the

val ues, L*, a*, and b*, are defined on the ClIE L*a*b*
wazmbesase said to be white and articl es havi nBCEUSD4041595

falling outside the cone are said to be non-white.

Val ues of the col or space corresponding to white fall

within the cone close to the vertical L* axis, are not

E368 aopulishesion SA&d M Standarde an £@lasyand Wepearamag| Measurement,” Third

di n | 2] * *
o T S S B G0 B
ran@8 of PS0-258(esm by \aRisible gitepaatiin witalt 4tQ'44 de@Bndss Sti@idth was 4

vertex of the cone. For the f)ur,poses of this
nmg ofb [ Rt WasHtilzed jocdiminate sp@plieasions pasipgfrR@yspgsylaraefectance.
has : §ritAQHan hnd BpficaAlIPWRE fused sili
pre er%‘gfvggég%{@éllﬁlﬁﬁ‘fssltﬁomr? tﬁgh %ahg L* \fg lsjlélca (quartz)
plagssindoina b Ethe\samhletdnén fronti aflasstandandhwizibe platei 9\ aupripeinech diameter
i t upgj nous sheet terials such_.as.roofjng shingles
of eyt BAMGH Bele ep ST Hep A ik Han Aee BB hESaR0IEnh
chfeqkding. shingles typically conprise materials such as
felt, fiberglass, and the |ike. Application of a
saturant or inpregnant such as asphalt is believed
e {i to entirely perneate the felt or fiberglass
TeBtZ@[gﬂm? ically, applied over the inpregnated base is

a WRE ST 0dr ridasu@hehtsvase Blado lisif®alabgan XEdpeasophotometer
asphal tum wupon which is then appl.ied a surfacing of

(HpntgepsocigieahabeatoryrRestone ¥ g iitied vithresampls bolderamg|using a
sl AGnE RAICE R Rt Y AR 0T LG e B0 7 GfastBhnent
The ésidst waclled tofd depth ofeabbud Sm @tansuréhieat fled heasureg values were

exampl es are provided to further illustrate aspects of
oty TSI opn S OE & ot Ao ledleseription ol ipcmpl Bolrand
sathPI€ pPGaPRioRrefbPMoSU ISNPRABLA 1! 4 g82angway. EXAMPLES Test

thod 1 Reflectance neasurenenfs were made with a
Per ki n El mer Lanbda 900 Spectrophotoneter fitted wth

a A-.1000 i ntegrating sphere accessory. This sphere
TeF‘sﬁgé’(ﬂﬁ(G inches) in dianeter and conplies with ASTM

Vet Tag grdal8 to BYRERd vanelEssEbhed fo prabide ahed dubthat\sakbd through

St andards on Col or and Appearance Measurenent,"” Third
16 mapsh apdwire retpaed opj 20 e W ffanderd srieen sleevascEhq injitR) copper

conferit Jﬁ%&?&%@ &ﬁﬁufeg Was Hgtgxtnlii%d by placing 15 grams (g) of the screened

granules into a polyethylene snap-ring, holding ring, 31 mm diameter, open-ended cup

(Spex CertiPrep, Metuchen, NJ). The base of the assembled sample cup was lined with
polypropylene window film, 0.2 mil (5 micrometers) thick, 2 7/8 inches wide (7.3 cm)
(Spex CertiPrep, Metuchen, NJ). Taking care not to tap or otherwise cause the granules to
rearrange in the cup, the cup was placed onto the probe of an XMET 880 X-ray
Fluorescence (XRF) instrument (Metorex, Ewing, NJ) equipped with a surface analysis
probe set with a 60 mCi Cm-244 excitation source. Sample time was set to 20 seconds.
The instrument had been calibrated with a series of granules of known copper content and
data is reported in units of g/metric ton.

Fifty grams of screened granules were placed into a 500 mL Erlenmeyer flask

containing 200 mL of a boiling 5% Al2(SO4)3. The granules were allowed to boil in the
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range of 250-2500 nm UV-visible integration was set

at 0.44 seconds. Slit wdth was 4 nm A "trap" was
wardosieass t o el i m nate conplications arising fPOMIS2004/041595

specul ar refl ectance. Measurenments were all made with

a clean and optically flat fused silica (quartz) plate

in front of the sanple or in front of a standard white
aluplimine sulfate squtiery fon gxaa:tldﬂam@m@:s ‘Blie Baskrassilenmemened fom the hot

of abothmﬂ nyles tao
plafecAtng srefEring I m PR At oo iy Lok R0 08n) B the
grafBRS HoRTMRB B sKVEThe ghfls Wedr§ BnsedtRles €igtes XHth 200 mL deionized
spect rophot oneter (Hunter Assqci ates Laboratory

waRsdelgng cyawith eack deqantaiion 1 avpid erasledess: dhe g@g}lhﬁgwye placed
on tar %ﬁe‘?rtg’\k/&% raotllx]gﬁ{érrta%( @gﬁ%v%n %}% xﬁm‘d&:‘s '?E%fqﬁ?l ggpet . SGranules

ace was r neasurenent.
wefd thee ebniaved fﬁbﬁptﬂe ovtn,alblowed B cuul td theSinabcdppat cdnitent again

d | ttribut
gL ST ATE Bl o bt b e Sa e BF U iines
be ORI RE 8RRIBbA ‘Pé"ref)&ft&f asltRBe LeashedAhRAtht. Nohe ¢hiR@do @&emc

Test Method 3 The granules to be tested were screened
tort 0 provi de a size cut that passed through 16 nesh and
were retained on 20 nmesh US Standard screen sl eeves.
The initial copper content of the screened granul es

Te¥EHeflldes M ned by placing 15 granms (g) of the screened
granul es into pol yet hyl ene snap- rlng, hol di ng ring,
31 n-ﬁqemtlap(@h@tpcat@lpjgﬁ agdiyifeas of gpnplsp akas determimed yia a rapid chemical

tesm[\/gltaﬁ%%gd A %rhdx Iﬁﬁ %f‘ﬁl% tfe at Q/ﬁlcﬁgqugv@bffﬁdﬁg@eﬁne ?H}?i,gced by

ypr opy ene W n
UVrilhinoinsteé pﬁt)totahalglkt in 3r @ thei gnartvds, Whdeedults 3f thig teétﬂiﬁe« been

Shhich GSLAE i 400 S QRIS o APPSR i fild testing.
the 4 gfbmaegl ﬂggf gaameg R eREQREWRS w@{ghé@/%sﬁapw?fn H8¥nized

Fl uorescence strument (Metorex, BEw ng,
watayudnpqole aind/\iraﬂsfeiresltw hade ndnaiyytallsatmmdheh sEhe gmamldeaweﬁ spread
nCi Cm 244 excitation source. le tinme was set to

evardy oe gheriwstonTofethe dishr Tadha dlﬁawab d o8P gt 4t>e 0 WM Rqugous
dlsloglblm f‘ egiltl'%fa?en é'lc%h?t%o ofA &?lpg W@gﬁgoﬁﬁd@%g{iﬁé?%ﬁg sg%fn% BaF placed

n uni
in SRMHRABMC G sabhkeied weal Ppirbdisiirdstiti@omthz(ParilesErThe smayl@etri dish

serfvleczljl tsokprevent possible abrasion of the granule coating by the stirring bar, resulting in
suspended particles that could lead to erroneous activity readings. The large crystallizing
dish was placed on a magnetic stirrer under a bank of UV lights consisting of 4, equally

spaced, 4 ft. (1.2 m) long black light bulbs (Sylvania 350 BL 40W F40/350BL) powered

by two specially designed ballasts (Action Labs, Inc., Woodville, WI) to increase the

intensity of emitted light. The height of the bulbs was adjusted to provide ~2.3 mW/cm?2
UV flux. Light Flux was measured using a VWR (Westchester, PA) UV Light Meter
(Model 21800-016) equipped with a UVA Radiometer model UVA365 and a wide band
wavelength of 320-390 nm. During irradiation, approximately 3 mL of the solution was
removed at approximately 5 minute intervals with a pipet and transferred to a disposable
4-window polymethylmethacrylate or quartz cuvette. The sample in the cuvette was

placed into a Fluoromax-3 spectrofluorimeter (SPEX Fluorescence Group, Jobin Yvon,
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containing 200 nL of a boiling 5% Al 2(SO4)3. The
granules were allowed to boil in theal um num sul fate
wamlosivésass f or exactly 3 mnutes. The fl ask wasPadese004/041595
renoved fromthe hot plate and the supernatant
i medi ately decanted. Care was taken not to | ose any
of the granules fromthe flask. The granules were
Ina: Edisent Nhr dbe fluntescance nt@edy af thgsponlesé depdlenm, hak #Ag was
care with each decantation to avoid granule | gss. The
plofied Nefsessapl e Irpdiation URF- al 5ApIOreSPeRpa IMERsY Ver YA glatatae
2R RN, Ein Rl AT s egbyion
The klepé oﬁ&ﬂe linegmpertiaoont te turagsaash)pd ef tremitiet3-aciatapdints) it o

. Jest hod 3B. .The differen
indh e R e pRY P IHFeSA i SobY RLTTISH grandls b putatiars.

the Leached Anopunt. The units are kg/netric ton. Test

Met hod 4 Rel ative photocatal ytic activities of
GrgnuleCentingethoder i ned vi a a rapid chemnical test that

pr ovi de n [0)'¢

rad\fcl:la 1(s%Il et g'%%%lo E n% aed lwb ?E%\ﬁ%rte {n%H’ ? )c{)rga? a lcal mixer.

1000 pats WNwEibht ¢ sablstfa%wer'Efpee hesied 1090095 thansd thes boﬂnamea w1th the
heen shown to correlate with the photocat

al
indigatedoAmeiie 8f Py dbe Wﬁ@cér%ﬁeﬂé@tiﬂﬁm?‘%l Ferwfrgﬁﬁ i ged Grade #11

un%@gaﬂ%bﬂﬁél\gll ﬁ %Qagt tgél’t%{nélulz tskeﬁ‘r'3'4 b ? i e%l \‘I\%ﬁgoduced as in

Ethphslf aythe sulistrate. SO siturye cqentdcbgThmmlﬁ wene thkirsfired Tine rotary kiln

ra s were,spread, evepl otto t
(g s T e BRRe) SR s D05 P el S a0 2t acd °C B the
rerfAifRg] EJ(@Hp%S%QI@lt bﬁérﬁ;deof%ﬁbﬁ{tl'oq{imut‘é@' FalibwigWatg, the granules
provided by a magnhetic stirring bar pl aced in th

weppaliayradad caoldayoem dempesatate, Petri di sh resting on the
granul es. The small Petri dish served to prevent
possi bl e abrasion of the granule coating by the

TeSt Metligdds bar, resulting in suspended particles that
could | ead to erroneous activity readlngs The

cr y §tudtnres o Ngoehlars, Regseqs sl ulshalg a%l&?é@d EO@tana%@balt shingle
1!
in f*ﬂ)gﬁﬁ d)‘ﬁalgal?i%dq{l llh%eh ﬁP%lﬁrélC l%h'blgg)h v%eQ’? Bseegl(‘@ l%ﬁgﬁatory

alg% @heBLené@tAE%/dﬂ:&@xﬁih)e thewabiity h@/algammqmdatai onto dednglaed

bal l asts (Actio habs Inc., Woodville, W) to
shinglersuhsteate. K 8ae ¢ q,@ engefests WenTi R quit Yhin enfirenimgntghehagber
(dﬁlﬁah mhpﬁomdawm%oeﬂsst L RBRA ‘I’{\E\Ft@t) ~ReaviW Q) n%tgllnb'%(at 24 °C

ux was measured usi ng WR (West chest er
+ ZRC LiThhlighiklyele V(d\s/tsdteﬂor 24 Bo@s dlgﬁt)and@lhmlpse«tbﬂa\mdm Smalpetri dishes
cox?t%{jnllggnz?ptp%xmngg ‘ley 2 g\r/@g’ n5g gargl(ljulgs <¥1V|nbe“:czide(fl 1nd10 g melted asphalt were
prepared. The embedded granules were washed with deionized water 3 times and dried

before starting the algae test. Two sets of each granule type were prepared.
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wavel engt h of 320-390 nm During irradiation,

approximately 3 nL of the solution was renoved at
woepps/esisately 5 minute intervals with a pi petPCamas2004/041595

transferred to a di sposabl e 4-w ndow

pol ymet hyl met hacryl ate or quartz cuvette. The sanple

in the cuvette was (%JI aced into a Fl uoromax-3

spect r of | uor i mAdgae W@IWFM&QEEW&W, Jobi n

Yvon, I nc. Edi UoT eSCERTE Ttensi ty of
the sanple atel élmcﬁ'l;ﬂn/gré li‘é‘m{ m-424 g.’aj’-s—pi—et-t-ed ver sus
sanpl e | rradilé{]fiﬂgﬁhtl ne. The f1 uor &dnce i nfensi ty

vs. time plotgnhpD,di TTerent| roofi mgayranul e
formul ati ons leah ha nl otted n—the sane fLﬁllre for

conpari son. TN&@EI@pe of the|lineadPdrtion ¢f the
curves (sl ODGM@SOthHZ(U tial|3-5 daigapoi nts) |is

i ndi cati ve of—the—+relativephotocatalyticactivity of
different gr zplﬂ%ﬂ%% or mul ati ops. G &% Coat i ng Met hod
The slurry c Renps O ndi cafed inppapyes 1-3 were
conbined in vm*' cal—mxer—1000-—parts—by—yei ght of
substrate we FeeCdBe6HéQt ed to] 90- 9@@@0%d t hen
conbi ned wi tmmg 4! Ndi cated pnounp, ogf)zgd urrylin a

vertical or herHzental—mxer—Exarple useeH G ade #11
uncoat ed roo T 1 es as|the S(E%%qllsate Exanpl es

2-4 used gra 3134m}q>§tgced as In Boagpre 1 as the

substrate. The—siur+y—ecoatedrgranyles ‘mrv then fired
in arotary k pﬁa Hﬁg ap / 03?;959995 | ane) reaching
850 0OC for E@mﬂ)@ §H§a)d 750 - 85@0@@0(5ng the

remai ni ng Exa od apeut—306+ m nut es.
Fol | owi ng fi r¢‘5®61) BH@Qnul BS vvepé)OQW%V\e to cool to
room tenper atNi@H (Tegt Met hod gﬁi)@ubﬁ%asg wi)
Neochl ori s, agreemunicetHutrar—at gae etttred from an
asphalt shingle in Florida, maintained in nutrient

e diTHBe RSk d18 81E a0 Qlsp¥hsi MBI0E Nes Eflodidalgad REIRAbRAYN a 50 mL
al gae challenge test to determne the viability of

stegilefgatrifpgrobe anderndifugediosil fuiavtes ats2ﬂ0rtg 1380 gud pelleiize the cells.

g SR L AT S8, g e
agi"ﬂl?l Tﬁ&eﬁ@ﬁwc‘?@@bsu &‘éa 1n/§)rl'ﬁ‘ﬂ ok hf‘edlu%re?ﬁ‘eﬁ Rﬁih@ﬁfMgEtlzzélat was

0C. The light cycle was set ours
the@ﬁ@ecﬁtohﬁbkhﬂatg ﬁ{é‘g‘tﬁﬁﬁe diSh&. 12nfIebsr ﬂhlschlﬁlﬁﬁﬁhglﬁmlﬁﬂé‘%r@&l washed
approxi mately 2 roofing granul es enbedded in 1
algge pelbshspeisia waa/aéidéd m@qsgﬂ@a and e dishse aeeriplgeeshin( (8¢ transparent
[ d..dr
mpé‘f%?fp {H?a%ts Yﬁafé@%% gf gl‘lgfé%sg’g%s\gﬁ%c%ﬁ Jl.lﬁdél' Iﬁ??a th% tﬁé% under cool
whige dhiotescdny lwnpsefs elesurdpd irethe Albla €.i ght nvkihsitias| Wd:té eneasured using

Nut rient Mediu
the UV Light Meter descnbed in Test Method 4. And Visible light intensity measured

using a Light Meter Model DLM2 from Universal Enterprises, Inc., Beaverton, OR.
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Chem cal Ingredient g/L NHANG3 0.071 KH2PO4 0. 068

Na2HPO4 0. 071 MgSO»4 . 7H20 0. 0075 Na2CO 0. 002 Cad 2 .
wRHasG188027 FeC 3 . 6H20 0. 000054 H3BO4 0. 000R8GUNM0I/ 1595

. 4H20 0. 00018 ZnSO4 . 7H20 0. 000022 NaMoO4 . 2H20

0. 000039 CuS»4 . 5H20 0.000008 Co(NCB )2 . 6H0

0. 000005 NaOH (1N) adjust pHto 6.8-7.0 Three-week old
all damETgpensi ons of NedBhLighit Intensisye |\Wisiblobighe Enfensity
50——sterte—cenituge—tube—and—centrifuged—+or—15
il Sy iveRia o0 Rlack liehbo §27buBdemet i ze f|HS*REKs. The

celphsTVvEssogewswended|in nutrient nmedi um prepared
wilt hout M 2 and centitjifuged again_  The cells were

r eSybpeiadeadl WhiB0 L of eadwimdbr epar ed Mb thisut Mhd 2
th h sed to ifnocul ate the grlanul e di shes.
2rn%t28¥??/ﬁi&gsg})\fut e, slightly pale gredgn, washed al gae
ce suspensi on was added to each dish and the dishes
were placed in UV transparent zj &dl ock plastic bags.

One VWater leyel avas isheckad daily anlogplanigead ifiveqessany., Oniey seveay the
SRR 1 FRDRRGE T AOBR B3R LA ) e o

theldighetto beviibleleKauffivdeht igfowliik $¢ prvienh alie #st wasttevhinated end the
TRvae . . .
xR 9P GRS VS e B S s oI (B Qi PG there was o

gréeRvisIP od LiYaibd, QQEeréJg?iaCEéJﬁmiX é%ts%.ké& 5] r%t/e\;éi’ﬂx ne if a0y algae was

§
Intensity SyTvania 350 271 cm2 13
grdwing B2 (HE1GABBEBIr dhM¢ asphalt. If the growth in the controls was light,1 mL of

nutrient medium prepared without MnCly was added to each dish and the cells were

grown another 4 days before doing the evaluations of efficacy.

Materials
The following materials were used in the Examples:

Sodium silicate solution (39.4% solids, 2.75 ratio SiOp to NajO) available from
PQ Corp., Valley Forge, PA

Kaolin clay (available as SnobriteTM from Unimin Corp., New Canaan, CT

Dover Clay, a kaolin clay (available from W.R. Grace Company Columbus, MD)

Borax (Sodium Borate, 5 Mol, typical composition: 21.7% NapO, 48.8% B70O3,
and 29.5% H»O) available from U.S. Borax, Boron, CA

Titanium dioxide (Tronox® CR-800, typical composition: 95% TiO», alumina

treated) available from the Kerr-McGee Corp., Hamilton, MS

Pigments (10411 Golden Yellow, 10241 Forest Green, V-3810 Red, V-9250 Bright
Blue) available from Ferro Corp., Cleveland, OH

Grade #11 uncoated roofing granules (available from 3M Company, St. Paul, MN)
specified by the following ranges (as per ASTM D451):

WA9300 Oil-free white roofing granules (available from 3M Company)

Kronos 1000 Titanium dioxide (available from Kronos, Inc., Chelmsford, MA)
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Syl vania Cool Wite 6.5 nmWcnR2 1945 Lux F20T12/ CW 20W

Wat er | evel was checked daily and replenished if
womeResay. On day seven, the di shes were chedcadi$2004/041595

see if the controls have produced sufficient growth

for the green of the algae to be visible. If

sufficient growh is present, the test was term nated

ang FORB2 & drozechsmied] fsuré“%\:égtltbl@laéab}ﬁ fret 1Mi Gayneany, St. Paul, MN
t . h
o LR 1 Bb BorsRRusind o iR ELBURE ATRAL FRE SiE3nbin

used to determne if any al gae was growi'ng on the
granul es or on the asphalt. If the growh in the
8 was light,1 nL of nutri ent nedi um prepar ed

Wi t ol

ver SHbulVhe o ARG O GRART: Comlhaapnb i End e Pating
conmipordnfts loshexd/in Tébleet i Qbantifiee arfeoh Igmmsngllmbﬁler\aiss notede

used in the Exanples: Sodiumsilicate solution (39.4%

solids, 2.75 ratio Sig 2 to Na2 q ) available from PQ

Corp., Valley Forge, PA KgQgmegl ay (avail abl e as

SnobriteMfjom Uninmin Corp New Canaan, CT Dover

d ay| a kaol Compoment avai | abl e Ex.dm W REx@ace @apgany

Col upusqatéddpradareax ( Sodi um Bor 2008, M2DOO t yjpi AD0

conppsedib@Bilidsde @@ Bad .yl . 48. 8%®B203, and 29. 5%5620)

avai [ kg Trom U S. Borax, Bobronys CA[TiTapi uny diggg de

(Tt ol RES I R @RPRIDR C2l_Composgrian g5% 1 —

JRS 7 TN T N S S G e i
10241 Trespx® CIK808, ~ . 3810 Rbd 9250 Bright! Bl .1"9\

avai | Beire 19Y58Bmosinr(§erra) p ev:d and, OMSGr ade #-11
uncopted it &BfSi Yiellayr BongbteSre¢my ai | 2dl e [f r oBaS3M [Conpany,
St. Péiekro) MN) specified by the follow ng ranges (as
per AR VABSIDRMABEHH Q| -{regoyhi tle o@abi ng
gr aniir&so ﬁ?é‘ﬁmzﬁ% @réé&ﬂ?‘&%\ﬂ Lonmpanry) Krapngs 1000

Ti t api-om J OX] de—(avariabte ruml_'r(l onjos, { 1C: 13
Chel pBPwa, (UyBerax 3ur-) F| yor pcheni cal| surfactant)
avai Kbcbr@sﬂﬂﬁmTﬁMnﬁlmlb@md,e St. Paul, [W 20 -
FC-129 | e e 0.03
Cuy0 70

Some of the granules of the examples were provided with a second coating
according to the Granule Coating Method using the coating components listed in Table 2.

Quantities are in grams unless otherwise noted.

TABLE 2

Component Ex. 1 Ex. 2 Ex. 3
Sodium Silicate (PQ Corp.) --- -—- 56
Water --- --- 26.4
Tronox® CR-800 --- --- 1.3
Dover Clay (W.R. Grace) --- --- 25
Borax® (U.S. Borax Inc.) - - 1.3
FC-129 --- --—- 0.03
Cuz0 ---- -== 25
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LR7070 Copper rel easing roofing granules (avail able

from 3M Conpany) Exanples 1-3 G anul es were prepared
wagiongetibre G anul e Coati ng Met hod and t he coatP@mUS2004/041595

conponents listed in Table 1. Quantities are in grans

unl ess otherw se noted. TABLE | Conponent Ex. 1 Ex. 2

Ex. 3 Uncoated G anul es 2000 2000 2000 Sodium Silicate

( PCB@ertpd pran0led Of 616 ewdmples s8reigovidediwikha@l thind Gbating according to

RL_T 2 0 - Do d.. W R, o= .
tneiae o istp s s Rt chbbhenty TR inTabies. Quatities
areQn gramshigildse oftlifiize ¥Bleiow Forest Green 2.5 2.5 -

(Férro) Ferro V-13810 Red (Ferro) 0.075 0.075 - Ferro
12650 Cano Green (Ferro) 0.25 0.25 - Borax(r) (U S.

Borax Inc.) 1 1 1.3 Kronos 10Oy fist ani um Di oxi de - 20

> - FG129 0.03 Cu20 - - 70 Scjalorre og?’t he granules of the
exanpl es wer €opiporented with a seporigk.doat|i ng€xazcoyr dibxg3
to the Granule Coating Mthod using-the—goeating
cﬁﬂﬁ’fﬂmgﬂﬁtelﬂbgmi)n Table 2. Qu ntities |ar p‘ﬁ'ﬁ;ﬂ ané0
UWhtess ot herwi se noted. TABLE 2 Conponent| Ex---1 Bx. 25
Eron@k@OMR-800 Si | i cate (PQ Corp.)|- --—- 56 - 2
Kaolin Clay (W.R. Grace) --- --- 20
Borax® (U.S. Borax Inc.) - =" 1
Ferro 10550 Brown (Ferro) | mememm | amems 0.5
Ferro 10415 Yellow Forest Green (Ferro) — — 2.5
Ferro V-13810 Red (Ferro) - -—- 0.075
Ferro 12650 Camo Green (Ferro) -—- - 0.25

Example 4

Example 4 was a blend of 90 wt% granules of Example 1 and 10 wt% of a copper
releasing granule available as LR707 from 3M Company.

10 Control was a blend of 90 wt% oil-free WA9300 roofing granules available from
3M Company and 10 wt% of a copper releasing granule available as LR7070 from 3M
Company. This granule blend, together with WA9300 alone, provided known
performance for the Algal Growth Inhibition test (Method 5). WA9300 alone was
expected to allow algal growth, while the blended granules are known to be effective in

15 inhibiting algal growth.

The results of testing according to Test Methods 1-5 are summarized in Table 4.
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Water - - 26.4 Tronox(r) CR-800 - - 1.3 Dover d ay

(WR Gace) - - 25 Borax(r) (U S. Borax Inc.) - - 1.3
WO D03a&s153 - 0. 03 Cu20 - - 25Sel ected granul es BET/USIB04/041595

exanpl es were provided with a third coating accordi ng

to the Granule Coating Method using the coating

conponents listed in Table 3. antities are in grarrB

unl ess ot herw se noted. TABU Ednponent Ex. 1 Ex.

BEx—3—Sodium Sirtycate (1P T A0 VATt 1F
Tronox(r) CR-800 LEXEIZ KQEo’ﬁbFn C?an (N%’%%%”tr?l -%9300
[Borax(r) (U. S. Borexod nc.59.63. | 50.82 Fergooo8L(Q550-Br own ..
akFETTO) 0.5 Ferrp 39419 Yebs oy oyest &@een (RFerro) -
o* 2.5 Ferto V-13 g(ﬁeo (1GeART ),9,._63;_ 1(2.'711/: Ferro ___

0O Coven
1265 4?5:x1up|c 4—Exanpte—=4

1T \JCCII \ LIRY))

rar%ul e< Exanple 1 and 10| wm %

b ARG ES i il etavail able as R707Z. from
Grnas featS a2l end 6 90 W% il -free| —
Reflegance @dathethl g anul es| avail abl e from 3M Gonpany and
Mbimoso@hnaecopper22.&0 efpdiortg gr ahiBe| 222247 dbl e-as
SoRif Refieétmenn 3M Conpany. | Thi s granul ef bl end,| toget her
(MeithbdWA9300 al one, provj ded known pelformance for the
SUndadd REMWtdcE Nh| bigb1 an| dexy.s (Yerdwel | 9910.¥A9300. al pne __.
(Mae?ho%xlgect ed to allow al gal gfowh, while tlhe bl engded

19 A B odE Kot o b ef fegtd A i - — —

(Method 3)

Initial Slope (Method - --- 6.1x10° --- --- 1.5x104
4)

Algae Growth No Yes Yes Yes Yes No
Inhibition (Method 5)

Examples 5-7

Shingles were prepared using the granules of Examples 2-4 respectively.

Molten asphalt (Trumbul Asphalt Supply, Minneapolis, MN) heated to 375 °F (190
°C) was applied to by gravity feed to a moving asphalt impregnated fiberglass matting
(A.H. Bennett Co, Minneapolis, MN) web. The asphalt thickness was metered by a doctor

bar to a thickness of approximately 2 mm. The cooled mat was cut into 0.0058 m2 pieces
and heated in a 176 °F (80 °C) oven for 3 minutes until the asphalt softened and began to
flow. Granules (from Examples 2-5) were applied to the heated mat immediately.
Approximately 100 g of granules were placed in a glass jar with equally spaced holes (3
mm diameter) punched into the lid. The glass jar was held 9 inches (22.8 m) above the
heated asphalt and keeping the jar level, granules dropped onto the surface of the asphalt.
Granules were embedded into the asphalt by using the base of a 250 mL Erlenmeyer flask
and applying even pressure strokes across the asphalt surface. Excess granules were
collected and reapplied in a similar fashion. The granule impregnated asphalt panel was

allowed to cool prior to evaluation. The results are summarized in Table 5.
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inhibiting algal growmh. The results of testing
according to Test Methods 1-5 are summari zed in Table
WOoRMDABLHSY Ex. 1 Ex. 2 Ex. 3 Ex. 4 Control WAIBOOU$2004/041595

60.99 59.63 50.82 60.08 - - a* 3.26 5.23 4.57 2.77 - -
b* 14.07 14.78 9.63 12.71 - ___ Base Layer Solar 30 29
25 - - - Reflectance (Method 1) Granule Direct Sol ar
29 29 25 29 - - Reflect an%‘éB(ll%ﬁhod 1) M ninmum G anul e
22. 5016622378224 7SotarReflectan rod—3)
Surmbd Ref | ect ance 9801.3 9290, 5E¥0548. ?’b?lo kX7

( Met npd 1) Leached Anpbunt - - [1.%50.04- [- s0Mst hpd 58)o

I nit gu Si “ope (Merhod - "6. TXT Osg3- 14 BXTCR 355

Al gagoowth—No—Yes Yes Yes Ye 1\p4$n |D§BBOT1 U\ﬁlglm
5) EWTC pPrep e 9||9 he——

gr anpPrEulE DEgd polarRedleglances helt i vel . I\/Bziten asphal t
( Tr upgYleth ' ed to
375 FMinigoncGrapeyleapti ed to by gPévity #68d o &2
nmovi hBeBeqsinsk (Methoddgnat ed fi bergl ass [mattingl (A H.
BenneftmErd RdflectaageoMahodl) webl075he [adpb@l t | 10742

t hi cknfss Siase (VBdtesed) by a doct 61y,105

All patents, patent applications, and publications cited herein are each incorporated
by reference, as if individually incorporated. Foreseeable modifications and alterations of
this invention will be apparent to those skilled in the art without departing from the scope
and spirit of this invention. This invention should not be restricted to the embodiments

that are set forth in this application for illustrative purposes.
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bar to a thickness of approximately 2 mm The cool ed

mat was cut into 0.0058 m pieces and heated in a 176
W®E00686518C) oven for 3 mnutes until the asphabdT/US2004/041595

softened and began to flow. G anules (from Exanpl es

2-5) were applied to the heated mat i medi ately.

Approxi mately 100 g of granules were placed in a gl ass
Wgdainwi t h equal | y spaced hol es (3 nm dianeter) punched

into the lid. The glass jar was held 9 inches (22.8 m

above the heated asphalt and keeping the jar |evel,
1. 9r apUdRSwitORRRGuAInGuEfE: GmigrRGR: of the asphalt.

Granul es were enbedded into the asphalt by using the

basa s@fstrateps50 ni Er | enmsyer flask and appl yi ng even

pre

O ooy aelRietiOb BRpRA! A% ot oFh ot MR oFHERRrate
whfefmhthe rombinatign afireflectivedepgynad eubsasteleahibitpamaimumsdirect solar

rior eval uation. The results are

| owed to
fefg’fﬁm%ﬂai!éedo %?eﬁé&b@uszgrABLE 5 Ex. 5 Ex. 6 Ex. 7 L*
9. Q@e&gdhﬁ]e@av@la@'er@&ﬁeﬁt Bportionof Bhie fié réfledieda 1\)9herem
Granule Direct Solar Reflectance 33 29 31 (Metho
theMonibimatio@od theyfiret 188 ectivedgye6 andthg se@nd rﬁéﬁcltl@eiaafncerowde the

w800, R TSR PR A R0 0

waPélRgth $an gl deeiden JDlah€ 35000ME; ar@nd publ i cati ons c:| t ed
herein are each incorporated by reference, as if

i nd?@F%E‘é{IaF?n pgrebsdented Beom arhiclagisalgpwih ighibitop #sekfedeaning
CO@E E ?Iﬁib%gﬁor%f ihiQbp invention will be apparent to
0se s

e art without departing fromthe
scope and spirit of this invention. This invention

sholdnt b estr ed to the e i nent,
2. st T tHhcedt cS |BhFSaPERAEGH RS [AS% Padi DI Lay Bresen

betHeR ARESbMEE b t'i‘ib fikst 1é§,e9 PrwdehiFe SRNSID ebAPRYSH! dramthe
conprising: a substrat

second layer.

3. The surface of claim 1 wherein the preservation agent is part of the first layer.

4. The surface of claim 1 wherein the preservation agent is part of the second layer.
5. The surface of claim 1 wherein the preservation agent is part of the third layer.

6. The surface of claim 1 wherein the preservation agent is part of two or more of the

first layer, the second layer, and the third layer.

7. The surface of claim 1 wherein the preservation agent is part of the first layer, the

second layer, and the third layer.

-18-



10

15

20

25

30

a first reflective layer on at least a portion of an
outer surface of the substrate, wherein the

wamobbesasi on of reflective |ayer and substrat ee@EbU$A004/041595
a mninmmdirect solar reflectance value of at | east
about 25% a second reflective layer on at |east a
portion of the first reflective |ayer, wherein the

8. confiibpatrfass obelajind wharein thetefleetivieJeyersaare presant integions, and

BRSPS SR S0 L AL B By HIL esive

layat tegivmsnt s in the wavel ength range between 770 and
2500 nm and a preservation agent selected froma
bi ol ogi cal growth inhibitor, a self-cleaning
co i : : :
O oran g face B CRRTE DR ATE: GO Rom o PSS RIS of he
subpstpemop r@seett bybdie egror sérend gbatingat e and the fir st
| ayer, between the first and second | ayers, or on the
second layer. 3. The surface of claim1l wherein the
10Pr e98E ¥@ifAcRbf 3BAAL Wwherbialthe fibstrdl€ isf dnf ifbrgafiv Efion-thetallite
surface of claim1l wherein the preservation agent is
subsiiete. of the second layer. 5. The surface of claim1
wherein the preservation agent is part of the third
| ayer. 6. The surface of claim1l wherein the
11pr eToe vaifacernf apémtl wherpiailthe oifbstrane isieladddradih clapecdnicfesd, rock,
| ayer, the second |ayer, and the third layer. 7. The
and gombigatids hare?fm 1 wherein the preservation agent is
part of the first layer, the second |ayer, and the
third | ayer.8. The surface of claim1l wherein the
12r ef The surfeelcdghum lavkerpingsesubstrate cegposes inapghivgeneles
the preservation agent is present in regions of the
substrate adjacent to reflective |layer regions. 9. The
138U f1g Sur@ce @ it 8 2WnRk &h fhe JiBstPA €8St Mdek @PoAMRINS ihdrganic
present in regions of the substrate not covered by t he
granufes having seftashve ayensi angl a pagtiomblingiganig gmanyd esdiasing) alpreservation
2 V\Awerei n the substrate is an inorganic, non-netallic
8libstrate. 11. The surface of claim1 wherein the
substrate is selected fromclay, concrete, rock, and

conbi nati ons thereof. ) i
. The surface of claim 1 wherein the substrate comprises at least a portion of a

roofing shingle.

15. A non-white construction surface comprising:

a substrate;

a first reflective layer on at least a portion of an outer surface of the substrate, the
substrate with the reflective layer exhibiting a minimum direct solar reflectance value of at
least about 25%;

a second reflective layer on at least a portion of the first reflective layer, wherein
the combination of the first reflective layer and the second reflective layer provide the
substrate with a summed reflectance value of at least about 7,000 as measured in the range

between 770 and 2500 nm inclusive; and
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12. The surface of claim1 wherein the substrate
conprises inorganic granules. 13. The surface of claim
WOlR0Més1Bi N t he substrate conprises a porti on PafT/US2004/041595

i norgani c granules having reflective |ayers, and a

portion of inorganic granules having a preservation

agent. 14. The surface of claim 1l wherein the

substhreservatignpesy selected framsa biglogisat grem thyinhibitopaf $elfgcleaning
coffbbeH: Sor chwiddBRIMLE S construction surface

conprising: a substrate; a first reflective [ayer on

at least a portion of an outer surface of the

substrate, the substrate with the reflective | ayer
163 B BT e B s CrrLising (e HoEh SHELhg aver pyesent
befitech BRSubPAN ind B fird 19RE WM the Gk ¥8d LR¥RA 1898rs@br on the

| east a portion of the Tirst reflective |ayer, ereln
se¢dnd leysbi nati on of the first reflective layer and the

second reflective |layer provide the substrate with a

summed refl ectance value of at |east about 7,000 as
17reasiheedrfhde dfiteaimal3oehdreih WeeprederPatRnthgd® GO paHIbS the first layer.

i ncl usi ve; anda preservati on agent seFected froma

bi ol ogi cal growth inhibitor, a self-cleaning

co [ ' . : f
e G TR S e I S T B S R e L

| ayer present between the substrate and the first

| ayer, between the first, and second | ayers, or_on the
19 o il SPEYR8OT Shaim EPuhegein kR RV IOR 8PS P Eihg thiFfblayer.
preservation agent is part of the first |layer. 18. The
surface of claim 15 wherein the preservation agent is
20par tThefsutfies of sbavmd 5| wiyerein thepreSereatmunragads pirt of avawribore of

G B b SoRir s By B s wherei n the

preservation agent is part of two or nore of the first
| ayer, the second |ayer, and the third layer. 21. The
21sur flAesudtcecafgiamnils whrseigithe praserprtionagenttis part afjdatfirstdayer, the

any Fzﬁﬁgh ' t$L yer, the second layer, and the

Seghlr@%’ayer.g%@il 6% surface of claim 15 wherein the
reflective |ayers are present in regions, and

22.  The surface of claim 15 wherein the reflective layers are present in regions, and

wherein the preservation agent is present in regions of the substrate adjacent to reflective

layer regions.

23.  The surface of claim 22 wherein the preservation agent is present in regions of the

substrate not covered by the first or second coating.

24.  The surface of claim 15 wherein the substrate is an inorganic, non-metallic
substrate.
25.  The surface of claim 15 wherein the substrate is selected from clay, concrete, rock,

and combinations thereof.
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wherein the preservation agent is present in regions
of the substrate adjacent to reflective |ayer regions.
WO 2@5/06%183 sur f ace of claim 22 wherein the presPCVas2omo41595
agent is present in regions of the substrate not
covered by the first or second coating. 24. The
urface o; ﬁl i wherein the substrate js an
nor Qs tacE 8RCIfiEE 1 Mhgrey e shbiirate comprispming aais g anes.
clai m15 wherein the substrate is selected fromcl ay,
concrete, rock, and conbi nations thereof.26. The
2% ur f Bewesugface ph¢laim B6 wheredi the ﬁh@tl}gtﬁb@mmisa Tporpiph $Emorganic

' J 7 The surface o
o4BOEAR: s SO o TS BMT 55l PR FRgpganrsertion
agghanul es having reflective |layers, and a portion of

i norgani ¢ granul es having a preservation agent. 28.

The surface of claim 15 wherein the substrate

2& Onpflllesﬁﬁ‘fa?é of agﬁ‘% 1 8 wiefeld @8 s Vﬁr;str%te Q8 %—1‘395 %qézﬂgi\ ﬁ(’)[}télg gf a

A nmet hod of producing a non- te construction s
roobnpshisgleg: providing a first coating to at |east a
portion of an outer surface of a substrate; curing the
first coating to forma first reflective layer on a

2% UbSAMmadtRod éfiRodidisd a h&-WRAE bURruEYET sueibd rh }F Bing

m ni num di rect solar refl ectance val ue of at
abo umroszlg%g adtrehdodiingfoat lses e pdrtivoat almgutelvmrfaat of asbstrae;

port e sub LI al and curi he se
coat (%u%lgg rgtrcr% %@%tg%g é’lgi;t a)fe5§}1é 2 s b’ﬁt& ﬁl %ﬁsé reflective
lagereRhibRing @ﬁmﬁfmﬁrﬂ dirédt k&lhr ﬁeﬂédtﬁﬁ:& v¥I8e bAMeEasBdldut im,

second reflective |layer provide at |east one of: (i)
r ef | IEYiHipg@ypeesmd spating-oyver ddenst 2 patemef the mmbstratqz and

al | I

b RS SR E R R RBREL 1R AR ombimatin
oflteaBist reQedivadayerasithe secbnd teﬁectrva ngyer prelide aﬂleZsZ Gnéwsfl

2500..nm i ncl.usi ve; g a preservation a

on tWe subEflpcivaty of %ﬁqaasg?@é‘b?%ﬁ Bstagfeatly all gy @ghe wavelength

raﬁgé}g&@ee@ﬂbgﬁag%o ghouyh inhibitor, a self-cleaning
conmponent, or conbi nati ons thereof. 30. The surface of

cl ai(@ 29 4 swntrhest reBentpice yalngofattiduist WOD ay eveasusad id tidvangk between
74Oaa¥18 556’(5 r?rﬁ?r?ctlusive; and

providing a preservation agent on the substrate, said preservation agent selected from

a biological growth inhibitor, a self-cleaning component, or combinations thereof.

30.  The surface of claim 29 further comprising a third layer, said third layer present
between the substrate and the first layer, between the first and second layers, or on the
second layer.

31.  The surface of claim 29 wherein the preservation agent is part of the first layer.
32. The surface of claim 29 wherein the preservation agent is part of the second layer.

33.  The surface of claim 29 wherein the preservation agent is part of the third layer.
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bet ween the substrate and the first |ayer, between the

first and second | ayers, or on the second |ayer. 31.
watmessesiface of claim?29 wherein the preservatPONUSYeLIa41595

is part of the first layer. 32. The surface of claim

29 wherein the preservation agent is part of the

second layer. 33. The surface of claim29 wherein the

preservation agent is part of the third |ayer.34. The

surface of cla m erejn th . vation ent is
34har Erﬁ%f;ur?% o8 Ffa%ﬁg ngretl% {ehefplr?sg P}%P&gﬁ?/ gée,n?ﬁ eartsogfgt‘é’ﬁ T more of
thel fR¥Ehyer 2R séddRd Idyief,dinll @eethird Byer. The surface of claim
29 wherein the preservation agent is part of the first
| ayer, the second |ayer, and the third layer. 36. The
35 SUT TRE SuPloe Gl 81alth 29 WHRI 13 JrlABr/aBbh Sk YpdrPiAhe iR fayer, the
present in regions, an erein the preservation agen
sedofd iyes @nd thenhiréiyens of the substrate adjacent to
reflective layer regions. 37. The surface of claim 36
wherein the preservation agent is present in regions
3607 trHE s SR 1ot 8lafin PO tw HeRUR SR ¥CtivE Sayleld &b pRIserft 8k Ripibns, and
coating. 38. The surface of claim29 wherein the .
whetes the preseivatiom agend isgaedeot inregionselzhe pubstratyadragent to gglective
1 The surface of claim?29 wherein the substrate is
ASIE&d fromclay, concrete, rock, and conbinations
t hereof. 40. The surface of claim29 wherein the
substrate conprises inorganic granules. 41. The, )
37sur fThe swdicetf glaim A0 Witeeein the RIAETALNE REEHTdS PSP iisiegiogs of the
sufald B0 oSlerbBY BRMHG S5ARUL Bl 0 [ of ! ective
ayers, and a portion of inorgaric granules having a
preservation agent. 42. The surface of claim 29

wherein the substrate caonprises at.least a portion gf

38a r dof ishréa@mfﬁbﬁl@.294@}erw%ﬁ“§ﬁﬁt%lsﬁ’i‘i 1H%flgémgo‘ﬁ’p5‘r“in§'iaﬁ’§:
sulkt3fu ngl e substrate;a first reflective Iayer on at
east a portion of an outer surface of the shingle

substrate, wherein the conbination of reflective |ayer

and substr at xhizgi t. a.m.ni magi rec l.ar
2920 S PR B MBIV 55l P cly, concret sk
and combinations thereof.
40.  The surface of claim 29 wherein the substrate comprises inorganic granules.
41.  The surface of claim 40 wherein the substrate comprises a portion of inorganic
granules having reflective layers, and a portion of inorganic granules having a preservation

agent.

42.  The surface of claim 29 wherein the substrate comprises at least a portion of a

roofing shingle.

43. A non-white shingle comprising:

a shingle substrate;
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a second reflective |layer on at |east a portion of the
first reflective |ayer, wherein the conbination of the
wo 20sneef | ective | ayer and the second refl ectPOUBUSAYE041595
provi de the shingle substrate with a reflectivity of
at | east about 20% at substantially all points in the

wavel engt h range between 770 and 2500 nm and a
pr es firy a@ﬂaqtivggmerm orsaf|least @portipn Af an puter Bfasa Pl teshingle

subts %tige\gﬁnere% Zfﬁe m{nngt V&i‘la{t' (ang%C%QIQF gféxe EHC% subbtrst® g%lf)‘ﬁta n‘ﬁgﬁnum

non- surface comnp

dirédisslgt efisttande ailes ofat felaﬁtsiboﬁteISI"/QCt ive |ayer on at
| east a portian of an outer surface of_ the_shingle )
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44. A non-white shingle surface comprising:

a shingle substrate;

a first reflective layer on at least a portion of an outer surface of the shingle
substrate, the substrate with the reflective layer exhibiting a minimum direct solar
reflectance value of at least about 25%;

a second reflective layer on at least a portion of the first reflective layer, wherein
the combination of the first reflective layer and the second reflective layer provide the
shingle substrate with a summed reflectance value of at least about 7,000 as measured in
the range between 770 and 2500 nm inclusive; and

a preservation agent selected from a biological growth inhibitor, a self-cleaning

component, or combinations thereof.
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