TI TANI UM DI OXI DE FI ELD OF THE | NVENTI ON [ 0001] This disclosure, in general,
relates to inproved colored solar reflective systens, colored conpositions
cont ai ni ngot2ba/wedsor ed sol ar refl ective systens, and topeariB2us/0568s Of
such col ored conpositions. BACKGROUND [ 0002] New technol ogies are
continuously being devel oped to inprove energy efficiency. One such
technology is the use of infrared reflective pignents in coatings
positioned on a building's (or other object's) exterior. As one is aware,
the sun enmts about 50% of itsTgﬁgggMNpﬁnggﬂﬁEinfrared radi ation. Wien this
near-infrared radiation is absorbed, It 1s physically converted into heat.
Coatings containing infrared reflective pignents work by reflecting away
sunlight and by bl ocking the ereby reduci ng the heat

| oad to the building. For exgﬁgﬁgéﬁagy?gqgﬁgﬁg%SS, such as titani um oxide,
have been used in coatings to reflect a majority of the sun's energy.

O t ent i mel§001i t This dgelgsurabh egeneralprdsatesits mnpovadr eodbred selpmigtleetivsl aistemsf whi t e
for aesthetic.reasons. ver, I 1.an n- whi ' t hat
are avai 1S PERRGRRn (ORR! R BT ALl 0aEdihio PURIRGES, Lo
sun' s enesf@ych ddered sordpsitioad. | eadi ng to a marked reduction in the
above-descri bed effect. Thus, various systens have been and continue to be
devel oped to provide colored coatings having inproved sol ar refl ectance.

[ 0003] For exanple, U S. Pat. NoBAZFIGEROVMND descri bes a systemin which two
or nore non-white pignents having particle dianeters of 50 umor |ess are
conbi ned ey 'I@év@te@h&%%és Bt c&rﬁﬂYul)ﬁs%éh?&eveﬁade torln?%de'eﬁbﬂ flfficaglyomati c
bl ack. U 'S. Pat. No. 5,962,143 further describes a dark coﬁqted coating

t hat cont@ihgichirshaqlogivisshdsg ek indragedeisflective megneantsiy ceatingp Poniiened pngnent s
and silicgig b O - ik . Pa : | ex
inorganiC&%gﬁ%ﬁggm%?%géhféq?grgﬁpgykfRhgghsyﬁééhggg%gﬁgﬁ?&%gsg%ﬁﬁgﬁP dar k
drab col osmsrgynast ixar-wifsirdal endpoiohi OWhal drignedrtilifrared ratidtioni & yabkarbédyet is
near-infrared portion of the electromagnetic ectrum [0005] U.S. Pat. No.
6, 336, 307WSEEM PResTls Intertoar Qe I gRY e SR YRS ror e

| ayers W khec@n@ dvay&unGittagdl bl Nockideehib fraAdtey @Flﬁkfiﬁﬂier%ir@dlhcﬁ}fgoﬂﬁ% des the
desired col or and anot her |ayer containing a pigment which provides

i nfrared lped fetednddingu, Kor epamplepybite piggnensg OhoR6FRTBMApdes, ditke Poies a two
| ayer Shelﬁ%a i E&tﬁqgi {oalreﬁgctraelfnldj%ﬁw YEnF G E Thday! migﬁtiﬁl‘@so n: RYRLirpRR) St1ng
of a synthetic resfn and an organi c pignment afnd a bottor | ayer consisting
of a syntpretide arcebral @atngintplécnifuhito Xodesthasectaswins t Elopicgerethe sele@®D6] | n
addition, U S. Pat. No. 6,521, 03 ches near-infrared refl ecting
combost + PG ighvi fenge o neal TPERd BRONmthbEP el EheBrantand a
whi te pi girané sihaéndrgy GaAILdbsited Raditgho @ nedkarddictiod hetheABPasidserifdgment
may then be used as a coloring agent in coatings. [ 0007] Finally, WO

2009/ 13614t ccteERIsi Yaious pestaisdiays berazandicantinge deibe davclaped! fgpigside icelorest e

mat eri al (e IE%Rlhﬁ,ﬁw?&&ﬁmﬁ@ﬁ&%ﬁkbon of near-infrared radiation and

di m ni shed reflectance of visible Iight in conbination with various

non-white colorants. [0008] Al though each provide solar reflectance, sone
of the dil8eeh drmrggemplenUdsiPay NhSs¥0998 desaribys avaiterabn evhighstener maksl ude:

t hey provide r. ] ok:| i i lLevel t.i onal
titaniunfgg§§ﬁgéﬁég¥ﬁ%ég@§g?%E%FV%b?%S& eS|H%3%#g%%P%b(n§§ %fgpégﬁSCtion;
appl i cat i @borodf towolighitngsey end &y parsicilsr, hohdomiaticrdlabnsussi gt axnea X 143 and can

result in_coatjn havi ng tch r non-uni forma ance that tends to
li ghten oV ert@leﬁ%}sbeaﬁ&aﬁw&rgﬂf seading Jiaf STRRES R 01 RO ﬁ@gfgp%% 837 ead to
absor pt i of§relndnivifite citdddaanied fagt of the spectrumresulting in a

reducti on of solar reflectance. As such, alternative systens which exhibit
enhanced sol ar reflectivity in w de range of dark or nore jintense uniform

a
col ors t HAPO4! dnobwerRif-sHoabH7éxabl tici weseli semplpy HNGrefHs o kotde PIZGIIRNVARY
[0009] The1ep &5 ftoaliAXGOLALR BLRbABTIUAPLALSh HONALIE BELBR LIGKE WISt em
including a particulate material having a | arge average particlé size and
an or ganieflgityrem thamcahinfrered hogien obtsettcypmugretit spdcowinng properties: (i)
it nmust strongly absorb in the visible light region; (ii) it mnust
negligibly absorb in the near-infrared |ight region; and (iii) it nust
negligibly scatter light in the visible light region. The solar reflective
system which may be used in a coating conmposition or as a conposition
fromwhich articles can be fornmed, exhibits a dark, intense color while
al so providing enhanced total solar reflectance. [0010] In one aspect, the
present disclosure provides a colored solar reflective system containing
(1) a particulate material having a substantially rutile crystal habit and
havi ng an average particle size of between about 0.5 ium and about 2.0 ium
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BRI EF DESCRI PTI ON OF FI GURES [0012] For a detail ed understandi ng and better
appreci ation of the present invention, reference should be nmade to the

f ol | owi ngwoebaidoesk7descri ption of the invention, taken iPoT@BYPUMGHIEN Wit h
t he acconpanying figure. [0013] Figure 1 is a graph depicting the
reflectance for ral 8007 (fawn brown) at various wavel engths. It shows

refl ectance agai nst wavel ength for ral 8007 (fawn brown) for a conparative
system and an inventive reflective system DESCRIPTION OF THE PREFERRED
EMBODI '\/E'\{ﬁéoﬁp 1 0p4] Nb”6 B8 @ﬁ&b%&ﬂlﬁés%ﬁtlﬁﬁ?e@f&@leétﬂet Qﬁelﬁld’%hﬁﬁli ot 01 | ow,
reference be made to a nunber of terns which all be understood to
have t he mhoicl laydrs gyitieensi lags . confadins radre and prgniont sfuhlslheorwigtrst therdefieads t o

el ectronm netl gt ﬂ 0 mto 760
nm of thé%b ect ﬁ%ﬁ%gne%gexggégﬁg 3¥£€%§%§T OL@erﬁﬁm%%ggﬁmg%Wgrgggl|ght
refers toPsl Balilr disag0ed/ 026823k iakbi @sbldsmsuangvoalasy/axveteenglt& infiairdd reflebxéver ange of
760 nmto about 2500 nm of the electr gneti ¢ spectrum. [Q017] The term

"total solVaFMyRpingt tapclayer fonsistag: of, ?YélF “P 3YIhaNG Py eEgeBi RIEMEHEN! Hei dent
sol ar enesdipndla Qoﬁgm%gf&@aemthémtsm gnd @flﬂaﬁﬁhﬁtgilwbﬁeé%ft@?@rﬂeﬁt questi on.
It is aratio of energies of the reflected wave to that of the incident
wave. For exanple, a reflectance of 8 equal s a refl ectance of 80% of the

i nci dent [ReRA. InpHditiont WiS- Sat Afo- ﬁé@i@ét %@@Sﬁd}ﬁab@f@&d@ﬁﬂ?%’é‘é cagPeytci f i ed
in stand S t
incorporgtgﬂEﬁe%gﬁﬁhﬁgg é¥25%g§mrégﬁnfﬂgﬁ%ﬁ¥%§2%83}ggﬁg ﬁ%#gﬁg%{% refers
to an or gmated wpidr sual ze(:e;l))rastjbé"hambmabdltp pigmottubhye then behescdpplai @édringn medi um
in which it 8 dl% ersed and which inparts color. [0019] The term "energy
consunpt i HE™ P@?%E@Sto t he usage or consunption of conventional forns of
energy, for exanple, electricity, gas, etc. Thus, the reduction of energy
consunptlomNIdﬁmﬂstNﬂb&ﬂ@ylﬂﬁnlammﬂbmuhkoweﬁwmma@ﬁamﬁscMQﬂmgpammhbm
electricit e structure. 20, ter ture refers to any

obj ect mt%tﬁﬂ?ﬂayf I8 esemfffédnglb feﬁ%ct %mst%rr-‘fﬁufé iatorh il i iFYs e

aut onobi | @flc@ardck Bk PisibRe lq:g?ﬁhﬁédﬁﬁﬁnat@n%ﬁ%houﬂdﬁ\ﬂ&te @l6r9ad, flooring, a
driveway, a parking lot, sidewal k, a swinmm ng pool, a deck, a textile, an
ai rplane, a ship, a subnarlne a w_ndow profile, si di n rooflng gr anul es,
roof i ng s[HPQ%@Vél@ouah cagrrexife slanrefleqtance.goms Oét@sesaﬂv RESE I U9 HEer i al  of
t he struc I er SS,
ceram c, %F‘Egtlt %Vzmc%%lr?cé gﬂte ltelgq%csl%% l%E?\Efgo ide reme& atur aﬁr ﬂgglg‘%et ?tﬂ &ggﬁ al
fibers, rlabdedf, cwcnthnebzla}lluﬁheilq:M%@ntleeuﬂcédbogm ghd deq;edelleaetl slebdares to
col or ed sob . refl i hyve s # tqn surp risin funqlthat t he
col ored s6faf Pefilett “t/ s‘é’&"é&%"% ayteﬁ BP Sent oR RVEHtS rﬁi"gF o cBlr to be
decoupl edreéuloin dRe#Ags! kRl £phtelaf degdnh@iifoph AppEdraRs thdt hatds its lightoe over
near-infrared refl ectance and phot ocatal ytic p@ogert es of the col ored

syst ems n#YCHAdEPUEHES ?%&Péﬁéin%mntge PYUTT BAplcad T gRsorrsions iy thfeSeFed col or
has been gaghi-gvac ¥ ﬁﬁ&hﬁﬁ@a&hﬂ%”&Ca?&ﬂﬁﬁ&i%fs&ﬁﬁr@ﬁéhﬁ&ﬂ 9Ql &k,

refl ectance properties, which are dependant on the particul ate
concentraﬂkumﬂVWH%KmhewhbbexhbéaehdeﬁiWywaﬁﬂanﬂed1nP0@ﬂQFM@h@fd@ﬂ©med sol ar
reflecti Vr%orseys‘tter?sip5 oy c&roros\ﬁla%esl R 01\s/ee gchlleQ/arlgltses(‘tilll ?fhlle tsllr\alt .
struct ur eSTrade Wi thoor ‘covere 8 ? $ Y arss prOV|d|ng
previ ously inaccessible colors and tones |nclud|ng, but not limted to,
the blue part of the color spectruﬁMNﬁ@&RﬁXanple, application of the

present col ored sol ar reflective systemto an exterior surface of a

structur r 0of. st rquct ure

her easedUt Bl ah<SRielot Phyondin phioeThic8Rd Ninf RHELH Rl bbb e
surface tipelat taerahhbviigad lakdoadVefage phiticRUGR dnden o@ineOpignEROVRIEI is
Therefore, the |§§er|or enperature of. the structure is. cooler and

accor di ngihpsen kased ap diegollpwinggepentiasy iy §dnust ponghy absogh inghe pidblg {ighict ur e.

I n addit l@gwnt hg lp%emégﬁglbtpeesopynpmertfetlatqutdqtgha%glamIaﬁaldlﬁ iCARonent s
contained Within the structure is reduced. Furthernore, structural

i nt egri t yndghgibhprcatierdighi indhe daihtegight sagswd Tl:hyr shieate flegtinstpystsme whish naand
thermal warping, is significantly dimnished. Finally, the col ored sol ar
reflective systemnay be applied in a single |ayer coating reducing tine
and cost while providing a consistent coloring throughout the applied
coating. [0023] According to an enbodiZvent, the colored solar reflective
systemincludes (1) a particulate material having a substantially rutile
crystal habit and having an average particle size of between about 0.5 | am
and about 2.0 |am preferably between about 0.6 pm and about 1.7 gm and
even nore preferably between about 0.7 pm and about 1.4 pmand (2) an
organi ¢ pi gnment having a maxi nrum absorption coefficient of about 5,000 nm



i-1 or greater, preferably about 10,000 nmor greater, and nore preferably
about 15,000 mm 1 or greater in the visible light region, a maxi num

scatt eri ngoogffierent of about 500 mm 1 or |ess, preferablgBabosn26250 mm 1
or less, and nore preferably about 100 mMmm 1 or less in the visible |ight
regi on, and an average absorption coefficient of about 50 mm1 or |ess,
preferably about 30 mm1 or |ess, and nore preferably about 10 M1 or |ess
in the near-infrared light region. [0024] In one enbodi nent, the

par ti cul afs, iy békink 2oREbEEIES ds a%p'oglﬁﬂﬁ A0l Rk Aficld QQ{?ge Fdrin@i um

di oxi de, and a m xturé thereof. [0025] The titanium di oxide useful in the
present iqxhdntsiacark, mtowe cdapabilealsf providingenhangchtodgl splaf refleetdndei ght whi | e

al so providing |low scattering and | ow absorbance of visible Iight. Such
properti [

partlclqul wnngqgagtgﬁg %%?ﬂdhgﬁfgﬁ1§%d a gdgﬁ;gg @QﬁmﬁQﬁR§§§%% anot her
enbodi nmendontdidieg (1) tagrartiomak meicdel lvamgansuhvtentadly rp@leteryelad hshiz anddiavbet ween

and- about ™1 PR vago fh Pl A RnGe Jo7 o8 1 up R o i ©

di oxi de rggmestimviigarmiihial Sodptightodtticiam dmbswa 000 Mindhrlgessedr ivtel € al so
exhi biting noticeably dimnished refl ectance of vi si bl e | i,ght when conpared

to conventifiblidight regith. armaiiBmoatrrigeioetlicmmt ohabas P80 mm ' OB hs as thet o
conventi t i | i ght
maki ng tﬁggklg 1§[h @o%ﬁﬁ%ﬁg}m F%%OZI g@%%%ﬁéﬂ%%h% Cl |¥l?§§wﬁ§l§d pal e,
the tit amelamrrﬂltamdl lgight mﬁfglarhelnmoesmbomwm, wlamrgdrémdgnwnt ltravultmthotag(am c

pi gnent w t hout und ectln the ar t he .syste rovide a nore
N ety avirPpabetBap be T Tam ritord St NimPehs Ay SE bl SRR Tooo6
As one skwh&eéamqn@h@naﬁgmeauamqmqmnﬁﬁystaI size is distinct fromparticle
size. Crystal size relates to the size of the fundanental crystals which
make up the E rticulate materi ese_crystals ma ate to sone

.. T re
degree t dOPOF nPI2RPGEr apsstt | caloredesg ARGV SYHERVE t'i’eo APTRCL WK i oxi de
in the ruidnid & Hehalcol?id EoB@RitRnC MiRB| 0r§d @&nﬁsﬂﬁﬁ% Ber ¥e {1@3[‘ as 20- 29 | am
and a particle size of about 0.25 lam- O. | am whi | e conventlonal
titani um eficdsicaecdtingones aprmpestion fips ‘é(hwh@rtmlqﬁagn be frpsdal size of about
0.10 lam- 0.25 lam and a particle size of about 0.20 lam- 0.40 |am The
particle size is thus affected by factors such as the crystal size as well

as mlling techniques used during production, such as dry, wet or
incorporative mlling. AcBRIBFMHSCRIPHIGN G HbddtESent s, the particle size
of the titaniumdioxide is greater than the crystal size. In still other

enbodi ments, the particle size of the titaniumdioxide is about equal to
t he crystjf aol2$| Fex a[do0HT] uiithestendisg ahd detz@ appctcpant iofltee prezentcivdnhient i t ani um

e e SRR B R R R oo (IR R M0 Pl et B

el ectron ¢onfih@S&ORIh €t adcdnbi @il gdighircsanpl e with i mage anal ysis of the
resul ti ng photograph. The results of the crystal size may further be

val i dated by reference usin Iatex HPH RET St andards (.avail abl e
{ rom Ther B sdigHEi 11 & zraph drietirgath g ﬁtaPr‘éFy op&al %‘Qgﬁﬁw DRV R VAT t he

particle $izn g{hst het {HolRNEANDALOXL ARt WACLIBIRRS fof-rhPY00TAWIERLAN) R -a [ 0028]
Because of higher refractive index, the particulate material contains
titani um mr@armesmamﬁwmmwﬁr@ﬂepmq jystegr yst al habit. Thus, according
to anot her enbodi nent, greater than 90% by wei ght of the titani um di oxi de,
preferably greater than 95% by wei ght of the titani um dioxi de, and even
more preferably gr OESERIPREN @g% PREFERREEY EMBORIMENT (G di oxi de, based
on the total weight of the particulate material, is in the rutile crystal
habi t . IqoemlHhtam@p@@ﬁamﬁb@dﬁnﬁmhckhh@wmamubﬁuwa&ﬁxﬂakemnakImamtburther
contain ti dio ch i.,S in.an an stal . form [0029] Known
pr ocessesn%??heﬁﬂp OBhieh st fegmgrisioan & et s B Rav b BEge | ncl ude, but
are not limted to, the sulfate process, chloride process, fluoride
process, hydrothernmal process, aerosol process and | eaching process;
however, each such known process is nodified by one or nore of the
follow ng conditions: (a) treating at a higher tenperature, for exanple,
900C or higher; (b) treating for a |longer period of time, for exanple, 5
hours or nore; (c) increasing or reducing typical levels of growh

noderat ors present during the process; and (d) reducing the typical |evel
of rutile seeds. Thus, for exanple, the titanium di oxi de may be prepared by
the sul fate process which generally includes:



(i) reacting a titaniferous feedstock with sulfuric acid to forma solid,
wat er soluble reaction cake; (ii) dissolving the reaction cake in water
and/ or weab 2aci/@1450 produce a titani um sul fate sol uti onpcT(GB20)1/0392r 0l yZzi ng
the titaniumsulfate solution to convert titaniumsulfate to titani um

di oxi de hydrate; and (iv) separating the precipitated titanium dioxide
hydrate fromthe solution and calcining to obtain titani um di oxi de wherein
t he process is nodified by one or nore of the conditions (a) - (d)

descri beq Qﬁvﬁle tbith QAELIE rﬁ%m'r%@t‘to Efé@trcﬁﬁe%%@t?@raﬁﬁtlgﬁ)Hﬁ\flhgegwgyel&%'ﬂgfnt Ion
(a); in another the procesS is nodified by condition (b); in another the
process Hbenﬁ@ﬁﬁf@ﬂhbyKcﬁﬁbunpﬁﬁe@bwﬁmamﬁwhﬂﬂanUWMer the process is

nodi fi ed by condition (d). [0030] The titanium dioxide of the present

di scl osur e it e M.l 0 {erably,
the 1t ar o @afint Al bl oo el Rk R R, RE g i

di oxi de h&aekngmghmm&sﬂwvamge(ﬁ*ﬂmcmﬁ kﬁa&hﬁixmooﬁnsﬁaﬁm)dgnemmgndmhan 95,
an a* val ue Iess than 5 and a b* value less than 5. [0031] Preferably, the
particul aP&HBferial contains greater than 70% by wei ght of titanium

di oxi de, based on the total weight of the particulate material. |In another
enb]?di nEln[bonq hEhepaint Fodl 3blar Ealeeﬁah@:] oC OMSRAP rﬂﬁfegI’teaheﬁfradtiaﬁrbféﬂﬁp/onb%emi ght, 1
preferably greater t 0% by |gt more preferably greater than. 95% by
wei ght ant!&FBHEREFY @négéqoaraw i azlseteld A 9 ReinEYRERg At S 8149 $tani um
di oxi de, hpagd HMhd RELQI @'Lwé’\ﬂ%'tgamof &fc hbi8erRaFalt. CF!)Iaéx%mEBﬁt ehdRltantOO82] In
anot her enbodi nent, the particulate material is a doped titanium di oxi de.
As used HaBeiysls & dftﬂ@et@mtq afued Be owidtat weed. eFlye total sdler refleciaricamayitoxi de of
t he prese I i ch have
been |ncd#%3?bfﬁﬁg (mﬁkQHSS%H%#Q I8%9%%?8%@9%E??h?%§¥3%6§?%§@Q§ ﬂ%bpants
whi ch nawnbamquﬁn@bmﬁmﬂﬂyby%kn@mn processes, may include, but are not
limted to, calcium magnesium sodium vanadium chrom um manganese,

[ , t h h The d t
may e | QBN ST BB *eBD oGra Rk B EROKERlPET or abl y

no nore tipake dpiedionWddalih in whRidh Y @sefell eh@hich Mapardr@ldrhan 5% by wei ght,
based on the total weight of the titaniun1dioxide For exanpl e the dopant

may be incorporated in an amount of fromO.1 to 30% by wei ght, .or 5to
15% by wellgH 0 Ty tam 0 BYEHyCARRTRTON”r ST tpe% AR 15t SO A 9}% t he
titani um é!uln%ﬂtf%ﬁal i@ﬁﬁ@blﬁ@ne?éy, 'f&ﬁeﬂ&hﬁb'lbe"ele"cﬁc[tﬁc dsV&cl "[‘Iﬁ% th Rellctsbap&d
titani um di oxi de may be recogni zed by being substantially in a rutile
crystal heistay. conspnoitieerin @rueiurreprriginstthdovparusigsudtatos cnamplei ebctrieify hur t her
contain dg g%%ﬁﬁéanlun1d|OX|de in an anatase crystal form [0033] In stil
anot her e nent, the particulate material may further be treated as
known in the art with a coating agent to formcoated titani um di oxi de or
coat ed dope]tTheaainu r‘fstdicuxé’d@ferl;m aex abypdtevhithenap et axpodedtte thswy ifal may be
di spersed_in th.the coatin e The .pH of t sol uti on may
hen be- s telton SRt oot iy Rl FRudE v b Bk s P
coating ondtievasunfpagendfott idevdl,td siihidie PBOIERI RLk, Alckele, 80atrplagk, at he
particul ate material may be washed and drled bef ore being ground, for

exanpl e, §hiP-a? ﬁPIEIP%f”@né‘r Bindem profife. midipgnioplipg grudesparefing ﬁaﬁa& fel®s stuck
toget her e@ﬁcﬁllﬂﬁalcﬁﬁﬁ' nga Bsst PI'O aql ll“h@gna?t&?zgeof e sQIru%FE & A& Lﬂl‘ft@d
treatment,” may al so 'l ed |? desired. [0034] Coating agents suitable
for use ithelfme it lme?ezoummlﬁmmeyalugle@ coameatplatic, corganisephelti deodrtilhy dr ous

oxi de onto, t [ of Ies Typi cal inorgani c oxi des and hydrous
I%%”&%%ﬁ%é?%%?egﬁx?ﬂ €& and/ or hydrous oxides of silicon,

oxi des i n&]
al um num titanium zirconium magnesium zinc, cerium phosphorus, or tin,
for exanpe21] AHGBsscd di]osdre0a ,ge@ﬁl&claﬁ@ﬂﬁcol(ﬂedimlmﬂ Isﬂd:dtuvatsﬁtenmtlahsi um
silicate,, sodiumalu unln hIo i de, alum hate,.or a

o xt e tHED SPTTRE RO TR GEH RIS T Faab Tor e

titani umgicaxtsler & b&lap@sp kutm lﬁ@hdhﬁ’%ﬂed@eﬂ[@ﬁoﬁ @thﬁrtfeé qrmmat@,ome #bal % by

wei ght to about 20% by mel t of the inorganic oxi de and/or gdrous oxi de
relative lpfralteﬁéeﬂqﬁaélpe wed g‘l?ntowalytmprpmraeﬁ efnihgiceleireesystemgopedbe vargadi um

di oxi de. [0035] Organic surface treatnents suitable for application at the
mlling stage include polyols, am nes, alkyl phosphonic acids and silicone
derivatives. For exanple, the organlc‘%urface treatment nmay be
trimet hyl ol propane, pentaerythritol, triethanolam ne, noctyl phosphonic
acid or trinethyl ol ethane. [0036] In addition to the particulate nmateri al
descri bed above, the colored solar reflective systemal so includes an
organi ¢ pigment. According to various enbodi nents, the organic pignment may
be selected froma bl ack, brown, blue ~cyan, green, violet, magent a, red,

Y o -



[ 0039] The colored solar reflective systemmay be fornmed by conbining the
particul ate material and organic pignment. Thus, in one enbodi nent, the

col ored swbaniweidsecti ve system may be prepared by a netrbwdBonpisimirng

m xing the particulate material with the organic pignment. M xing rmay occur
by any known means. [0040] In still another enbodi ment, the present

di scl osure provides a colored conposition containing the col ored sol ar
reflective systemdispersed within a vehicle. The vehicle my be any
conponentn@L,cGRHAY eirh @B1L THATPARE N Festibd ROBr W 68nt 161501 ithc@inar
reflective systen1can be di spersed. The anount of colored solar reflective
systemi rmg@me@lgmntst]éhec@etsapfé@ol@brqﬂ@stameoMOP@Im vénduae depérfdani emthet o

provi de . % |.yne of organic pignent,
based On%@ﬁ%ﬁ%ﬁeéI%Q%xXQLWﬁ%y@%e gé%gﬁﬁ%%l ion, and about 0.5% by

vol une to about 40% by vol unme of partlculate naterlal based on the total
vol une of[0012¢ Twliecd ﬁﬂnrpe&dctiv@systemso prnvidmi‘mlﬁnmnihfmned reftdagvigoinor ed
conp05|t|?n conprlags bout 0. 19 vqu gﬂ 20% by vol ume Pf

or gani c Pr GOW ‘&F%? G ab) VP By Vot B oY

parti cul aﬁl@cceﬁfitﬂé cdlors AR MIndiEng, Q:IL@-'noVthﬂt@E t@fth& heuCPIrobEcheC@IROSI ti on,
di spersed within a vehicle. [0041] According to one enbodi nent, the vehlcle
is a syntfestienoFongtaudg. appligaon PhEherpsesept ?ﬁi?/feﬁé(’labtﬁﬂe%"eniﬁtem ®ided to, a
POl Yol ef | Bdifsd rfadtORY Il RN LRI &0 R O roBBSIGS e sﬁeér%ét $rERBi €SI N,
met hacrylic resin, polycar onate resin, polyeth y ene terephthal ate resin,
pol yam deingresser totall Selad rerfbstance athiylin mmﬂsmht;s up@ﬂqwretltfameteme@‘ame pul yest er
resin, | am ne resin, uor opol r resin. [004 ther
erbodt e B o il g RAEE s, ThaSRRRY i Fighiorl @R ghrd'oP

limted tdmuchie asqbt&mmarﬁowsmﬁngly olesseamﬁggl 8, né%éd?l’to cdblethe antetier othh)é al so be
a non-aqueous solvent, for exanp an organi ¢ solvent such as a petrol eum
di sti | | at®rucEre e additigpoths, p(é%ﬂctek losg| Byceapetaien o4rdy tiedtils empPeIsDR3] | n
yet anot he, &HIogHiTE e stﬂﬁﬁlré/ Regh&d! %u?thmg@rstru&ﬂﬁl 'H{tégiﬁ& @%r@@ed but is
not limted to, a metal silicate binder, for exanple an alun1n05|llcate

bi nder. Teschilamtee myedabsdlebfe saclpek ycmmks anfj thekora) W@plngx&nﬁlgmﬁcaﬁlyacryl ic
pol ymer o y der 4 col red GQURY Ltlon urther

et ude olmtgRR Fag PSS Rio it ro Tl Rt Py LU RGRkPa e (G

i ncl ude, datin@r&ludidig ﬂlménah&dzoﬁwwhﬂé’llpﬁd‘(@d'iﬁg 9, cabidehl calerisg tlatudt®uf t}er s,
texturizers dhesi on pronoters, UV stabilizers, de-glossing agents,
dlspersadﬂ?hﬂgﬁﬁpp%anlng agents, wetting agents, coal escing agents, and

bi oci des/ fungi ci des. [0045] The col ored conposition may al so i nclude one or
nmore spa d[@()zslq)amdoﬁh@gsthaeEMbodlﬂleﬁtpafd AoredkoleF reTlePRQS dykfath Meluged al) a
contained within the conposition. The spacer Partlcles may be silica,

si | i cat eshartiqulpie material llgmmﬁr?aﬁlé@tanea}meﬁ&% e5ystat |habis andrhagige e pYEagsar t i cl es
| n the formal Holk auRERdGeR!0.d ' iR 8L Bl SERRBNEOGR el ARAPD.cTE

col ored conposition nay be used as a coating conpositi-on, For exanple, as a
pai nt, i nkm ahd gooud 1 Faatang, evpomdeerprcbaifolyi@pmmbputdﬂ um amdyibbm Ispok as a

corpos1 1 ol SRSl Bty e SRR r s At KRR ™ O

processes' o @04d] prefdishly hBow@ne,08uhedi e gteatet, %dﬂﬁ@fé oidfereb zelb@&turseoqmr ovi des
a one layer solar reflective col ored coating containin e colored sol ar

ref| ect i VBIMS A EEH I e VadRle HBRHPEORHEMPEATUR] $atITHLLR 'ﬁ&m eabeHi 3nt , the
one | ayer,spol &wﬁﬂeeebnfveoo%@b% fith COALLO G, A% rbfefll Bk Y6 ML (O E
L*a*b* col or space 5 'ess, preferab nor e preferably
55 or | eslsss iankt wvible laht egpmefist abawsragﬁ absrorlbtems:oeftIc&@tlsﬂ abast Hemi oered
above, the c narefhective syste | s R ovides anhanced
mear - nf rareaeRasa b GOy e LY R Mt S PR RS g e
sol ar rehkﬁﬁhﬁMﬁme&o&@dmcoatlng has a total solar reflectance of greater
than 30% In still another enbodi nent, the one | ayer solar reflective
colored coating has a total solar reflectance of greater than 35%
preferably greater than 40% and even nore preferably greater than 45%

[ 0049] Once fornul ated, the one | ayer solar reflective colored coating may
be applied to one or nore surfaces of a structure. Thus, in another

enbodi ment, the present disclosure provides a structure conprising the one
| ayer solar refl ective colored coating. [0050] In another embodiment the
one | ayer solar reflective colored coating covers a substrate, where the
substrate absorbs a proportion of near-infrared radiation. The thickness of
the reflective layer is such that nore than 1% of the incident
near-infrared radi ati on reaches the substrate. [0051] In yet still another
enbodinent the present dlsclosure prOV|des a nethod for redu0|ng t he

o o, o o



[ 0052] The one | ayer solar reflective colored coating presented herein my
al so be applied to the surface of a structure after one or nore priners
have beerweppiii®tssto the structure. For exanple, the surpCaaB20f1/dsbs7
structure may be coated with a priner before application of the one |ayer
col ored coating. [0053] The present disclosure also provides an article
conprising the colored conposition. In one enbodinent, the article has a

| i ght ness value L* (CIE L*a*b* color space) of 75 or less, preferably 65
or less, @Bsg IR EARIIMER, Bk JeRRIIat@RMENEN & PiEheiaRlh dBxat, | ess.
[ 0054] As nentioned above, the colored solar reflective systemal so

provi des éphdhtednndakideindamedturethewef.i vity. Thus, in anot her enbodi nent,
the article has a total solar reflectance of greater than 30% In stil

anot her i 1 hesarfl : -ar. refl eat er
than 35% pr :‘@ggmh{gr%g%gér ﬁ%e alﬂﬁjlb%qp}egég\lghng\%gﬂﬁ&{n%rogfep():(rilga?jgé:glﬁslcgtfteég{gat er

t han 45%nchotrditarsiolight wigfd dled anoéding Yo ecadetieg mndddwadbsabdnaegoft asiblee et hod

descri bed.iin ASTM E903. [ 0055], The esent. invention will be further
oLt o ST e ab R Dot pe RASTER isttns ok QR piian sifeb ok

i ntended dine bEbexepPlaBsY ®F nhent ibeit 2 ONum EXBIRhIe Snoth&0&Abhodaxantphie 1A. An
experinental programwas undertaken to color match ral 8007 (fawn brown).

The t ar gelitaig: dipxidaipssg avgpagq partigle sizg @f betwegn ghout fRgup ppdabait pi’gient s PB60

Al bi on i e , iygh,, Per
ng540) g‘?\} g q%%l%ﬁé"fﬁ?%ﬁ&ﬁ%‘%’“&bﬁ?@ i &glz%‘gété&ugﬁ% 25%) ,I{ ARG R@%%g%ﬁ and
PY154 werfound dut smchcatabiumadionide wefldetst ndaaiiftanaddiighti ad en hawsualy dghaleselage

particle sjize . of 1.4.ium. This.system was then.co r ai nst a, system
ont i ni norEsa souERy B gy AR PR G b e SRl MO8 B2 o)
PR122 (H @hvEgichartimics diexidyligméiR]l 2dfhcranet, RVed3tradEitd sorGemimpphtitahiuMi ol et

&) with titaniumdioxide having an average particle size of 1.4ium][0057]
A tinter ¢oHERNthE 8 VR Redivapbyisody light alpking thqeolerpdcppyagors! gaerds  ( PB6O,
PY154, PRL2Rms RY42RH iRYAR 4%, B tAhhiRG didxiGe S84 Presdht WRERG GBI vdirsper si ng
additive, "a solvent and the specified tint. The quantities of each
conponentthaoegaspapghemdvithouTandudy affecting she ¢aler efohe eystanate pieaislerd bed wi t h

steel ballotjini.. .. Tinter ncent r at nent % by wei ght 60% Acrylic
Resin ( 40%%§fgla\\l%1il]atb)le pfgleg%fl {ark, prmore 1n9e:nSC:e?}r/TP(90reH systemé{

[0026] As onc skilled in the art is aware, crystal size is distinct from particle size.
Crystal size relates to the size of the fundamental crystals which make up the particulate
material. These crystals may then aggregate to some degree to form larger particles. For
example, conventional titanium dioxide in the rutile crystal habit has a crystal size of
about 0.17 um - 0.29 um and a particle size of about 025 um - 0.40 um while
conventional titanium dioxide in the anatase crystal form has a crystal size of about 0.10
um - 0.25 um and a particle size of about 0.20 um - 0.40 um. The particle size is thus
affected by factors such as the crystal size as well as milling techniques used during
production, such as dry, wet or incorporative milling.  Accordingly, in some
embodiments, the particle size of the titanium dioxide is greater than the crystal size. In
still other embodiments, the particle size of the titanium dioxide is about equal to the

crystal size.

[0027] The crystal size and particle size of the titanium dioxide may be determined by

methods well known to those skilled in the art. For example, the crystal size may be



4 Wetting & Dispersing Additive 9 Tint 9 Table 1: Tinter concentrate

conponents. [0058] A colored resin solution was then made up by taking the
quantiti esopacioiésed in Table 2 of each of the requiredpCirdBoiigsonment r at es
and vigorously mxing for 2 mnutes with the specified amount of additi onal

acrylic resin.

Conparative colored resin Inventive colored resin Tint conc

PB60 (g) 1.6 O Tint conc PY154 (g) 26.0 O

determined by transmission electron microscopy on a rubbed out sample with image

analysis of the resulting photograph. The results of the crystal size may further be
validated by reference using latex NANOSHPHERE™ Size Standards (available from

Thermo Scientific). A method which may be used for determining the particle size of the

titanium dioxide includes X-ray sedimentation.

[0028] Because of higher refractive index, the particulate material contains titanium

dioxide substantially in a rutile crystal habit. Thus, according to another embodiment,

greater than 90% by weight of the titanium dioxide, preferably greater than 95% by

weight of the titanium dioxide, and even more preferably greater than 99% by weight of

the titanium dioxide, based on the total weight of the particulate material, is in the rutile

crystal habit. In still another embodiment, the particulate material may further contain

titanium dioxide which is in an anatase crystal form.

[0029] Known processes which may be used to prepare the titanium dioxide include, but

are not limited to, the sulfate process, chloride process, fluoride process, hydrothermal

process, aerosol process and leaching process; however, each such known process is

modified by one or more of the following conditions:

(a) treating at a higher temperature, for example, 900°C or higher;
(b) treating for a longer period of time, for example, 5 hours or more;

(c) increasing or reducing typical levels of growth moderators present during

the process; and

(d) reducing the typical level of rutile seeds.

Thus, for example, the titanium dioxide may be prepared by the sulfate process which

generally includes:

(i) reacting a titaniferous feedstock with sulfuric acid to form a solid, water

soluble reaction cake;



Tint conc PR122 (g) 5.2 1.5 Tint conc PV23 (g) 0 1.0 Tint conc PY128 (g) O
13.7 60% Acrylic Resin (40% solvent) (g) 0.7 16.6 Table 2: Colored resin
sol uti on wakei1wpiesThe titani um di oxi de (quantity specifipet/dBrotialBhms73) was
added to 7.5 g of the colored resin solution to create a m |l base which was
t hen vigorously m xed for 30 seconds. This tinted m || base was then | et
down with a further 13 g of colored resin. This m||base was then mlled
for an additional 2 mnutes. Conparative colored resin

(i1) dissolving the reaction cake in water and/or weak acid to produce a

titanium sulfate solution;

(ii1) hydrolyzing the titanium sulfate solution to convert titanium sulfate to

titanium dioxide hydrate; and

(iv) separating the precipitated titanium dioxide hydrate from the solution and

calcining to obtain titanium dioxide

wherein the process is modified by one or more of the conditions (a) — (d) described
above. In one embodiment the process is modified by condition (a); in another the
process is modified by condition (b); in another the process is modified by condition (c);

and in another the process is modified by condition (d).

[0030] The titanium dioxide of the present disclosure may be white or translucent or it
may be colored. Preferably, the titanium dioxide is white. Thus, in one embodiment, the
titanium dioxide has a lightness value L* (CIE L*a*b* color space) greater than 95, an a*

value less than 5 and a b* value less than 5.

[0031] Preferably, the particulate material contains greater than 70% by weight of
titanium dioxide, based on the total weight of the particulate material. In another
embodiment, the particulate material contains greater than 80% by weight, preferably
greater than 90% by weight, more preferably greater than 95% by weight and even more
preferably greater than 99.5% by weight of titanium dioxide, based on the total weight of

the particulate material.

[0032] In another embodiment, the particulate material is a doped titanium dioxide. As
used herein, “doped titanium dioxide” refers to the titanium dioxide of the present
disclosure but further including one or more dopants which have been incorporated
during preparation of the titanium dioxide. The dopants, which may be incorporated by
known processes, may include, but are not limited to, calcium, magnesium, sodium,
vanadium, chromium, manganese, iron, nickel, aluminum, antimony, phosphorus,
niobium or cesium. The dopant may be incorporated in an amount of no more than 30%

by weight, preferably no more than 15% by weight, and more preferably no more than



I nventive colored resin Ti0O2 (g) 7.1 2.75 Ti Q2 volunme conc. % 14.5 6 Table
3: Quantity of titanium di oxide added to colored resin solution. [0059] The
t est pai nwowasl/fongsn applied to an opacity chart using apowdB2o1115626mi 1 e
wound applicator; the gauge of which determ ned the nomnal wet film

t hi ckness. The solvents were allowed to evaporate and the panel was stoved
at 105C for 30 mnutes. This process was then repeated to give a second
coating. [0060] Reflectance spectra were neasured using a UV vis/N R

spect rophp%@gm,@,e@ htWak &l @pthie%t@l%@}gliltqgt@h%iﬁm@?&i@e.%%&ﬁﬂ?@@hé ekt of 300
nm - 2500 nnmi Total Solar Reflectance was cal culated fromthis data,

accor di ngmey be hecomearhiod ieles amidvet of fromsTV tBRIZo by *weight, & B tentEh bar D65
L1 1um nang,. ger, L?.k%@%%&r%éi el 2Mot Bl S ofat A ﬂt%@%ﬁh fiPhi@R @Mziﬁgpt to
gme %% in’the 5N e

reach the's ohparati ve system a I'nventrve system
the Ti 2 Baudvard it bidher tcfiactasedbxi such depabimauatdimadsynsy Barechiasmdtty t hi s
increase it was still not possible to achjeve the highest % TSR of the

1] .
i nvent i vePsdEs PRSI iR GuiHld cBsibmalls I sthetrabafisirabt dhg magtiqulate

conpar at i }geaNThBMuABcrlchBtadeldpeMiRhBIEMbx A6 & ielBfsStghthffogaNt 1ight in the
visible light region. The blue pignent displayed significant absorption in

the regi on above 760 nm detracting fromthe refl ectance potential. This

can cl earlPP3¥pdnsdidmnofericgibpdimeniptiBe pattifelale matcriplcmay dugher de| tE@idmse af ter
760 nm i Nt Qg GNP At E SRk Yy 5 5P %oét{tfﬁﬁﬁﬁh{ HBE@E ok et Uep&dl oxi de

in the conparative system t s sti ower than in this system as
conpar ed titeninhedipxide nkorvexaspkt thmpdueutate mhterialosay pt iliopersad inhvateredongi nf r ar ed

rabl o 4. BUTbIS s EoH I b abadh 0 b T VB TSRO YRS er

bl ack 43.&3ired hydrated oxide to form a coating on the surface of the particulate material. After
coating, the particulate material may be washed and dried before being ground, for
example, in a fluid energy mill or micronizer, to separate particles stuck together by the
coating. At this milling stage, an organic surface treatment, may also be applied if

desired.

[0034] Coating agents suitable for use include those commonly used to coat an inorganic
oxide or hydrous oxide onto the surface of particles. Typical inorganic oxides and
hydrous oxides include one or more oxides and/or hydrous oxides of silicon, aluminum,
titanium, zirconium, magnesium, zinc, cerium, phosphorus, or tin, for example, Al,Os,
Si0;, Zr0O;, CeO,, P,0s, sodium silicate, potassium silicate, sodium aluminate, aluminum
chloride, aluminum sulphate, or a mixture thereof The amount of coating coated onto
the surface of the titanium dioxide or doped titanium dioxide may range from about 0.1%
by weight to about 20% by weight of the inorganic oxide and/or hydrous oxide relative to

the total weight of the titanium dioxide or doped titanium dioxide.

[0035] Organic surface treatments suitable for application at the milling stage include
polyols, amines, alkyl phosphonic acids and silicone derivatives. For example, the
organic surface treatment may be trimethylolpropane, pentaerythritol, tricthanolamine, n-

octyl phosphonic acid or trimethylolethane.



44.50 % TSR over white 43.80 49.67 Table 4: % TSR for ral 8007. [0062]
Exanpl e 1B. A PVC plaque was nmade in color ral 8007 (fawn brown) using
titani umwoarideidsavi ng an average particle size of 1.4pcameB26tioshe7
solutions of PY128 (Ci ba 8G\P), PR122 (Hi gh Performance Col ours PR1220) and
PV23 (Ci ba Cronmophtal Violet G) were prepared by m xing 40 g of each

pi gment with 350 g acetyltributyl citrate. Conponent grams per 100 g resin
PVC Resin 100 Stearic acid 0.5 Lankromark LzB320 2.5 DI MP

[0036] In addition to the particulate material described above, the colored solar reflective
system also includes an organic pigment. According to various embodiments, the organic
pigment may be sclected from a black, brown, blue, cyan, green, violet, magenta, red,
orange, yellow pigment and a mixture thereof. The selection will depend on the
necessary organic pigments needed to achieve the desired color, for example, vibrant
blues, reds, browns and greens. The organic pigment may be obtained from commercial
sources and is chosen based on the following properties: (i) it must strongly absorb in the
visible light region; (ii) it must negligibly absorb in the near-infrared light region; and
(1i1) it must negligibly scatter light in the visible light region. By “strongly absorb in the
visible light region”, the organic pigment must have a maximum absorption coefficient of
at least about 5,000 mm’l, preferably at least about 10,000 mm’l, and more preferably at
least about 15,000 mm™ in the visible light region By “negligibly absorb in the near-
infrared light region”, the organic pigment must have an average absorption coefficient of
less than about 50 mm, preferably less than about 30 mm™, more preferably less than
about 15 mm™, and even more preferably less than about 10 mm™ in the near-infrared
light region. By “negligibly scatter light in the visible light region”, the organic pigment
must have a maximum scattering coefficient of less than about 500 mm™, preferably less
than about 250 mm™, and more preferably less than about 100 mm™ in the visible light
region The absorption and scattering cocfficients may be determined by methods well
known to those skilled in the art, for example, such as those described in “Solar Spectral
Optical Properties of Pigments — Part I: Model for Deriving Scattering and Absorption
Cocfficients From Transmittance and Reflectance Measurements”, R Levinson ¢t al.,
Solar Energy Materials and Solar Cells 89 (2005) 319-349, the entire contents of which is

incorporated herein by reference.

[0037] In some embodiments, the organic pigment is one organic pigment having the
above described properties (i), (ii) and (iii). In other embodiments, the organic pigment
is a mixture of more than one organic pigment, each having the above described
properties (i), (ii), and (iii). In yet other embodiments, the colored solar reflective system
is characterized by further containing less than about 5% by weight, based on the total
weight of the colored solar reflective system, of one or more organic pigments which do

not have the above described properties (i), (ii) and (iii). In still another embodiment, the

10



8.49 PV23 stock solution 6.5 PR122 stock solution 10.6 PY128 stock sol ution
39.1 Ti2 34.45 Table 5: PVC fornul ation. [0063] The PVC pl aque was
prepared we 20nldoosss: a dry bl end was prepared using a crypiGB2pEAIEBSS type
mxer. AJ.R Dare two-roll mll (140C front & 135C rear roller) was then
used to produce PVC. The resultant PVC was preheated for 3 mnutes at 165C
then pressed for 2 mnutes at 15te/in2. [0064] Refl ectance spectra were
measured using a UV/vis/NIR spectrophotoneter with an integrating sphere

and a vave)igagtdar 1881 Ty308 i Bharactd R 'Bg"fm:ﬁ%tr%bnt%l R lefRahbPRiAnes was
calculated fromthis data according to t nmet hod descri bed 1 n ASTM E903

and was d’ét@rmlgbfdptqﬁerb‘dyé@&ahantabOEK)l%b}’%'elglﬂo%Fd Br diplogal veightef thevent i ve
t f d
of gant o i RUHEL B QDR bR RS PAG RN B S i dals ™ Buos

(G ba Cr astophtdaberied| @bdpedigs, (iIPR1Y: a3d(HRC Il?Bﬂrﬁ3&)1bodﬁBhﬂQ kh@Zolb%Sﬁ)lzBal i ogen

Bl ack L008§),. PO71 (G ba Irg DPP_. Co ray). were us in.a paint system
to make craﬁsﬁia Sp;%rFrﬁtlé ceata%%%n AN %éa?a r WsieBh pich 99 r@m Ydts ﬁ% ¥7034.

[0066] A {éibht, Bﬁ’s@@%ﬂ&ﬁ@%&al‘&@é IR Eorb@5o8RRMB vl HSeRPBELAd SOmBicgMENt S
(PY180, PR122, PV23, PB15: %’BI ack 32, PO71) using an acrylic resin, a

wetting aereani¢ Bl;gmegisr@l@lu@ nathave the gmvvéimcr@ﬁ@plton@rﬂsmb(m)@d(tni) nt. The
guantities of each conponent are specified in Table 6. This tint

concentr %@38‘1‘%&5&&& t %hcegm%&lﬁleﬁtt, &l (&aéalcﬁbt é)l%ianic pigment may be an azo,

anthraquinone, phthalocyanine, perinone/perylene, indigo/thioindigo, dioxazine,
quinacridone, isoindolinone, isoindoline, diketopyrrolopyrrole, azomethine or

azomethine-azo pigment.

[0039] The colored solar reflective system may be formed by combining the particulate
material and organic pigment. Thus, in one embodiment, the colored solar reflective
system may be prepared by a method comprising mixing the particulate material with the

organic pigment. Mixing may occur by any known means.

[0040] In still another embodiment, the present disclosure provides a colored
composition containing the colored solar reflective system dispersed within a vehicle.
The vehicle may be any component or combination of components within which the
colored solar reflective system can be dispersed. The amount of colored solar reflective
system included in the colored composition is an amount sufficient to provide about 0.1%
by volume to about 20% by volume of organic pigment, based on the total volume of the
colored composition, and about 0.5% by volume to about 40% by volume of particulate
material, based on the total volume of the colored composition. Thus, in one
embodiment, the colored composition comprises about 0.1% by volume to about 20% by
volume of organic pigment and about 0.5% by volume to about 40% by volume of
particulate material, based on the total volume of the colored composition, dispersed

within a vehicle.

[0041] According to one embodiment, the vehicle is a synthetic or natural resin. The

resin may be, but is not limited to, a polyolefin resin, polyvinyl chloride resin, ABS resin,

11



PV23, PB 15:3, PBlack 32 PR122, PY180, PO 71 Tinter Concentrate Conponent %
by wei ght % by wei ght 60% Acrylic Resin (40% solvent) 78 71 Solvent 4 4
Wetting &wDizspemsésng Additive 9 8 Tint 9 16 PCT/GB2011/050267

polystyrene resin, methacrylic resin, polycarbonate resin, polycthylene terephthalate
resin, polyamide resin, alkyd resin, acrylic resin, polyurethane resin, polyester resin,

melamine resin, fluoropolymer, or epoxy resin.

[0042] In another embodiment, the vehicle is a carrier. The carrier may be, but is not
limited to, an aqueous solvent, for example, water. The carrier may also be a non-
aqueous solvent, for example, an organic solvent such as a petroleum distillate, alcohol,

ketone, ester, glycol ether and the like.

[0043] In yet another embodiment, the vehicle is a binder. The binder may be, but is not
limited to, a metal silicate binder, for example an aluminosilicate binder. The binder may

also be a polymeric binder, for example, an acrylic polymer or copolymer binder.

[0044] The colored composition may further include one or more customary additives.
Additives suitable for use include, but are not limited to, thickeners, stabilizers,
emulsifiers, texturizers, adhesion promoters, UV stabilizers, de-glossing agents,
dispersants, antifoaming agents, wetting agents, coalescing agents, and

biocides/fungicides.

[0045] The colored composition may also include one or more spacer particles useful in
spacing out or supporting material contained within the composition. The spacer
particles may be silica, silicates, aluminates, sulphates, carbonates, clays, or polymeric

particles in the form of hollow beads or in the form of microspheres.

[0046] The colored composition may be used as a coating composition, for example, as a
paint, ink, liquid coating, powder coating, ctc., or it may be used as a composition, for
example, as a plastic or polymer molding composition, from which articles can be formed

by molding, extrusion or other known processes.

[0047] Thus, in onc embodiment, the present disclosure provides a one layer solar
reflective colored coating containing the colored solar reflective system dispersed within
the vehicle. In another embodiment, the one layer solar reflective colored coating has a
lightness value L* (CIE L*a*b* color space) of 75 or less, preferably 65 or less, more

preferably 55 or less, and even more preferably 45 or less.
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Tabl e 6: Tinter concentrate conponents. A colored resin solution was nade
up by taking the quantities as specified in Table 7 of each of the required
tinter cowmoentwmiess and vi gorously mixing for 2 m nutespertdB2bhwsepeci fi ed
amount of additional acrylic resin. ral 6011 (Reseda green) ral 7010
(Tarpaulin grey) ral 7022 (Unbra grey) ral 7034 (Yellow grey) Tint conc
PV23 (g) 1.19 7.25

[0048] As mentioned above, the colored solar reflective system also provides enhanced

necar-infrared reflectivity. Thus, in another embodiment, the one layer solar reflective

colored coating has a total solar reflectance of greater than 30%. In still another

embodiment, the one layer solar reflective colored coating has a total solar reflectance of

greater than 35%, preferably greater than 40%, and even more preferably greater than
45%.

[0049] Once formulated, the one layer solar reflective colored coating may be applied
to one or more surfaces of a structure. Thus, in another embodiment, the present

disclosure provides a structure comprising the one layer solar reflective colored coating.

[0050] In another embodiment the one layer solar reflective colored coating covers a
substrate, where the substrate absorbs a proportion of necar-infrared radiation. The
thickness of the reflective layer is such that more than 1% of the incident near-infrared

radiation reaches the substrate.

[0051] In yet still another embodiment, the present disclosure provides a method for
reducing the energy consumption of a structure by applying the one layer solar reflective
colored coating to one or more surfaces of the structure.  The one layer solar reflective
colored coating may be applied by any known means, for example, by brushing, rolling
spraying, dipping, etc. Because of its enhanced near-infrared reflectivity, the one layer
solar reflective colored coating causes the surface temperature of the resultant coated
surface to be lowered relative to the surface temperature of a surface coated with a non-
reflective coating of the same color. Thus, less energy is needed to cool the interior of

the structure.

[0052] The one layer solar reflective colored coating presented herein may also be
applied to the surface of a structure after one or more primers have been applied to the
structure. For example, the surface of the structure may be coated with a primer before

application of the one layer colored coating.

[0053] The present disclosure also provides an article comprising the colored

composition. In one embodiment, the article has a lightness value L* (CIE L*a*b* color
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Tint conc PR122 (Q) Tint conc PY180 (g) 3.78 6.48 0.61 Tint conc P0O71
(g0 4.15 2.44 Tint conc PB15:3 (g) 0.53
WO 2011/101657 PCT/GB2011/050267

space) of 75 or less, preferably 65 or less, more preferably 55 or less, and even more

preferably 45 or less.

[0054] As mentioned above, the colored solar reflective system also provides enhanced
necar-infrared reflectivity. Thus, in another embodiment, the article has a total solar
reflectance of greater than 30%. In still another embodiment, the article has a total solar
reflectance of greater than 35%, preferably greater than 40%, and even more preferably
greater than 45%. Total solar reflectance may be determined according to the method

described in ASTM E903.

[0055] The present invention will be further illustrated by a consideration of the

following examples, which are intended to be exemplary of the invention.

Examples

[0056] Example 1A. An experimental program was undertaken to color match ral 8007
(fawn brown). The target was: L*=39.56, a*=12.20, and b*=18.01. The organic
pigments PB60 (Albion Colours Bricofor Blue 3GRP), PY154 (High Performance
Colours PY1540) and PR122 (High Performance Colours PR1220), where the PB60 and
PY154 were used in combination with titanium dioxide having an average particle size of
1.4 um. This system was then compared against a system containing the inventive
combination of organic pigments PY128 (Ciba 8GNP), PR122 (High Performance
Colours PR1220) and PV23 (Ciba Cromophtal Violet Gt) with titanium dioxide having

an average particle size of 1.4 um

[0057] A tinter concentrate was prepared for each of the specified pigments (PB60,
PY154, PR122, PY 128, PV23) using an acrylic resin, a wetting and dispersing additive, a
solvent and the specified tint. The quantities of each component are specified in Table 1.

This tint concentrate was milled with steel ballotini.

14



Tint conc PBK32 (g) 10.49 26.85 19.23 4.57 60% Acrylic Resin (40% sol vent)
(g) 17.98 1.11 0.38 24.95 Table 7: Colored resin solution make up. [0067]
The titanvomndiwxésde was added, in the quantities speci predB01iisbise 8, to
7.50 g of the colored resin solution to create a m || base which was then
vigorously m xed for 30 seconds. This tinted m |l base was then | et down
with a further quantity of 13.00 g colored resin. This m || base was then

mlled for an additional 2 m nutes.
Tinter Concentrate Component % by weight
60% Acrylic Resin (40% solvent) 78
Solvent 4
Wetting & Dispersing Additive 9
Tint 9

Table 1: Tinter concentrate components.

[0058] A colored resin solution was then made up by taking the quantities specified in
Table 2 of each of the required tinter concentrates and vigorously mixing for 2 minutes

with the specified amount of additional acrylic resin.

Comparative colored resin Inventive colored resin

Tint conc PB60 (g) 1.6 0

Tint conc PY154 (g) 26.0 0

Tint conc PR122 (g) 5.2 1.5

Tint conc PV23 (g) 0 1.0

Tint conc PY128 (g) 0 13.7

60% Acrylic Resin (40% 0.7 16.6

solvent) (g)

Table 2: Colored resin solution make up.

The titanium dioxide (quantity specified in table 3) was added to 7.5 g of the colored
resin solution to create a millbase which was then vigorously mixed for 30 seconds. This
tinted millbase was then let down with a further 13 g of colored resin. This millbase was

then milled for an additional 2 minutes.

Comparative colored resin Inventive colored resin

TiO; (g) 7.1 275

T10, volume conc. % 14.5 6

Table 3: Quantity of titanium dioxide added to colored resin solution.
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ral

6011 (Reseda green) ral 7010 (Tarpaulin grey) ral 7022 (Unbra grey)
7034 (Yellow grey) Ti02 (g) 27.9 25.6 19.1 29.2 Ti Q2 vol une conc.

WO 2011/101657 PCT/GB2011/050267

[0059] The test paint was then applied to an opacity chart using a number 150 wire
wound applicator; the gauge of which determined the nominal wet film thickness. The
solvents were allowed to evaporate and the panel was stoved at 105°C for 30 minutes.

This process was then repeated to give a second coating.

[0060] Reflectance spectra were measured using a UV/vis/NIR spectrophotometer with
an integrating sphere and a wavelength range of 300 nm — 2500 nm. Total Solar
Reflectance was calculated from this data, according to the method described in ASTM

E903. L*, a* & b* under a D65 illuminant, were also calculated from this data.

[0061] In an attempt to reach the same % TSR in the comparative system as in the
inventive system, the TiO, PVC had to be increased in the comparative system. Despite
this increase it was still not possible to achieve the highest % TSR of the inventive
system. The required color was also unachicvable in the comparative system as the
yellow pigment scattered significant light in the visible light region. The blue pigment
displayed significant absorption in the region above 760 nm, detracting from the
reflectance potential. This can clearly be seen in Figure 1 where there is much less
reflectance after 760 nm in the comparative system. Despite the additional titanium
dioxide in the comparative system, the % TSR is still lower than in this system as
compared to the inventive system due to the absorption in the near-infrared region from

the blue pigment. The % TSR for each system is provided in Table 4 below.

ral 8007 Comparative system Inventive system
% TSR over black 43.52 44.50
% TSR over white 43.80 49.67

Table 4: % TSR for ral 8007.

[0062] Example IB. A PVC plaque was made in color ral 8007 (fawn brown) using
titanium dioxide having an average particle size of 1.4 um. Stock solutions of PY 128
(Ciba 8GNP), PR122 (High Performance Colours PR1220) and PV23 (Ciba Cromophtal
Violet Gt) were prepared by mixing 40 g of each pigment with 350 g acetyltributyl

citrate.
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41.0 33.5 40.0 Table 8: Quantity of titanium di oxi de added to col ored

resin solution. [0068] The paint was drawn down over a black substrate

usi ng a nwohtery/wiesrr e wound applicator to give a dry fi lportdB20kinses7of

about 28 mi crons. The solvents were allowed to evaporate and the panel was
then stoved at 105C for 30 m nutes. Reflectance spectra were neasured using
a W/ vis/NLR spectrophotoneter with an integrating sphere and a wavel ength
range of 300 nm - 2500 nm Total Solar Reflectance was calculated fromthis
data, according to the method described in ASTM E903. [0069] The % TSR was
conpared with data collated frompublicly available TSR val ues for systens
optim zed using cohpl ex CohpénehNOr gani c| gragepativo g Fae knpwn TSR val ues were

reported to be cal ,?{,é %gnaccordi ng to [ASTVMEI] (weighted ordi nates for
300- 2500 nm), neaswed—on tnpmat_arnd_pl_i_ueJ%e_i_wen.i ve system was
thus not optinm zed| Stesivecidhe sol ar reflject ance @as neasufed over a bl ack
substrate but it cap,Rensgerygpem Table 9 that 49ere is still a significant
o I H H arn
T

i ncrease in % TSR ter—the—inventive—system—ral—nurber—€pl or CICP % TSR
I nventive % TSR % T8RMiplift 6011 Reseda green®38 48 13

PV23 stock solution 6.5

PR122 stock solution 10.6

PY 128 stock solution 39.1

Ti0, 34.45

Table 5: PVC formulation.

[0063] The PVC plaque was prepared as follows: a dry blend was prepared using a
crypto-peerless type mixer. A J.R. Dare two-roll mill (140°C front & 135°C rear roller)
was then used to produce PVC. The resultant PVC was preheated for 3 minutes at 165°C

then pressed for 2 minutes at 15te/in”.

[0064] Reflectance spectra were measured using a UV/vis/NIR spectrophotometer with
an integrating sphere and a wavelength range of 300 nm — 2500 nm. Total Solar
Reflectance was calculated from this data, according to the method described in ASTM
E903 and was determined to be equal to 50.87 %.

[0065] Example 2. The inventive system of titanium dioxide having an average particle
size of 1.4 um and organic pigments PY180 (Clariant Fast Yellow HG), PR122 (HPC
PR1220), PV23 (Ciba Cromophtal Violet Gt), PB15:3 (HPC PB1530), PBlack 32 (BASF
Paliogen Black L0086), PO71 (Ciba Irgazin DPP Cosmoray) were used in a paint system
to make colored paints to match ral standards 6011, 7010, 7022 and 7034.

[0066] A tint concentrate was prepared for cach of the specified pigments (PY180,
PR122, PV23, PB15:3, PBlack 32, PO71) using an acrylic resin, a wetting and dispersing
additive, a solvent and the specified tint. The quantities of cach component are specified

in Table 6. This tint concentrate was then milled with steel ballotini.
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7010 Tarpaulin grey 37 47 10 7022 Unbra grey 32 45 13 7034 Yell ow grey 44
54 10 Table 9: % TSR val ues for various ral nunbers.

WO 2011/101657 PCT/GB2011/050267

PV23, PB 15:3, PR122, PY180,
PBlack 32 PO 71

Tinter Concentrate Component % by weight % by weight

60% Acrylic Resin (40% solvent) 78 71

Solvent 4 4

Wetting & Dispersing Additive 9 8

Tint 9 16

Table 6: Tinter concentrate components.

A colored resin solution was made up by taking the quantities as specified in Table 7 of
cach of the required tinter concentrates and vigorously mixing for 2 minutes with the

specified amount of additional acrylic resin.

ral 6011 ral 7010 ral 7022 ral 7034
(Reseda green) (Tarpaulin grey) (Umbra grey) (Yellow grey)

Tint conc PV23 (g) - 1.19 7.25 -

Tint conc PR122 (g) - - - -

Tint conc PY180 (g) 3.78 - 6.48 0.61
Tint conc PO71 (g) - 4.15 - 2.44
Tint conc PB15:3 (g) 0.53 - - -

Tint conc PBK32 (g) 10.49 26.85 19.23 4.57
60% Acrylic Resin 17.98 1.11 0.38 24.95
(40% solvent) (g)

Table 7: Colored resin solution make up.

[0067] The titanium dioxide was added, in the quantities specified in Table 8, to 7.50 g of
the colored resin solution to create a millbase which was then vigorously mixed for 30
seconds. This tinted millbase was then let down with a further quantity of 13.00 g

colored resin. This millbase was then milled for an additional 2 minutes.
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[ 0070] Exanple 3. Ral

titani um

di oxi de average particle sizes (0.7 mcron, 1.1 mcron, 1.4

7024 (graphite grey) was nmade using 4 different

m cron, aw02b11710m65¢r on) and organi ¢ pignments PY180 (C arcamdB2baatsodsel | ow
HG, PV23 (C ba Cronmophtal Violet &), PBlack 32 (BASF Pal i ogen Bl ack
LO086). The organic pignents were nmade into tinter concentrates as

det ai | ed

in Table 6 above. A colored resin solution was then nade up

by

taking the quantities as speC|f|ed in Table 10 of each of the reqU| red

tinter c
anount of

ncentrares and VITgonpigiy M XTI A @0 2 [0 W AW 1 Li%sgne
addi tional acryl | RebeBSkddn) | OcrdrphuttiRrdh O dmpra b)) T1 &iiok gy

1.7 ium Ti
0.18

I 02 Tint conc PVZ3 (% o.0UTL. 1Y 1, U5 U4 |Int cone PYloU
TiO, (g) 79 256 19.1 292

ci fied
um Ti O2
g)

T10; volume conc. % 40.0 41.0 33.5 40.0

Table 8: Quantity of titanium dioxide added to colored resin solution.

[0068] The paint was drawn down over a black substrate using a number 6 wire wound
applicator to give a dry film thickness of about 28 microns. The solvents were allowed to
evaporate and the panel was then stoved at 105°C for 30 minutes. Reflectance spectra
were measured using a UV/vis/NIR spectrophotometer with an integrating sphere and a
wavelength range of 300 nm — 2500 nm. Total Solar Reflectance was calculated from this

data, according to the method described in ASTM E903.

[0069] The % TSR was compared with data collated from publicly available TSR values
for systems optimized using complex color inorganic pigments. The known TSR values
were reported to be calculated according to ASTM E903 (weighted ordinates for 300-
2500 nm), measured on topcoat and primer. The inventive system was thus not
optimized since the solar reflectance was measured over a black substrate but it can be

seen from Table 9 that there is still a significant increase in % TSR for the inventive

system.
ral number Color CICP % TSR | Inventive % TSR | % TSR uplift
6011 Reseda green 35 48 13
7010 Tarpaulin grey 37 47 10
7022 Umbra grey 32 45 13
7034 Yellow grey 44 54 10

Table 9: % TSR values for various ral numbers.

[0070] Example 3. Ral 7024 (graphite grey) was made using 4 different titanium dioxide
average particle sizes (0.7 micron, 1.1 micron, 1.4 micron, and 1.7 micron) and organic
pigments PY 180 (Clariant Fast Yellow HG), PV23 (Ciba Cromophtal Violet Gt), PBlack
32 (BASF Paliogen Black L0086). The organic pigments were made into tinter
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0.04 0.01 0.08 Tint conc PBK32 (g) 21.42 7.76 6.86 3.54 60% Acrylic Resin
(40% solvent) (g) 7.9 23.62 24.68 28.2 TiQ2 (g) 4.64 4.92 4.80
WO 2011/101657 PCT/GB2011/050267

concentrates as detailed in Table 6 above. A colored resin solution was then made up by
taking the quantities as specified in Table 10 of each of the required tinter concentrates

and vigorously mixing for 2 minutes with the specified amount of additional acrylic resin.

0.7pm TiO2 | 1.1 pm TiO2 | 1.4 pm TiO2 | 1.7 pm TiO2
Tint conc PV23 (g) 3.60 1.19 1.03 0.64
Tint conc PY180 (g) 0.18 0.04 0.01 0.08
Tint conc PBK32 (g) 21.42 7.76 6.86 3.54
60% Acrylic Resin 7.9 23.62 24.68 28.2
(40% solvent) (g)
TiO; (g) 4.64 4.92 4.80 5.00

Table 10: Colored resin solution make up and quantity of titanium dioxide added to

colored resin solution.

[0071] The titanium dioxide was added to 7.50 g of the colored resin solution to create a
millbase which was then vigorously mixed for 30 seconds. This tinted millbase was then
let down with a further quantity of 13.00 g colored resin. This millbase was then milled
for a further 2 minutes. This produced a TiO; volume concentration of 10% in all four

paints.

[0072] The paint was drawn down over a substrate using a number 150 wire wound
applicator to give a dry film thickness of about 77 microns. The solvents were allowed to
evaporate and the panel was stoved at 105 °C for 30 minutes. Reflectance spectra were
measured using a UV/vis/NIR spectrophotometer with an integrating sphere and a
wavelength range of 300 nm — 2500 nm. Total Solar Reflectance was calculated from this
data, according to the method described in ASTM E903 and the results are provided in
Table 11.
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5.00 Table 10: Colored resin solution make up and quantity of titanium

di oxi de added to colored resin solution. [0071] The titanium di oxi de was
added t o wo201gloods7t he col ored resin solution to createprat@B2bhaseenhi ch
was then vigorously m xed for 30 seconds. This tinted m || base was then | et
down with a further quantity of 13.00 g colored resin. This m || base was
then mlled for a further 2 mnutes. This produced a Ti @ vol une
concentration of 10%in all four paints. [0072] The paint was drawn down
over a substrate using a nunber 150 wire wound applicator to give a dry
filmthickness of about 77 microns. The solvents were allowed to evaporate
and the pangl was stoved at 10b CJor 30 m nptes. Refléctance_spectra were
nmeasur ed usi 7%/ vi s/|NRMELESe rlopHdtnRel 1M TR | kP diPng sphere
and a wavel =n h range cf 300 nm -| 2500 nm [fotal. Solaf Refl ectamce was
cal cul at ed 1 Rt‘me‘é Whtla, 4Etordijng 6%t he et Wdd descri bed®i n ASTM E903
and the resu ﬁ‘aem provi-ded—in T%b!e 11 al—7024 0 Zium-F-C2{1. 1i um

Ti2 1.4ium %m(ilveﬁl um|Ti O29.96 TSR oveap.cbl ack sulosbrat ¢ 474848 4285 42.13
35. 69 white substrate

Table 11: TSR results for ral 7024.

[0073] The 0.7 micron particle size TiO, gives the highest TSR value but requires a large
amount of organics to be added to keep the color due to the effect of pastelisation from
the TiO,. The 1.1 and 1.4 micron TiO; still give a high TSR value but use about 2/3 the

amount of organics when compared to the 0.7 micron particle size TiO;.

[0074] The above-disclosed subject matter is to be considered illustrative, and not
restrictive, and the appended claims are intended to cover all such modifications,
enhancements, and other embodiments, which fall within the true scope of the present
invention. Thus, to the maximum extent allowed by law, the scope of the present
invention is to be determined by the broadest permissible interpretation of the following
claims and their equivalents, and shall not be restricted or limited by the foregoing

detailed description.
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% TSR over white substrate 49.87 49.67 49.65 48.50 Table 11: TSR results
for ral 7024. [0073] The 0.7 mcron particle size TiQ2 gives the highest T
SR val ue wotorequéisres a | arge anount of organics to be adasrB2bn/dsemsp t he
color due to the effect of pastelisation fromthe Ti02. The 1.1 and 1.4
mcron Ti Q2 still give a high TSR val ue but use about 2/3 the anount of
organi cs when conpared to the 0.7 mcron particle size Ti02. [0074] The
above-di scl osed subject matter is to be considered illustrative, and not
restrictive, and the appended clains are intended to cover all such

nmodi f i catwensy (eohamnemeRst s, and ot her enbodi ments, which fall within the
true scope of the present invention. Thus, to the nmaxi mum extent allowed by

| aw, the scopeaQbldrfiEsdMrasfttive BYRdh icOMplising: Q118 paelcslaidl Maekidhat g abr oadest
perm ssible interpretation of the follow ng clains and their equi vaI ents,

and shal |suhgantipdly retdle crystad Batt and havinggntay crepe pargele gie 9 befacen plet 0.
d | |
escripti oh- f)%-[lt X %ﬁ“‘ al}{gg2>r§n oéa?léhﬁgl#lgrgegaﬁ%ogrmﬁﬁm tab%ﬁgt)t%St em

conpri si ng: a particul at terica stanti a ITe
crystal habofficiandf htzomit ﬁgg)Oarmraver ageteprdfeably adooutel(};ﬁOObamv{@ergr@bamwndO 5 pm

Coet 11 of empreabh e bus Mot gpBUTap. o BY o i RRBut VD00 mm 1 or

greater, @BeriRr@cficahnebaliont ab®m 16; ROD praRribIQrabgutesnahmi' ridse, adsi bl e
l'ight region, a_maxi num scatterjng coefficient of about 500 mm1 or |ess,

pr ef er abl Jorsbpgferabby ahent1 | mugs 9T lassdnnibe 'ipblet ighagrgioaadt am BFT#ER 1 or
l'ess in tzﬁ)goﬁfh&'l Q{)@fﬁ&k&h&f Ll g(?‘nﬁﬁ*doﬂbségﬁé@%lﬁ@o%ﬂ{ RO IR g??ésé,' glgent of
about 50 mMm

ess ref era about mm 1 or |ess, nor e
prefer abllgaombmfﬁrabb'ahmtﬂ%nmi @Sisesas m thhenfianddrragied. r egi on. 2. The col ored
solar reflective systemof claim1, wherein the particulate material is
sel ected fromthe group consisting of titaniumdioxide, doped titanium
di oxi de ahd a Thextolored sharreiéctive Systepmef cl@inmﬂewh@oilnethe p@fitléa:t’e inweer's@/ést em of
claim1l or, ece v@omq n %Oqle 0<;;11r1tt|mcu0fa£g1 ﬁll‘ol ale contal 'th% r than 70% by
wei ght of® 1Egnlum §X|8e BaYEd on e f‘éil w%p(f;1 P Plculate
mat eri al mlxtﬂureﬁheeotf,ol ored sol ar ref I ective systemof claim 2 or 3, wherein
the doped titanium dioxide is nickel antinony titanate. 5. The col ored
solar reflective systemof claim2 or 3, wherein the doped titanium dioxide
i s chromlm antheneoiyretli dotmatBective. syl obtlaired sol2arwieedih ehd iptll&icﬁlyl&t em of
any one of C|§I ms 1-3, wherein d| .0xi de has an_ ave e particle

size of BHRFSHAECOREYN 69N Hﬁpaﬂdhgﬁo‘mlg ¢ Fﬁuum ioxide, based on t &Utal

weight of the particulate material.

4. The colored solar reflective system of claim 2 or 3, wherein the doped titanium

dioxide is nickel antimony titanate.

5. The colored solar reflective system of claim 2 or 3, wherein the doped titanium

dioxide is chromium antimony titanate.

6. The colored solar reflective system of any one of claims 1-3, wherein the titanium

dioxide has an average particle size of between about 0.7 um and about 1.4 pm.

7. The colored solar reflective system of any one of claims 2-6, wherein the titanium
dioxide and/or doped titanium dioxide are coated titanium dioxide or coated doped

titanium dioxide.
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7. The colored solar reflective systemof any one of clains 2-6, wherein
the titani um di oxi de and/ or doped titanium di oxide are coated titanium

di oxi de owoeomt®wssdoped titani um di oxi de. WO 2011/ 1016p¢PCB26826802%7050267
8. The colored solar reflective systemof any one of clains 1-7, wherein
the organic pignent is selected fromthe group consisting of: azo,

ant hr aqui none, phthal ocyani ne, perinone/ peryl ene, indi go/thioindigo,

di oxazi ne, qui nacridone, isoindolinone, isoindoline, diketopyrrolopyrrole,
azomet hi ne andripzoRtDiderBAQ Rt VRN Bf anﬁone{%ffé?a’irﬁ@@'ﬂf QhefifRabEAdica
colored solar reflective systemconprising mxing a particulate materi al
havi ng a mebsttantsclabted from itheegrony soadistinglnft azm dntaaduimynanplibdecygeinparti cl e
size of bet. t .0 50 Hm. . 2.0l um.w th. a i.c.pi gnent
naving a R TURE RS A0 AR E T B ARAR G RIRIEY
nor e pr ef dkabpywroddyuiiolel Bzdddhingadd b mgth@éateb pigighteven nore preferably
about 15,000 mm 1 or greater in the visible |light region, a maxi num
scattering coefficient of about 500 nm1 or |ess, nore preferably about 250
mm 1 or |%®ss, Amckteueformemripg ef elabd yolab otfteci@Osywmanil complig@ss mixing hae
visible light region. and an average absorption coefficient of about 50 nm1
or loss, WRRIHT Baaiad Ryving oL e Ubs iy ngne (e Tahe sad i ingr e FENSr abl y
about 10 pmide ke bESSwiédd dbB& 18 Afrdndfabaited L Gth dneBbie pighPnt HvEGl0r ed
conposition conprising a particulate material having a substantially rutile
crystal hagtimugnebshaipmgoefficignierfzaheupnP@q eine of gisater, nyue pederablly @out. 5i um
and about i um i.C. Ri i W Lan

coef 1 ci enpo HEL e, GhO S CyBIONERLENINR0 13008 T L SRAREBLY" 0, 000
mml or gresiblerljghaneiey enmatmempscefi@ingblopffaixmtbf 45q®G00 nmm1 oodesgrmateer i n

the visible.light regiLon, a nmpxi num scatterin efficient of out 500
1 or |Rskrbhopheut 2o Bim bt RS GTd < saoma pro B 1iimay o oy

pref er abl tc 3Re81¢ 1iERA0rcBIdh kin@Tan! R8Hgé BbdofRiow] dbfHcRnt bOMout 80INAA" 3RGsaN
average absorption coefficient of about 50 mMmm1 or less, nore preferably
about 30 WpcIreferabysaboubymay el ket angeenapersinyeiaisblytabent Hhnm oer lesss i n
the near-i ] i ton, dispersed wwthin a vehicle. 11. The

col ored C%%c{)%af%é%‘r%ﬁg&?%%%%io, wherein the organic pignment is present at
an amount of about 0.1% by volume to about 20% by vol une, based on the
total weight o : ocr;r;gg,%i' t al is
pr esent agﬁan %ﬁ%%ﬁ%&g#n%%%gﬁ? 0. ‘%S%l O%/%?rﬁﬂgattggﬁ %ﬁ%t}fﬁ%&g@a%%b\g%%ﬁm, based
on t he t owdle anpite) hpbibéind eingcinew edge parpds size ohbetwyid about 0.5 um and about

2011/ 10162'3 PCT/ GB2011/ 050267 2.. The col oret? ci. osiéii on, f cltasi 010 or
11, wher et *Th& CERPEFEC PETENE DRt REE XS Th R SGACn PR < ﬂle%o‘%?P?%i n@ a

pol yol ef i @nr'asigieatdd ohynéipadfbrablyl Boitd®, 0005hM;' 0ABSategShd cv@ohystpyéfemBlyr esi n,
met hacrylic resin, pqlycarbonate resi {] pol.yet hyl ene terephthal gte resin,
pol yam dertedk| n000 iy #1 geaich in e Mpihle lighideg{on. gapaximBnisHisipg sP5{TIcisR yest er
resin, nel@Pone sH@Sid o@'lkk%,rl %{39%@5@99 HBEXY5( | Nor 1&3; a8 nohBFed

conposition of claim 10 or erein"the vehicle is a carrier or binder.

14. The cokfsrablty ewwbd89 ningnonfesaiythonesitt lighhiegionimd k@ avhiagh absorptivar
conpri ses_QRe.or e thi ckaners, stabilikzens, . enul.sifier texturizers,
aanest on 55Ot TR0y 0BT s MBebist LT npS ol G AL HY

ant i f oani mgreggetitably abetit iongmdge idss in the atesefrargd Hgantgon, sippesed wihiniacl es or
bi oci des/ f ngiji cides. 15. Use of the colored conposition of any one of

cl ai ns 10‘16%&? @s a paint, ink or coating or as a conposition from which an
article can be forned. 16. A one |ayer solar reflective colored coating

conprising a rticulate material haying substantially rutile crystal habit
and havi n@-anp@\%p&g@a@mﬁwoe 0_?1312@1 5. ‘%@f% Oé%t&?%ms%wamf B¥ut 2.0
lam and ghoudk 8RMsut Di1MBNLolNAYItH dbdut MBYI BRLNAIRRS BaBd SNtheashl wweigBngf Of
about 5,000 mm 1 or greater, nore preferably about 10,000 mm 1 or greater,
and even theceloprde¢amnasitipnagsiuthe I3ripobtamaterigh isgiresgnept mampent\afgibpite | i ght
regi on, AX] tari A Lcien bout - I nor e
pr of or abl ' Zogut Y6 Br g0 ROl Ve ballt ADR" BB R b b LR T 1

or | ess idonipositionsi bl e |ight region and an average absorption coefficient
of about 50 M1 or less, nore preferably about 30
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-- mml or |less, and even nore preferably about 10 mml or less in the
infrared region, dispersed within a vehicle. 17. The one | ayer sol ar

refl ecti weooliomess7coati ng of claim 16, wherein the coarcmgGB0VARe26a
substrate which absorbs a proportion of near-infrared radi ati on and wherein
t he thickness of the layer is such that nore than 1% of the incident
near-infrared radiation reaches the substrate. WO

2011/ 101657PCT/ GB2011/ 050267 18. The one | ayer solar reflective col ored

coating ofy cl afyR dfo @l cdrhpo iR & dhilh® &OAL WhgrdiPfhe A chicRNt &SSMYRl yte L™ of
75 or less, preferably 65 or less, nore preferably 55 or | es5, and even

nmor e prefmatebl yesis comprieing. a podyoldfire rems  pelyeinyls ghlaride effiectARe reoh.or ed

coating o n | MB;: 16-18 i h oat | | . sol ar
refl ect an‘%rzoé)as @?’r elger g%?%r&%tﬁggr&%%%&rbr@z ragtkﬂ%ltegfeéglt gbro i%%ﬁg%%%é‘%ﬁe&)gt\ﬁ/@ﬁtemr e

pr ef er ablgsigy pallyenide hasin 40kyd aexin, eaceylicniesi@d, poBlstialt vegdi egdlgsstdr hagin 45%

20. A structure caonprising the one |ayer solar reflective colored coating
accor di ngtigMi e UGFOROPARHEOT FBODOISSIND 1 A nethod for reducing the energy
consunption of a structure conprising applying the one |ayer sol ar

refl ective colqgred. coating of any .one of cl ai 16-19 t o, one or .nore
surfaces bF tHeSs1HQue] G 0%%? ﬂa%é&%ﬁhg Wl%@ﬁaﬁhw&as@cﬂw Yol or ed

coating cgpses the surface tenperature of the resultant coated surface to
be lowered relative to a surface tenperature of a surface coated with a
non-refl ective coating of the sane color such that |ess energy is needed to

cool the jmtertrcoffred &inssitibhloft by oncle. clé¥hs 2013 GHACIE AL Snfifisthshecol or ed
conposition of any one of clainms 10-14 wherein the article has a |ightness

val ue L* @f npse ohickeress, pebiliggrabcipubrficsy. fexggizeppradheyiet grampigrsssUNr | ess,

and even . efierahl:y, 4 I 3. i f M wherein
the arti c#geﬂiﬁzzfgsr’ ahig t?og%l}{%o?%fﬂsf e?ﬁé%%agﬁséea%w 25?1% tg%&{tﬁar\fe gt%]"% a%rglt’lats’erabl y
great er tdvalkes@bgagonmtyr spaperghgichisloy byperlas/@mgichies. 40% and even nore
preferably greater than 45% 24. Use of the colored conposition of any one
of clainms 10-14 or the coating of any one of clains 16-19 as a one | ayer
sol ar refl%ect iUe cbihoretbrabatmpayition2d. ank ster ofctloine Whet ek n mme, ok oror e
surfaces of .the structur a]((.)re coated wi.th th pne layer solar reflective
O]éan ﬁ% O{lge

col ored cHAMIHY RESHFRONGO igha Frickecar )

16. A one layer solar reflective colored coating comprising a particulate material
having substantially rutile crystal habit and having an average particle size of between
about 0.5 um and about 2.0 um. and an organic pigment having a maximum absorption
coefficient of about 5,000 mm™ or greater, more preferably about 10,000 mm™ or greater,
and even more preferably about 15,000 mm™ or greater in the visible light region, a
maximum scattering coefficient of about 500 mm™ or less, more preferably about 250
mm™ or less, and even more preferably about 100 mm™ or less in the visible light region
and an average absorption coefficient of about 50 mm™ or less, more preferably about 30
mm’™ or less, and even more preferably about 10 mm™ or less in the infrared region,

dispersed within a vehicle.

17.  The one layer solar reflective colored coating of claim 16, wherein the coating
covers a substrate which absorbs a proportion of near-infrared radiation and wherein the
thickness of the layer is such that more than 1% of the incident near-infrared radiation

reaches the substrate.
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18.  The one layer solar reflective colored coating of claim 16 or 17, wherein the
coating has a lightness value L* of 75 or less, preferably 65 or less, more preferably 55 or

less, and even more preferably 45 or less.

19.  The one layer solar reflective colored coating of any one of claims 16-18 wherein
the coating has a total solar reflectance of greater than 30%, preferably greater than 35%,

even more preferably greater than 40%, and even more preferably greater than 45%.

20. A structure comprising the one layer solar reflective colored coating according to

any one of claims 16-19.

21. A method for reducing the energy consumption of a structure comprising
applying the one layer solar reflective colored coating of any one of claims 16-19 to one
or more surfaces of the structure, wherein the one layer solar reflective colored coating
causes the surface temperature of the resultant coated surface to be lowered relative to a
surface temperature of a surface coated with a non-reflective coating of the same color

such that less energy is needed to cool the interior of the structure.

22.  An article comprising the colored composition of any one of claims 10-14
wherein the article has a lightness value L* of 75 or less, preferably 65 or less, more

preferably 55 or less, and even more preferably 45 or less.
23.  The article of claim 22, wherein the article has a total solar reflectance of greater
than 30%, preferably greater than 35%, more preferably greater than 40%, and even more

preferably greater than 45%.

24.  Use of the colored composition of any one of claims 10-14 or the coating of any

one of claims 16-19 as a one layer solar reflective colored coating.

25. A structure wherein one or more surfaces of the structure are coated with the one

layer solar reflective colored coating according to any one of claims 16-19.
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