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photocatal ytic effects which are generally observed.
is beneficially absorbed. For example, some of the UV light absorbed by such titanium

ty of

dioxide excites clectrons to a higher energy level leaving behind positive “holes”. The
electrons and holes are mobile, and should they reach the surface of the titanium dioxide
particles, can form free radicals which can then react to decompose organic matter. While
this type of photocatalytic effect may be desirable in some applications, it is not in others,
such as in applications where a sun-exposed surface or item would benefit from a long
lifetime. Moreover, conventional titanium dioxide also confers whitening which is often
undesirable in many applications, such as in coloured compositions, varnishes and where

glare is an issue.



In one aspect, the present disclosure provides a conposition inparting W
| i ght protective capability conprising an effect coated particul ate

mat eri al wewnngioasssubstantially rutile crystal habit anecacrRiarEgss
particle size of greater than or equal to 0.5 lamdispersed in a nmedium
wherein the concentration of t effect. coated particulate ma

Wi thin a rafdEoBingbolEcIsAy QS SR o {Poingrivase e LbAigh ne
tot al \@b&%&éapmﬁtf QFB%%hIekﬁ@sed item withouf Bs@MREE-Mg at%@‘iw lighPQctivated
conposition nmay be used in a variety of appllcatlons such as in paint, a
var ni siphotasatahiiceitfeects desomyed abiveh can be applied to one or nore surfaces of
a variety of materials or substrates exposed to solar radiation to
attenuate the effects of UV |ight Iﬁgﬁégggposition may al so be a stand

al one conposition from which an ar} n be formed to attenuate the
effects of any W light which the fornmed article may be exposed. BRI EF
DESCRI PTI ON OF TirHErdRvinkgnsion providey ¢ ¢peipesitienifelt lgnnartgm Héfpbghia:}ra@gtweor

t d
or 1 e PR R ARt ARt R bR PN R MO E B ] o Byl S0ch BGE L OF
of enbaté rentahiratied exfethe ecffeet redaed t gartihigataciaotiipacymmgit ia v agantdqaxtatédor m a

part hereof, and that show, by way of illustration specific

2011/ 10°PESEPETF epmpared éserzwfélﬁﬁo@a%%@ Rrﬂteewecwmmémiomf ehbs Wml%le
pract | 5§ bgcgﬁ)ﬁre%”&oﬁid bisreBYd H(%] Bﬁ%%e%%ﬁ@aﬂﬂﬁgem a Qﬁbﬁ%ﬁaeto

wi t hout departing fron1 e scope o e present invention. The

pr esentprdvide L5 ligle, prohactgenwnh(but atsel ia¢ressinUWMiglit ghtivandd ghtiextatalgic effects
conp03|t|ons contah Ievated anounts of an effect coated particul ate
mat er i aficR Aregaperaily P %he present disclosure provides for the use of
effect coated paphd Qé-ﬂeé‘tt %ﬂﬁte%nlt AiscloBuleQIFeeiaty i @BmpaditivPitpRand i ah &Gt han
120% 500% t han those previously known using convenplona particul at e

mat er i giroteTtie Qﬁ@@blbfy sQroprising An Ieﬁfvetl eatstl matrmlact@u Inaxt@larlrﬂﬂa@ngaﬂ subgtantially
conp05|t ns._ | t at ed b e scatterin ow nedi um demand
and a IOIE e Bf bR hur B HeSbbeRaRf b5 il AP sy gERehke Ty
conposid inedismt Wwhexiaith &oﬂceﬁtmmﬁd)f@w @hict bdardd purgaNatt Ynat@iall Witlgihta rexgosur e.
I n addition, although known ultrafine or nano materials, such as titanium

di oxi deof( &t dfe tyavelugice tos jabeut<4a%60by p lureanbashd g1 thoviqtglgreluees pihent |y,
t hey aqﬁPﬂﬁégg?ously phot oactive, despite treatment with high levels (10 w
% - inorganic coatings. It is also difficult to incorporate
such ul trafi nelnmaicehdralssect,nthe compmitort mandesiset i & hayety efidpplzatgg, sndr at e
and thus clarity of the conpositions is dimnished. In conparison, |t has
been suPpRiP&INhgt YAPBEnd! et ©RENSTYIHER CRbaE éﬁplﬁértp.%m%tréorﬁa%fﬁ?emo & the

pr esent, Lionent o8 JrelBliNeal ¥ &BQ&F Ry kg Itadgylsmcoﬁen&a'a@gﬁe&fée&

| evel s of i"norgani ¢ coatings and can be easi r por at into
conposilighon$h¢ coppaositiceman absd et sigrebalsnd adrapesé iomf frd)rovwlpeis tehitickatandre, | ow

tinti ngfor ({J t%talttgll?ua?e ﬁile e?fg cts 09al}i)yhﬁkfohgEh%t Ih\llc!httﬁe Por c rt l ?e may be exposed.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts lightness values for painted panels prior to and after UV light

exposure over a certain period of time.
DETAILED DESCRIPTION

In the following detailed description of embodiments, reference is made to the

accompanying drawings that form a part hereof, and that show, by way of illustration specific



Thus, one aspect of the present disclosure is directed to a conposition
inparting W light protective capabilities which includes an effect coated
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WO 2011/ 101658PCT/ GB2011/ 050268 Accordi ng to anot her enbodi nent, the
particulate material is a doped titani um di oxide. As used herein, "doped
titani umwoesideicssefers to the titani um di oxi de of theprpras2oi/@domsl osure
but further including one or nore dopants which have been incor por at ed

d t f the tit d The, d
.%BPS&E%?? @arg@ggm%?@%@@g@#@%@g ﬁ%equgmooa@w dﬂm IW‘?FFtPé egly
cal ci U;Qreﬂagtﬂgé EauuaFPOdéb%m 0h rhﬁ%%hd 1&5 ‘aﬁh%ﬁe ﬁﬁ*%é'akom%' %ﬁﬂg@ 801 fnﬁﬁ“y’

phosph dru nese, SIU I ons er eof .
In a pa}fréﬂefa%l}agre@ﬂébﬂﬁhrﬂ?réhualttb%blhttﬁ@m&ﬂhﬂ&(legﬁﬂﬁﬁ)br léqum@eeowwuﬁhrmm um
manganese, and/ or vanadi um which can act as reconbi nation centres for

hol es amdthet embediment, Ometitwniun dhiexidadnean hetrage paiti¢ln size s eboutdchbphi h&1t3i on
conmes decreased UV stimnul ated photocatal ytic activity. The dopant may
be incdtPorated in an anount of no nore than 30% by weight, preferably no
nmore than 15%chyseWst BhighaRerafRfCinREL T RE aRInuA QLisBAE if BRS safbiivianeiight |
relative to the total welght of the titanium dioxide. For exanple the
dopant rrale q@estfilri@brtpdi@s,e@condnmqtoaamﬂm ebodimei, (grqatftrdhao%%yowvem@ht of or

0.5 to J15% t05°/ | atjve. to the total welght of
Che ¢ 1 e et Bloflak: pRfentth Sreich HanBRB wleft B ik TictiPurhiforidh Mt oy

be recagirczesichylynetasr thubsdrnyi vaélgh't dfhhtitanitiid EoLidy,Hasdd dﬁatthbttotambei ht
according to anot her enbodi ment, greater than 90% by wei ght of the doped

titani W hﬁ pattigrdate ppasgread.olp ulyth@rretalﬁ SFyStah Aadbio sThGReroit ghtitagfum diexiisje dhe
tit

the dop i T R A R TR SR R, BB ETor kRAfp R REatFHE - 0,
mat er i ahy dlffrabiﬂoﬁ Ipetterns.i [Te dndbother bmbodihentse mﬁmﬂamreﬂh& mhteeaparatyl tihat e

material m .furth&r contai n doped tlgqnl umin an anatase crystal form
In prefOPREGIERYBUTIAEAE & #handiRse et T8 mat eri al i ncl udes at | east about

70% by wei ghi Iper e&&&gm Meakt fseRke, | BR% Rivstivei §Bk g(aeme Q1N (LRI

preferably at east out 90% by wei ght of titani um di oxi de, based’on the
t ot al wwiegletatasf tophe tsize Wfahe fmaiamenal crystalsowhieh realzodh thenpasticulate maerdlcul at e

mat er i i ncl u s at | east ab 95% ref er apl | east ,about
9% by PG AESEInBIE R REFEEDS & aTEbRLet 1f dust BT R8T By Sl o

titani wahtdi@phsesitaRiasedioRRdcting dubilcddryViRl @t 19k dPA%thicHLAb L abtH: ®F I7ahm -

To produce enbodi nents of the titani um di oxide, natural ores such as

i | meni t&2%neh anidrrepasticle size o abewtrd. Zhpe 0788 nsuwhilaomvientorial pitesiivany derrdde

benefi ci ated meni. t tse t he rting . raw eri
These. op 20 W e ish Get bag - R-Lf HEEF o Relals 0% B At BG4

processaboit .0@uahl @40 den. pTiRcRaticlt 8izp iPUus effédtcEbp tdiorefichak tﬁeh@y@taltmu u m
di oxi de. For exanple, in an enbodi ment enpl oyi ng the basic sul phate
processs Welb asrmillipe fochnigpese besds (WEEdBIAIEKRIONs SHehy @b clywiveh O tGoRRATRE eaci d
to for r T / 68
di ssol \r/He %@é@ﬁéﬁd ogr&ﬁlv?e ggﬁ%&{]o pr\yéglt%% gjjaa SO%Q%?@%(%@ éﬂlt][ ?i éog(g(%m
sul phatmay Ehenﬂalleranm larges uhghthicecrgabludizeon Preferblgnthb yseraby pedicteosit@bfittee

pr eci pltate of. hydroys titanium di oxi de. I an enbodi ment, hydrolysj

occur itHaRik@ C{a?eée&?c Bt aiftafade AR leZeg ngonetﬁ@ odipent) HipFigec ,B%l@ﬁes

but emodi TBRbS Qfusl 8%he ab&lagé? erybtaesiet, Cl“or LhgnRe, eﬂib Rht RS LthEBY efige DhiticR! ed
washed, and/or |eached to produce a pulp. I n sone enbodi nents, the
pul p misyzetietlmmpta@mmmdismtrattlonsdzdsethaaridﬁ! or other materials. For exarrpl e,
growt h noder ors rovvt romoters, and/or seed.nmaterial that,are known in
the art may SR 855 e € Bl Pt Gl Ghon R ko Y Ao
are absc%&trml@acw hleﬂfoqm&lr RnAe td 8RMe AkilledGh eRs efl. | RyredxampRNdhObvdridd | e

seed materials are reduced. One type of nuclei that nay be added to
t he pulopiyfitfsl sBleuRhbefefermuasdby tiapsmaisyen eicelipmmiaatrony @erat rubbedi outsampBos by

ombodi meit bGP Bty BRrehle By R R DR ™

pul p. Gefeesnab Iusingtlaaei NANGHHPEAREM SM@tﬁldaﬁisF(@VeillaBl& fm‘m rhermfy setmifiat ed
hydrous titanium dioxide is digested . in concentrated, sodjum h dr oxi de
sol ut i ch mghed sduehe wydbw med FaindatemiTig (Be NGRS INEIT 612F O ferfitanium
S“bseq'{ﬁ&&héflsr)?-?ﬁ&ﬁlﬂ%&ﬁlﬁ%gélﬁ?ﬂegr' c acid to produce the Blunenfeld

nucl e



I n enbodi nents where the titaniumdioxide is to be doped, one or nore
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coat i ngitsEtimesoide, bestdein th@a)tatllweaglutwmpdmulaebernﬁtbﬁ@cuI ent at neutral pH,
facilitati ngbil ltration and washing prior to dryin However, one

will also apt Bodaeecmhedimensrafdhe ltq@ingn@mm@%atatlﬁ%sorﬁwuqbeam%@amteoandrrpart

ffect f t.
col our PSPyl hife B 4% GRALS! S b p UL ART hothler ol AR TR
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alum niu hos hate, tita ti.n, antinony, manganese _and cerium Note
t hat wfﬁsnbe SRENaE ces Qi n'}facleafa@q ﬁ@)ca“ésferms%wea%b%ﬁ?@nﬁwaef theeigfamipmy) |
wet - m | ;edqpi gnents, to assist processing of the material, effect coatings
are added onIy where an application effect is desired in the coat ed
particles. For examale iiclagserobodimentt ¢rhploiyunm e debid esugrated ppedsst ithcamicuon
di oxi de d wt i.tabl e. anrount of effect at i ng terial.
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at a level of up to about 7% by wei ght, such as from about 0.1%to
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WO 2011/ 101658PCT/ GB2011/ 050268 about 7% by wei ght, or such as from about
0.2% to about 7% by weight, relative to the total weight of titanium
di oxi de (WO 2dopedsssi t ani um di oxi de) . | f col oured exiram2oatsoical s such
as cerium oxide are included in the coating material, the |level of effect
coating eri.al coated on t P(f':ll’tldes ma belesthant

&5,

af or erré*rﬁSPBﬁédnaw%h@g /o% WeH BuPTadyee 12 sAlvtRn ph2 pnIng a@ehﬁteo % by
vei ght nil&Ssulp ﬁa@é semaph@ th&tP hi@oRBeMItto OfoRH0 %ref@@m 0®'hy hf‘o’%% tit@fiukP 1O
about 0. 2% by vvelg ht or less, or up to about 0.1% by weig t relative to the
total wedghe. in ameinbedidicot uhwlem(ysrs rdapeetut jitt ﬁm nrescdéoxi dejase Poeleiekanhee, t he
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ef fect Mmeadd, RGsHERL @[[d/@l leachBd $o pitodRced pulp!r € effect coating materials may be
used to coat the particles. These additional coatings may be applied either

si mul t aneoudnysdne gmbpAgncatsy3be arilpmayr b sugpleassis owith | Fuckgy pinday other
| t f t
conbi nalseey Fof blinfle ThoflREtq E0R, LRATBIGROEL" afP 8e YRR oy e

ef f ect l@oahi mghérattena;abe adidy ththd:l @el@ skephat @hlodideps ogideeh invdertorsnare
| ayers, —each |l ayer having a different conposition. Thus, in one enbodj nent,
the pardbpeiedo %preeafeéﬂa%ueﬁi ajingreased Lygls. spd/eramtile sseq neaeﬂakscﬁrffﬁeéaer@e a
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enbodi nent , oduce the coatings descr d herein, e tit I oxi de
parti cleembo(d(metddbecﬂo 0iStaby weight Oxi/ el Hiamemfe]dem)clenm;ﬂyﬂze adidéd e)cthp pulpr Ino

coating (fa ter |nat|o n lin | n sone nts t he
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Generally to wet" mll, the particles are dispersed in watér and ground

into suliovile isodigesed ¢ sn zereplnted sbdvmt bydroxide aﬂluaqmé@@soctllceu spgium titanate] n
anot her.enbodi e bov desc i bed rt ry mlled.using a
Ry rrond i R i PSRN 2R RE Siah ol SrHLic, Plogh & vl

sand. mtlm@gfey@eﬁucqmj ling, the particles nmay be slurried to 350 grans/litre
and mlled for 30 mnutes. After wet mlling, the sand may be separated

fromthe sl Jrlr%rnb%iemwt&gvlwye & tilangn groxagdey 1Sotohbe depgd, aiceoi@arss sitsblcor m
the ag %@H@I ?]I{aglrﬂeyadded '%he I{”P;I t §all§a){o %tscé}gtaﬁ&iedbt% tﬁ‘gghlﬂgn %hesﬂ)'rﬁlacﬁ’l

effect ¢ g st S ral ueo urry prior uring

adj ust nehfalthough iL&hterrﬂfodﬁnemtst @tinonso lraitingX &op beamplbiaf ﬁlfefcbpﬁnm@ﬁlhng@ese
material may b dded to the ueous slurry first, followed by pH
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2011/ 10?%5%%0# %Btfzéo?&ﬁegg%zr%ggﬁdeﬁ{mﬁ&l gpabgez%eig) gvé%@%‘f)ggﬁ/ﬁ% iy e i ?A i,

i ncl udenartganesarselph@tt nhdyhct eglded et a smictigraioolof fivne .0t omD ke ‘syjtvpiwt ezyt/wt)
phosph [ and s m }}%lcate s.nop-limtin exa e case
o 31 r dBiheEPg R S CIRVCERYS KOsl Behhayrod b SeTBi: 0Rd-8ho t he
surface, 9% Byh@elgﬁtr & £1,65 (WOwHRRH (.Hetdd@ 5 1931 §eight Bf khe (@@/s@) ﬁaﬁy sedhun
silicate, si'lica my be precipitated onto t'he surface he particles to
coat tHe tbearpplpc les particular embodiment, 0.05% by weight of AlLL,Os; (Wt/wt) and 0.2% by

weight of K,O (wt/wt) may be added to the pulp, and in another particular embodiment, 0.2%

by weight K,O (wt/wt) and 0.2% by weight AlL,O; (wt/wt) may be added to the pulp.

Although dopants may be added to the pulp, in other embodiments they may come through

from the ore.

After any desired additions are made to the pulp, the pulp can be calcined. In an
embodiment, calcination takes place in an internally fired rotary kiln. Generally, the pulp
moves slowly through the kiln under gravity. While in the kiln, crystals grow, and if desired

are converted to rutile. In an embodiment, the calcination temperature may be higher than

generally used, such as 900°C or higher, or 1000°C or higher. Furthermore, the duration for



In one exenpl ary enbodi ment, the aqueous slurry conprising particles of
titani um di oxi de (or doped titaniumdioxide) is introduced into a tank for
stirring.woheliaguassus slurry's tenperature may then be adjricsed/ds:e$5C and
its pH adjusted to 10.5. The effect coating material may then be introduced
into the stirred tan{< in an arméulr;t suffici eft to .Eroduc dE.he desired

coat i n2IHEH OB IREONEY: BtBdiceI U 98 B hellghPartieHako 8P iRantc§ i e 1%
silica thymidinran p&¢&§gg3 e GhRXhER) of the AANSLihAs FSHAtp! th@fonantpoeueht 30

m nutes and m xed for 30 m nutes. To produCe a 3% by wei ght dense silica
coat i ngy a8 610/ minufawhiont thenexaict temingratetc oxiselegted o guivieel an pnathse kagheo§
manner .. | n an i ment....sjlic be,added. tpo th tirred tank in the
form ofbebﬁeeenc 83{? %gﬁ%aweé‘%l}tadm%tg‘i Uﬁiy é'lfl?tihgrapgglcuﬁr em%f%l% c(i%[ﬁ‘ t'B% 'dense
si li ca Meaénvard pocelss elid Refetaturt BEthb Qg NYrdasddag hapl)of T/mid Re1039P¢] cl es,
the pH may be adjusted by adding sul phuric acid to the stirred tank. In a

part i cuPze ¥BYdiiaeheds thepghmperatuse mgy it beheld déd 03 Er fos 30rimytcasAfter bring
t he pH . . i es to f j the pHto 1.3.

e pr sl e phf B8l sl AR Rt WIBE A BL o0 he par i o s
of titani umalilmugaherexcaprty prdcasy dexcdba bists ccraltadgstictdilyd@nte silphaca,
they may then be coated with an alupmina coating.to assist, onward E)rocessi ng
such adresastrihe inspducten ofthensitaium fligxidenhael Heved tthase—phrmayerewlrede be
furt her i 0 LO I na i o} ti ank,
caust | ORI Pl oty IRFa SR pREC LS Moo po0SHSy JEAhe T e
poi nt tprecessmt @anthdorgle préess.ank are m xed for 20 m nutes. Thereafter,

sul phuric acid can b dded to the tank tq adjust the.pH f.0 .6.5. Once
coating hao HEaRISs) BF dachpheT drPUETOBofe oot ik AT SSRFTS 1 ok
titani umdihexdidgideRYs PEHMRPIeLsRMdb LSRR Af @Bt Ndbie ifhi@ialdaiPMzer or
fluid energy mll. Generally, this grinding step separates particles that
have beawnticesuskiacogeidr seer cogjinghdha diganivrg dodderextibyts ngcersassdedlyr dight

Furt her nor &. duritgl tthi s fina 0gri ndi n(grbaite trt1e effgaqt . coat ed rT(Zt e.rdi al may
be tredl @GN HPA ST #RlURY Lt HEA THOML ST LR Y COFE St BT HE LREEise
appl i cat high exidbitd @€ eccd phadiodR@tysic abEVitided iMptdiebtdidpbiitileg.i on, organic
surface treatnments such as treatnent with polyols, amnes, and silicone
deri vat i ves.InGegari.cit i offige edesiretde e dage tignipmpdiovide trdledi sirsr Sicbnticyl of

the eff | i | OXI 0]

i an dioar s qid AL Aepnac P ML B4 PR TR a0l e
t r eat edidc0 el it dppadciate irpwet ipling Guttads ssiha er beaalahillong is Mokt offcatipd and
particles that are greater than or equal to 5 1..tm.in dianeter nay be
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t he effect. coate artjcul ate terial. may .be di spersed wi t.hin a nmedi um
The mediirmaoes B eahaGigntTor ol Rb OB SaneAte B FHPE. whi ch
the effect qgal&drPéHct WALLRS QppREREd Mat SN HigPRAI $68ing8Rehy BEhdeR but
isnot limted to, a resin, carrier, binder or a mxture thereof
Enbodi riewes asfectsheSwehf eféactscmgtudd dispeesiiiiliyn phiododatkdytpsr meitessactlowestabili

r educt ia%§ %ro]fjst%%%tal so relatively transparent. Such |lower tint reduction is
benef i 'aIP PRSE3Y OUr ed systens where a lightening of the colour is not
desirabl e. |Eff@ooPamigSAsterifls @mEhalude, thut ard wom [hiexd e siiag Rnbd ghephdit
reduction which increases the |ightness of colour while carbon black has

t he oppdliiat girednie cluramiyng phesnhgics HEanid, gy aeidgory, raanggnesgrand\gsriveL. nNats
titani 10X i ST ' i)t s ' i ffi -
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one's abi | i.tﬁ.tﬁ]@prodgce .dijrabl e bright, vibrant col ours. By way of
backgr duAesiretiyfesaaisdpartiglesol our property or a dinension of a col our space
that ref | ectigdie O hgGHE REIRARE W8P PhtafinfPliBilde) AT BURbald WHPLRSS
this property/colour space Is by lighthess L*. L* 1s"thé result of the
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To formcolours, the conposition containing the effect coated particul ate
material nay be bl ended with one or e col oured pignents. Such col oured
pi gnent or pignents nmay be any col oured pignent(s) that enables creation of
a desired colour. Al though col oured pignents and the resulting colours are
not restricted, it is preferred that the col oured pignents be selected to
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Accordi ng to one enbodi ment, the coloured pignment is selected fromone or
nore i norganic colorants, one or nore organic colorants, and a m xture

t her eof Bxerplie®i1e38 i norgani c col orants include, but arecwmaB2bimisozmsd to,
coated or uncoated netal oxide pignents such as bismuth, chrone, cobalt,

alliu indiym i.ron, |anthanum, ma nese, denu eadym um nj ckel,
O bl o A B By B GrOTE o Oh o Hhoul Ty e oLl B ot
2011/ 10)GERRITHERZRLAARIRE BoRIaaTRAk: dighdkycompl ex i nor gani ¢ col our

pi gnents, “such as those described in U S Pat. Nos, 6,174,360, 6,416, 868
and 6, 541, 11f colphesdemidermatenals emthsasafermm ehdaare ihadndddyinithe orapiog anasetidby

reference., Thus, it..i 0ssi bl e t.hat el | ow enbodi nent and a ite

erbod hiniTgRt S7BieT SPARE it saRRtaon o BanGcheBy a dgHe Hany fhe
enhancegodaghfidkdanditshkidhaR, Bit MR dheealtal yStoSebout 0.4% EXABRhEST REs, @:gani ¢
pi gnents include, but are not limted to, copper phthal ocyanine, dissimlar
nmet al  (&agplonpp kepbout §aP by Weight or dass,. or ubHe 1 p@dyg%ihw,vela igtsafl pxto

pht hal hne j I F Of | - br.om nat .

Pt hal aoyanones i seBREHE N AR JGHA NS (EiBh BRYEA R AR Fiiu,
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pi gment, nonazo system pignent, diazo system pigment, condensed azo system
pi gnmentdy ng%ﬂor(’f%pé& Y /fePrY ﬁfle@%nt_, qui nopht hal one system pi gnent,,
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emul sifiers, texturizers, adhesion pronoters, UV stabilizers, de-glossing
agent s, sinils _d@:ffgantlﬁ aapahftd fsg@mr';swgelag drffosentwefifack r@aama nngieride gllneyg diengsaige Et s,
boen suPprH Gy s th Bh BT RLO% G Fiisehaving « ATERuT FURBSTud clfs. ' "
parti cWnatenboaingdrtahe phrtie RIRASEdatc@NSitlP P, dash hoderR¥ 6Rich,abtprddMcprairet i on
when such conpositions are applied to various nmaterials or substrates or
used i rinfl@iseivigh zreont tepreduse setherdaxs| ar radiation. In conmparison, if the
| evel s of pi ' ' | Q%I | ous

pr obl oms. can Aoy G, ARl APLUINE! B, Fyih e BRS R UL
titani yartblexiodeopédtitaeiusn diokalerpastcled) mpobe etillédpii@ns watimptfobe.g. after
1| STt ahE e oGRS St B il !
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part i cUMBIUCTNRCET S PRGICIS (L AR 24ESHTRg to an enbodi nent, a col our is

provi ded by 1defRtHe: @ dWhi NHGOARNE Qi RIBAEM-(Ads hidy USE dANhilldd WA a
proportion or ratio they should be used to produce a particular colour. The
WV pr otRayniond redlpandi thén yet maledviere, finesmeidip emtd enntaonng eawenowhtPationeof t he
ef fect coate art.icul at terdal,d.n the. WO 2011/ 101658PCT/ GB2011/ 050268
conposi Bt ehBrigiEna® Br SREH BaobdrgRind af g &1 SF RUo RBFELP Ve
capabi Irhillyng, i S@EEnSTBO chiparitddStroite SRAGEAIchadsi BNsctiing be asf beet seiedied
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about IWsdHy te, BIrmfee aggoresdtyhan or equal to about 40% by vol ume, rel ative

to the total fi .t It - k2. O ' S
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alternatively, the pH of the aqueous slurry may be adjusted while the effect coating material

is being added to the aqueous slurry.



I n exenpl ary enbodi nents, such as when the conposition is used in a

pl astic, the concentration of the effect coated particulate material may be
great er twenoorioeggsal to about 1% by vol une rel ative torchaH201150268] une of
the conposition. In another exenplary enbodi nent, such as when the

conposition js used.in paint or .a coating, the concentratjon of effect
coated part ivurdECETaE epiiag mayrids Hreaedie, R T EduRIod B aBbu Ty
vol une ﬁ%bﬁh@;ﬁnﬁ&ﬁ, WobHodil 4R, WiB s8liukN&1i6AEROBbhBMting examplEQ ﬁlﬁ&@é n the

sanme position in colour space, the ratio of coloured pignents in the
conposideboal zisconhun salpbatei rirqgenplpont hyhoxide mayntropiicoprittsd onto the seffhescol
coated particul ate nmaterial . For .exanple, t.he s position.in col.our, space
may be BeRratla T olotBineRiiend: Uoneaner 20U SR IRadS Braraped
C0WDOnQﬂﬁ&ﬂk@uﬁ@ﬁﬁﬁh&ﬂ%@ﬂ@eﬂﬁuﬁhimﬁphhﬁkﬂﬂbOdiﬂEnt of the effect coated
particulate material. In this way, a w de range of col oured systens can be
creat ed wi t Hnjansraxes@lany cprbetimecnt.vidc aapeis| Sluryy BympEsing partislestadditanium
concent 1.at:] h ffe coat. t t terial -havi r ow
phot eVl e ontofafiub aloniRFSHRRLLE 1B € IR & Badl2 18 KEbke 0,
di scussdry’emdigshrarert Sapihdnhie: ptjesahto T3nemid anpHr&ljusedd ol 0.5 ed'ht et 0.
For instance, the effect coated partjcul ate material may be used at
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or in r (! i L, Sl : il

erbodi ot R REIEPRR bl B aBIc, T BroEC Dt LY BRI o e, o e
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wood grain . to be observed after its application.to one or nore surfaces of
B wood TBbFAEeT S0 MmN E6 PRIHE § 3% e EOHB GEP B cOHEaPr g KR Bt e
coat ed RavithhiGH AbEdORE QAR inTRY s Maftkr] T ADYmbYABCRS sARR hiaGaki@BepRd
applied to any one or nore surfaces of a material or substrafe. For

i nst andhbg s tealpabe fargno ithy consinggeaterial spdibmtsilicatevar ni sh, an iffl(, a
plastic, a cpating,. a rubber.,. etc..to nane.just a few. Furthernor

Potent | al - magopicapled alreiis® uint ol PG G0 & (iR BAPRRITORD 08 ¢ ons
may be rapiléseehetfH oy LrRnMjustaWy 88 aiSulbiugic Woiditaithedirasdtan ) Cintd farBe)ar
material, substrate or surface that may be exposed to UV light, including,
but notembodimen, suWphugichasid Biandeaddedentr Ghmantesnteriring the pllatoet-s tapdehen g
portabl g .. YO 2011/ q&g&ggﬁ{[gﬁggﬁﬁgq59268 container, a road surface, a
textile, an arrcraft, a b ag, a ' ship, other types of water craft, a w ndow
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conparative sanpl es whereas Sanple C was an inventive sanple. Each

conpar addektosherpnk to adjusidbepHRGOG- t i t ani um di oxi de pi gnent (avail able from
Hunt sman Ti gxi de Anericas, |nc. igh.is super.dur abl.e redom nant |
Futi e pi gradtenating Bt qbsdecdmi el b el RRACLORTIfy GRERETOAIRNY.
parti cltRafiidmediofid® i TR WwaSedning deiddnsdford edindirgaini A1 mictoaxtider Hai dgran
average particle size of 0.87 lam predomnantly rutile in crystal

st ruct upll. erperdlyi s grindisseerssappiaiesparticiisihathave bean; stupk together dprag ignpl es

Tabte” LORIE OB s okl Fih B il W) SERTGRAMIELED (RECREE, D9 T
wei ght gonedimeadridehonbe aclhtydimathya sunfickitcoagheradf yiésired raesordingsolthepiid-ugar bon

bl ack tint. and tting and di spersin dditive. The tint concentrate was
t hen mqppégat\%pt %u\é\faé% r[re%tg}elnbst iinﬁ]iu_ge, wftho%t ?ingltation, orgarﬂc surface treatments such

as treatment with polyols, amines, and silicone derivatives. Organic surface treatments may

improve the dispersibilty of the effect coated titanium dioxide.
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In an embodiment, the thus obtained effect coated titanium dioxide may be treated to
selectively remove particular size fractions. For example, particles that are greater than or
equal to 5 um in diameter may be removed; alternatively, particles that are greater than or
equal to 3 um in diameter may be removed. These two sizes are exemplary and embodiments
are not limited to removing just these particle sizes. In some embodiments, selective removal
may be performed by centrifugation.

Once obtained, the effect coated particulate material may be dispersed within a
medium. The medium may be any component or combination of components within which
the effect coated particulate material can be dispersed, and includes, but is not limited to, a
resin, carrier, binder or a mixture thereof.

Embodiments of the effect coated titanium dioxide provide a lower tint reduction and
are also relatively transparent. Such lower tint reduction is beneficial in coloured systems
where a lightening of the colour is not desirable. In comparison, pigmentary titanium dioxide
has a higher tint reduction which increases the lightness of colour while carbon black has the
opposite effect of reducing the lightness of a colour. While nano titanium dioxide is
relatively clear, it is notoriously difficult to disperse properly resulting in variability of
pastellisation. Thus, use of pigmentary titanium dioxide, nano titanium dioxide, or carbon
black limits one’s ability to produce durable bright, vibrant colours.

By way of background, lightness is a colour property or a dimension of a colour space
that reflects the brightness perception of a colour. One way to express this property/colour
space is by lightness L*. L* is the result of the CIELAB formula for defining colour space.
Higher values of L* are closer to white and lower values of L* are closer to black. An L* of
about 50 is midway between black and white, and indicates a mid grey coloration.

To form colours, the composition containing the effect coated particulate material
may be blended with one or more coloured pigments. Such coloured pigment or pigments
may be any coloured pigment(s) that enables creation of a desired colour. Although coloured
pigments and the resulting colours are not restricted, it is preferred that the coloured pigments
be selected to minimise absorbance of UV light.

According to one embodiment, the coloured pigment is selected from one or more
inorganic colorants, one or more organic colorants, and a mixture thereof. Examples of
inorganic colorants include, but are not limited to, coated or uncoated metal oxide pigments
such as bismuth, chrome, cobalt, gallium, indium, iron, lanthanum, manganese, molybdenum,

neodymium, nickel, niobium and vanadium pigments, composite metal oxide system
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photocatalysis.

Examples of organic pigments include, but are not limited to, copper phthalocyanine,
dissimilar metal (e.g. nickel, cobalt, iron, etc.) phthalocyanine, non-metallic phthalocyanine,
chlorinated  phthalocyanine,  chlorinated-brominated  phthalocyanine, = brominated
phthalocyanine, anthraquinone, quinacridone system pigment, diketopyrrolopyrrole system
pigment, perylene system pigment, monazo system pigment, diazo system pigment,
condensed azo system pigment, metal complex system pigment, quinophthalone system
pigment, indanthrene blue pigment, dioxadene violet pigment, benzimidazolone system
pigment, perinone system pigment, indigo/thioindigo system pigment, dioxazine system
pigment, isoindolinone system pigment, isoindoline system pigment, azomethine or
azomethine-azo system pigment.

The composition may optionally 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, spacer particles and biocides/fungicides.

As discussed above, it has been surprisingly found that elevated levels of the effect
coated particulate material in compositions provides for excellent UV protection when such
compositions are applied to various materials or substrates or used in forming articles
exposed to solar radiation. In comparison, if the levels of pigmentary and/or nano titanium
dioxide are increased numerous problems can result. For example, increasing the level of
pigmentary titanium dioxide lightens colour so its concentrations cannot be significantly
increased without changing the desired colour. And increasing the level of nano titanium
dioxide increases the potential for UV stimulated photocatalytic activity so its concentrations
cannot be significantly increased.

Furthermore, it has been surprisingly found that a coloured composition can be
formulated for a wide range of colours even when such composition contains an elevated
level of the effect coated particulate material. For instance, according to an embodiment, a
colour is provided by determining which coloured pigment(s) to use and in what proportion
or ratio they should be used to produce a particular colour. The UV protective capability,

however, is dependent on the concentration of the effect coated particulate material in the
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composition; the higher its concentration, the greater the UV protective capability. In some
embodiments, the concentration of the effect coated particulate material in the composition
may be greater than or equal to about 1% by volume and less than or equal to about 40% by
volume, relative to the total volume of the composition, and in other embodiments the
concentration of the effect coated particulate material in the composition may be greater than
or equal to about 30% by volume and less than or equal to about 40% by volume, such as
between about 33%-37% by volume, relative to the total volume of the composition.

In exemplary embodiments, such as when the composition is used in a plastic, the
concentration of the effect coated particulate material may be greater than or equal to about
1% by volume relative to the total volume of the composition. In another exemplary
embodiment, such as when the composition is used in paint or a coating, the concentration of
effect coated particulate material may be greater than or equal to about 5% by volume
relative to the total volume of the composition.

To retain the same position in colour space, the ratio of coloured pigments in the
composition is increased in proportion with embodiments of the effect coated particulate
material. For example, the same position in colour space may be achieved by doubling the
concentration of colored pigmentary components in a medium and doubling the embodiment
of the effect coated particulate material. In this way, a wide range of coloured systems can be
created with improved UV protective capability by using elevated concentrations of the effect
coated particulate material having very low photocatalytic tendencies.

Although coloured compositions have been discussed, embodiments of the present
invention are not limited thereto. For instance, the effect coated particulate material may be
used at elevated concentrations in a non-coloured composition, a white composition, or in a
clear composition, such as in a varnish. For example, in one embodiment, the effect coated
particulate material may be used in elevated concentrations in a wood varnish, and due to its
low tint reduction, allow wood grain to be observed after its application to one or more
surfaces of a wood object.

Accordingly, the composition containing the effect coated particulate material may be
used in any type of application and applied to any one or more surfaces of a material or
substrate. For instance, the composition may be used in paint, a varnish, an ink, a plastic, a
coating, a rubber, etc. to name just a few. Furthermore, potential materials substrates and
their surfaces to which the compositions may be applied to (by any known means) are
unlimited and include any material, substrate or surface that may be exposed to UV light,

including, but not limited to, a building surface, an automobile, a water tower, a portable
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container, a road surface, a textile, an aircraft, a boat, a ship, other types of water craft, a
window profile, siding, a sign, furniture, fencing, decking, and railings. The composition
may also be used as a stand alone composition from which an article can be formed. As such,
UV light attenuation provided by embodiments of the present disclosure may increase the UV
light protective capability and lifetime of these types of UV light exposed materials,
substrates, surfaces and articles.

The present invention will be further illustrated by a consideration of the following
examples, which are intended to be exemplary of the invention.

Example 1

Three samples of tinted grey paints were tested for durability. Samples A and B were
comparative samples whereas Sample C was an inventive sample. Each comparative sample
included TR60® titanium dioxide pigment (available from Huntsman Tioxide Americas Inc.)
which is a superdurable, predominantly rutile pigment having a dense silica and alumina
coating and an average particle size of 0.36 um. Sample C included titanium dioxide having
an average particle size of 0.87 um, predominantly rutile in crystal structure and having a
dense silica and alumina coating.

The samples were prepared by first formulating a black tinter concentrate. Referring
to Table 1 below, the black tinter concentrate included, in the percent by weight provided
below, a hydroxy functional acrylic resin, solvent, carbon black tint and a wetting and

dispersing additive. The tint concentrate was then milled with steel ballotini.

Tinter Concentrate % By Weight
Components

60% Acrylic Resin (40% 78
solvent)

Solvent 4
Wetting & Dispersing Additive 9
Carbon Black Tint 9

Table 1. Black tinter concentrate make-up.

After milling, the black tinter concentrate was then used to make a black resin
solution by vigorously mixing 6.9 grams (g) of the black tinter concentrate with 90.4 g of the

same acrylic resin.
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Referring to Figure 1, an initial panel lightness was measured for each sample.

Lightness measurements were performed by a Minolta CM-3600d Xenon flash spectra

photometer. Each test panel’s lightness value (L*) before UV light exposure was close to L*

= 63. Thereafter, the test panels were exposed at UV light, with lightness measurements taken

every 250 hours.

To test for panel lightness after exposure, the panels were washed with a solution of

mild detergent in water then dried at room temperature for two hours, prior to reading by a

spectrophotometer. Thereafter, the panels were returned to the weathering machine for

further exposure.

As shown in Figure 1, the lightness values decreased for all three test panels after 250

hours of exposure. The lightness values for test panels painted with comparative samples A

and B, however, decreased more than the panel painted with inventive sample C. This result
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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 that 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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9. A nethod of attenuating the effects of UV light on a substrate exposed
to solar radiation conprising applying the conposition of claim1, or any
of cl ai mew® 20m/i616580 a surface of the substrate. 10. ArsulsHoatsomeat ed
with, or formed by, a conposition conprising an effect coated particul ate
material having a substantially rutile crystal habit and an average
particle size greater than or equal to about 0.5 | am dispersed in a nedium
at a copept reEiamvws fy-n a range of from 1% by volune to about 40 % by

vol une, based on the total volune of conposition. 11. Use of the
conposition of any of clains 1 to 7 to attenuate the effects of UV |light on

a SubStIr. ate exgogoenqus%ioslloln%artriﬁgdl[ﬁ} Ip?o'%éctive capability comprising an effect coated

particulate material having a substantially rutile crystal habit and an average particle size
greater than or equal to about 0.5 um dispersed in a medium at a concentration within a range
of from about 1% by volume to about 40% by volume, based on the total volume of
composition.

2. The composition of claim 1, wherein the ratio of the average particle size to
average crystal size for the particulate material is < 1.4.

3. The composition of claim 1 or claim 2, wherein the particulate material is selected
from titanium dioxide, doped titanium dioxide and a mixture thereof.

4. The composition of claim 3, wherein the particulate material is titanium dioxide.

5. The composition of claim 4 wherein the effect coated particulate material is dense
silica coated titanium dioxide.

6. The composition of claim 5 wherein the amount of dense silica coating is greater
than or equal to about 0.2% by weight and less than or equal to about 7% by weight, relative

to the total weight of titanium dioxide.

7. The composition of any of the preceding claims further including a coloured
pigment.
8. Use of the composition of any of the preceding claims in a paint, ink, varnish or

coating or as a composition from which an article can be formed.

9. A method of attenuating the effects of UV light on a substrate exposed to solar
radiation comprising applying the composition of claim 1, or any of claims 2 to 7, to a
surface of the substrate.

10. A substrate coated with, or formed by, a composition comprising an effect coated
particulate material having a substantially rutile crystal habit and an average particle size
greater than or equal to about 0.5 um dispersed in a medium at a concentration within a range
of from 1% by volume to about 40 % by volume, based on the total volume of composition.
11. Use of the composition of any of claims 1 to 7 to attenuate the effects of UV light on

a substrate exposed to solar radiation.
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