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TI TANI UM DI OXI DE Enbodi nents of the present invention
relate generally to titani um di oxi de and nore
w@20obitdakarly to titani um di oxi de particul at e PEL/6B2@PH01096
and conpositions. In sone enbodi nents, titanium
di oxi de or doped titani um dioxide particulate materi al
scatters infrared radgjat.i ffici ly in the near
infrared (NI R) regioﬂﬁ%ﬁbﬁﬂgﬁgﬂgg%ﬁﬁ%1 In an
Enfitaeidte i 18é preseRMRShtidiD PelateNenBANTy ©UlidhRniTBioRkideddnd more
I's conmbined wth a non-white col orant having | ow

Pagtissdirpt 1oottaniim dioxiderpargiiels mteipe 23pseMPATHIoNh sone
embagisgRRt dnbddihans UMtaai@Xi6eias ofBpeh titdhath Wldxide particulate
di oxi de particulate material is coated and has i

malig SCRIRES prisEGE sedipiien effigiently inythe TRysintigresyNIRY region of the

sp&@RInRl I RY e}rﬁbﬁinﬂ%ﬁ%&i aakoﬂﬁé(sjﬁ‘@?’,ethie ; LQMBSe material is combined

photostability relative to simlar oduct's contai ni ng
withoh pesrtvihéigadolarpntdiiving WivoxhsgeptiBACKEROIRDegion Phe spectrum.

I NVENTL egi.on, of4; 146~ 3 .

R T80 410 B BLLP JRANSS i v
matervalrig chitgh anéhieetianow pirdogagad yide dctabityo rijpws oproducts lebstaining

o 00 AR TN ARBL S coniin

copmemtiomalggahiem dingliee. sol ar il l um nati on and | ower

B&@ﬁ'&g@ﬁﬁg&fg?ﬁﬂlﬁ%kﬁpﬁ ower thermal degradation,
u [

| iproved i'ty, greater confort, |ower air
The ONIR tregionngf destlectramdgiedugedireny iieo bapideal 700Maadt2500 nm.

A current envi.rongental focus,(and cost.facto is to
Mt o Bt A etae, w6 R RO MRS sy Wb Ege may be
ad Witd gdoig i mahe applycadtions CHHUCRIsANnte, CiYddudts aHdB FrapStish imdterials

to use roofin roducts.that reflect solar energy. The .
tengdeIops D AAYT gﬁd@rwgcflﬁ%wni\@%rheﬁ (BBA) temsfw%étca? result in

lowdt tihédmale degQUbti®s Shpedvedl QRPafiRiyt Chesher eintiBRt | Mwer air
roafing to have a m ni num Tot al Sol ar Refl ectance
condigeging Logsoand jegecsh evdionneatt! frbifiict s may be able to

Meets Edtrént BnRirBhientBliochY (Adeédst PRk &s tHAducOfhe amount of air
i ntensely col oured products may not be able to so and

conditigning riseded '8 cPSRPURAINEHePBRV VB0 Jediresdr gambidpning§asts is to
useTQb&i@%r&cﬁfé?st fha? RERYY @@PJ Qhet Q%e"\‘m @nogo%t&lﬁtaﬁg’rotection

i ntense col ours aesthetically pleasing, but want the )
AgapratiibayeBnesgy Stari lghiative Spauirgsgieepoiiene {piithed trasidentiphyoofing

to ngeaé: mlﬁ\‘r{:ﬁ% T8l ishi L& e NRYS (Eﬁ@f otg%aﬂ%%telj L8BEred products
with white outer surfaces nmay have high sofar

may dfd algde dpoeeetiphis minimugp| lpurbyi theifesdtured dahk or dpienssdy lvoloured

prdd%lﬁér}ﬁg'}; h§tf RELRE Yo s’g‘la%xﬁrtgﬁ kovﬁinye’ a H‘Sﬁhwg‘l?lbglrow 25% such as 10%
reflecttance may be achieved :

or less. This can create a problem for those who find dark or intense colours

aesthetically pleasing, but want the advantages of a higher TSR.

High solar reflectance may be achieved in different ways. For instance, items
with white outer surfaces may have high solar reflectance, but if a colour is desired
this approach is unsatisfactory. Alternatively, high solar reflectance may be achieved
by combining conventional TiO, pigments with non-NIR absorbing coloured pigments
and dyes. This approach is also limited because the levels of conventional TiO,
pigment required to give the desired levels of solar reflection will necessarily result

in relatively pale colours. Therefore, darker or more intense colours are not possible
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by conbi ni ng conventional Ti Q2 pignents with non-N R
absor bi ng col oured pignents and dyes. This approach is
WQ@PR®o/1B41dd t ed because the | evel s of conventi onBCT/GBEWI/001096
pigment required to give the desired | evels of solar
reflection will necessarily result in relatively pale
. colours, Therefore, darker or nore intense colours aﬁe,
in figh pEeedivei formuteon fRpPeaRether FUTREN Yy i VIt Hayss having a
higBNQJIfe ket S1cB3hby ®e ﬁﬁ;}_}m:kltﬁ) laAaYiedm Nnidtd i A il GheSBY a5 layer
refl| ectance may be agg ied to an item, which is
contginingnBlR yanspargyie colowrrh PR N ROE rRigpaiednevercoat does not
reffe® QULRP NITEAIRioh NG NP GRRAL &5 QURK GEAY pdORSe MOlakes time to
reflect or absorb NIR radiration. This systemtoo is .,
apphvtthe dwal diffeteatiseatst theykedn, tif mot tRsoRgshl yPRlivel, trggplt a “paichy
appghxfagqﬁg exgittlg Cat ﬁrhilté hﬁ)ﬁe%@t shr)w tlﬂroggl? I po¥ti B | lfeﬁile coloured
result a "patchy” appearance wth the It e under coat
oveg¢rmni rngdt feocglbupardyi dighteof ovdietioel aurthe wypraogbareathensl away
mq%gﬁ GRLRUILdIRY,.l | ghten over time as the overcoat
weathers away exposing nore undercoat. Thus, there is
a nElae, ftiereds hirghd tfot ahighologal sobfrirefie¢tive maeenl dlat tshatailable
in 4 %ﬂ&vz%ln!g?% %atlkrér |%r Wlo(iig il%t rps%eco?c];urg rall(lev(/mgp pe Wt ferwWise St vable
colours an woul'd"be” ot’herwi se achi'evable for a given
for sogaen rsefdreteflamm_:e. Siuch cotduos iscludec nidieores dintlcaves daricer/more
int R4S iRl Mo gl GO 0 e P “apl gL detem 1 apply such
solgotediicetief lcouirate nCdridls, e ohhivht esr &k SysedhinCh r@age € appéidations
. Jjn.a range of applications including roofing surfaces,
inclyling 1601 AUTFAGRS PIENET HOBS £ SATRECS. 21ch DRI fagits way.
conSMMSHMRHEIAC Atk HaRenitbay ettel e ant heith Waeth Whd hddafredd coloured
the desired col oure S@ﬁea[ance and_ goo SO

d total ay
SPPPEIRPER BTG EOOFHALE ol el ek THER 1Rt Fryidribet gontibute to a

coof&0li®ingl bMHPEhnRAY | An@Vdre Rdduddfl/ad cbRUH6/Eg ddrdergy usage, thermal
condi ti oni ng ener%y usage, thermal degradation,
deggalptippn AN AP PHES. AAmraoneditiongaE ! fa gitshal

ver FifGonA8Ai tibRBatipbsed 18 MheCXRPIRE 1ot (€ pAbRsE@BY and can
not be photostabl e and can prematurely deteriorate.

premguielyt dpsriorasudivaly Bemntisclugings PRigss. pPlgaiest roducts, roofing
proli@Ak, BEd RGN todver B pHSRMRT HOY &ohiigh RESHUG! &ioxTRY A 1though
_contain titani umdioxide. Although titaniumdioxide

titapiuge |dioxdde dtsalft depsgnetddesredne thet exientt ¢ whiieth aanit¢m egantaining

o B 20, o R I 00D
diopidgpigmenisged imthehitenit em For exanpl e, and wit hout
o 8, BOYH, iyl DR ST 1P S8 e o
absprbe Y déght oitais thoghtt teatenggiettenels Priohwtabrdadighrc@nergy level
(thes ggg%%csyngzre DGy ! x%%ggs tt reoulgﬁ tt&lie Cl%ttic-le-h efhree§el’lslu}t}n%g vacancy or
“hole” in the valence band also effectively ‘moves’. If these mobile charges reach the
crystal surface, they can be transferred to the medium of the titanium dioxide
containing article (e.g. the resinous medium of paint), and produce free radicals
which degrade the medium.
Thus, there is a need for titanium dioxide particles having ultra-low

photocatalytic activity. Such titanium dioxide particles may then be used to improve

the lifetime of items exposed to the sun. For example, such titanium dioxide particles
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"hol e" in the val ence band al so effectively 'noves'.
If these nobile charges reach the crystal surface,

W@ b@y/13@m be transferred to the nedi um of the PCT/GBRAWAI001096
di oxi de containing article (e.g. the resinous medi um
of paint), and produce free radicals which degrade the
medi um_Thus, there is a need for titani um di oxide

may, b 14sefl 68 FPRTingHian pHG- Mably PRt OB TH Y Pt binggrs. and the

1ikeSU6 NerdokHedNihb Bve 0 e R tal Ghaspb® fidien be used to
inmprove the lifetinme of itens exposed to the sun. For

exanpl e, such titanium dioxide particlesnmay be used in

SUPSIRR FaOFODEY fvRNGROW Phot ost abl e resins, paint
bi nders, and the like, to I engthen the overal |

Ip thet firss pert of tharinesnponetheinresent BYPMARY POFVidesE in a first aspect,
a cd]%{%&%bwogﬁ&l%n{ﬁr{s% part of the invention, the
0

present rnvention provides, in a first aspect, a

eol ¥R eehttwmgqsartmldatecroatpnalsnhg matdyi R edeg t@eaterg from titanium
par | ate t.erlal terial LN e I el

ti t(}al?])flﬁ m % atamuénodlog dte I ancloumrlf)]lr(l:fit%XI élgerg%#d%ge ater1a?rlpav1ng

condai mtrag@necyﬁﬂae mefof gtdater tAdre0 48| wih awid ngpAticRWwezeadjtribution
crystal size of greater than 0.40 mﬂand a p;@lcle
S| féclaf%qtﬁ et a¥pre GF Fhe raticlsereoleshiiag lotmy

Dar&de‘drerﬁoéfr?od @hfte tPRRnt; ™ and one or nore
non-white colorant; wherein the particulate naterial

wheapiel theepartipulpisi matesisl ondrihe aoa- wiisp epkosantvire lippegsed within a

veh}’c‘?é“ cle. The particulate material with a large crystal
size has unusually high reflection of NIR radi ation
andbhespartitularrematsirial wiibtd pegdbtny sl gizaileh adusuelly dighareftection

Vi I ght e LRI : -

of 1 SodisHof o2 FPERPLAL bR R B BBe BEAPER e vt

lighs woimpNtela wcatrtveniiogpl magreertsl Thmmmpmhgg affeceweans oo lower
e eve n advant

conQnF 8€\éuc lgé%lsc%ﬁterm&qm V\ﬁp {ﬂacaéloﬁt il gcarPeve a Igea%‘ %ﬁle{ {leghon level.

An adttitiens aman@lgweis thar kdlbwer léwet ef i minewBize @olovait. is required to

hurprlsmg%rk afﬁartlculat rmterlal which is a
achieXp oy EFNFLLA ¢ YIAP TP EPE T U or doped titani um
di c&alrplrembgl@n dBe pBrtRuROPARIial OMiod {she targaekstal tmmmarcﬁoxme
or et T BBt Epinth e Pt O s
coldi@én/eblopaiatl wlingdt RindiBN taffleStike tite I €F1bGC LIV theOlcomposition. In
visible [ight and does clearly affect thF cal our, of

a
contraip sOnY s akaldUa gPigleHo s ef@%wﬁﬂﬁ%{w& of tjBlet fjght and does
cleaPBT bitedt! Bfe€ cORLLIIfAL ddaRUsikiOn! MEakPELSEMOtiLENGONPaRR, Thus the

which is a |large crystal titanium
particulate material used in the present invention, which is a large crystal titanium
dioxide or doped titanium dioxide, blends in a composition with a darker, or more
intensely coloured, colorant without affecting the colour as much as conventional
TiO, pigment.

In the first part of the invention, the present invention also provides, in a
second aspect, the use of a composition in accordance with the first aspect to provide
a single coat covering that has solar reflectivity and a non-white colour, or to
produce an article that has solar reflectivity and a non-white colour.

In the first part of the invention, the present invention also provides, in a

third aspect, the use of an NIR scattering particulate material which is selected from
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di oxi de or doped titaniumdioxide, blends in a

conposition wth a darker, or nore intensely col oured,
w@oloonsiel wi t hout affecting the col our as nuchPEBEGB2009/001096

conventional TiO2 pignent. In the first part of the

I nvention, the present invention also provides, in a

st AR Jorp SRR E o ORRE Ao RpL Beb nor U6 wverage

cry$1aV §iké B ghdagdr thas 0S40 i@ arnafﬂae@tpavuély sﬁl@CﬂlﬁrﬂB}Qﬁoﬂ\/&hdtﬁthat 30%
colour, or to produce an article that has sol ar
or per¢ @étthmpﬁvl%frﬁdara? Ieshthan { eeotificreasp thesotar rgflegfign level,

prefrabtiPe wni¥ e RlshOimiPhiRg eSe ntmam eRdriRRoR! RYePr BYi HeSoloured
inathird aspect, the use of an NIR scatterlng

Conr!mstti%‘lul ate material which is selected frontitanium

di Ofﬁ' g'lf% flﬂsqgﬁ t %?ttﬁg'lm&i Qx't ?éggntcﬂxqpﬁtﬁ]&} 'af%@s rr(])wdes in a

t here an average cr ysta Psize of greater
fougth4Gpant emartivks cempasing ¢l compiogigiotiis re¢dsdaricorvitutile fitshaspect.

30% o r; e . . . .
0% e TERPL 1 ESHLBIES, FRGfR ARl VRS ip o v
aspedts @ cdateil pagivubge mmenvals wheeimef | ection | evel, of a

(1 ol %uregteﬁgyﬁso%efecgenﬁrom pa% o;dsg 18ear &o&ed dpa%lum d10x1de and

nventToR nven provi
fowdrﬂblaﬁhmsttheralf article conprising a corrp05| t| on | n

accordance th the first ect, Int part

GRS AN YR RSP gt T

(i) I b CRBREAE bompriseabRdoPalokd deid@trﬂatﬁﬁﬁlerw}ﬁernV’bh@rnﬁitéhal is an
(1) the material is selected fromtitani um di oxi de,

dop®dds Pt aif eAM@F o KieaE BB A nat i ons thereof; (ii)

t he(a;rgwg al(ra@s afd 12 UEIBAG Lark iRl Bbtafl Feecd #6RATEIZr and Zn
t han mm and (iii) the coating conprises one or

rmr%l(ﬁ(de material, wherein the nmaterial is an oxi de

@?gra{p LS 1§|<ﬁlmrv§ Mﬂ&& @Eﬁentg @Am%@tf% k! XB)p and Sn

transition netals selected from T Ti, Zr and
Zn aalﬁénror (b) group 13 to 15 (I11A-VA) p-block
el e ﬁ@&gct ed fromSi, A, Pand Sn and/or (c)
| ant hani Surpri si ngly, it has been found that by
confiirprisigglyar gehey Ppsemlfornd ghituhy déaxtinimgotarga rcgESfal titanium

o8 o BN TR SARIEENY A o o
tecltfiobogiche ipprdvied|tgagiam dioridepapticde gontgindag pmeluodstcan e chbtained,
with low levels of photocatalytic activity that were previously unattainable.

The coated particulate material is substantially white. Preferably, the product
has a lightness value L* (CIE L*a*b* colour space) of greater than 95, with a value
of a* of less than 5 and a value of b* of less than 5.

In the second part of the invention, the present invention also provides, in a
second aspect, the use of

i) an average crystal size of greater than 0.40 pm; and
(i) a coating comprising one or more oxide material, wherein the material is
an oxide of one or more elements which are:

(a) group 4 (IVB) and 12 (IIB) transition metals selected from Ti, Zr and Zn

and/or
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with low |l evel s of photocatalytic activity that were

previously unattai nable. The coated particul ate
woredoens@hl i s substantially white. Preferably, BE¢EGB2009/001096

product has a lightness value L* (CIE L*a*b* col our

space) of greater than 95, with a value of a* of |ess

par D) Groni oGy A wdloskElenint Rted Bkt ¥ tnd sn

pr aniddgs, in a second aspect, the use of (i) an
average crystal size of greater than 0.40 mm and (ii)
a C(Sg%nﬁt@nﬁ?ﬁpri sing one or nore oxide material,

to MRRF ah® ghacocaRl@id abtivisy @ DXl idf se@ideedO Froi®rtRanium dioxide,
el emrent s whi

] .ch are: (a).group 4 (1VB) and 12 ( HB)
doppd Hipsi SHOWiRE arscambigerighs f?xﬁ@ﬁhi, Zr and Zn
andhohé Rpcidophp: 38 thed ink@nfidd,| e W seRt Blveakof sy ploSides, in a

.selected fromSi, A, P and Sn and/or (c) |anthani des
third pspeshether w8 Yhdtrrteral| it 3ccoudapes, Mith e farshatract gf the second

S8 #e3r8¢k tHOMAbHRN aHIH 12X 1€ of dANSHudt] thaNis WRpHEX ot
par_andﬁlg%nb? nat i orns1 I?ﬂgr eoof. In tr?e gggond partsue!(;%P theO oo
during\uspit i on, the present invention also provides, in a

t hiIBQh@%Q@&M* patrr'%f 't'ﬁeeirgfenﬁ‘oxﬂ%gr .ré’éen{ thv@afi8h %@é&c o‘McieE', in a
the first aspect of the second part to inprove the .
fourdly sgisick.i @ proguey et isi éxppbaetoghe gup dwdeg vsq. [the preduct comprising

mattgﬁBQ§n%QC$1%aﬂ&ewtﬁﬁ B IR %Qlt;éé.? 6f tHelseb Ot ﬁﬁ?.ond part of

e I nvention, e present 1 nvention also provides, in
a fourth aspect, a product that is exposed to the sun

' o material in
DE'g}gyéE aﬂnégcﬁi?ﬁ"?ﬁgggﬁ%%q?s{{%@% the second part.
A. EIRSYT PRRTDESCRL AR REFOECTHEY E NCENIURRDAPRBIIRSTCTBART -

SO.AR REFLECTI VE.COLQURED P Th i N
it PIRCT BUFHHET RV Pop Sehepects & gpiiyred composition

com@@RPRSi tion conprising: N R scattering particul ate
material, the material being selected fromtitanium

B VAR EEBE AT CAHE HVHEH e o TR GRISERLF G from itaniurm

t hefi®Qfle, ddpRd TRARIMAioRRAM ANl BMbAMBOAD EheEofS tidd mate?RI having
of greater than 0.40 mm and a &grtl cle size

di $NraverAse ehy $elctize phereatyothin i ainpfnd Repaptiele séseedistribution
ar %uLl? ’ﬁisat t36%”011m€¥9 o@ﬁg particles are less than 1 um; and
e one or more non-white colorant;
wherein the particulate material and the non-white colorant are dispersed within a
vehicle.

Preferably the non-white colorant has low absorption in the NIR part of the
spectrum. In one embodiment, the non-white colorant may have an average
absorption coefficient of 50mm or less in the NIR region between 700 and 2500nm.
Preferably, the non-white colorant may have an average absorption coefficient of
20mm or less in the spectrum between 700 and 2500nm, such as 15mm™ or less,
e.g. 12mm or less, for example 10mm-! or less.

This composition has the colorant and particulate material mixed together in
one composition while achieving the desired solar energy reflecting effect.

The particulate material with a large crystal size has unusually high reflection

of NIR radiation and, simultaneously, noticeably diminished reflectance of visible

5



10

15

20

25

30

one or nore non-white col orant; wherein the

particul ate material and the non-white col orant are
waele®pasded within a vehicle. Preferably the noPETGBR@®9/001096

colorant has | ow absorption in the NIR part of the

spectrum In one enbodi nent, the non-white colorant

may have an aver age absorpt|oagcoeff|0|eg} of 50
light Copwateq fo poyeniipaa SHEBE Bt NS HOY & F e A Mat & lower

conf¥nebekad WIR tsbfidiai- whietigl 641 ai18AENIERY a RBYE NAR @HEstagelevel.
absorptlon coefficient of 20myv' or less in the

An gdditiopghpdenigeenis70et angwesdere of strmwhie eolagpnt igrequired to

achie®8 3ny @ivkn cb2syP 1 or less, for exanple 10mm or | ess.
Thi s conposition has the col orant and particul ate

natBIPEFNEYx dbe pagisuiaty materigh & hidnisos largd Arwkal (tiganium dioxide
or (ﬁﬁJEH Q¥ihA@nt AR XSRS biekss §p|aacronﬁﬁ‘>§irtf}b}ﬂ With | 26489 o Il 26 lintensely
particulate material wth arge crystal size has
colqmeric, @alqrynthwghowtemd@éx iaffeciang Ntecholaut &F itbe calpgant. In contrast,
con%m Fi U? ynenp(?st Iv fﬁécg{lénop'vmg 1 la%ﬁtﬁégeclé%hy affect
vVi's el gh npared "t o conventional pignents.
the smllopr o8 ar@n@mmn, meking it hatlceatblyowéﬂr cdnsehe p@lftlcsmmaterlal
I. Ler
wsed O BEHek @y oG Bl B lavec, DRI RP AR Br doped
t1ta1hlomed1okmeelblemﬁs Mo Q- oanDatloolvmtlaatdarlserr eq lmqredmtemely coloured,
colorant w1t§?u§tnaéfeg{1? rhecﬁ%l?(l)%l%'raéhrr?gcr as ﬁog:\]/gréd%nra;g‘%oq pltgmteam um
dl dF&ledpraSEntdcxpﬁpbsﬁtndraallum dﬂm(lrefeedndvertdﬁtlngs @0 be applied in a
. €O ion.wW.th a darke nore int.ens col our ed,
singl AEEo0) ST OOty oLfe FELPTG SHUTE 1151 SRAHRE In speed
of @pPlioitdyi and RoERALEMSJost eORAPFIttIOANdTAIER iRitBerRBifotBity of the
very reflective of visible Iight and does clearly
°°‘ﬁ¥@8§?sﬁﬁﬁr 6%-our of a conposition, making it

notJme@etzalwm@A QfescrifellShd Bse PROLT fUl Bt @id¥BA @rdnaétexuﬂedeﬂecme
iin the present |nvent|on which is a large cryst

partiqlesa ¥hikth anax PRSI0 wﬁ%weﬁht%ﬁ?%ﬁlnf&%%‘ﬁa@arwéﬂ&g fadiation.

The2fiG@B3a8AS Iy Worthinda q:ﬁﬁé%%tial?/r nSRIR-abSdr8$ebiment. However,
col oured, colorant w thout affecting the colour as

althpyghthese BEAGYELHasAMTeTPERiGl ghsieters Twéy Fregehdescribed as being
macféofﬂai;hs 4o ncr?‘gtlap\’é@ze NiBnfh | 8641 €asC ﬁﬁtthep $R0dRtDSf the present
applied in a’single application. Such a one coat solar
inveniipn e desi discusingk belgwonfiapre deioidnthegrasticle Szroeeryl efystal size of a
TlOaPBltlcfeaglleoﬁbtatﬂg SQQQSQ’HQq?& tﬁlglsut.heo};rnﬁpﬁjt l}ﬁ‘@tﬁdc?pd@'?l t use large
so In the uniformty o e colour across a surface.
crysyF26i@6 3BiG% 66 xe sl giser ich@snwhbenoé tefhricad dibfeterGesibeivegen those
proﬂcméie{hetpﬁo&&ft &C{he\f{ﬁYm tkl cles, which my be Ti 2,

esin ransparent to IR radiation.
In particular, a large (e.g. 1 micron diameter) particle formed from

conventional (pigmentary) titanium dioxide crystals will not be robust to processing.
In contrast, the present invention makes use of large crystal sizes which provides for
a robust and durable product. Additionally, in the present invention less material is
required to attain equivalent IR reflection as compared to a product using
conventional (pigmentary) titanium dioxide crystals. Further, the products of
JP2005330466A do not exhibit the surprising advantage of the present invention,
whereby IR reflectance is increased whilst visible reflectance is reduced, which leads

to a lower level of non-white colorant being required to achieve any given colour in
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The filmcoating may contain a substantially

non- | R-absor bi ng pi gnent. However, although these
WEe@dnsdisl have | arge particle dianeters, they BCEGBR109/001096

descri bed as being made from |l arge crystal size

titaniumdioxide as in the products of the present

i nvention. As di scussed,bel gw in no %(%t il, .the .
the SR Bl v SRRRERA O RYL vl TbE, &3yt flqfE e

indicetedt ine tisiandncurblat, f Acdant batseéhehqir ihese PprodyatOdue tudcebded and

not use | ar crystal size Ti glves rise to a nunher
thesgfore Bipmec i Tt BheSietTutholioh 1 Boa BRGa GBI o sny
cont(ﬂ@@iti@h&ﬂ@b&ucﬁfdg_ﬁilgﬁed for epo e tcll Ebl?xafddiidéidfnar , a large

e. n diapeter) particle formed from .

oS BRE T sspmBR SoprB el ean Dies 6he, By agd colored

IR YéfldctdtOpalRIdsO IRt pi@icR! SigeSEbtBButidbM 1§ WIbARSL100%NRss than 40
. present invention makes use of |arge cr&st al sizes, .

micgiise b UpFov0H%s 1gsgrthan A8pmiaronmand) fr hile %lesd jden micron. This
comfYdelst 100! dp¥eificMidiii@d PaRREN kizk MM ERLUGSh kEfSrcdBlyE fHedinvention,

I's required to attain equivalent IR reflection as
suclt&%ai%e%l qrdn%remfo@edtar&ag%Qa@oﬁ\pémql%)ﬁbne lessi ysank Bigrpn. The
parfid1b A WERiBHOXh A6 E00BE5043- wolld R crddB®aRl QIUEL SaRf prone to°

JP2005330466A do not exhibit the surprising advantage
clumpinghearst cepmpequepi}entpsyied wirer By | Rdr afspbctstplt eas gdecorative
applibfifop@sed whilst visible reflectance is reduced, which
leads to a | ower | evel of non-white col orant being

r eddi$3098/4Q988 8hirelatesaivy reffingn sraolutedr formedh eusprge geenrloured core

. tq ced i r r..fr . .
whilif YR b RofRa WM GG VODIAUBER dlibs ¥ 4R pih Bifining
TiOt laad at hed eefleathiectdod igmenatwapauedt. tnepweh gheseplognments the
riok ) B AR SREDATHE A e P o R B s
invemgioar radi ation. US2007065641 descri bes roofing

granul es, cont ai ni ng coarse, Ti 2 and colored LR . .

r ef1"€cPE" p%{:‘t?"éﬁse’g‘." ﬁ?@gﬁfé?t?fclsgg%ﬁsEéL%i%ﬁ”F%’Efut”i‘ drrmglating
ooldﬁf@ﬂdbmﬂ)@ﬁ’ﬂ(@hﬁﬁ&&tht hiplariéﬂlvmaﬂfeﬁa{]tﬁl.ity591d @oliﬂ@%ﬂécﬁﬁﬁ:etthﬁnhave,

10.mcrons and O to 15% than, mcron. This | .
SUrEESiRaY o DG ApHieved B (Fing LY (SHRFF i PHErWatq dterial possessing
botlk ShFdebtrtyis@N sfROAHA £ dehied Periichy et i@aribe16h) Whthta 38%ant to

or nore of the particles have a particle size |ess
obtaih g £oloused LORPOSH parti cl es described in US2007065641

woultd &fngdsitetd AAg i8dlhdd Ynly N 6inpleOiyBe 0@ NIRUERIREing FAfliculate
consequent|y unsuited to rruggy end uses, such as
6

matefazl opta ayelvghide; x phArore 781 GoRssa NIR| saeliering particulate
maté@Qf i ng granul es forned using a coloured core which
may be coated with Ti O2. WO2005/ 095528 relates to.a =
\Namhepﬁﬂﬁit segdteriagn pargiciat naieridl Meast in ctheeptesend invention is
titarfi@Odi8 LicR! B Abp &PHRARGM diokide RO D cbABRAHIRGHERRD S ahd'Bas an
average crystal size of greater than 0.40 um and a particle size distribution such that
30% or more of the particles are less than 1 pm. Such material scatters surprisingly
efficiently in the NIR region of the spectrum (700-2500nm). However, it absorbs
strongly in the UV region (300-400nm). It has relatively low scattering and low
absorbance in the visible region of the spectrum (400-700nm).
Surprisingly, the high refractive index of the NIR scattering particulate

material outweighs the disadvantage of having strong solar ultraviolet absorption,
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Ti i s pignentary rather than having the |arge
crystal size required by the present invention. The
wW@eriodn3@st does not recogni se or suggest the bRCEGBR®I001096
in formul ating col oured conpositions with superior
weat herability and sol ar refl ect ance that have,
surprisi nq %/ been achl eved using NIR scatterin
gl"‘é’ér f‘fPGUP‘ét etaeodr 5t eﬁf%‘g%sgf‘ﬁg’“%’ag hs°éa‘] ﬁ}t&é”%lﬁ/é‘?%ﬂrpnon of

theéia' £iidiesl afodaléNel RRGAagSRs ré;férgz' &ﬁllgh%mmurmlbm dpacity,
orant to obtain a coloure n;gosn tion.
s

a pr@@ﬁﬁwm%?ﬁwanﬁ% rhfd%eaéhﬁrybla% weawkﬁeewsm 1R sunlight.

Scajint &el HbRAMEhS UhSpEriTRIRL hheri 1IRY doRprHEE atddBe®Fitanium
nore different types of NIR scatteri ng particul ate

dioxideefhaalis trh@yNMRiBergeRiernpigripheenteining divhat Ehe dppess ggpnium
dloiuee tggﬁ RYE380, ! B}iﬁm bP Po\!m% ok it UsRe il {ydl%ﬁ% & more.

dop titani um'di oxi de (or combi'nat’1 on t hereof),
hasThendeped titgeiuay o}ngtnaile rsayzlee iof eithee gheerutilpan aoatm ¢rirstal form.
r [ ' ch .t % r
Prefidiif (B8 dobld FuBlief HoSlde! pllosol} BT Ryt SRl B e
skildaglamare wsll sppraciae niglisyisefot ingcamarily riatile g ddnPoer mgieoial which is
Ay 700 2500nnm) . However, it absorbs

iso- E{}SctﬁPa?% f llqt € UV region (300- 400nn) It has

rel Iatuhv qirysehovmmabn ahe ngﬂamdysltﬂmfoainsmajoéueq&efanalﬂh éecause of

ian  of e spect
s EePb i ReRe BRGPPER BEIHE RESRAR pefiovg meiven NIR
refls@itityedrdn gvifear dptiinilsed, ethertfect sl stmugNEI@?Sexhh@le it may be 50%
di sadvant ge 9 havi n solar ravi ol
or EBE PP POl gogh AR DG OF BAT. 81 4P B Pt aRreferably 0%
or m&ie, HidroHgefetdbly 90V bAYIRE %oﬁﬁﬁ@feﬁiﬂl?@S% ot @€, such as 99%
particles als ves the advant ageous property of high
or r%?ﬂe FOTRXRPRIS g?%t 7 8pAYEy, a property which can

enhaRC el aitiRiakngiodhicl hhy, RF edipR! bk HoPe®XRASEShahR such as
sunlight. In one enbodinent, the particulate materj al

cafqﬂgnomwswnandeiﬁéanwm ARHHATYH RIASBROTUS nad agsiug.

SayrHNdbgrar ﬁi’d?ﬁ&m n@oﬁfd‘e aJnaf QHélﬁh@ i AGuritie®. ¢ BN equI @di) Qdievel of
titani um di oxi de nay have Ti Q2 content of 10w % or

10wik%r @, lepy sreh ap Byt%zw g5ore- grof'rVét% Théesgopbesetimpapitighyesult from
mcdiil'lﬁét'ed uffB¥aiRf 1afd Sk Perrol r@taﬁlgfe' | 6 QPoPNEHREE EEMSLA other

form Preferably the doped titani um di oxi de possesses
impgtiget tipidadly qrpsrmalin tanian diexidedeearing fswsrtq»cérd man will

apﬁh%%le %Bl%-odixﬂéxﬁ bR %mﬂﬁt‘éerﬁa?tg{lél' i¥ oﬁ ‘Ps?éJh aﬁﬁﬂrhgﬁ)mde

mat erial  whi 1S ostructur
Titapiuss dinxidengammbée pnepaned pyitany neowy gnethod. oFm wsa}nnie, the so-called

"sulfihs SLer Rl oxb%;ef‘ycf Carfda "éh?oxh%é‘JhForutJ %‘Iaﬁaﬁé ¥, '»01%%% dhe two

S neans t ess | d 1o achieve a’given
routes in wide commercial use. Equally, the fluoride process hydrothermal

processes, aerosol processes or leaching processes may be used to prepare the
titanium dioxide.

The titanium dioxide may be in either the rutile or anatase crystal form. In the
present invention the rutile crystal form may be preferable because of its higher
refractive index. This means that less is needed to achieve a given NIR reflectance
effect and, when optimised, the effect is stronger.

In one embodiment, the titanium dioxide is 50% or more by weight rutile,

such as 60% or more, e.g. 70% or more, preferably 80% or more, more preferably
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reflectivity and, when optimsed, the effect is
stronger. For exanple, it may be 50% or nore by wei ght
WO aioohzsi4such as 60% or nore, e.g. 70% or nor ePCT/GB2009/001096
preferably 80% or nore, nore preferably 90% or nore,
nmost preferably 95% or nore, such as 99%or nore, for

le 99.5% or he doped t tan i oxi de .ma
90% g ”@ﬁewgﬁt BeraBhEd Wi Fgpants s?fchbj?f]sorcé‘?‘ﬁuﬁ‘fr Sample
99. pmOsembim sodi um al um ni um antinony, phosphorus,
and_caesi um The doped tit.ani um dioxi de g/ éncl ude
[ rrpr{:‘i‘q tifagium Qlctj“dfufﬁlai’ Peaviits, o tgpslyespt OF gpay B soloutsdp In one

emlﬁﬁluﬁ&ﬁt%itorha)l' 868 SubRarlial §W RO Ifo} e;sasnpﬂhﬁﬁleylmwautghafess value
result from.inconplete purification and nmay

L* &G Hinpifa*bpeolpynppace) pf gkeatesi thpn 45 oM idy ﬁéfﬁ‘lqen‘ﬁu? Pf legs than 5

andlay Pl16& b ¥+ Bf @38Man ) titani um di oxi de bearing
feedstocks. In one enbodi nent, the particul ate

mat Bite Hianjun dioxidarpay siselude imANTIHeSdioi HR to T texeli efnd OWt% or
lessdI Qndes %%’eorpﬁ«%Qar eQ %t%n%rkﬁgym T‘ﬂ@;ehqupﬁg iHlbs result from

exanpl e, the so-cal 1ed sul phate" route or o
incagupletsl pudficatiinorindemay ofiee erapplse s dthn. whilich awedia g other

imp#.lr@g% iqg;gg%%){)?ré’gieg? Hpgr otg i @ilo fﬁ%ebea a'fele){sto&r&e Preferably the

ess, ernmal proces aer os
titapinoc divsals s 4 @é@hcwgelpmfc%s@s ondyghﬁe m@d ag 82wt%parfegher

for%?‘%eﬁl,él tgg“)t%narqu ﬁ(érde The titani um di oxi de nay be in

the rutfe or anatase crystal form In the
pr éserite iprasent iioventioe, rtu¢ i NER cecpgédibg frornicutery bmterial has an

referapl e.because of its higher ref tlve [
veRief RS e ool ddutl ‘achithE: iU INItRe NIR
scatiétidgepir@ingi@tceimhRetal AR an WG ® Ry skal S@4, oft Q@aﬁfrftﬁzﬁi ot &qual to
stronger. In one enbodi ment, the titani umdioxide is
0.4y, Breferably 19 aNeTagRICIYNitl Jize issafepfenshagoy, estuakis 8,50 pm, e.g.

0. 553 g‘b/l glé% O@?Fee pre%l‘%?yr ) Xtrﬁ g{ ‘g I'sﬁczh /5@ mﬁ% ’or greater,

nore, ‘nost ‘pre

egs@uﬁh ;a:soﬁg%amr nore, for exanple 99. 5% or nore. The

titani um di oxi de white.or transl uce

col Buiiicempugiegt o ol icH payaR S FEdbrigl iy, Bverase
crysthli §iee Jf Odre@¥aRdre 0140pmRYndaipetad 11 J0gAt, ne.gs ﬁ/@hlﬂ?éli*to 1.1pm,

(G E L*a*b* cal our space) of greater than 95, wth
morg Argfereftly 4Fomy 0. 30etesT tlpan sgch Ag feomy §1 Qetoot - Opm. 1.2 fég@ 0.70 to
1. Oé;ﬂﬁ‘n 5. The titanium di oxide may include inpurities,

e.g. up to a level of 10m % or |ess, such as 8wt % or
| eshsveragegerySiat $hzermiy be defnmenedi Ivspummmres:toneeéenttonf nnescopy

on A P\?n%gglo%{ garg}lylr I\Illlﬂ’? %%enar%ﬁ])%m thefr%gulﬁﬁglpﬁlo\%gr?p% ré) Illdsmg a

Quantimet 570 Image Analyser) This may be validated by reference to the latex

NANOSPHERE T size standard 3200 from NIST with a certified size of 199 +/-6nm.
Conventional rutile TiO, has an average crystal size of from 0.17 to 0.29 pm,
whilst conventional anatase TiO, has an average crystal size of from 0.10 to 0.25 pm.
Crystal size is distinct from particle size. The particle size depends on the
effectiveness of the dispersion of the pigment in the system within which it is used.
Particle size is determined by factors such as crystal size and milling techniques, e.g.
dry, wet or incorporative milling. The particle size of conventional rutile TiO, is

from 0.25 to 0.40 pm, whilst conventional anatase TiO, has a particle size of from
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impurities typically present in titanium dioxide
bearing feedstocks. Preferably the titani um di oxi de
wha®oa3eme2 content of 90wt % or hi gher, such aBCPGBRHH/001096
or higher, for exanple 93wt % or higher. In the present
[ nventi on, the NIR scattering particul ate rrateri aI has
han or. e

NG stal si,ze, of greater.
0B BY SR, EpeBh By d Rt Euie i BeBlinteiied oe such that
crmler‘bmhnph’a:agaﬁezaverage crystal size of greater than
or eqy | to Preferably {he aver age cryst al
o 2dTHE® grSsPLFIRimEh BT Egtainer b oD R RrGetilegmaieial has
an OdvegigRaberticldTelR, i el&takingd by X-raP 98difeR@li6h, of Usbater than

0.70 mmor, greater, e.g. 0.80 nmor greater. |In one
‘&#%d?%ﬁ%amﬁlﬁethml wegacgatﬁaéwﬂﬁgwamﬁy balgieatenthaar.4Pum and up

to Haﬁ pdl! lax‘é%rgﬂg thé 35%1%' ess £Lis %regtrg?%tla r tltgﬁ\%l % @4% such as

and up to rom
fropr @f4r &bl yi ﬂmom@ frent 6.50. fo [100) umum’(braspréfemmﬁfﬁ& 0060 to 1.0
|.Omm e.g. from0.70 to |.COmMm Average crystal size
i may be determ ned by transm ssion el ectron m croscopy
on an Eheopreger élaimalFh €ntioh N tHeNBDE seiRking ipar@duldiBSnaterial has a

ulting photog h (e. using a antinet 570 | mage
Pafﬁﬁfﬂ yige dystribpfion %5 that C?(g%u FameEp Bﬂ/%éeﬁ?’éﬁé]ﬁ@ arq fesg iean 1 pm.

In | dHe¥mbONERRHERE( tNTR §ba4€er§1tga59@fc91agqgatéﬁﬁg}xla\! 2T pw”ﬁche size

a certified size of 199 + /-6nm Conventi on r ut
distriltepionagychrthaty 85 %ger oroystad| thsipeetides hreotase.thah flowd, 28ch as a

nventio I at ase Ti has .an aver age
parile 120 B SRR REBINE, 480G 0o e Ty Ra v SE Thag 1 um.
In dlespnel@tt dpptimtja; twiehre rSfezéhce'ﬁh anduer fol £|p€rc‘éhtége GERRO Prticles
padd, L t he effec%veness HD di spersi on of  the pignent
e ROVt HRiE HITRP SRR 1IPCi & PYTEenigsby Bsighfcl e si ze
S me&ﬁaﬁhﬁqﬁrb&lefs%t (ﬂliieﬁpﬁidlﬁbt BSubje¥eiab h$drZ thedPthixing, in the

0] teCh ues, wet or | ncor por ative
Pfeﬁ‘?‘}"m}ga S“Ff?é’pep‘%ﬁ?‘?ré?‘g g? i‘ﬁpelrseé‘a%%fmeémh%tcpm@lww The

partlslef rs0® Qi s2EbitQorD- 140 mi¥akureli Lisihg CQ”B%Hk'h@ﬂ?H ﬁﬁ@t BRay disk
has a particle size of fronD.20 to O.

Centfé%%r N{?&Pma&tl‘%e §izg eand articles sipe gpametpig wewrﬁtwbgd deviation,
areUs&stdad e such that crystals "clunp" together. In the

present_clainmed invention, the NIR scattering

par The NRtssatigring parichate matesinb may degasatec prcetod, asdgiown in
the@et erm ned by X-ray sedinentation, of greater than

0.40 mm For exanple, the average particle size may be

gr eht dhe tshawdonammﬂlamrggate@ the NIRrscapetihg rlabhg‘/ulaﬂqematerlal
wh1@Mefsrag%]1rﬁﬁrﬁedio§1cﬁr e@(?%d tti!:u]zﬁ'ﬁu r dﬁ&gﬁ58¥ oconié‘iaatl ns ltlhereof is
prepared efialgl Brofese thd. i8@okves 1. 1@1111ng step. The particles resultlng from the

milling step may be coated e.g. with a hydrated oxide such as silica, alumina, or
zirconia; this coating step may result in reduced photocatalytic activity, improved
dispersibility, reduced yellowing or better opacity.

The particles may, for example, be coated at a level of up to 20% wt/wt with
inorganic or organic coatings, e.g. from 0.5 to 20% wt/wt.

In one embodiment inorganic coating material selected from inorganic oxides,
hydroxides, and combinations thereof may be used. Examples of these materials,

expressed as their oxides, are Al,0;, SiO,, ZrO,, CeQ,, and P,0,.
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mm In the present clainmed invention, the NIR

scattering particulate material has a particle size
wale@vnsdigt i on such that 30% or nore of the parkCTGB2009/001096

are less than 1 nm In one enbodiment, the NIR

scattering particulate material has a particle size

di sfribution sucf:h that 35% or re of.tthe ga}rticl es(

ar o e S ar UTag, USRI HOBart| BT UL amine (eg. an

alkdtio$driinbUbt 81icaUE etinaived 0Uagralsdbe ppésehh €T HAMhAYG iR Particular,

. are less than 1_mm In the present application, ere
imprgyee isREES PSR BEP FY QTG EOMRGEnGY o irarfrinaﬁt@@loﬁpmpane’
penRVIIAELA, BidtBihosdERe, bRV Bphciphdti€Rsidd(el© DB phosghonic acid)
per cent age by weight. To neasure particle size, the
andjrigHpifptlolethagEipj ect ed to hi gh shear mixing, in the

Pr eBRNeBaidig Prodtiss ¥l tedNgREEGRREIng t ParticOREY $utdr®, which is
. particles wthout comminution. The particle size |
titagfpay diopife; GQPed tiggniwn dierids ergcemiBpaiMfalfersokDls skfay to that

of nSkntfal bigfrﬂ@xﬁz}ry NeABriPant ihb&n3h3ke 2ANANE Qﬁ\wl%sgdﬁﬁl@ﬁ%on of

geonet ri ¢ wei ght “standard devi ation, are recorded. .
the ateridd dint wetehgfoleming whighesuiabler ¢aptingerpagrnts. reigh ¢g agpminium
sulfgf%?taggzad%§d.k By Ns L6, %ﬁ\[usteﬁstot Iagus%k*) eeffiallBA oM thle desired

ppreciate, the NIR scattering particulaté material,
hydggied hxids to iformmiaperidipunidehe dopfensd afithemateniali oxi de or

Corﬁ)ﬁi’c&a&aﬁ?ﬂ% ﬁtonI%ElggJ ’thie Stn#%ﬁﬁa&g .b\éi Wadhel' s ChTed ?é}gre being

i nvolves a ng step. e particles resulting from
grotgrik engl ini nflust eqerpamillerouiateadses, tp sapiatdie patticdesatheichave been
stu&)&iodeethgrughth%sco%itilrli ca, alumna, or zirconia; this

coafing s’fep nay Pesult in reduced phot ocat al ytic

actAtvitiiy, finatpmiNiagd sthgpeosgabicd stinfacer ecdamechty ek lgowwitly polyol,

. Lt ity. The. ticl , f | b
oG L o BRFG heTe BrFETR Fre
or ganime @neddingst, the WIRfscotiRrihHpidicdRe watamal nhdy B ereated to

enbadi nent i norgani ¢ coatin terjal se|lected from.
selep g ARG RRHISL ST et GATHHS, DELRg € oniirafain Bifecatgrision. For

exal‘ﬂfﬁlé_, Rey pastbleX ARl £ ggfn NAsRRRIE rddiSr m8¥ Peeembebddsn one
their oxides, are Al203, Si 2, Zr2, CeM, and P2Ck. An

emboeipaent canyupdraiclest Weiak rasnt3pins de izmeton ©oh gietipoimayabd Femoved.
Such %‘agiqé?snm% ‘6@@9&1@{%{‘@), 8 e® &ﬁl@?@%eﬂ?{fﬁ%’ ontfeumiftY

al'so be present. is’may, In particular, inprove

di dpethsi fiist tagpecTy hec ablogregiandopevtipro umads cospdsaMdR scattering
partﬁ(H%ﬂFtnbiﬁlar(}hpiqloﬂlag]l%Ourg PURGHUL 5k BBl o1od § é&hha%ﬂ%rﬁr@ C60vol%,

al kyl" phosphoni ¢ aci e.g. n-octyl p?losp oni ¢ aci
e.g.afimdmt 2 i@y 1%I] et hane.

The level of NIR scattering particulate material in the application may be
selected appropriately depending on the intended application.

In one embodiment, the composition is intended for use as a paint, and the
composition may comprise NIR scattering particulate material in an amount of from 5
to 50% v/v, such as from 10 to 30% v/v, e.g. from 15 to 20% v/v. As the skilled
man would appreciate, to maintain the same colour, as more NIR scattering
particulate material is added more non-white colorant may be needed.

In one embodiment, the composition is intended for use as a plastics resin

composition, and the composition may comprise NIR scattering particulate material
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The coating process of the NIR scattering particul ate

material, which is titanium di oxi de, doped titanium
waele@i13la41 or conbi nations thereof, is simlar POI/GBa109/001096

of conventional pignentary material, as known in the

art and i nvol ves dispersion of the material in water,

in g i G Pat 8 7hPe S B B BB s =

froﬂh@OCtﬁlJE)% pr\emaplueqidsmbleocﬁr ddaﬁanle5| r ed hydr at ed oxi de
to orn1a C o the surface.of teria
1oy o ap e oM comprain . B IREnIell BE foas A coating
conipoditidhi ﬁd befddfi@ghet RYo@doUdkring. grodudt dsidhubs aem@archyurface
mll or roni ser, %& separate particles tha

oGt S 600D Gt Reburbie (RBobb SO TRANRS OhioSP AT tor, and the

con’(ﬁolsih:lloﬂgn:«i%I e@tprify Eﬂﬂls@at&lﬂfn%%ﬁtldtﬂﬁatnﬁﬂiﬁﬁﬂ,1n%n9imcyMnE Bf from 1
am ne, al kyl phosphonic acid or silicone

#?3 yol
to 8@W0ht|ves may be applied as required. In one

enbpyd Jﬂi‘ﬂﬁosﬂid}?mlﬁl& Ra@6dd bRy NEnPRI i hE Yk AbR- W didtant or may
may be treated to selectjvely rempve particular size

inclpd v ghopefifferent types olsern-White Kelogyhposi tion. For

eXafRl fon-aM¥ie RY1braft ‘ﬁfayV%E dle@bS FRIANahY lgio%e&ﬁf)raﬁfs such as
greater may be renmpved; in one embodi nment

any
plgrpatrtﬁ i anidedysshi Bte gplorammmay dncivde dluegrblagks abiownprsyane green,
violef n‘p%%gta $Ht§:horgﬂ é 'cﬁ‘lﬁ oWol&%n{semved by, for

exa a centr fug lon treatnent. In the first
as ﬁ@@tplgtﬂhetsdbhfomm@e asep os ittei enfonemy insbidsy ibgeany 1Rt limited to,

er rti ' [ un ro
peatgg%g{lto FE% Suﬁjfg%ﬁgﬁn{?g%n%%ksé gbv gRt é1g91fen{s glorgamc
pigmmtso\mlrb@x& ﬂ"llgmehesvelphm‘phwe@cm atpigndmg mdt jocgdndd epigments.
r at.i on .nma el ect ed
i o et Bl i bR et ABetEei®opi i cati on.
I n 'Kireenemﬁmdﬂerremrartt haayg arrpoxm tehﬂmdnﬁ;enlt nivee Relleclied offromis earbon

he co fion i.se NIR
piedEut SRR SR Al ma e oA RRGUEeBE f r om 5
to M%p%/!svof GatﬁbkF] @Soc{(ublﬁlmngmdé (graaﬂﬂ/oes//cyrboﬁ Wackf, rv@meoh5 carbon,
to % v/ V. the skille a ciate
cctib ChHOA T §A et | B S ey BN Bb e gRsFIigeivS examples
of cREohi Hisdkaine]uiB teBkhrid] bnaekadd@ebcm@k@ QAd Wihp B14eRE.Or ant
may_ be needed I n one enbodi nent, the conp03|t|on IS

i ntUSEEE f 6PI0HEY aPiIBNhs IPEEdS e s c@ﬁﬁ‘dgﬁet i ofithragginones,

phtHall§:yafine 0 bl dels ONpKFBYI06 PN SEedsR afaabd,emdibazos, 9yranthrones
particul ate materialin an armount of fromO0.5 to

perx}snvas thterocxslin ovelloWitasTnasatdoness puipejoagoguingloges. agnd (thio)
indik61@§ 50 to 70% v/v may be possible or desirable. In

one enbodi ment, the conposition is intended for use as
a é@%pwﬁ p1gments that may be used include cobalt pigments, copper

pigments, chromium pigments, nickel pigments, iron pigments, and lead pigments.
Examples of pigments are cobalt chromite, cobalt aluminate, copper
phthalocyanine, haematite, chrome titanate yellow, nickel titanate yellow, synthetic
red iron oxide, perylene black, and quinacridone red.
Preferably the non-white colorant or colorants will be selected from non-white
colorants with low absorbance within the NIR region of the spectrum. Examples of
such colorants are chrome titanate yellow, nickel titanate yellow, synthetic red iron

oxide, perylene black, copper phthalocyanine and quinacridone red.
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conposition for a roofing or ground covering product
(such as a road surface, pavenent or floor), e.g. a
waenbasa4coat i ng conposition for asphalt or tarPCT/@B009/001096
the conposition may conprise NIR scattering
particul ate material in an anmount of from1l to 50%
v/v. The conposition may include oq®§1a .single Hype of
nont Yh FRIBPRSSFQSY Z1 SHMRREF BHRCIVHHER COIRERT 0 Sy gmountt from 0.1 to
20 dblvh eqiRAtas YRED . Dho N9ROIML ©E;. GRIM 1AL 10 F616, N -eWhinpR about 1
col or ant may be sel ected from any known col orants,
vol@ych as pi gnents and dyes. The col orants nay |nclude
bl gy ot &6KodiReAMhe EMBFNt W § ratylfﬁinetthe m&eé'btaﬁerlﬁ%%aterlal
orange, or yellow colorants. The pigments that nm
rathes efam deirige PEMidach it e OUR, sagtiering ansierial i @agkopartwle
Th&@qglaeﬁ&%m:alpi% ?é’muﬂu;vrlmé meécgﬁgﬁﬁg smaterial and colorant
fluorescent pig i norgani ¢ pignents, carbon
seppiagpmemtthat ﬁhb@@h@ﬁeﬁzrmatwmgfmm@ tandost (paeiaging applications:
t f 0
enthgggﬂg&% LBS%JUS%%&&FEG 1€]%¥Q%Agﬂatlte/@%§ %?1%9‘3@%1e £019}aQ{TFs“,Sr%wded
witle Mlmteb@gmteﬁa@d f sioghe qartbde. pigg tf@nttcr}qraot gampv;lded ina
r e nts. .
Coaégé%{l es care[{is r%a Elggeaﬁgto gﬁlnanc Iggéa%é I%g rgétg%c%%%‘ﬁded as a
coabhg@kzlmﬂmmebuxunanmnnueact|vated charcoal car bon
felngnl‘b \éfg'lrlcl? maar\r/ ! %rq%l%%ctuct QEce xgélngHRﬁﬁeﬁa%g{i] ! 21( w1t‘1=ﬁ1n which the
NIK sen@cieg tpasiddatamiatedaiparty thekson-whiganeloron|da rheddispersed. For

ne nclude for exa nt hr agui nones,
exa%ﬁ%ﬁé?@@% ﬁﬂﬁ@rﬁéhgggﬂﬁﬂFggl&@V%Hrne greens, diazos,
NDrNgagRSempydiMBhf) @8 68hicReisy b b&fprifBt £6MGY6lid 6r natural resin.
k gqui nacr,i ones qui nol ono U|nolones and
SUI%Lg BgNS

ﬁ“r‘FdF@%‘i"Sdé“C P%rgga?rak PRIPGReAEENS HEEN nisy PR olpligg resins,

polyﬂﬁjfltkdﬁor@dﬂoﬂisinspmfﬁsﬁms @ery@@l‘rexﬁl 1268 tanid rﬁ&h&myumesms and
gnents, nickel %gents iron gnents, and

eng iegHER PLASHEX AP SUCT opiPghEATIOn A e g BB a PP LSRG rephthalat

resif® Ak poBlaidd Adsths. qpﬂﬂ?rbeo&t bahRgaN r&en blﬁﬁﬁmBﬂ b&nt, such as
chrone titanate yellow, nickel titanate yello

an aggylihEasine ROBEIrEIgRe BSEIRIEDOL YR IS | TEpia m%kmeaman epoxy resin, or
oil. %'Wﬁé QPB&n{)ﬁE’e aEfa%&'i@er Yiddd® rHORsAMRIdr&oGR. Qh BRE Rhmple,

colofants w | be selected from non-white col orants
the wehiple| is\Wr £HBPrisSen e @olyester mesimaudy #® 2lkyd sesinf Int ¢re embodiment,

the %ﬁfcﬁé WMo r @6%5@§ a‘ﬁf cfd‘é%{}s %Q}rfgra&t ??1@51% CJ&EQFQ(; water. In one

titanate yell ni ckel titanate yellow, synthetic re
embodgnent, the vehicle is or comprises a non aqueous carrier or solvent, such as an

organic carrier or solvent. The carrier or solvent may, for example, be an aliphatic
solvent, aromatic solvent, alcohol, or ketone. These include organic carriers or
solvents such as petroleum distillate, alcohols, ketones, esters, glycol ethers, and the
like.

In one embodiment, the vehicle is or comprises a binder, which may for
example be a metal silicate binder, e.g. an aluminosilicate binder, or a polymeric
binder, e.g. an organic polymeric binder, such as an acrylic polymer binder or an

acrylic copolymer binder.
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oxi de, peryl ene bl ack, copper phthal ocyani ne and
gui nacri done red. The conposition may conprise
wowashiite col orant in an anpbunt fromO.1 to 2BCT/GB%09/001096
such as fromO0.5 to 15 vol% e.g. from1l to 10 vol %
for exanple about 1 vol% In one enbodi nent the
col 1 ur%d %891 rg{lgnfn{a ”r]) tpg tin Eﬁtoﬁﬁ ohng/hf@f rn'kﬁzl used to
r at er Ran g prOV| Wt scatterln
coamsuﬁameal qrnmay sbenglcwrrnu)stuool ﬁromTIwbmb agickespeanc be cfatmed e.g.
thrcy ﬁ % kg()aVIQ ‘%h% NIR scattering material and
cer ot §epa?‘¥é’ #Hat this allows fornul ation

fr dﬁdﬁfdﬂ dnobddivas, phe paloig cammolsnﬁ)m i® raSplasatmkxIesmgcompositlon

wi der usage. Ho al terat| e
In 55T SO Gngo Je Goton P TR EORTPE Pt G e Beiment,
the koloaredl dtai® sitdhtis Ghenk SIndonet ditbdddhertate ¢Boyred\com@asititn is a
coating on the NIR scattering material or the NIR
po“gﬁﬁf?%Fﬁhg material is provided as a coating on a

coliar af¢ &ABYdRInBA) JtHeOkBlourdde c¥RPbs&itien MBY abGodpPynent of or a
product or conbination_of products wthin mhch t he

treamwtsﬁ%t t dPYHE Praftste ulhs é°1ﬁﬁ’fe€r PUANPOSHIPT MAYnBO Wi geleather

treaGéRI RpoSi@dnbe di spersed. For exanple, it may be a
carrier or solvent or a binder. |In one enbodi nent, the

velpcne gabesimenfmihe §e§>uaedsmmm@ Br 2 $9RtifE FOMBRFition for a
roof?hd (ABh&t PhART | fohinki €8dVaBink NGoHAS BRBETA! 2 PaROSfface product,
resins such as polyol efin resins, polyvinyl chloride
flooringi produppdirivesianssurfask yrseducénear parknsurbasy profineicery peyement
NEoL g t h'For @ th f f
PR 0,LORLERR, Vs PLEL L ABATS: Bl antcn of
iﬁph@&omwr@n@hpblyan1de resins. It may be or conprise a

pols{l}%r g%;ﬁ;goﬁftlcf carp %bﬁg?algg&glﬁ &Hera%cﬁ*llv&s rﬂfcé'sp mar?/ include,

e resi ter resin am ne
but egrexyotr &giited thl¢kenh)ts rmymbaars),r ewﬂqyﬁels;e tamtumzers, adhesion
Lnder for roads or

ro
proz{:ﬂlgersvey stagﬂzzgr CO losgmé %gené 815Persanr}s tzﬁoanhnp% Agents,

le"Ts es resi®h suc
wetﬁhg(ygbnltsasjoalesdmg @nb'eemmdlbﬁlmcﬂes ifm@dmgl fulgicitdess. or

ri ses .a carrier or sol.vent, such a
e BB R EbbosFhor beRPT S TrecBr Seiles Tese are
com@oﬂ@ﬁs AGELE 00 SpAVRI ditedr Qppsal thePartidue Iincﬂsdeanmongamncposmon
carrige or solveaﬁlI¥ The.carrier or solve

ma
Thegs pigicles By apfoqia g ent, b‘%?%ﬁﬁ”g‘%‘?"é’ﬁﬁtﬁ € 6‘¥ U@n‘i"mposmon

Spa@ércpmlclesoarekﬁgeana) rédfiesetheNissIdE agafihg FAEThef 9f Othe NIR
sol vents such as petroleun1d|stlllg} al cohol s,
scatjegingrragticate dpaterig) dusofo tBe ner g effede | i ke. In one

en’qmél Hﬁ@tef taf§ y}ﬁl'@éﬁ';ﬁrﬂuﬁesorus@@lmﬁl $85 avdl RERE, wide limits.
y for._exanple be a netal silicate binder

Genﬁﬁilléa, lﬁ'ﬁ‘? ﬁ]@g |Wlilc%pén<5|uﬁa@,the Bituce ?,foqh?r@ﬁl%les The averagegsme of

the spacer particles is in one embodiment from 0.02 to 40 um.

The spacer particles may, for example, be silica, silicates, aluminates,
sulphates, carbonates or clays, or polymeric particles, e.g. in the form of hollow
polymer beads or in the form of microspheres, for example beads or microspheres
comprising polystyrene, polyvinyl chloride, polyethylene or acrylic polymers.
Preferably, the spacer particles are heteroflocculated, as described in EP 0 573 150.

These spacer particles may enhance both the aesthetics of the composition and

the Total Solar Reflectance.
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bi nder, e.g. an organic polyneric binder, such as an

acrylic polynmer binder or an acrylic copol yner
whrewdase1dhe col oured conposition may be a coatP@GB2009/001096

conmposition, which can be used to coat surfaces, or

may be a conposition fromwhich articles can be

one-BnpisTieR Aol e B i eSSt A iR RETER Gyt tpproves
NIR esﬁlerctwnpum uit alsmhasl mdededt theingesneadihnent , t he coI our ed

co sitlon p n_anot.he

col 80 eitiiatid BF B N s RRHRE nefRGeteCRBlstiehein ap veraee
cryswal eide @d SEENEOmE 0040 jud, andaWieticle 8Bkl digribliflo®f&h that 30% or

enbodi ment,. the col qured conposition is a conponent of
mots; ofythe Ragticieh arer 58S Hhap dh iy anayy BRIDE Standprd Rropesseseler obtaining

such ONPRBihLs GPhiPRY%ha R DOed o AUifi GALIGS tHat €Ak N nore of the following
conposition. In one enbodi nent, the col oureg

al'Péibrrposltlon is a coating conp05|t|on for a roofing

RS OfHCLa1Ohif W %Wbdh f—‘fﬂe{ﬁ? %%9‘3“8% n(S9EAS e %" 88%00.C or
fl oduct

surface product, 00t I ng p ri veway 'surf ace
prd@gb@'SB@Ta$h@%)@uwﬁaﬂﬁrproduct or pavement surface

W 0&19 %5901%15358 Wfraanip)lq%?r tg;r]]e %ﬁ sk?%cﬁo(? o{'gogll % lgg&]rs oqr

coating t ace uct.
cbmsdsiadi davetsanf @Dwdnahcbq.eratnrﬁi ladse pwed@et Chudnigt th¢eprocess for

The IrHé%J Hed at H)tw’c’ﬁl ({J‘ 'iltors are nogI preéﬁ%t J]uéfﬁig tﬂe process;

sta |zer lers, urizers
di cgrowdl srornJatVrssaratndkiect dndng diee groaasss; rig pagesulla, increased levels

di spersants, a tlfoan1 wetting agents,
coa é%0|ﬂbp§%ﬁ &5t &f 6%6%% %@I”?%%fudlng

ta,u nge ¢ vdesf ritile Gaaisdmhbdtateiner fdedepulp iPedihEddon
cles, These are conponents used

es s r art
n@k?a LB YO %lgtﬁ&s‘r fayhBe fafedcitedhe FAmQ @Y #ncgntional
plgméﬂitEOS:lgl oith Vhess Paditibed @6 MEe oPtbpalibly @OAt fdiMUt Mastic,

ment y effect to the conposition. Spacer
EWP%QF?WgngvﬂF ®used to reduce the |oss of scattering

ef fA giretigy f6f obhenihl RIRC %&ﬁ?lh%gtltﬁﬁfuw @wx%eep%tcﬁfat@}naterlal
due to the "crowding effect’ he size of any spacer

withh gp @verage crerl damot giegtesvhin §ui0t emwiatié 2| pantiels size distribution
suclIe58bY Yo mbiEoPlt batidils Q,%plsggdthgmg&hslay% Yo of the

particle ave age Sl ze o acer” par PiieTes is
in remtlngrrbddammui fegscB 2with sdaﬂlfumm acithe ts pacrera solid, water

il for exanple, be silica, silicates,
SOh%ﬁh%?S ? éulphates carbonates or clays, or
poldjfsmmm,g nh«r tclakd @8, waeny.andfort Wealf aciah of phalucow solution of a

titanium sulfate;

hydrolysing the solution in order to convert the titanium sulfate to titanium
dioxide hydrate;

separating the precipitated titanium dioxide hydrate from the solution and
calcining to obtain titanium dioxide;

wherein one or more of the following apply:

a) the calcining is at a higher temperature than standard, e.g. of 900°C or
higher, such as 1000°C or higher;

b) the calcining is for a longer time than standard, e.g. of 5 hours or more;
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pol ymer beads or in the formof mcrospheres, for

exanpl e beads or m crospheres conprising pol ystyrene,
w@oiogisaiyl chl ori de, pol yethylene or acrylic pedTHGBRE9/001096

Preferably, the spacer particles are

het er of | occul at ed, as described in EP 0 573 150. These

Eggg%ﬁ%g ag o ﬂ aﬁ’{axlfkh 2 h(%%fag?r%g%{éaﬁnpe%eﬂe ﬁ{nt}g}; | e Sxfocess ; for

Refdxemphnic enaSu]bept‘has gy, mcmatatml aye doeBrelstte during the process;
i S | nt.i on have

onposi.tion of th n
g)e%p AW RO RS TP agpg%ghrégglt d%rc?g%sst N |§§uglatrr18%r§? jgd levels
Thefirepay pildntlefart heddl d'ﬁrﬁrgahé grocegs;particul ate
terial th.an aver age st e. of greater than
53 4e Hive! g%w&“&‘?ﬁﬁ? Si 18Itg ﬁ%‘)éefdiaﬁf‘rp“éh’ts rSH‘(‘J’%‘?&‘Ch t hat
30%@11158@5@ Yool Pahich Cda@S optinalll§SBe tpragenl ddFingMeylcination
standard processes for.  ohtaini Hg such materi al s,

be
inclyy GHhiBy BMhEEN FRRTPLY RUGFL RN BHEoD, THRE MorsepH should

be d‘oﬁkrbﬁw NG cRIR | aYumlurh NBotedluih BhdPhd h@ﬁus&otﬂp@hﬁds
erature than st andard, e.g, of 900 C or (?her
1

suc ealdtanygp dixade RRigisalate B)atetrﬁ% ngay] b RP#Ed iby ipersjon of the
matéﬁﬂgﬁ{ v&ét&e M"l%@vﬁé e\ﬂg@ﬁ Ayuitgh1d- cddfing RAESs,05udkDhE alihinium

reduced | evel ar ow h noderators are pr esent durin
sulfpise g5¢ oelded:; Th@rpléxlanbbple adjusipglytoh gaysy apregipiigtipn of the desired

hdeE‘i?éjne!SﬁHQ 5 fME 2 WBh1iRg gxztg qu e SHFIRGAAE iQRRSS; d)

gr owt pr onoters are duri ng t he process, in
parAftgutcatingrformatien) theveaterig mgy &mwaqbp@mﬂecirsedabeéore being

gromﬁ%d% dllﬂr;i R d px? g{f gxﬁﬁlﬂ% mﬁ)onﬁ&? QC/F% Lﬁ?]é Fch‘lésethE‘te}%% been

Cl ner 1S reduce arge
stuckrty)gdithér h}atﬂm i:qﬂtmgay\tbblstfurethmadmgnstagfe @ amec saxfaggstreatments,

e.g.n%ﬁven{y'O am1 (%ns.?ln one d%mgatn\/\eﬁst h a\gstela%gﬁe&‘%gg%c*u‘ﬁgﬁ to

ofpat i fHapaint,,
ot Heroneebinbbdimeht,ptinoas:s doido lpmalclulaug nitétisicaty dei trgated to
th an aver.

i.tani um di oxi d articul ate teri.al
seteglillp 5pma<, BRrgeclaP akied R i POt s th B gaP PP En
Si ZEheOpratdrit huf;érﬁi’bnslbt@hldbhaﬁl B8686ont eﬁpdicﬁ afe tideeof a composition
. particl esggr %Fletgss than 1 e: reaci% !
in oPFTgRRTco M iHls TP L ASRIET (f PROUET FUTREI aoh COLTHE i 4as solar
refl&@vig, anded 86n-SitedoBodrea td prodaoken aflicis tavinag sblbe reflectivity
cake in water and/or weak acid to produce a sol ution

and gnog-white, PO sul f at e; hydrol ysing the solution in
or dflonk @niVAYRELL, tHECvietiaR india Siphtke viiQe Il @IEURa*b* colour

space) of 75 or less, such as 65 or less, e.g. 55 or less, preferably 45 or less, such as
35 or less, e.g. 25 or less.

Preferably the solar reflectivity achieved is a Total Solar Reflectance (TSR) of
20% or higher, e.g. 25% or higher.

Preferably the composition is used to provide a single coat covering that has
solar reflectivity and a dark or intense colour.

The present invention provides, in a third aspect, the use of an NIR scattering
particulate material which is selected from titanium dioxide, doped titanium dioxide
and combinations thereof, has an average crystal size of greater than 0.40 pm and
has a particle size distribution such that 30% or more of the particles are less than 1

um, to increase the solar reflection level, preferably while also diminishing the
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di oxi de hydrate; separating the precipitated titanium

di oxi de hydrate fromthe solution and calcining to
W@Dba0ai1ss1#i t ani um di oxi de; wherei n one or nore PET/GB2009/001096

follow ng apply: a) the calcining is at a higher

tenperature than standard, e.g. of 900 C or higher,

0 [ lcin

v1sfog€]geg?e%%1§9ng%hagf gtcgw mmﬁ&ﬁlcﬁ? éhgwgﬁ ?))F uﬂgns%ly (j‘oloured
comewiiced | evel s of growth nDderators are present dur| ng

L henPLRL ERBaailRi CHAMRYSurkh BRRELh AL JTiMDss yatue 1+ (CIE

modér ators are not resenf3 dur Phe pr ocess, d‘f
L*q:j‘ibévuotmprsmtm) elfs75ame1easjcbadh dsi6b g ledse epg.otees]ess, rpreferably 45
or easrtlcu 55|0 QS%a%edJS Is of gromh pronoters are

agdedudy tHe cess S) the level of rutile seeds

in Irhmecahmmmlenf ethel NiRlI q@autﬁlﬂgeph:cedata%htekiasm uged to obtain a

roBL 3ER TS RE (ERR) P HPLR alerS RE RO AL sty cotoured

coriptdsitions ab¢tons 25Ysi dri Highar, whose presence shoul d be

controlle | ude aI m ni ot assi um an ;

oLt S enbRAiigs oie M RaAFU BEoRPUGORS UnEgis: are as
desoHEb&T dtlve MR Yelaflof R tIROFIRY aghicsper si on of the materi al

in water, follow ng which suitable coating reagents

suchie SImAPRIA] RRVRIGH ifie 2 dPETRJAMICLTHE. ARG CHBRrising

corstishfhngd deCotiaH&EwRh8Rd Bldrakprn of the desired
hydrated oxide to forma coating onto the surface of

t heltnefteepnpdiment, cthe A5HelR g af OPHRE iSYH act-hior Papmplealt may be a
sh1ﬁ$¥ BR, WRghati aAnthdinbeth BRS ehSodiRleRY (AL Quide 1§a§lonﬂaﬂ1e@ such

energy mll or mcroniser, to separate particles
as tah@wkhmee bewe ridingc o @g@ﬁﬂ@rab‘yatﬁhéa@l@aﬂn AgWalsr Ripg.sIn one

emlgddyﬂgntmthé aptgcl§t1§gae gr&{ngatwv%r]ﬁg &; g&lﬁ:tt @&@H Q?Qt g’onc?et@ ‘surface,
wth po , e

am ne r silicone ri vat I ves,
roagd ppirfagel, eilspor@gupr@@lct | drivaveaye Minbetieneear, patkt atmfm or pavement

surfyc? Xindgneo ?{’/’%b&%e% eth@%ﬁ&e% aanXmlag ArfiERt %j S(,)Sjg bodmllent the

ective renove particular 'size fraction
artick: maepbwdertdmetedoaxpom ln one eiflhedlmeelis,eme drrivienisiaovehicle, e.g. a

pr.ov a_secon e C St
carPERLL B3y ckbr A B0 DMl BABEGent, e HAF1OL 28IRESLY! Phouse,
hotsl, fiee cooefactoqvern nge tehxbbdﬂnamt Sﬂnleaitrtlck‘f iseatpla/smcyarankd an one

non- whi uce an artlcle t hat has
emaflinffly b G R, Rl o R R BBl our - 1 n-one
B. SBb@NmmRTPPEHOGV(BngLEaH{GDIU(gm ness value L* (CIE
L* *b* col qur space) of 75

or S,.such as _65 or
ealte plegeitgav e vidst oo Pa PO 1T Grotstiotptad conted
particulate material, wherein:

(1) the material is selected from titanium dioxide, doped titanium dioxide and
combinations thereof;

(ii)  the material has an average crystal size of greater than 0.40 pm; and

(iii)  the coating comprises one or more oxide material, wherein the material is
an oxide of one or more elements such as Al, Si, Zr, Ce, and P, although
embodiments are not so limited. For example, in some embodiments the

oxide material of the coating may also be an oxide of one or more of Ti,

Zn, and Sn.
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35 or less, e.g. 25 or less. Preferably the sol ar
reflectivity achieved is a Total Sol ar Refl ectance

w@ T®R3@afil 20% or hi gher, e.g. 25% or hi gher. PPEf/6B2a®bP01096
the conposition is used to provide a single coat
covering that has solar reflectivity and a dark or
i ntense, col our. The present inventjon rOV|des in

t hiThys ifnena embagimente the coaling JemyWises 8PS R MPAT pridg ptgrials,

whet®h8hd Alarddhiil §arl 5xi88l0EGhEdr iiRBeldnicRty whicHiapxi de,
doped titani um di oxi de_and canbi nati ons t hereof,

n @veraget diRtand 1 JdBbirapyiden &et%lhéﬂe@teﬂdf%%n * and Zn
ha%nghgartlcle size distribution such that 30% or nore
of the particles are less than 1 mm to increase the
sol (B groap| I8cto] Bn (v ¥IA) pblork ciamentsatl¢csedafrem Si, Al P and Sn
di nh,gjshing thevisible reflection Ievel, of a coloured
conposition, e.g. a dark or intensely col our ed
codﬁb@nﬂmomhsln one enbodi nent, the col oured
COI’WRﬁI Edcﬁn ;:@Rl % lal‘g‘g{}{'ﬁ VQJ'[M aﬂ'}e éﬁcﬁ- i's* %e?ond the range
col our spacg of 75" or €ss, su 5 or less, e.qg.
achi§®alde ubmgsconperefoawahpiamemsarmrcrlyssls812@, uetteriad. Thiohay adupntages
S n R scattering
in temg Ofccg) g{ één%%t g’féeglfé) S) puseggle!t %%3 I{Sg’?%%g otal Sol ar
Reﬂhenaxazne:ae(ﬁlsaaunm‘ @86 blakk glewsr as ercotdrentdbutkalee serves the
pur;l;ﬂr,%t%eg e ]aé orﬁ’Jggf réqg?m?u npugffsra\{lﬂfc)at Nraﬂu zg’tgoaasa 5(yﬁ181':ef£]lleg Il:%glancmg
weaﬂarzthlmyl amleremztoemg ahrimmeblhask desic rambelderabtwae blaak the resultmg

irst aspect. T nyent |on prLovi
phofcEptaetip  FEAUFIESt Tt ARy | BF M UGRE ol g grovent inveition i
partEAERIBE ideifglN bly NviGe OF GRMCY st&ﬂi.btlbh anfl Ilﬁﬁtphaﬁm&mlytld fctivity, in
one enbodi yent, the article is a roofing surface, for
add%&%ﬂ%ﬂésﬁ?lﬂﬁvﬁbe a shingle, tile, or granular

Coqtﬂe%atehrbd?ﬂ@ulﬁmﬂﬁlﬂeﬁﬁms, sdb'@ﬁnﬁﬁﬂly Gheel ?réferably, the product
cont ai ner, such as or sidi

has @dighipess yalugtlet (¢Hh ie* b*a0%$re§paﬁ?)p%f greﬁteéﬁléan 95 with a value

of a® 'mqgésmﬁm 6 dni& Mihié OF +ic? 185sHhM BALL BNE EmBEdiRTeAt UGE product
such as a concrete surface, road surface, floori

in
has grlighiness vahup Jeinaly xsaier 4ban 9Casuchds ereaiet e 93y greater than 98,
or PEMEROA @uﬁi% 1n| SheOaRp SRR HBREs tHal®, ALER G esls Shah 3. b*

painted article.” I'n one enbodi ment, the article is a
maypioviderentodireentdetless han Hp setheasclebiodemsnt . the article

s T‘?lerrgéuéﬁll elS hdefdte Cliect& s Gvgs!q’tot{éﬁ%ﬂfeoﬁ ff%uctl hat looks

one e nt, the article is a building, e.g. a
substaniisdly Whiteko thef £y ePrsferbiyt eny comr‘tmemnbn@nemhtmcluded in

the 5&%n§r guc%l &5 de?mao:(%ea tré ?)reas }11! i?ll aqnodn& &'E.5wt% or less, preferably

0.4wt% or less, more preferably 0.3wt% or less, in particular 0.2wt% or less.
In one embodiment, the coated particulate material is provided in a coloured
composition comprising:

e the coated particulate material as NIR scattering particulate material, the
material being selected from titanium dioxide, doped titanium dioxide and
combinations thereof, the material having an average crystal size of greater
than 0.40 pum and a particle size distribution such that 30% or more of the
particles are less than 1 pm; and

e one or more non-white colorant;
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enbodi nent, the article is a textile or |eather

product. B. SECOND PART - PHOTOSTABLE PRODUCTS The
W@e@easii4i nventi on provides, in an enbodi mrent BPET/&B2009/001096

first aspect, a coated particulate material, wherein:

(i) the material is selected fromtitani um di oxide,

: : i ey
whqull?le&lxe % rﬁ@\:ﬂg{?aglla%ﬁ ag\e;irelggcgee %%E;)\gljél?&i 'cgl%g%ntt ga?g S&r}%}aetr;eelrdl ‘l’lthln a
vehidian 0.40 nmm and (iii) the coating conprises one or

g?rl?l g%(rltgglarrmtlr? r 1sngmp,2 %nﬁel(r:l theb %%‘@t Egtltearlz}gl %eﬁﬂu%ﬁ%d%terial,
whlamtisouginuarrbdiiblxmmﬁomdetlmiumodﬂoxrdet ed. colﬁﬂmnai;oamptleréof is

i n_sone enbodi nent.s t.he
prealo? STEa THBoatn T Beoises Bk Repe B rirtcighrsaitiyeWom the
miling $fepare icbatod @. £ ikl ihrjr&fhEed bide coett hngilicoNPumses o@rtercoma,
hor mor e oxi de matelia re|nthe @Serlal i S q
this;,504Engf SHRe BRY nbTS¥ tel‘@msrﬁ cedlni R togAR Yy acdlrvbtﬁp jmprove
dls;(elréi&)htﬁn&d&aeo(rmomﬁgmsb&tm @l s selected from Ti,

Zr and Zn and/ or gr Qup to 15 IIIA-VA) 5) }( .

el erhsnpastiglep é%%dorf F’éﬂﬁﬁ‘lé? bwoatﬁd ahy esﬁl ShdPIP 2(0 4 wi/wt with

inorlg@chAALS e gvﬁr!amwshonowwm durability is

attai nabl e \Nhl ch is beyond the range achi evable using
corPeei YRRdiprEnBRTEATS eoajipeanatsrizbseieqied from inprganic oxides

maﬂ“@éué’éﬂw FLAPRS dfﬂhés%rxﬁﬁeﬁﬁls CW@&E&% fheif $PEES Gre ALO,, SiO,,
appearance and sustainability. I'n many exterior

Zropa APs,anddf:-Bon bl ack acts as a col orant but al so
r @&rhﬁ? tAH B3RS Ehi fc@hﬁa‘ﬁﬁ@x‘aggo@aarb%xtﬂnoﬁl h Pq\—! 'I@Rebarrt] of the

iation” and therefore enhancing weatherability .
Speqtephadinngme aembodibleatk thd tiprawhi¢ t eolozemt vmap| hede, apha@verage

absgr §U£ 109%?:0? SByn% E iegp 119?1{ | ﬁh@qg 10%§{Wﬁ%gl%oba%d 2500nm.

resen I'nven articu
Premsdﬂ)al thebylomwlhueccdbrant snay\/hats@npmewgeamkokpiwn coefficient of

conB P8 e REh b RS My o 15 or s
e.g. slmmam |laslsl forvdxiatnple mrefneroabésy;, t he product has a
htnesvalueL E *b* cal our space) of eater ..
BRI RS epb st B Moen et onln & cahurdl Gargesiton
Con@f‘lsbf‘g. of less than 5. In one embodi ment , t he product
e NIR scattering particulate material, the material being selected from titanium
dioxide, doped titanium dioxide and combinations thereof, the material having
an average crystal size of greater than 0.40 um and a particle size distribution
such that 30% or more of the particles are less than 1 um; and
e one or more non-white colorant;
wherein the particulate material and the non-white colorant are dispersed within a
vehicle;
and wherein the coating comprises one or more oxide material, wherein the material
is an oxide of one or more elements which are:
(a) group 4 (IVB) and 12 (IIB) transition metals selected from Ti and Zr and
Zn and/or
(b) group 13 to 15 (IIIA-VA) p-block elements selected from Si, Al, P and Sn

and/or
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has a |ightness value L* of greater than 96, such as
greater than 97, greater than 98, or greater than 99.
w@20098%514h one enbodi ment be | ess than 4, suchPEBEGB2®/001096
than 3. b* may in one enbodi nent be |ess than 4, such
as less than 3. The coating is therefore selected so
as achi e a product that | ooks substantially white
to {czéangtg%rflx%'ef erably, any col oured oxide naterials
included in the coating, such as eerie oxide, are
[h @aaiduldr) tReTBeIng MiteRalomhybokelberss frah ef180 aBlY,, Zr0,, CeO,,
0.4WMm % or |l ess, nore preferably 0.3wt%or less, In
an icular 0.2wt % or |l ess. In one enbodi ment, the
10 ah QlkePitiivie Cash BYa@m ML el @atddSpaptionbedateRafisCtPIo@ided in a
conposition conprising: the coated particul ate
colopged cpmIPOSEONICRMPESiNEer i ng particul ate material, the
et . I . : . L i o
T B LT R El Rl T S Bt ARAH stanium
mat €ekige, Hapedtjtaainna dioxidgeandr gombinatinng dhereofyrtbammaterial having
th particle.size,distribution such, .. .
e Sisde UL sBe R bl P AT LR L PRISHE gprivucion
andsuchnkatB0%E @ndre s Wy pLticlel ararss whariepm; hhe
particul ate material and the non-white col orant are
di sYter Yedors BM-iwhie velor¥te. In particular, in this
wh&EROtHeBitkiclee MaRrd adnlietht NbnPRkilkd CHloRh® ARt @Epedled within a
which is titanium di oxi de, doped titani um di oxi'de or
vehicherhi nati ons thereof, is prepared via a process that
I Vil (18R a8 RBddiMBntS tRPeoalddCp P AEd1hfe! BStefi8B ML) hBPrddi@8 on its
the mlling step are coated e.g. wth hydrated oxide
owng RIhing 8ns icpm@asitign hitnia,a ermbintéemph the Rpated patticutpte material
. e ' c t (VAW NIt Y,
i R S etol: 2hek S BPP e FRyRREACAR KrhisEk Kol g cotoured
compeaitionycomphysingr t i cl es may, for exanple, be coated at

2_ lgl@l\ff lfs%a?nie 1urtg' éa%ti%%%e%ét%ﬁglﬁt%@ @kngrrag_b%%?%g%?&gg gfcb’m titanium
I natigeide cdomalt titagiumatiexidal and eloatiiediohk olere6f) i@ material having
oxi des nmay be uge.d. angel eg 064 hese gat eri,aies,_ .
equneegvgé e Iystal size 9% EHRa ’rt 3p0, Ozﬁ’an ia(ﬁe}rtxz cpze distribution
CeQach i 3026%r nRreberblayitibe anoRsMahe gal @h@nt has

| ow absorption in the NIR part of the spectrum In one

&nirddiarenere 1ewhecolarang col orant nmay have an average
whe"ilgﬂotrhgt LR cERR b geir?a'ﬂt ngf %QMVJhl‘PJ cbfeSsht! eﬂet&?pelr\!eﬁ within a
regli on netween 78 an gB nm
vehicle.
The present invention also provides, in a second aspect, the use of
(1) an average crystal size of greater than 0.40 pm; and
(ii)  a coating comprising one or more oxide material, wherein the material is
an oxide of one or more elements which are:
(a) group 4 (IVB) and 12 (IIB) transition metals selected from Ti, Zr and Zn
and/or
(b) group 13 to 15 (IIIA-VA) p-block elements selected from Si, Al, P and Sn

and/or

(c) lanthanides
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Preferably, the non-white col orant nmay have an average
absorption coefficient of 20mm1 or less in the

WG p@etisaim bet ween 700 and 2500nm such as 15mPdT/6GB2009/001096
less, e.g. 12mm 1 or less, for exanple 10mm 1 or |ess.
Accordingly, in one embodi ment the invention provides

to 3/?5? :t ?le% toca{r{l) eic'c ta%:t?\gll{yﬁg mral Salter} 3| s[eN;cteds ?raol {tiuﬁg?\ d1ox1de,

ria erial being se
dopted tigdmii umdélddote aed cotapimdtidrist thedeafn di oxi de and

i nations thereof, the mater a havi ng, a ver.a
o henp iRt MR o M RER RO oB sty SRRl uPYFRFES white,
Preﬁalri’tﬂy,dltlﬁd folr &dtifcie CHhsSthllﬂgrﬁﬂih’it \Biﬂl% (DJ* GOIE I0fa*bhecolour space) of
articles are Ie a one or
regH {138 OBt SR VORGP RS AR Byt B Whgt o, of g pen 5. Tn
onet igvdidAenithe pe@dm aﬂat aaﬁgnﬂmpaﬂa@@*v\mt bidater thehios| euch as
and wherein the coatin ne. or npre oxi

Ereqii BT, SHRSPEIHR P (FaBARR b O8N &b i to e b gfiment be

lessRER 42188 RL Jesdheh 3amme: mg}a)n 9h® 'éﬂlb@d{nlle\ﬂB)beﬂeﬂs thdn (4;Blch as
transition metals selected fromTi and Zr and Zn

lessghat dr (b) group 13 to 15 (I11A-VA) p-block el enents
Sel’ﬁfé&%@tlfié Qm}@refoﬁf! suiRbBNEb1e ABAs &F béhiedeA bRANMEDDSE 1ooks

In particu he coating material may be sel ected
subq;tpr@ml],gq ploge tg,t@ ey Brefer any f@lpres oxjde materials included in

the @Mtﬁlr : g'%éhvgs &irhodiiae nare é}?&%ﬂﬁﬁ%lﬁ&&@& bG8 6r less, preferably

I's not pr ovid col oured conposition
0. 4w%wr ilesisngrore wratexnbbt f Smit Foorplaps ile weetelarelt-8Wialor leste

rmtIﬁr ge b&g %ﬁ egﬁ & n‘%r gmlﬁ ' I‘@Qﬁ tgl ?chgl%ureqo F&Sﬁirposmon

titani um di oxi dé dn i nat1 ons t
compaiséngt al havi ng an average crystal srze of greater

t hap 0. 40. artic e di st rihution
habe Tbetil har Sy eroe gariifea i BEhPRLR il pelcrea
andror naMiimTeio’ideo topbd ttﬁarﬁmhodlamlﬁe andero@ibiindtivas thereof, the

particul ate material and the non-white col orant ar .
i SPRFRUAG P, 28R PO S48 < RAEH, Al gmend ¢ rparticle

coafRd4RaHutoN! QiR AR §5% &r MBYe BE (Y P¥iidRA £B 1bdsSthan 1 pm;
and

¢ one or more non-white colorant;

wherein the particulate material and the non-white colorant are dispersed within a
vehicle.

In one embodiment the oxide coating material is selected from AlO;, SiO,,
ZrQ,, Ce0,, and P,0;.

This coloured composition may be as described above.

In an alternative embodiment, the use is not in relation to a coloured
composition comprising:

e NIR scattering particulate material, the material being selected from titanium .
dioxide, doped titanium dioxide and combinations thereof, the material having
an average crystal size of greater than 0.40 um and a particle size distribution
srxch that 30% or more of the particles are less than 1 pm; and

e one or more non-white colorant:
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own, or in any conposition that is a conbination of
the coated particulate material with one or nore other
w@oreposamt , provi ded that the conposition i s nBCT/&@B2009/001096
col oured conposition conprising: NJR scattering
particulate material, the material being selected from
Whereltr?g{heu rgﬁtgl)é ﬂgl’ﬁtgg?aﬁ)ea?tﬁeth%m er P?g?é Egl{??z}]nt are dis V%ersed within a
vdmﬂystal size of greater than 0.40 mm and a partlcle
Siz tr|b t|on u h that 30%. or
parlt%l SUCH an e e essrﬁt 9% o reI%trl]oen to Ihﬁorf%terlal on its own,
or the ﬁnsu\knatyebednl relagion; tthh@ hﬁﬁteﬁ‘uﬂ lie apprompoditbe thmtienicaibination
ite col t are dispersed with
of Btioeied PopfiaitiecBafifef 3o fr 1088 SHRE iolfehefl yovided tha
the s:eﬁlpaﬁua:s Rerdt, a t&eumaeoﬁfpoéﬂu)ma:ﬁmwemgge crystal size
e]greater than Q.40 mm Wé a.coating co q5r|5|n )
B Srbiesng maaac i MaTIAL hR FATIA iRt RdpTiad frog gpnium
ox. dlexiak, Q6RdIAtahRibe dRXRIFBIHIScoMYifdtiont Sherb D, 186 GlaRerfhl having
(1VvB) and 12 (HB) transition netals sel ected from Ti
Zr @ndversgeaniytal sige pf grw than P #018m (anfl janpaghiylepsizs digkibution
el e [ (c)
J&Eﬁ]ttl? %%17‘381( gz%ré ? Eﬂe %’cﬁm%‘ es aF @psdth%l] g]f.rg 9{1d

| anthani dest o ] Ower otocatalytic activity of
mat @fel @l meel reat ehlité colordnif ani um di oxi de, doped

tita untdl de and.c nat i ons. t her eof
whasei he B et B! ARGHE CORTR0'e FSIoP P apgprsed within s
vehfdlpst antially white. Preferably, the pr oduct has a
i ght ness val ue L* L*a* b* | our spa

gﬂt e iNYeRHAR oSO \Hr§>wdﬁs’vﬁt dothifd @spest. s é)si’ hYfna5maisgal in

gre
acc@1‘d‘t§r’?&euﬁl‘d:i’fthebf’lréifastr)~I So iMpFOVe thd BuABRItE HROM: TEBfime 1AQ product
roduct has a |ightness value L* of greater than 96,
thm§ﬁ§hp%§d69é%tﬁhl e OE: greater than 98, or greater
t hafhegglveﬁtloﬂ@bédﬁo%@s embmb&t%mas&et | a???oc;ulata@ha‘hs FdYed to
as | ess than 3. may in one enbodi nent be | ess than

the punsdirmneayss. e§1§ pmﬁﬂs.comrwémeeamﬂﬂgat & aRepdpgee with the first
aSp?gititably sel ected so as to achieve a product that

ooks substantially white to the eye. Preferably, any

col B¥ir £P5d%2 deeseribey | preparing [tiigum| diaxade quampnig, thag cppssess

outf@na‘?&é cﬁa ?Xfqustei/n%g,e eggéﬁﬁptdlép@rm%maﬁd o(futs(‘tag’d%gd’tﬂﬁ retention

ess, prefe
when employed in paint formulation, by providing these pigments with a dense silica

coating followed by alumina deposition. However, these conventional titanium
dioxide pigment products do not achieve the surprisingly good durability permitted
by the present claimed invention, which arises from the synergistic combination of
large crystal size and coating.

EP 0595471 teaches how to apply dense silica coatings to TiO, using
ultrasound.

JP 06107417 describes coating acicular TiO, with 1 to 30wt% of metal salts
and then firing, in order to provide a coloured product. TiO, acicles have a physical
resemblance to asbestos, which owes its undesirable properties to its high aspect ratio
/acicularity characteristics. In the present invention the particulate material

preferably has an aspect ratio of less than 4:1.
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0.4wt % or less, nore preferably 0.3wm % or less, in
particular 0.2wmt % or |l ess. In one enbodi nent, the use
WO g00pn3qiel ation to a col oured conposition conpPCEGBN09/001096

the material as NIR scattering particulate materi al,
the material being selected fromtitani um di oxi de,
doped titanj um di and, conbi nat.i ereof .
mat eri A" tf’ét/flf?teé né'(l)g teaalcgllmgé’vetocwg? W h S|dz?1§ab6 1tyg?néiét?refrlg%me of a

proddwma@m@xpmcafwtha spardiriagaisel ze di stribution such

0
gt FEAG Bt BV R aRe e O el o
prloB&E"tt ife tladr@urﬁ&ﬁ@naalplga;mt tchgtaitOng \Wbjet s as@bwdamtsowreradlanon
di spersed within a vehicle, In one enbodinent th

The gyiceart dags 1Y thsehe?s SHeepy they e Ccombiagan A lexge 5&1 titanium
dioxd%ith GBEReatdR i PCRuch Bic8uGinOMIdtsatipasd idtefitymay be

as descri bed above. In an alternative enbodi nent, .t he
us &hescamhingtipny of d#nesrFry ek tspiienr ¥axidanpss the GRating gives a

grea(imdh&'t&gm phltBeaifiatit Qi N8y PRt vekiliat8 e MREL Prédictell FRom the
material being selected fromtitani um di oxi de, doped

knowpt effeqinptlicoRing AR SHATEHAEC oifectt Hepagfpeciedeand provides a

s1gn§‘@$a%€ beleslavi ng an average crystal size of greater
han 0.40 nm and a particle size distribution such

t hats dBossed mbpee,of theepysaenti @IVé%U%tT éhe gayinghemuripg one or
mor@%%deoxﬂﬁtaﬁ'él T Feil e Mytéx‘t?af}lqg lag | 4 Cgt?rnm&téeelements which

particulate material and e non orant are
are: d| spersed within a vehicle. In such an enbodi nent, the

Qa)ng%uﬁazt I'Q/Br) eatnﬂtf fhlg)o trta{x]sqn?zﬁtggrtr%l? g gﬁeh tePorf? W Zz@Tand Zn

at 'on in any
COI‘Ipd)IS)IrtI on that |s a conbl nati on of the coat ed

{’I) gir : léf atlﬁamigi ¢ onp Pl%nﬁ e?esmeﬁ Seéecé (ﬂe ;rog]ogip AN and Sn

COI’iﬁd)/S)irtl on conprising: NR scattering particul ate
ér% ] fhe material being selected fromtitani um
di 6 Athagidftd tit ani um di oxi de and conbi nati ons

Exatpessedfsuithtie lamhandalinkbladé 0@. an aver age crystal size
r.. than 0.40 nm and aﬂﬁortlcle j

or gr i ze )
di A4 B SE It Tl ROEHLAPP SRS HrgPac iRl figyeginde form of
a me8 Jx@fS subiRBs dn BRYh@ROxide, or in the form of a hydrated oxide, as well

as in the form of an oxide containing only the element plus oxygen.

The coating on the particles may be dense or non-dense. For example, the
skilled man would appreciate that both silica and alumina may be provided as dense
or non dense coatings. A sample of standard rutile titanium dioxide crystals has a
surface area of around 7m?/g. A sample of standard rutile titanium with a 3% w/w
non-dense coatings has a surface area of around 17m?g. A sample of standard rutile
titanium with a 3% w/w dense coating has a surface area of around between 6m?/g
and 10m,/g.

In one embodiment, two or more coatings comprising oxide material are used.
These may be used in combination to give a single layer, or may be used to provide
two or more separate layers, each layer having a different composition.

For example, the coating for the particles may comprise a layer of silica, e.g.

dense silica, and a layer of alumina.
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one or nore non-white col orant; wherein the

particul ate material and the non-white col orant are
woelt@pasded within a vehicle. The invention al sBCT/GB2009/001096

provides, in a third aspect, the use of a material in

accordance with the fi rst aspect to inprove the

durgbi lity.and/ or I|f of .a u at_ci

exp@lseaa’it%let 2% % Wi nvrvn%ﬁ any %B%n%%ﬂél{}%nd (isoatmg material.
Theppatictkds mayn far feanmnple, &Epé@'{ted at pr dehet toft yattoi 20% wt/wt with

osed to the sun d
oA BB ESt R B S Gl S AL e Bt
may} b2 244i2d de sclevbiest oy ecpan%n@t/twﬂ arg ufiiroreli (hxltdezom; grtent, Such as

tromtenaf S5 V112§ RaTOOPESHAhe Pk o Sont i on when

enm@yeﬁgahib Pairfike f aésmieatl Qﬁlch bys P v Ciiolygalt ha&ﬁﬁe (e.g. an
Eqrﬁr%snts with a dense silica (foatl ng foll
alkago i ig) e gHicrRs dRrIvaiRev Ry et Pé%gﬁ%rﬁ*}lbﬂéﬂy’ in particular,
lmp}mtearalwagbmyl dey d;ﬂbaqwerganm QluPosndlo 3Ed A6 Nirgu&hyldropane,
sur pri.sing durabi|it ermtted by the present

peniapRithteli W‘éh%q%qmm%mlm R Rbanis peih e ns 9tk @W?ﬁl%ﬂlc acid)

andqgmk@qgﬂegﬁn@f | arge crystal size and coating. EP
1 teaches how to apply dense silica coatings to

Ti Gheypartigulgie matssighasedjip the Pogsent inyesiden edtaphu digyide or a
dop?(? Laidh d-gb:@%e VM)II bc&nfnﬁaﬁ%ﬂwr@r%f et PhasSA £\§er§§édcr57§'t§f‘51ze of

ring, in order to provi a co oured product-
greael thass 0 Qv pma Tieysinoal be esbirisl single type &f txmstl@éatevmm@hal or

e bd B DISRE SN ORE I S balel Ruligh aspect

aci culari et e present
I N\IendriecgmbdiBmps; tﬂhecphmibelatmtrmtarmll ipoefcemphikes haspaititanium
dio aégect ratio of less than 4:1. The prior art does not
¥8%4ch how to inprove the durability and/or lifetime of

a prieddeped Middnids d¥pidsetlay havbea U0, d:Ufnieﬂg ofis®wtFher more,
ucts of the |2Pent|on rovi de i.ncrea i fetines,

Pfef’ggabfmﬁ% do% BiorhE Brareryafite densd Ghaim §W eppyave a Ti0;

conﬁhﬂﬂfBOw%rﬂr&h&bngre%}hﬂ(yt%“ﬂmeﬁﬁﬁré o solar radiation.
The prior art does not teach_ or sug gest t hat the

conpiendgned titaniumadigeide May: by it ithes; fent¢il6,ar f2iASE Ak form

or CABHIRYHNEBSe 3HE PutBler €duct i on in photocatal ytic
activity. The conbination of |arge crystal titanium

di dRi ere ambpdimeat.cat dangd diiipaling oinxddt @psseawsdhe gitijencrystal
struemé OH@E%M&‘ emBSdinkhi, Yint RRP MMM uaYiB x B b sRsSE Geefhatase

crystz[losr?ructure Anatase and rutile have different strengths; the present invention
allows for a more durable version of either form.

For example, it may be 50% or more by weight rutile, such as 60% or more,
e.g. 70% or more, preferably 80% or more, more preferably 90% or more, most
preferably 95% or more, such as 99% or more, for example 99.5% or more.

The doped titanium dioxide may, for example, be doped with dopants such as
calcium, magnesium, sodium, aluminium, antimony, phosphorus, and caesium. The
doped titanium dioxide may, in one embodiment, be doped with dopants selected
from Cr, V, Mn and Al.

The doped titanium dioxide may include impurities, e.g. up to a level of

10wt% or less, such as 8wi% or less, e.g. 5wt% or less. These impurities result from
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known effect of coating. This synergistic effect is

unexpected and provides a significant benefit. As
wele®enydged above, in the present invention thePCD&BRIVY001096

conprises one or nore oxide material, wherein the

material is an oxide of one or nore el enments which

are. (a) group 4 (1VB) and 12 B), transition netals
incorpplgier QH“%F nTuandzP‘aénéOTZr?XéWéf/gor be B5°mgr ilip?-1 3108 f‘S other

1mp(1hhbﬁ Mcaltybl fekene! aentagivhe! eokRR fe@fihSi feetbtocld.andl one
Sn_and/ or ) | aat hani des. Exanpl es of suitable

embogpaTin e donedch GRRTCAIONS WAL TAATGS HePHatiesuiase level of 0.5

wtoBRPIIEG! 3Léh af 061 PivAI6r T8 EE1gal0. 0BV 9D @r i1Bsst hﬁesfecmguatle@may,
m xed oxi de, such as an oxyhydroxide, or in the for

for @ﬁaréplﬁy@PaEeedPsoNPd@ other japyrities fypicells revent ot tisgnium dioxide

beaHﬁé@@ed%&@k@' ning only the el enment plus oxygen. The
coat i ng on the particles my be dense or non-dense.

ForThex etitaphyen okide| may fave woattige atbpﬁr tctlemed wilatan impurity
thatPQED 3?' d h%@m%ﬂgati%hu&k% #5?%0%% ROV OE @%oqﬁfléﬁlp?é, Cr, Mn,
non I‘ rutil e

ense coatl ngs of stan
andtV campll rhedm&@ﬁm&eiovmytsttalpsorhets racayupihaicen. afteae ahpeniidesnignd to
be %\c}%/dgin ﬁx Sm eofoi{ sg’ltt %g& léﬁlét sh tﬂ)} %HB#W V%it lﬂxe %;It/to the
W non-dense coa Surtace area or a
precfnﬁfimﬁé@ slulrys aniipl é\lm&natvat}dmedmpurmbe cén balalluwed\m horae IBtough
froné ng? tltgﬁ%nﬁ%ﬁ%/ 319 cloﬁfcf%ﬁ%ds g n%rgtgFeﬁgL’lﬁla %%fnogrgt? oqdd%pan%sed are
typlcﬂ@t frogs 2cenPippsi becanxé de dwdabilitplbeasfdt hrsewd. bel balascednagainst
e u used in conbination to give a single layer, or may
co %’é ﬁ%eéld’r?tborbr ovide two or nore separate |ayers, each

| ayglonbawibddimer] fiegia@iiéul &0 nmsmill i9Rr cbMpricdatifah®m diride.
coa

for the ticles ma ri se Ia er of
P Hitag s, Aol nBEDE papaied T e e ot o Rt fthe so-
call DRI §ilphA8" BeYte DR 1O 6-RENIM t&hl@n&e"swuteama? b’%lmdéﬂt S/hﬁfh are the
coating material. The particles

(w0 PSR VISE | SORTerGRal st @qze%mwmwﬁ Rrﬁes?sgaﬁﬁyefomermaf

proé‘e@%' N@%esof frocdds&MdP- Radifing QPHo¥eskdd mdyN bONGsed to prepare the
nbodi nent, the particles nmay be coateg at a level of

tltaﬂlbmtcboﬁd%mlwt e.g. fromO0.1 to 20% wt/wt, such as
f r qmeotlénf&n 105548 nily bd N eBXATReCr OB} ngtag@ cY&al form. In

one embodlment the titanium dioxide is 50% or more by weight rutile, such as 60%
or more, e.g. 70% or more, preferably 80% or more, more preferably 90% or more,
most preferably 95% or more, such as 99% or more, for example 99.5% or more.

The titanium dioxide may be white or may be coloured. In one embodiment, it
is substantially white; for example it may have a lightness value L#* (CIE L*a*b*
colour space) of greater than 95, with a value of a* of less than 5 and a value of b*
of less than 5.

The titanium dioxide may include impurities, e.g. up to a level of 10wt% or
less, such as 8wt% or less, e.g. 5wt% or less. These impurities result from
incomplete purification and may, for example, be iron, silica, niobia or other
impurities typically present in titanium dioxide bearing feedstocks. In one
embodiment the titanium dioxide may include impurities up to a level of 0.5wt% or

less, such as 0.1wt% or less, e.g. 0.01wt% or less; these impurities may, for
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An organic surface treatnent, such as with polyol,

am ne (e.g. an al kanolam ne) or silicone derivatives,
woregp9as@el be present. This may, in particul ar, PCTYEBR00G/001096

di spersibilty. Typical organic conmpounds used are

trimet hyl ol pr opane pent aerythritol, triethanol am ne,

o2 PGSR AP G, S B2 RRRRCEY B e

titahiunt anexmeeﬁ:enhglfmdanmkmn IS t| tani um di oxi de or a

titani um di.oxi or C t f),.and
nacPareray e dhen i &P -68ons o T AR T of pighet sven
as Ibere ordyigher, Oﬂdkyexan@)ﬂmQB@t%y@ehigﬁerpaMore lplr&*eﬁably the titanium

. materi al t here r nore different types
diofe Shases (Ei0at et PV rior MEB SuiTa SO e o Kigher, for
exaPipld gg:ebva%a)rrmgﬁéﬂ al is or corrpri ses a doped titani um

di oxi de. The doped tit ani um di oxi Eraé%[mve
cont éntiiagium Mds g1aynkive 2 fé‘?eePhébllsy S8y a%*?l@urlty which

actP£h eedhMinak e cSARE fort hd18N bR Q¥ EF STk RANE @r, TMEand V
content of 80wt % or nore, preferably 85w % or npre.

canTHb bggied asi 4enenticPEIMete [eegmibaation. o Reserimmysitief tpndsto be

add@i @NAeA36 e TS habarf YehBr@r calcilhid By Ofdddd] a¥eiRNshit to the
rutile. In one embodi ment, the doped titani um di oxi de

pregipisaied shury/Rulpr Wt ifqraatiye)s thel impurivies Gre be|allogisdtthgpme through
frof BRI fIRRm drBe i ORGHolikd %‘aHﬂi’%&' oMl J8nRARSESE %%pz;rﬁ €used are

anatase crystal structure. Anatase and rutile have
typigelly draamt2 ot # Qomye hscausp éhg dexabiity ibenefit han tcabﬁ dakaneest against

|l e version of either form For exanple, it
COlarrg)r/%E)eeloggéo or nore by weight rutile, such as 60% or

norlg, the pgeseﬁo%vwntimo the, pptietlercabhipri80psederabiyr leds ampasgect ratio
% 5% or nore,
of Igucé% bJ9955}g rmlr 8r %r ngf(aplefﬁgl&ﬁ%bb of Abre. The
dopIacthe lptesnnumvdnmml die ml,cufamsr maseaiap hes aibp tavehag)e drysta kize of
do ts such as calciu magnesj u ni um
sresipt PR SXBHb e AT Birde et FePheriati Tl g o fverage
cry§th03ib A8 BR¥teri Ha®BE e§HRQF 07BN Im. PRGN bBradoRAfES size is

seIectedfromCr V, Mh and The doped titani um
gredﬁbmaa@rrmyal fe ) fdetimnp e i §eem er greatﬁpﬁ ere preferablpn.60 wm

or %g;}%x@ ﬁh a?%‘c’?o E I({} %r%atgw % $5T8|r()§,§§’or terSWt % or

ese resu m nconpl et'e
purlnf «'nwabmrbndmuiltnﬂye, NIRr scasenipd @artielate anatesinl hgaan average
in

s PR R B PR TR 5 b .45 1 1.14m,
more preferably from 0.50 to 1.1pum, such as from 0.60 to 1.0pum, e.g. from 0.70 to
1.00pm.

In another embodiment, the particulate material has an average crystal size of
greater than 0.40pm and up to 2.0pm, e.g. from 0.45 to 1.8um, more preferably
from 0.50 to 1.6um, such as from 0.60 to 1.4pm,

Average crystal size may be determined by transmission electron microscopy
on a rubbed out sample with image analysis of the resulting photograph (e.g. using a

KS300 Image Analyser). This may be validated by reference to the latex
NANOSPHERE TM size standard 3200 from NIST with a certified size of 199 +/-6nm.
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enbodi nent, the doped titanium di oxi de may i ncl ude

inpurities up to a level of 0.5 wt%or |ess, such as
wWO@2mmsdtdDr | ess, e.g. 0.01wt % or | ess; these PCT/GB2009/001096

inmpurities may, for exanple, be Fe, P, Nb or other

impurities typically present in titanium dioxide

beari ng feedstocks. - The doped titani um oxide .

rave et S Sl d5slf kR S 1 PR sice from
0.1ACHS 08B anl,e60Nbi RBhV&fioaeNtahSafOfitdidh@Sdreie pigment has an

el ectrons. For exan‘EI e, &, M, and V can all be used
avegpge daypHisize of f5prfbl @ 19 Bcontinati on. These inpurities

tend k@ REaddadiid #bf %0k PR ;pahﬁcflé)rsﬁze depends on the

cal cination, by addition of the salt tfo the R
effegtiverieps phtheddispersiop ¢fpiepigmpnteinrihe isyspp whein which it is used.

i BB Jetit GRrerA | CaCQYB L HEOHE iR hifiques, e.s.
L e T e R A
drydopsarr insegorativet milioal Mhe faverage pasti¢lopprn bécanventional rutile
... durabil i benefit has t bal,anced again l.
titafidpl hosidel PR o2 bR o e LTt S SRUSHE anatase
titaf@ine Bioldel Pighlent QIAPT drf @Serlapd PartioRe diX bfl€rondi (0.201t0N0.40 pm.

di oxi de can be prepared by any kno net hod, For o »
Largsapisisle 478 Soaapilbd MeFeiadies UL EE SR el crystals “clump”
togstRercal | ed "chl oride” route may be used, which are the

two routes in wide commercial use. Equally, the

f 1 JBrihgerpiest esaimeryiayv eitins e H3F g duaterjal gegfprably has an
avePl@ HARRAS sk, h Q&Qhﬂﬂiegrbg@?%?%dﬁ)@mﬁﬁoﬂsﬁdgrtegteprtl%?xa@.@Oum.

the"titani um di oxi de. Thé titanium di oxide fay be in
Foreixeigle, tieeavenige particleatizet msp be rgyete thin PO awhap to 1.2 pm.

diment, the titani um di oxide i.s 50% or nore b
PrefRERgh T BY4rPES Szt i EREOBRT P v o & 45K o Bikras Mo 045 to
1.1 paefeg akbin B800:ON .0RLE mévRReRrD £ Fdk] ¥.690%0100 yor €,

nost {oreferably 95% or nore, such as 99% or nore, for

exdfpihe RIS, dpimady énverrtien.t feaptrtifhkaicoRiadRsizhaprefrgably has a
part\gl}%ts?zeq{istp%ﬁlﬁtipﬁ v\,ﬁﬁal U4 8oy LP nE BTROPLARM areliedsSthan 1 pm.

stantially white; for exanple it may have a
In dniegmbpdigenia theeparticp@rEmiategiah hag o| pauiicls frsedisigibution such that
reat er n 95 .with a value of a* .of |Less.{.han 5 -
5B f e ARpoTtifL el BBl B Yol PG E g fguon
such Gk Ude bipidkd bf @, patigles Wpe te@s thahelven. @h tHOps¥erarapplication,

|l ess, such as 8wt %or less, e.g. 5w%qr Jess.. These .. .
whepeaefeanceds FRGRIIP 3 POISETALS b RATAGIER feue; b giveRize, this is

intefB36 tof B a p¥@OWage bh&vdigian, silica, niobia or other
inpurities typically present in titaniumdioxide |
beakq W@aspéeeagrtt@& gizey thepraduct is subjected to high shear mixing, in the

presence of a suitable dispersant, to disperse the particles without comminution. The
particle size distribution is measured using a Brookhaven XDC X-Ray disk
centrifuge. Mean particle size, and particle size geometric weight standard deviation,
are recorded.

As the skilled man will appreciate, the particulate material, which is titanium
dioxide, doped titanium dioxide or combinations thereof, is prepared via a process
that involves a milling step. A preferred milling step involves the use of a mill
selected from fine media mills and sand mills. In such mills fine grinding media,
accelerated by means other than gravity, are used to reduce slurried pigment

agglomerates to sub micrometre size.
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enbodi nent the titanium di oxide may include inpurities
up to a level of 0.5wm % or |ess, such as 0.1w % or
WO e®9/13@4y. 0. 01wt % or | ess; these inpurities PEEGB2009/001096
forexanpl e, be iron, phosphorous, niobia or other
impurities typically present in titani um di oxi de
bearl ng. feedst ock fer the titani um di pxide .
has %f“‘ﬂe@reélﬁlrﬁ‘lngn 3518% HERyHEE “%Hcﬁoaég "9V oparticles
res@lﬁm?'f%}ﬁrthe fnﬂIh@XﬁQp'rﬁaygBchfﬁt@ﬂ wittg B @lydrd¥bd @xide such as silica,
preferably the titani um di oxi de has a Ti Q2 content of
alumind, g G ChRigher, such as 99wt % or hi gher, for exanple
99. P % RHind i@ NGE - paFRBulhiect aNkdHR OXIHGkeh HRWithaUM dioxide, doped
lattice that is doped with an |npur|ty whi ch acts as a
titapiseh HiNdR; | On cembippEorsthereffe dnanBe SiBH Y éhdhatpefy conventional
pxg%ﬁﬁp} Ghatdrial, MkASEh Yn @l?é"aﬁl bt RSy WRREroRS 1M@élﬁﬁg&@mn of the
pronote reconbi nation. These | rrpurl ties tend
matggigbdn \ﬁatpheforll@mmgafwlach ajuitablef enaging ale@pefds.i ¥ch By aluminium
sul%lgéj Lde0Ry R tﬂ@hﬁﬂlllts fnen LGuRELE Qbﬁs@t ﬁf& Wghfé'h%){ $tPHlePdesired
ternativel i mpuritiés can to cone
hydrated ogldeftp dmm heoniingantonhe rserfaqerpfdbﬁmmmeéd
quapt | td : P 5 b¥ coati
1 o bt ERpodbEaE TRYEgifl QORI IEE oBLfiopY RRlbI coning
reapenthabwhced aliganingt seipheigr _tdeetneaq@past |stmry |of t@lhematerial to be
coaﬁeéigstgn szi_iS ggcl?et Egl?eohls']es]ltﬁ* tslg (‘l\fffﬂ%ﬁa&%}tﬁ?«g qEIC% sd é?«%ﬁ%ﬁﬁox of the
desired shydnatee osidef er ddniny a23cdatmg begshe shrfat€h®f pihest@iatium dioxide,
articul ate ial has an average
dopgf YRR afioti o oI R AT equal to- 0. a0rm

Pr eCedialys ymay hgbnpﬂﬂltyl oul adtéevdt By i aldithas oAnsudableagelts to the

rystal siz reat er an. or a .
parirlpls, BBRYADHY SAUeF Aecieig Srhfe-gr H Fanghastd, Borp basi
pH €6 yalpH €roth 51Q)uﬁm9 £.t6.129, &ahmeuarahwieattereffmrpeempltauon The

pr ef er abl nm or, %r eater, such as

sallr By T, be GIGO piAIGegy Bt SROLeYTEHe LHSORRTRAL , (e PH

alter i VilyRiR GAt hﬁ? ibRhdpadd @Hilﬁttﬁe gRt & hedhg BdGedan aver age
crystal size of greater than 0.40 nmand up to

mm Atey coftingniopmALOn o, atgfipl W@VéoepWé%h@Paa@ﬂydeoh?fore being

grognéo %plrl |f1uﬂmzne§g'§ hifiSof HRPOM QO td SepariddParifo16 thhf BiVe been
| i anot her embodi ment, the particul ate

StUCrha‘tOéP‘ihaT by she mtlagené@é dyipetsapssi ze of greater than
0. 4Q; HHsaffaY P‘g}ﬁ%ﬁostgémorgmgc sliFrade Qre%ﬁnerﬁs e: gjnmth polyol,

nore preferab such as fromO
amine, 41k§1hmosm<aged@rwslueqnesiemahw ey diet apphicd ed regmred

traﬁs%é%n%d%e%,t ek pqi't?d’u?ﬁgoxgﬁerlal may be treated to selectively
remove particular size fractions. For example, any particles which are 5um in
diameter or greater may be removed; in one embodiment any particles which are 3um
in diameter or greater may be removed. Such particles may be removed by, for
example, a centrifugation treatment.

The product that is exposed to the sun during use, in the third and fourth
aspects, may comprise the coated particulate material in an amount of from 0.5 to
70vo1%, such as from 1 to 60vol%, e.g. from 2 to 50vol %.

The level of coated particulate material in the application may be selected

appropriately, depending on the intended application.
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on a rubbed out sanple with image anal ysis of the

resul ting photograph (e.g. using a KS300 | nage
wo\e@bAt3aw) . This may be val i dated by refer enceP@DGBR@®9/001096

| at ex NANOSPHERE(tn) size standard 3200 from NIST with

a certified size of 199 + /-6nm Conventional rutile

titani um di oxide. plgnent  h a r cr, l,, Sj

fr on PLOME BT LARER 1o B 30 SLRPERsT W AhE bud A8 fouren
aspeéts anhaymidi sedected pirgime plastiess pasduawer(age mlaytlt @bniginees), inks,

f from O.tlo t&rﬁ.ES mm, Cra\@tal %eize .S di stinctt f)rom p
COaf AR FORROSEPE . URHRTBE RYUP i DEVEE p i o pippartions), rooting
congfds@tidns vEse ssandile tih éhagli tRpL KBingle, afle t be gpirgmandoatiigh e ground

systemw thjn ich it is used. Particle size is .
CW&E‘P& rGRHROST O S :‘IQ%“S‘o?Ss 3 J0at sydacs Qg%déff’t’sﬁ%‘é”% grffurt i Jriyevay
surfaR6 Produ@s cal park Bii¥ace®lod@dt b pOfepdmalsuv@cdriptddudy), and solar

The average particle size of conventional rutile
reflepehpiniiei oxi de pigment is from0.25 to 0.40 mm

Whi 1S bn& @mMbRaIn @R atheapiiaseist o afitUahdliOxiagecdih@iRNhe coated

has an average particle size of fromO0.20 to 0.40 mm
parfigilgiermpigrigl 0 & apowy Adrom esil 10% /v -hechag Hrmg dddo 30% viv,

e.gUBeeth 8 ¢ 304y hat crystals "clunp” together. In the
present clained invention, the particulate material
pr efepnthepbediment thy rasiyet isar piagtics mypdect. asd demey Apmpidse the
coape)ﬁ 'ﬁi%ﬁla%@%a@%laiw Qp'am%_tmtg[){e"ﬁto% ot_f‘EEB ’ﬂ)%oﬁm £65:0kxample in
exahpl e, the average particle size may be ‘greater t han
magieh@tchas dgnglups highlap friom 5Prtef é%bl/y mie bavissifle ef desirable,
is.ar t e 5 45
il i P Rne 10 e R By Oy e S e B
f r olm gheGOnbalithek, mim prlodu¢thie aproesiag tompaditied foma esrtfingrgroduct

the particul ate material prefera h article . ..
or PGP b boFHl BoBulP LR MG dp sbPe BpAflAE reriad in

amaqat toif ¢toms 1ap&0Pess/.t han 1 nm I n one enbodi nent, the
partjculate naterial has a particle size disiributio
Pk Rt OB s Bipa «f B bt Ehfin@uBg & PhE SR aRd srourth
aspé0ty, SUEhn @88e ampadinedk EuiSher & oflipsise iobgini®br StiBadibaAIV 409rbers
or nore of the rticles. are less than, 1 dnthe . |
or Shubahs BT tr S U e Per e ara Woldupdpre Smine light
statiBscrenHags) & ulthginearin,cl es having a given size, this
is intended to be a percentage by wei 82}@ To neasu

re .
par ThecPesparation qfpthe ditanjpm; dipZidg f; dape iU GigXi gy ticulate

mat@}i%l QGh Al al Q8o PLARBNCEObf Breatkirt @Rh @ .40 SRE! B8Ptbe ByPstandard
di sperse the particles w thout conm nution. The
Prografes Eqrecypingngdbunhr mpistiabin Wisichrdaye been miidifiedy such that one or

mo,%f&qhgqtg@&vﬁg?q[pﬁﬁay di sk centrifuge. Mean particle
' t

size, and pa e size geonetric weight standard
devihat ¢adeiningr & mbcohighdr temperature than standard, e.g. of 900°C or

higher, such as 1000°C or higher;

b) the calcining is for a longer time than standard, e.g. of 5 hours or more;

c¢) reduced levels of growth moderators are present during the process; for
example it may be that growth moderators are not present during the process;

d) growth promoters are added during the process; in particular increased levels
of growth promoters are added during the process;

e) the level of rutile seeds in the calciner feed pulp is reduced.
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As the skilled man will appreciate, the particul ate

material, which is titanium di oxide, doped titanium
waele@isla4or conbi nations thereof, is prepared RCEGB2009/001096

process that involves a mlling step. A preferred

mlling step involves the use of a mll sel ected from

fi ia mlls and, sand m uchmIIs fine
gr Pﬁmnﬁadgﬁecay ol matetia Zlnéacyeg] BVaFFéla © (fiyas conventional
pig@éﬂt‘ﬂj teyg. @fith WaA6ud QdHGIGHE @o Sthbike Il'edomp@ﬁlﬁiﬁt in a paint, plastic,

E\@ggl rates, o sub mcronetre size.Particles
aspREE Y P4 QVFIPIG ‘the milling step are then coated. The

parAipeb@ss F&SUbthintge fifaalln dfbxide bi d¢ped!t iepnil@Yy didRide particulate
coated with a hydrated oxide such as silica, alumna,

maigiab Wit G 2y et apR e p gk Siefgolorerte teard 16 Wkt ERBRTISS |

V\’h'r‘égctir?g b ﬁﬁﬁﬁé‘mug'i@&s%k @ﬂﬁegllfdrfcagélamtg'fgﬁhdaesol@d water
conbi nat1 ons t her eof be simlar to that

solubderveastiposake;pi gnentary material, as known in the art .
't ﬂ@()l\;lngrtﬁgo&%e V&%VQIE%? a%'d?cgremélpr}cﬁ{ 18 o dRE s 's@iutloﬂ of a

_ water | ow n sul tabl e coating reagents, such
titagigmaduliieteri um suI fate, are added. The pH is then

adgﬁgcﬁgs}ng tg@%%?ut 191' Qlld'éiatt{) %@n%rt td?éé t ﬁﬁ{l&xe lfate t(;c titanium

orm a coa onto the sur
dloxlhehlmttaesrl al. I'n one enbodi ment t he coati ng rmy

i nvol ve..the,addition af.suitabl.e ot| r eage
Sucﬁ%p%raugg thenﬁ)rﬁﬁ%plta ed t% 1un% odl%)ﬁgagl eoegtg tg %r Ele SC%]UI‘IOH and
calddmagnatobtalmltltzhﬁurbehmdaé ed; the pH of the aqueous

slurr Is then adj 0 cause, precipitation of the
l?%amh?ﬂfr?ftlgaré %St qi’l 0‘1118&;?19813{;)03“ ng on the
)thhaaﬁldaﬁmgh@ itl & afiphen W@hnpsiatiere, Gopedf ti0DaN o Migher, such as
?1]2) g or %ﬁn‘oi nat1 ons thereof. Coatings may
0 TCF? BiehsEhi eved by addition of suitable salts to
bh&h@@ﬁl&:irﬁﬂé@dﬁ)rrﬁﬁfoﬁ ér&hrﬁeaé ebfb%uﬁsnoraﬁbfea c pH (e g.
H fromaround 1 or a aS|c pH (e.g. prr

a’r dafiered. kvels f’é)growﬂt QS TRIPE] ng‘atﬂl%ﬁﬁﬂi Slugpgete process; for
pr e&h%t@&h@iy be (Har AR nnmrétbfssfxrlamobgr@@&%rf | thewestess;

% subsequent’l y adjustnent of the pH alter nat|vel y
é @rpwmagp%e@d?rasqdéeld ﬁmmgﬁhq REOCE & tin partrstiafgingisaes, levels

Af to? rSQI%H gﬁgnd‘tgxrsr@'é @fed i é‘@%%ﬁb@ss may be washed

|ed ef ore being groun . ina fluid ener y
pr)i |the éfrveinoﬁ Foile seed matprigk pﬁatreétl@edpwthmcﬂhwakcm fegshiulp
been stuck together by the coating and/or drying

Thestgtgt[l)%m d 0X J%eparilctﬁg{ rrrlr'clltle lulzlq R PES e L gani ¢ surface
tTea ﬁ , amne, "al kyl phosphonl c

ac:lTheomaBﬂriail cx)sllﬁtaﬂﬂey Imﬂaéd pﬂsr tcn’ﬂye &:xmtmgmta@d Magling is achieved
i.cul at

. ired. In. nbodi '
w1tl'FT§§1lilslbléF F?seea\tgletgqg%?%rgg SEXS; eg é’p?/tenalspo the presen? 1nvent101|1.alklotably,

the material may be observed to be broken at practicable milling energies. This may
provide an additional preparation option and may also facilitate size control.

The coating may be achieved by dispersion of the material in water, following
which suitable coating reagents, such as aluminium sulfate, are added. The pH is
then adjusted to cause precipitation of the desired hydrated oxide to form a coating
onto the surface of the material. ‘

After coating formation, the material may be washed and dried before being

ground, e.g. in a fluid energy mill or microniser, to separate particles that have been
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renove particular size fractions. For exanple, any
particles which are 5mmin dianeter or greater may be

WO 20iddis1 i n one enbodi nent any particl es whi CPCHGB2@81091096
in diameter or greater may be renoved. Such particles
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re E@ﬁ?eaf%fé‘les)ge"‘i“ﬁ¥€§ VIBRE MG SHSposi ti ons (i ncl udi ng

pai The imRdiiBRWHAMEP BE ifiGhds QRPAMekl B Sheank @@fillddration only, by
conpositions (for exanple it may be a shi ngle, tile

megps ¢frthA GPLOWIRsRAIGNItHE FrBakd: covering compositi ons
(such as a road surface product, flooring product,

ExShblgway surface product, car park surface product or
pavenent surface product), and solar reflective

In plecﬂdampES PN Corepignizotl voleme ,contratptiodupyc Fspelypanyitchloride

Ex20ge f4 mii{.o?{}?@{,,l, %Eh{fggg@f%lef’ld’a”' culate material in

antanmount % V/ V. *such as from 10 to 30%
1.1viMethedl. g. from 15 to 20% v/v. In one enbodi nent, the

product i.s a duct may conprise the
Coabetrptsions SRtk i fertid v iR Saisaltest STMCadd fnd ne
cal&e%lﬁ@i%&éddssof\&ﬁ &)X&fﬁiﬂ ] lil)lﬁcldTBﬁlbgitb&ﬁqiMSadceﬂﬁh§ t@onventional
as from50 to 70% v/y, may be possi
TiGle Harah e MR AOLIEY; n TE yPReheligigs Vet ol bsengy, hudrolysed,
accfohﬁﬂg 1o e BenvdnfelamBrobessdes pfealpifite hyirofe tieid@di di®Alds. To the
product i s a_coatin nposj tion for a ropofing

P“IBrUG&cftdde‘ %ﬁ&‘anal%%ﬁﬁé?lgnbluﬁﬁbdamdua% |a“f’°‘ifﬁ’57‘gcé‘?rp‘1h?s¥t by

dighfifonCQAt @d JoiidA Cot afhe @b Mitanflin@ N RNt deBErifddO Modve in
to 50% v/v. The qL;roduct hat is exposed to the sun

conggnirigd (sodium nhrdiexidpi sQdutigid rshistbsequpic Feactipmyofj the sodium

utaQQt% Qe AL f %Fd&‘ﬁ[crfco HHGI%X &ho r;QfH)‘i WaOFuthQ" d@ditibned with
absorbers or Scatterers I'es of such WV

0. 05%5 W/We‘?fsé\b@atatléroe?% whe 1K Qe Tiinerﬁﬁértéweémqie wasghen calcined by
rangog@g thé S@ ekdilieS)o &rblidd abbpe T Pratkhes Pf epal ng&e Ofhe exact

he tit n| um di oxli de or doped titani um di oxi
terr;parqtmrgwlsageéected to ensure an anatase level of between 0.1 and 3%. Prior to

calcination, manganese sulphate may optionally be used as a dopant at a
concentration of <0.2%. _

The resultant product was characterized by: i) obtaining an electron
micrograph of a rubbed out sample and subsequently analysing the image using a
KS300 Image Analyser by Carl Zeiss to obtain the mass average crystal size; and ii)
measuring the X-ray diffraction pattern to obtain the % rutile.

1.2 Results
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material with an average crystal size of greater than

0.40 mm may be by standard processes for obtaining
weowkw1sdseri al s, which have been nodifi ed suchr@haB2@n801096

or nore of the followng apply: a) the calcining is at
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conven
maké utamfmmgﬁafaebisteclt wag dmsmi wigh asmqeotra@dmummrlg racid and the

cakgttﬂ)%{l F 9 s&ldged e tg ngcsld t rpr891§ Iylsggm%htoq’né ltjl{arilum sufphate

iI"oXI I'culate
Thigd ttthlnlam aﬂpitaag evasr yubsajuesily mydfolgsredattoepre’pimﬁateohﬂdjommntamum

C reacti. titani fe e
OXI%‘TJX’?' ﬁ‘cdeal%:ledatet d:‘#‘té mg ohs%i nu\ﬁaetle Nfec?lld?ﬂfmrgr ac%ess This
hyd@&kﬁ,ltadiuﬂsmhde pglpt Wes asldensithe watitng matkkal. weak acid to

| uti tit I te; hydrol i
b) Pga g% BRes bhata b st on oae el e oul F ar

Thd pulpivaanidshed b lchendyy, dy. 29K, @ﬁc&()aﬂ% 79,0 3hﬁas added (%owt/wt) to
|tatedt|tan|umd|OX|deh fromth

pr.eci
the s:rdpat'rﬁs Rulh 2 dred calriged & aBPRh ﬂfl i"ma Gﬁtpas?ra;&ra as increased

at VR @k N-OMANAL 1MB0EC 0fhd BanpielwaWhes RRPbY 103PCLBEL 30 minutes
calcining is at a_higher tenperature, e.g. of 900 C or

befefiediedig al tasCOPboo C or higher; b) the calcining is
) (ﬁp‘{ra@telrggggﬁ time, e.g. of 5 hours or nore; c) reduced

l evel s of growmh noderators are present during the
Thepresebian; TiChr Wa ghiagterizeddgr izet biatviyab @b sestpeidroft ¢t glectron

mictbéra ng&pgndof&%r}hgijéjgﬂr &gra{ynﬁffpic?ﬁﬁss d) growth

pronoters are added during the process; in particular
1.2iResplased | evel s

The obtained TiO, had an average crystal size of >0.5 um, an average particle size

of >1um, and a % rutile of > 99%.
The electron micrograph is shown in Figure 1.

Example 1C - Production of large crystal TiO,

1.1 Method

a) Production of starting material using Mecklenburg precipitation

A titaniferous feedstock was digested with concentrated sulphuric acid and the cake
obtained dissolved in a more dilute sulphuric acid solution to produce a solution of a
titanium sulphate. This titanium sulphate solution was subsequently heated to
precipitate hydrous titanium oxide, the precipitation was nucleated by the addition of
fine anatase crystals ('Mecklenburg' process). This hydrous titanium oxide pulp was
used as the starting material.
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of growmh pronoters are added during the process; e)
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mangagessusuiphate why bharsedhaepidapantAft er coating formation,
¢) éﬂ‘eﬁ»a@%tr?sﬁh% may be washed and dried before being

. inafluid energy mll or mcroniser, to
Thes e@attamemar wiag |chsracteaized dwe Dbekbiting mnt@g@tmmlwgm@ of a
rubﬁ ?dg ;otuﬁe n ta%hssgﬂs?@enq}rl Jilitali]}gsll’?ﬁt ?}gg glrn%ggam* rgﬁqsau ka%G@ Image
Anaggeir gt Cmgelsrmy dbealappé rrfasls aseragquiystad sizenawh#) measuring the
t| t ani um di oxi de

X- rf)gg?f?r@n{g%? Bagrtweéf'é?l gfam I B %ated to sel ectively
1.2rRy¥olte particul ar size fractl ons. In the present

specj fi cati "average" refers to tatistic
Theyahiiing} 120 heg HéPWSsaé(%‘é"tg&tcééﬂsmlsﬁé% o Pk | §m i rutile of >
osopeferring to average sizes this is intended as a

reference to the "geonetric volune nean size". The
Exgmpler® 1 Mieagiremend 0T pefleeiaperospregtian? i bed, by means of
2.1iNib@plar ation only, by nmeans of the follow ng non

lrmting exanples. Exanples In the exanples, PVC =
Thepiaggpemsmblrl@me sewpkeeprepateddn; Exgpple- 1B orap quﬂnlylpﬂed into an alkyd

on, 9f L9811k YEhalind
paie Vg3, B AR AR ot D0, SERATERNEDN AURL SRCRNEE nd B was
drawo nosmt ursart&@l ngmlbpmarﬁ bameved aalpldck pubstraiee Tdnbtraﬂmwn over black
SSO gto

Wascrgﬁ\glﬁr? S‘gﬁﬁa?hﬁﬁéﬁk QPQCH%%#% u{ﬁodo og;rll% raq&%slr%
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oSBT REEE Sl BIELBL ) PR R e o
7000) odiut eiloreaaefiediong it otHehNIRr t(70(02500nm) compared to available
conventional TiO, pigments.

A graph showing the specirum of the sample of Example 1B, as well as the
spectrum for a conventional TiO, (TIOXIDE® TR81 pigment - commercially available
from Huntsman Pigments Division) and the black substrate is shown in Figure 2.
Example 3A - Preparation of coated large crystal TiO,

The TiO, from Example 1A is first dry milled using a Raymond mill. It is
then slurried to 350gpl and milled for 30 minutes in a fine media mill containing
Ottawa sand. The sand is then separated from the slurry.

The resulting slurry (Particle size 0.87: Geometric Weight Standard Deviation

1.44 measured by Brookhaven X-ray disk centrifuge) is then coated with dense silica
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Cr‘%ﬁl e i—CASSQ%Iﬂl Qeﬂlq gh}? th& 5% (ﬂ{g% % 8& erggc? ?1?(!5 E?@ﬁ{:tgd to shear in
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sed to, pr itate h ous [ ' .y
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elec(tr(fvbﬁkd:reﬁkbipbg ‘Mehoaesta) sizdhiasd hyfhtaluﬁlzet igb@nétuid) Wighlie standard

u was used, as, t teria For mati on
devEgttoR PESesir ied Rringletst £ smiRoal Bty AT STMHE. ol p
wasrmsdmﬂeami étﬁ)?éét'&ldto &@P&K@@v&ﬁ%e&n@%rﬂ 2uMBsity ratio of

(%M /wt). to the pulp vvasthen cal ci ned

dded
0. 6? 28 REsed. Kiing therﬂétht"érﬁ?é?fé‘ieﬁ’rlé %gm $éreased at a

ExdrpI@ 3¥ - IPseparition okt34tdd 1aFp€ csamnlBosas then hel d at
1030 C for 30 mnutes before being allowed to cool. c¢)

ract eri sat! on The resultant Ti O was characteri zed
forTl§e‘ FRODYroW E4@hpRSPESIENRL off AiNeg! B8 @Raymond mill. It is

then slurried to 350gpl and milled for 30 minutes in a fine media mill containing
Ottawa sand. The sand is then separated from the slurry.

The resulting slurry is then coated with dense silica and alumina. In this
regard, the TiO, slurry is introduced into a stirred tank and the pH adjusted to 10.5.
3.0% silica (w/w on TiO,) is added as sodium silicate over 30 minutes and mixed for
30 minutes. Sulphuric acid is added, over 60 minutes, to bring the pH to 8.8 and then
over 35 minutes to bring the pH to 1.3. Next, 2.0% alumina is added from caustic
sodium aluminate over 25 minutes to bring the pH to 10.25: whereupon it is mixed
for 20 minutes. Finally, the pH is adjusted to 6.5 by addition of sulphuric acid.

The coated product is then washed and dried before being fluid energy milled.
Example 4A ~ Use of large crystal TiO, in black paint.
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m crograph and for %rutile by X-ray diffraction. 1.2
Results The obtained Ti Q2 had an average crystal size
W@R009%/1861%1 mMm an average particle size of > | POT/GBRWIA01096
%rutile of > 99% The electron mcrograph is shown in
Figure 1. Exanple 1C - Production of |arge crystal
Ti2 1.1 Method a) Production of starting materi al
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5 bla@&ilﬁeﬂe-&-%A%F%@Flb%e@tbléﬂk s SAY&A eat ed by the addition
of fine anatase crystals (' Meckl enburg' process). This
Wﬁﬁ%scﬁﬂnéeﬂﬂlaldm_m[%%emfp WS used as thel starting
terial.b) Formation of |arige crystal Ti@| from
qt6Af Aty lireResin d#0%selysolp wad® filtered and| washed.
Pot Wﬂ: thTanmd—atunr i unTsutphgte—sorutTons—were t hen
E?e ko the pulp to give 0.12% K20 and 0.2% Al 233

exptiag ste disgerding /Additove Ti O )9 The pul p ygs| then dried

and—ealei-red—i-p—a—r+otary—ki Burt+neg—the—epl ci nati ons

t é'mterrperature was increased at a rate of |Cmn to
1030 C. The sanple was then held at 1030 C for 30

.m nutes before bejng allo o.cool. Pri.or to . .
Thig 411 jcRAEqTGHALe hsamjia\ﬁgé”éthsﬁiv:%ﬂ%fﬁl@“ﬁ’a B {Hgye qitgd actylic resin
soldlPaRtpregaredhar act eri sation The resultant Ti G2 was

characterized by i) obtaining an el ectron m crograph

of a rubbed out sanple and subsequently analysing the
TintédBgeryid Resia $65306h Congendmal yser By Carl Zeiss fo

obtain the mass average crystal size; and ii)

6099 RS Yiid REsThA0% dcAver®) 11T action pat@sn to obtain|the
%rutile 1 2 Results The obtained TiQ2 had a nass

TinhFereegeraty ystal size of > 0.5 mmandid %rutile of >

5% Exampte2—Measurenent—of—Teftectance—spectT um
20 2. ]‘Tﬂ\ébtpgg}gent under test is added to a portion of the tinted acrylic resin

solution to create a millbase. The quantity of pigment is varied to give different
pigment volume concentrations (pvc). This tinted acrylic millbase is then milled for 2
minutes and then let down with a further quantity of tinted acrylic resin solution.
The test paint is then applied to an opacity chart using a wire wound
25  applicator; the gauge of which determines the nominal wet film thickness. The
solvents are allowed to evaporate and the panel is then stoved at 105°C for
30minutes.
Reflectance spectra are measured using a UV/vis/NIR spectrophotometer with
an integrating sphere and a wavelength range of 400 - 2600nm. Total Solar
30 Reflectance is calculated from this data, according to the method described in ASTM

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

The results are shown in Figures 3 and 4.
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Initial PVC Formulation:

Component grams per 100g resin
PVC Resin 100
Ca/Zn Stabilizer 5
Acrylic Impact Modifier 6
Acrylic Processing Aid 1.5
Calcium Carbonate 6
TiO, 5
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any suitable rub-out technique. The resulting paste is

dripped onto a m croscopy nount and evaporated before
wheingidssessed on a JEOL(r) JEM 1200EX tr ansnmPGEGBR009/001096

el ectron m croscope. Mean crystal size, and crystal

si ze geonetric weight standard devi ation, are assessed
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s MKLEErS PERA R HEL ar—° M e 1p§i’er PR BHME T ad] ust ed
0 A.JR yaradebirotinmilf (3@ Mitent & a80°Q. redheoltaptiedsed to produce
product is then washed and dried before being fluid
ene‘?ﬁy mlled Exanple 4A - Use of large crystal Ti Q2
oN THeaGdsupahinhvd N Pendiat faf 3Bxaipdsed AcBas tBstalpratar for 2
in ap acrylic paint system Method A tint concentrate
i s PRE % élflng an acrylic resin, a wetting &
di spersing additive, a solvent and a tint. The tints

Carh&?ec%"c@%?e&h@ﬁ}% B(eas%?ed\'bﬁlé 53@@%@11{ e @&Bpﬂo'té}heter with

al rogen black tint, S0084). This tint
an e@tng@ﬁngamlercs and IaedeWﬁ]lehtht sanzebafl |40 i 268Pwm tatal Solar

Ref?ecun% ?sdczﬁ&glx edcfrgﬁsﬁlﬁa(ga% SZIClCQIQilIJl tdPIePAEATd %gcrﬁ'éﬁtlg aASTM

pi gnment under 'S ortion o

E9c iy, a'%t & bEi nn@em u6onilluminargatee alsericklcydeted {rPie this data. The
a t aried to give different

remﬂ% ;ﬂ'é [ﬁgvol u coﬁc?e% rgtl ons (pvc) . This tinted

aC r’l]ﬂel graphd Hoaseastrae tiwd rthertitdngdof dre idvention exhibits lower visible
tint reduction enabling a higher concentration to be used to achieve a given L¥,
relative to conventional titanium dioxide. As a result a higher concentration may be
used, giving improved Solar Reflectance at a given L¥*.
Using the values at L* 40 in the Lawrence Berkeley SRI calculator the
following results were obtained for the examples in Figure 6 (Basis: ASTM1980

specifications)
L* Ti02:Black | TSR SRI Surface
Temperature
Conventional 40 50:50 viv | 24.7 25 346.1 K/ 163°F
TiO,
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m nutes and then let down with a further quantity of

tinted acrylic resin solution. The test paint is then
w@ppbiiaxd4t o an opacity chart using a w re wounBCT/GB2009/001096

appl i cator; the gauge of which determ nes the nom nal

wet  fil mthickness. The solvents are allowed to

el Iha o o+ han o4 PP |

T APREREY. | ALt | ol Ahel "shedia ay e riasar ed aing 00 F

UV/ vi s/ NI R spectrophotoneter with an integrating
sphere and a wavel ength range of 400 2600nm Tot al
Sol ar Reflectance is calculated fromthis data,

Exapplertit Bgnefifstine GarhosBRek FintddPYh-0ST™M E903. L*, a*
PV& Raq&é@dﬁ% @'e%d'\“tﬁ”ﬁ' F‘;ﬁ@%’ofa{'f@luﬁlllesﬁtl@@l(ﬁwnﬁrﬁdilisheéncarbon
this data. The results are shown in Figures 3 and 4.By
bla@h) bJti9t parthpen hendyed pesén ag figked 4059 ceron| kigpkeHerded to give phr
I W | @06050 he following results were

of @gﬁdgl%ng 5?2)% tﬂg&%x%to ?Oes?gl n Figure 4 (Basis: ASTML980
spethd iesperiroen) 1SE«<a1¢pl:f@d4®r ealvhoqfub’m éypesf ofpdi@e: Fenventional
[ I rutile
pieBERANERI G0 AUER BOLRCA oy e bRARR GRS 1AL %
al kyd paint resin in an anmount of about 15% v/v and
nonknii1 tRY € Goamantiohs added in an amobunt of about 1%
viv. A-Whi-te—colorant-s—that—nay bge used af-e—)+
chrome [t tangoé"li/‘ﬁ]el“ bw, (ii)| A% (RArts per) TEE‘C%PF‘@?N
(1) pefyd reEnbl ack, (1Vv) sSyrdgohetic red 1ron oxide,
(v) copper_pht hall m:yani ne and (vi) quinacridone red— |
Exanpl ¢ @€ Sﬁbéiéﬂféti on of pa?nt The coated Ti Q2 from

Exanpl parez an i proved pai nt
rﬁﬁﬁﬁ(’sﬁyé r egar cz.zne ¢

pr oduc t hel coated |l arge crystal

rutile mmﬁ@Pmcemmgéldn Exalrﬁl e 3B is incor por ated
i nt o anfakkyd—retamne—formargehyde—based—parnt—tn—an
anount |of “about 23% v/v. Dur@bility is measured in an

Atl as Cl65a WEATHEROVETER(r) instrunent and is

aSS&Sﬁ?@le"ﬁa ifRSSpak R SsiRY 8ler Cﬁ;ﬁ@%e@ﬂéﬂs&yp@ﬁ@i&ur e.
le 5 - Benefits in when usin

Al r%&agaﬁwe-r@émaur(éé?ﬁ @ﬁ@fn& PO peaadoler Wéwéedg&e@fgéw PVC.

TheMdsQitgnt! PP@EisOfrehd L@ kst dhtide@ds d3-gr@Bh pELEd fdr/ 2 minutes
concentrations such that the total pignent vol une .

@1gsfisent rati on remai ned const ant .

The results are shown in Figure 7.

L* | TSR SR1 Surface Temperature
Conventional TiO, 60 |23.1 23 346.9 K/ 165°F
TiO, (invention) 60 |30.0 32 343.5 K/ 159°F

Example 7 - Durability Benefits in stoved alkyd melamine formaldehyde paint
The millbase below is balimilled for 16 hours.

Millbase Component Mass (g)
TiO, Pigment 68.0
15% Alkyd Resin 28.0
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Initial PVC Fornul ati on: PGL7 repl acenment of TiQ2 to

mai ntai n constant pignent vol une: The experinment is
w@odosdied for each of two types of Ti Q2: convRGI/GBa@N/001096

pigmentary Ti Q2 and the material obtained using the

met hod of Exan'pl e IA This material used had a nean

crystal siz n-ctons—and a]d76Ua|| pafiticle size

of 0.85 ni mg?ﬁ’?gﬂ”ﬁ@mbeen mlled through its

crystal size) . pvc plaques are prepared as follows:
A dr}ye Blighddel 1§ sRbAREE 89 tH@'aBQlti%nCIr 4706098 QlohRSstcfal BRyd resin
A J.RDare two-roll mll (I55 Cfront & 150
andy @andlpéﬁpéﬁp iguipsechftes wreslinge fpvker addidonseans magdg: 24.3g of
6099Va‘ik}9d5 r@sﬁ@faﬁ@h%dsgf g 66%%91&;5@%01@ Hebmih b8 Ri18856 rfe§iﬁ The
mnutes @b5te/in2 | ectance spectra are neasured
resxuglpgg)agltw/tmngyepm fiqr gpf@ahpbgﬂgm@ﬁ@g defoie thgingndecanted and left to
d t ere and a wavel ength range of 400 -
. é%%}%gfro’fll g‘?iaﬁﬁgol ar Reflectance is calculated from )
t hi 4 dtgresedsieelr mrngis weighed nad hb@p@ies onddyetdsti iy SRBIFApplied to
the ’%9 c1f|'t{1e é@sft rp%‘ Thlér}gz%]tits aaré?gﬁoév ?fm)ff A ea mn%)num of 60
cu omthi's esu s are s
minlﬁtegmeésre&tamdg Gor Emmlg;taphslﬁé’@n&ffam@lttplaatt 1s Iapplled to give a
i.ta t tion,.exhibits |l.ower le tint
dryrﬁelaluﬁ} %nﬁsse%fg Illearfg Q” i Sfﬁ’e af:l%ﬁg’éen{hre g.trle‘gn O‘Pbe used
t o RPaievarea egposed Ity aelkahl vef t3D00orhoent i onadn Atlas Ci65a

WA ABROMEROE S5 LS5LLed ) AIST ATIEERLER. hiuremen

bef@levrﬁiﬂng_f‘etuﬂdﬁd g tHeh@e athdroasteatfot furddrieRpdsuee.Law ence
Ber % SRl cal cul ator, the fol | ow nL% resul.ts d
obt Bl 5 PRI BRBTION Fh csly MIFesBem pllsfiws Adtpjied against
the (Prespoikding gy@tﬂtpr‘fsb Exaﬁahﬁd6prgnﬁaﬂeuas$sthras €atikens used to
Bl ack Tinted PVC-u PVC plaques are ared with a
detqradge the slapeurvhisiyds dhe (I?lfrta‘aﬁlﬁ%rﬁaaaomé? oLogiF HoR 15 preferred:
indRbAfK buperibr GsiRfideStoRPsaridsir ed resin is fixed at 5%
carbon ‘bl ack varied to give phr of 0.100% 0.050%
0.010% & 0. 005% The experinent is conducted for each
ThefestifOateYdREFnah FT,J;Q% 8 GROUERLI IRRlheRjvmENt ary Ti G2 and
materi al obtained by the nethod of Exanple I A Initial
PVC Fornul ation: A dry blend is prepared using a

PO PECT T EFp i FidH XeT - DR

Standard TiO, Alumina-zirconia coating 1.00

*SuperdurableTiO, | Dense silica coating (3% SiO,) 0.81

*SuperdurableTiO, | Dense silica coating (4% SiO,) 0.82

ME88/1/2A Igi;l:d to 0.69micron, dense silica coating (3% 0.67
1V,

*Commercial conventional TiO, grades
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AJ .RDare two-roll mll (155 C front & 150 C rear
roller) is used to produce PVC. The resultant PVC is
wW@e@basxtied for 3 mnutes @165C then pressed fBRCT/&B2009/001096
m nutes @5te/in2. The results are shown in Figure 7 .
Exanple 7 - Durability Benefits in stoved al kyd
CL m ne formal dehyde paint The m | base belowis
B8 ni 11 ed for 16 hours. The nillbase is stabilised by
the addition 15g of 60% commercial al kyd resin and
1. T URGbRArd ko silidHdpriddier trundling, further
addi tions are nade: . 3g of 60% al kyd resin and 15.
Sg SR 6@/@8@@&@%@&&6 rféiltafﬁﬂn dhe arairiad disineselesdech frommtanium
Sd'ﬂ))h!dg (ﬂﬁﬂghaﬂuﬁmt(ﬁ ezﬁdfc%?nb?nafuléﬁg Bred? tﬁ@ Hl‘d{e?ﬁl having
before g ecante 5 eft to de-aerate for
m rent &sragh aeygelkedsed! gt@&r tpan éI40| ;snwsd glnmitlalndlztermstrlbutlon

pai nt test is he .front of the
Py Ba 07 i gt o BeaRBet Bl B9F ARl or f ror a
Q1 NP R ére Gldn DY Rikd e(slob@ﬁore stoving for 30 m nutes at
150 0C. Sufficient paint is applied to give a dry film

wheggincthe giagtigilatgy mpigsiat and the npRaViyineploralt cre rPé%Persed within a
vehicgwei ghed. Panel s are exposed for a total of 3000

hours in an Atlas C 65a WEATHEROVETER(r) i nstrunent,

bei ng renoved every 250 hours for neasurenent before
2.. beiThe ewnpositia ofoclpive lweherhiy twdi Y sdagiering pahiéqulate material is
coafe{lpg yr EVeIF%f &rﬁ;%tﬁﬁ} Ql‘&g‘?&hh sma%r?o Qr?i% (%atﬁl C.tb ected from

asurement ti i Agai nst T He COFres

moqganlmtcsudecsr hadr‘skahsi,amﬁ @rgbmatﬁonsuhasof- squares fi t t [ ng

is used to determ ne the sl ope which is the

Dur bility Ratio, DR _Lower refer
3 U Bt s BiHgert B dsTer BHEE Vo B R Y gearstFige partiuat
matéﬁﬁu{atssanaarvﬁra%@ Qstallsifd S Rafr A drle &Hﬁtot @bgmbel ow.
*Commerci al conventional TiQ2 gradesCLAIMS 1. A

col oured conposition conprising. NR scattering
4. parifhecmramceltrﬁat ef mlm Mehermmemealrfﬂbepﬁgerm partieulater maferial

titanium di oxi i.ta nd
has &0 At i°c r?ggits Zeeroef Q%g ﬁt[han it :811% ﬁi;é?ﬁm?an aver age
cryst al size of greater than 0.40 nmand a particle

5. Si zEhedt&hpdsitidn en cﬁdiﬁlhéﬂxhl&?dreﬁoﬂﬁeONIRTQbﬁt@fngt pgrticulate material
particles are | ess than n one or nbre non-white
has g |ayprRge CrXﬁf?érSéﬁerPftfﬁ‘ém&?WrédP dteW#aterial and the

non-whi te colorant are dispersed within a
6. The composition of any one of the preceding claims wherein the composition

comprises NIR scattering particulate material in an amount of from 0.5 to 70 vol%.

7. The composition of any one of the preceding claims wherein the colorant is
selected from chrome titanate yellow, nickel titanate yellow, synthetic red iron oxide,

perylene black, copper phthalocyanine and quinacridone red.

8. The composition of any one of the preceding claims wherein the composition

comprises non-white colorant in an amount of from 0.1 to 20 vol%.

9. The composition of any one of the preceding claims wherein the coloured

composition is a plastics composition; paint; a powder coating; an ink; a textile
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vehicle. 2.. The conposition of claim1l wherein the
NI R scattering particulate nmaterial is coated at a
WO easeli3afil up to 20% wt/wt wi th an inorgani c cor€T/6§2009/001096
sel ected frominorgani c oxi des, hydroxi des, and
conbi nations thereof. 3. The conposition of claim1 or
claimz2 wherein the N R scattering %grtitcuggtrg composition: a
COMRPNERY: of XIS, Healmens LOMRAFEIO &9 NY AT e, YRR MO
conffosBfbndfor aGobLROPTBdudt orTheoRpsNASH Forang@iung lcavenig product.
wherein the NIR scattering particulate material has an
average crystal size of greater than or equal to,O.?O
10.;ym The uvh et coApBRPLTiem iBfaceprgiapses wiheryi Aue (1 flpigps 1 to 9 to
pro9fRtd Sihild QoRBEJveRiH) WA HIB LSt A r1dBTitFRAndUEIoR0GNiIE YAbA.
size of " fromO.70nmto 1.20mm 6. The conposition of
any one of the preceding clains wherein the
11.conPiosiuté ofi aoopposesn h Resoaianer it par phewfagleims 1 to 9 to
terial.in amunt aof fr. 0 val % . 7. The
prodBibt Ricls B n A s AT abffiedtlathe 71 orei o
the colorant is selected fromchrone titanate yell ow,
12.Ni Ckid udd $ONER Scat@irin@VparSyulblaahaierislewhich af selxtde from titanium

. peryl ene bl ack, copper phthal ocyani ne and qui nacri done. .
ciofiga Agpechan DBHGSIEIOH OIE U aBror, AEs B BLEEhG YRl size

of gxlegﬂef@hawa@iu% LAE heOARARidIE Oe GNMDSASsRANKINEIR or more of
colorant in an anount of fromO.1 to 20 vol % 9. The

the qonticles aicotesdithany wne tofinarpase phe sebir mgflestidnnievahat ajdprk or

inidp iy SOl QMLL Lo EOIMPS| Lion 15 a plastics conposition,
palﬁt; a po coating; an ink; a textileconponent; a
textile treatnent conposition; a |eather treatnent

13.conprsiidel @dording @Pain tRpWhEain eher NIK seugtepihg acicudate anaterial
. conposjtjon_for a. gr d coveri roduct . .The us
is 50 B QIO eIl S R o6 20 i AR oife TBf dgfiagrgrensely

coldurk® c8mpesiflbAVi de a single coat covering that has
solar reflectivity and a non-white colour. 11. The use
of a conposition in accordance with any one of clains
14.1 t#n9riigle SPHELSEEACARRISHI® IMgeonlarcesEithany one of claims 1 to
reflectivity and a non-white colour. 12. The use of
" NIR scattering particulate material which is selected
fromtitanium di oxi de, doped titanium di oxi de and
15.conbhaattidaftdieimedt, wiksh an aax@fiagesuciaget al coptairerpfa painted

greater.than.0..40 nm and ha rficle siz )
amg{es 2 YR Foh bé‘f}é‘ﬁlgt ﬁattexglﬁ%aglfe %r}r%?g}ogﬁ % haeéopn g??tle Spface; a road
surfice; laefisotifi@rprdduem at drivewayeasdadehen sat park afitfecd;i orpavement

sorlfel b2BvARCORRTElS o A MFLS VBT oin (he MR

scattering particulate materia
16. A coated particulate material, wherein:

1) the material is selected from titanium dioxide, doped titanium dioxide and
combinations thereof;

(ii)  the material has an average crystal size of greater than 0.40 um; and

(iii)  the coating comprises one or more oxide material, wherein the material is
an oxide of one or more elements which are:

(a) group 4 (IVB) and 12 (IIB) transition metals selected from Ti, Zr and Zn

and/or
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Is used to obtain a Total Sol ar Refl ectance of 20% or
hi gher for the dark or intensely col oured conposition.
W@ 2009/A861dr t i cl e conprising a conposition in acRCr/GRRME/001096
with any one of clainms 1 to 9. 15. The article of
claim 14, which is a roofing surface; a container; a
P! ?x%%p & Ed €5 QurrA- VBN thBek R1dMbnkdidIgbted thi1di] A1, @ and Sn
product; a concrete surface; a road surface; a
fan@(@rl ng product a driveway surface; a car park
r pavenent surface; a powder coated article;
& lgl?t%%ug?sl c article. 16. A coated particulate
wherramethe abateqvpegdaichis (ubptantiellymwhéei al is sel ected from
titani um di oxi de, doped titani um di oxi de and

17. g?ﬁeg{%ta g %:E agxi)qugq, e\&i}%r%lan:]pha %’6{"% artlcug%s erl]t)e%%{ﬁfsajgr%wded

in aC@AbirBE comppsitisesompeisimg: nor e oxi de materi aI wherein

the material is an oxide 0 nor e elemstsvvh
Ar e (Gapieg BEFDCH RS VB CAG o3 SR By s PET R B Eg A the

Se'rﬁ%ﬁ@l bem sTélectgd' A0 tZan@nd doxide) cgfpgﬂptlﬂaﬁmtnﬂ cﬂ-&ude and
(I'I'1'A-VA) . p-Dbl ock el enents, sel ected from Si,

Sn combieations jthergaf. g Maerial BaYIRE R0y HETR5EE r~°>a>2&u%'{1 greater
IS SLDSt AN alliYa gﬁamcqe siz% diE NS utBh &fub R th&f 39‘%ab1mrr;|<§e of the

wherein the coated particulate material is provided in
a qoirgdeedreclospientli om; endpri sing:  the coated
Qartl culate material as NIR scattering particul ate

et e A MOFRHONRRRI FACTHY ng sel ected from titani um
whdtbiaXindepartlogled inlateaial Winddihe xidhewkird colomiit natki disgersed within a
thereof, the material having an average crystal size
vehidle.greater than 0.4 nmand a particle size
di stribution such that 30% or nore of the particles

18.ar efﬂeeﬁﬁtetrﬁ@rbf 118% 12NGvhePIR (AE cBRSL NORn WRideE material selected
colorant; wherein the particulate material and the

from - QhiSiQ: Zoer 880228 BOspersed within a vehicle. 18.

The rraterlal of claim17, wherein the coating is an

19.OXI

% T erlél of c?au%Ctlgd wherein the coated particulate material is not
provided in a coloured composition comprising:

e NIR scattering particulate material, the material being selected from titanium
dioxide, doped titanium dioxide and combinations thereof, the material having
an average crystal size of greater than 0.40 um and a particle size distribution
such that 30% or more of the ﬁarticles are less than 1 um; and

e one or more non-white colorant;

wherein the particulate material and the non-white colorant are dispersed within a

vehicle.

20. The use of:
(1) an average crystal size of greater than 0.40 um; and
(ii) a coating comprising one or more oxide material, wherein the material is
an oxide of one or more elements which are:
(a) group 4 (IVB) and 12 (IIB) transition metals selected from Ti and Zr and Zn
and/or
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fromA 203, Si2, ZrQ2, Ce®2, and P2Cb6. 19. The

material of claim 16, wherein the coated panicul ate
woredoens@hi i s not provided in a col oured conposPET/GB2009/001096

conprising: N R scattering particulate naterial, the

mat eri al being selected fromtitani um di oxi de, doped

titani_um di gxi.d nd, conbj nati on er eof,. the
(b) gEquerli3ate ]%aﬁﬁﬁ@% Pa\%lé?i;gg “@P?sstegﬁ&egji %8“’0 1 é{jegta@fl Sn and/or
(c) Idnaainfied0 nm and a particle size distribution such

that 30% or nore of the particles are less than 1 nm

and one or nore non-white colorant; wherein the L.
to leaier i thei| RROEOCAE{E aPtIWAY Of He MigiTialnielestedb i rftanipe dioxide,
dop8l SREE SR didNild bl BoMBRLRSA thé@of. The use of 1 (i) an

average crystal size of greater than 0.40 mm and (ii)

a coating conprising one or nore oxide material,
21.wheTtei nset o€ avatageriall ini gceomdanee deitlyfangneneof nglpigns 16 to 19 to
. el ement f. _y r 4 . ( .
megp e el a5 r Bl F5P Hbsfder Y [ 7nbisg' Gt sun during
useand/ or(b) group 13 to 15 (111 A-VA) p-block el enents

selected fromSi, A, P and Sn and/or (c) |anthanides

to |ower th hotocatal ytic activity of a mater; al .
22. g el tretugtr G o7 (STROTH 1N 005 LN WEeaUEs ¢ L BFACHF oS PBRrising
mat8AS BOFBsABhIORNRN taRg 0B for cBlms Th@ouse of a material in

accordance with any one of clains 16 to 19 to inprove

the durability and/or lifetime of a product that is )
23. explwedse of ttheins 24 gurirpduaisel. claim % prhsaeist thenpgodpgl that is
exp8§%‘&°§>?ﬁ1et Qut B&ris sg%'s@ﬁcﬁﬁeﬁor‘hh am&dﬂfotd_uGQ!mﬁlls§'ﬁﬂglts and

material 1n accordance wth any one of claims 16 to
other9coafiBg chmgosidennfroofing rompogitiony, cxtaend efvering ¢anpopsitions and

solamgﬂ&ith/et t}gdl?cr“oduct that is exposed to the sun during
Useé 1§ sdl ected from pl astics products, inks, paints

and ot her coating conpositions, roofing conpositions,
24.gr OrHedp1oay@r drngseCanp@Sortel eMdaiaiRisal 28, waélere thevgroduct that is

groduc s. 24, The gfgld ct or use of any one of .c 'mﬁ: b
expOFdt g 158 SURHRTEIENITHET D AU Hab! B W e X BOBE YO T ha s orPers
or sShifergtsl i Ng use further conprises organic or inorganic

UV absorbers

25. The product or use of any of claims 16 to 24 wherein two or more coatings

comprising oxide material are used.

26. The product or use of any of claims 16 to 25 wherein the coating for the
particles comprises a layer comprising an oxide of Si and a layer comprising an oxide

of Al.

27. The product or use of any of claims 16 to 26 wherein the particulate material

has an average crystal size of greater than or equal to 0.50 pm.

28. The product or use of claim 27 wherein the particulate material has an average

crystal size of from 0.50 to Zum.
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or scatterers. 25. The product or use of any of clains

16 to 24 wherein two or nore coatings conprising oxide
woreioensehl are used. 26. The product or use of BEHGBL009/001096

clainms 16 to 25 wherein the coating for the particles

conprises a |ayer conprisi ng an oxide of Si and a

| ay, onpri sing ap oxide pro

useﬂﬁf PIOfICtoPt E?eaf’ nﬁén?é’ éalmﬁelg’eﬁongé? ef)eén l%ﬁ%ﬁdetUCt has a
hgﬂmetse Vakke I¥a6f gfeattv@hAQLS,CWHBE halalwi afea’0bf Prediaars arduam value of
. Or. eq ual to 0.50 mm 28. The product or use of claim
b ‘Zf7le§ﬁw%‘|a%| n the particulate material has an average

crystal size of fromO0.50 to 2mm 29. The product or
30. useI‘kféf }I)I%Bﬂctoﬁeus‘%f ofCAR 6 dOc1hitns2fo Y129 QiRrdiRQnp rc@ﬂkh@éd oxide

has a htness valué L* of greater than 95, wth a
matvapl@emdﬂd@d infthe @etiquiin Matemd EeVRIPLRRL 3R apousts pEaSWI% or
les¢ han 5. 30. The product or use of any one of clains 16

to 29 wherein any col oured oxide materials included in

the particulate material are present in anmounts of
31.0. Shie¥pardube®s.us8lof Fine ope afudbinor 1ise T waeyeinrtee glarticulate

matgﬁgl;}g%e%?astpg%tﬁgﬁ%?:rlegsigg Ihh‘g%partl culate material has

44



