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W0.00n5087 PCT/ GBOOY 021 11 17 NOV 2003 | PROCESS FOR THE PRODUCTI ON OF

- PHOTOCATALYTI C COATI NGS ON SUBSTRATES Thi s i nvention rel ?ﬁ‘ﬁﬁ&@ rocess

for prod@PHFEWhot ocatal ytically active coated substrat i cul ar,
but not exclusively, it relates to a process for producing 17 NOV 72003
photocatal ytically active coated glass pnd such coated gl ass. 'S known

to deposit thin coatings having one or nore rs, wth a varlet
properties, PBACES §%sﬁ?a“fp@§u¢ N @fi ﬁﬁomq”%xﬁ%s@@mfét Prétsé’g.STW%Sproperty
of interest is photocatalytic activity which arises by the

phot ogener at i qmhis inverios el rohiprbosss farfpreducdigephoedceatytioall padtive wbated t he

sem conductor is illumpated by light of a particul ar _frequency. The

hol e- el ectsubsrajesi i RREICURE t@’éﬁ@r%ﬁ’é‘&"ﬂﬁ i (Rite Y0t 2 BIRAESE 07 BTRQHCnE n huni d air

to form hy g%géjalgf"geb‘gaﬁ(l%g%ate%dgélg%ﬁd%htc%eaﬂas?ce of the sem conductor.

The radi cd) he surface. This property has an

application i ik §Rhéws te@pbsiOthiQrtingd Rving @B RE Gk ldyedsPwRBhivasbani ng gl ass
for windows. Titani um di oxide may be an efficient (ggot ocat al yst and may be

deposi t ed poopetiies, erutosubsiratss including on ko glassnubraratas: QrePronegy i injerest is

hot tal yt f-cl Tit ti
Coat i ngs aheorEsticadyTo s bR b PhassiiFis Aty teoRReesadak- Vo
98/ 41480, elc@lr&pgﬁlf aitn 3 2eBicoddhbidr iHIRalifedmisalof SpaiRudar Wegidnog Th&eno,
NV, 95-1, p.110 in New Scientist magazine (26 August 1995, p.19). In

WO 98/ 06635 aeam@e rpramhn bapowrataispseilight andeanoeae in bmdslsa:r foferm hwlroxy

depositin Itaniu | de on hot .flat gl a t hi hde gsition

rate usi ng é{ fﬁglécé Qfdbe ?H’%F g"snﬁﬁe'ﬂcf”éqﬂclﬂﬁ T@'ﬁ fb‘ﬁ?@% Xiflige gani c

conpound @ﬁnﬁ%rlﬁfsﬁ'f'ac:@xy’ﬁ’i@l'ﬂr&tp@ﬁ y h&Y APdppQtatith ih @aftcleaﬁﬂgums%teee coating.
ug

t that ively thick titani um oxide coatings need to
be deposi tesmbc:atlpnpsedlﬁfq:lm:@giabsrﬂmwmdavval ytic activity. For exarrpl e, in W

98/ 41480 it i t.at t.hat h t t ti |
coating must BusHaPeAiGHER s B Roen: oy i ey R R ob R | ovel o
activity ailybfes t&mﬁh%ﬁ%&&%ﬁx bédting4eith omaiam& sef-cMdantf@dibpaahieut 200A

and nore preferably at | east about "500A thick (the neasured thlckness of
t he titaniTimniumdixide phoaichalysic gpatihgs ext discloshé i H@[ﬂoé599élﬂ2 D 93/47a69.he

A 00 AT o B B RE e B S Bl R 5 O
| i ght tragRgioSAvODs- ITBI1$02:)raﬁ&hr?mwscreﬁﬁ§tgﬁHg%ﬁﬂe (6 Atf\&t 2995, §!18).] Th Wew
Scientist magazine in relation to coated w ndscreens, where it is
08/06675 a chernical vapour deposition process is described for deposmng titanium oxide
coatings on hot flat glass at high deposition rate using a precursor gas mixture of titanium
chloride and an organic compound as source of oxygen for formation of the titanium oxide
coating.
It has been thought that relatively thick titanium oxide coatings need to be deposited
to provide good photocatalytic activity. For example, in WO 98/41480 it is stated that a
photocatalytically active self-cleaning coating must be sufficiently thick so as to provide
an acceptable level of activity and it is preferred that such a coating is at least about 200A
and more preferably at least about 500A thick (the measured thickness of the titanium
oxide coatings produced in the Examples all being in the range 400A to 2100A).
However, a problem of relatively thick titanium oxide coatings is high visible light
reflection and thus relatively low visible light transmission. This problem is recognised in
the article in New Scientist magazine in rélation to coated windscreens, where it is

suggested that to reduce the effect of high reflection, dashboards might have to be coated

in black velvet or some other material that does not reflect light into a coated windscreen.
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suggested that to reduce the effect of high reflection, dashboards m ght
have t oWRWHEd in black vel vet or some other material PCEaIBOOOES1 NOt
reflect light into a coated wi ndscreen. Substitute sheet (Rule 26) wo
oon5087 PCT/ GBOO 02111 17 NOV 2003 2 EP 0 90199 1 A2 referred t ¢ 7aN0WA03
relates to photocatal ytic glass panes, with a coating of titanium oxide of a
particul ar crystal structure characterised by the presence of particular
peaks in i £ O8G0 I refeareditonbpert redates toThetspedytic glassiparesagni £npl ates a
range of .coating thickness (with the specific¢ Exanples all havin

i ok Gaingp L S St ylal et St arasioRebmPE B etseiong | ess
phot oc Wil L : : | G e The specifigation
al so cgﬁlt%l(e:%{r%{ teéy%ﬁér:g(lnaég dt(l)l?qg%%o |I§te|mdni(lf;zresr‘lr:%gﬁﬁac%l Eﬁ%ﬁn ermoﬂ&%é)fagﬁfg 300C
to as homingabicREBE(whhitheppetific Extmplee tHbuviag thitkidein Meemed00Gmie 600C, and

in all_the specific Exanples of the invention the titani um dioxide |ayer
i s depdd? P@gthythignercopppgsheingelessphotodgtalsigalliastiys arihe dhickeangaingThe

applic . t e the titapi um qgxi de coati ngs
at hig éespe?gyr?gte@g Wi égﬁgg’g%@% iaa'%(‘g/e @2@%@%&?@%@“&%‘&7%&8@@& OVRSy are able
to achsgore [o(h@ﬁigh%siw&rblﬁﬂr&’&gWatﬁﬂ@ﬁ@ﬁ@:@h%@40@"@% quf’t%mfc% a given
t hi ckness, enabling the sane photocatal ytic performance to be achi eved

wi t h t &l thespeaibaExamgples slithe inventng theadaninvmodioxide dayet i3 daposited ady ant ageousl y,
| ower visible Li ﬂfh'tﬂ r ef I!:'.ect i.on qand, apparently in consequence of their

hi gher CTRSBEITE i fr below dhis prrferred 138G ved durability, especially to abrasion

and tenper [ | ' 3 - resent invention
accordi ngl y%%o‘gﬁliggtg& gﬁ%r%dé’égos‘ﬁ P gprlﬂtbﬁtg@%r%g%ﬁeé;r{&g?rgg%dﬁﬁ8?l5'§§f’ lytically
act i vehighatterperatusés; edpecially edmpepitrcs 366vedBN0E thePdretabld thaphieme oXi de

coating on the surface of a substrate by contacting the surface of the
subst rébngs vith an enhianged photoeatadyicrativithiferp aiven thidaess enabliagihersemad a

sour ce ' rat. ' at a _tenperature of at |east 600C,

wher oty A BB ety B SR AR pbined b ERR"SHH bkt cbiioes act s vicy

of gr eahero Kave edvamaddbiisly; Iwerivisiblafightreftectiddl sd| Afpatentif il &frbdRncgmasur ed

on the coated side of 35%or lower. bPreferably, the substrate 1s at a

t enperfttisiehigher depositipg empesatnreoinyovsd dusakiling esrfeciallp tyabirhsiorsargst r at e i s at

a te”ﬂ@ﬁqgé#dfu‘?eé I ?’hf’mg‘? gtﬁ%g:P ee7200. Advant ageously, the fluid m xture
C

conprises titamu orirde as € source of titaniumand an ester other

than a net HiHe pradeat invditith accordhgly Elfoﬁfdeﬁd peodRes foF il prodilRBon BF £S5 €Nt
i nvention provides a process for the production of a photocatal ytically
act | vehotocatalytically active coated substrate which comprises depositing a titanium oxide

coating on the surface of a substrate by contacting the surface of the substrate with a fluid

mixture containing a source of titanium and a source of oxygen, said substrate being at a

temperature of at least 600°C, whereby the coated surface of the substrate has a

photocatalytic activity of greater than 5 x 10 cm™ min™ and a visible light reflection

measured on the coated side of 35% or lower. C X
Preferably, the substrate is at a temperature in the range 625°C to 720°C, more

preferably the substrate is at 2 temperature in the range 645°C to 720°C.

Advantageously, the fluid mixture comprises titanium chloride as the source of
titanium and an ester other than a methyl ester. Thus, in a preferred embodiment, the
present invention provides a process for the production of a photocatalytically active
coated substrate which comprises depositing a titanium oxide coating having a thickness of
less than 40 nm on a substrate by contacting a surface of the substrate with a fluid mixture

comprising titanium chloride and an ester other than a methyl ester.
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coat ed SUbStrrgﬁ%'? whi ch conprises depositing a titanium o@d;}%%%h?g havi ng

a thi cknfgQdo | ess than 40 nmon a substrate by contacting a surface of
~the substrate with a fluid nmixture conprising titaniumchloride a;;g(@[)}
ester other than a nethyl ester. Substitute sheet (Rule 26) WO 00/ 2003
PCTI GBOO 021 | | 17 NOV 2003 3 The @grocess may be perfornmed wherein the

Substrate (HeRroEss BABEF AETREEN e HAyEae0gche oSefts ShBakihn 0° |\
est er i&ﬁc Q&dg'{ﬁéglqre %Eﬁ‘ihe%ﬁénﬁge Rl akéf%ﬁeramuﬁ ¥ fadgeasOb°cydTsOEEN (the al kyl

gr oup n ester 1st group derived fromthe al cohol in synthesis

of an est erprefeR@iya el sty @ Aoakyliesteahiwinl ayahy bgodedith 8 Baydagbotihat om 3 to
t he oxygen of the ether I|inkage in an ester). Pééf.erab .the ester is a
car boxydllatl graptedan abhyil este is thesgraypsderipd Sromyihgplcoplip SBEIF LGN 85185 1o C o

- al kyl graup,. but pr.eferabl h ster,i r ' aCtoC
al kyl gdad h)ﬂr%&egrlaaﬁﬁfos%f?%@?% °?%&rgb%%'ﬁ%*o@#&“%?ﬁ%%ﬁ%fﬁg;“%g- O - 0 -
C( X) ( X),. . ot I nda Rarbepnaeentr. hydrogen or an al kyl

group, 'B?}‘a%'p"@gé'ﬁé?' Eref?eé@?etgeeﬁt@rlrg%ova%t subgtituents, preferably al kyl
groups or Supdslegaersahaynbe akyl eafees leivinga Ch wesio abiibgronp. bubpréferablyeesent s

hydrogen. Suitable esters tga't EBX )?f used in the process of the present
i nvent iester s Aol esteebaRing 2 G it e XY HOWP-acet ate, ethyl propionate, ethyl

butyr at e, b?@%&%ﬁ, tﬁeoés@tisga fd}?;EUuﬂmélfforﬂﬁl?}:at e, n-propyl propionate,

n- propyl I 'sOpr opy ormate, 1sopropyl acetate, isopropyl

pr opi onat e(0) SOPICIEYX PUCHY YD - R)-wherg/R ahd Rieapessent-hiydtogen ecanalkyd and
t-butyl acetate. Preferably, the est%;) ctﬁg{)ri S n g‘té’zél ester, nore

pr ef er asbyp. theK ¥ aBd YC EPRISPASRON0¥ RIS SUPSHIHE R PP Frﬁ@lya SR % et hyl

pr opi onat.e. praf I d acetate. The fluid
m xt ur yrqﬁ‘igegg%lt"hs {nﬁe\%eg&#%#egg Oﬁ?gﬁ?cf% aﬁé‘é"??ﬁf’ﬂ’%‘:"%’ﬂrsed as a fine
spray (a prasgable esfetiharmiyEbes etd iothapraqessyf e pusint invaptionjoclugs:ef er abl y
the fluid mxture is a gaseqQus m xt rocess f or med

1 re. deposi tion e
usi ng athyd femnate. gihyi aﬁﬁ"-‘éa‘&seﬂ?ﬁl@&ﬂ’%‘lﬁ‘l‘elff’g’yl Y e‘?’:'aof":%ﬁ‘yrlé - B’é’“gﬂ* ni cal

vapour deposition The f ; frodia, is9 iceate, f | ow CVD,
al t hougq‘fe Eﬁ' B’Lﬂr@)ﬁt] g%%&la&/g%&géﬁgﬁgﬁﬁgégﬂgg&f Ql'he prso?:rgggl rtr:ay cbe per f or med
on substagbeA pedpiotaitd, astpratiylrbutyiacs) u-butyl fornaig robntylsietete 2sdbdivht es,

especially on cut sheets of glass, or preferably on-line during the fl oat
acetate. :

Preferably, the ester comprises an ethyl ester, more preferably the ester comprises
ethyl formate, élhyl acetate or ethyl propionate. Most preferably the ester comprises ethyl
acetate.

The fluid mixture may be in the form of a liquid, especially dispersed as a fine spray
(a process often referred to as spray deposition), but preferably the fluid mixture is a
gaseous mixture. A deposition process performed using a gaseous mixture as precursor is
often referred to as chemical vapour deposition (CVD). The preferred form of CVDis
laminar flow CVD, although turbulent flow CVD may also be used.

The process may be performed on substrates of various dimensions including on
sheet substrates, especially on cut sheets of glass, or preferably on-line during the float
glass production process on a continuous ribbon of glass. Thus, preferably, the process is
performed on-line during the float glass production process and the substrate is a glass
ribbon. If the process is performed on line, it is preferably performed on the glass ribbon

whilst it is in the float bath.
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gl ass production process on a continuous ribbon of glass. Thus, preferably,
t he prog’é)s%"qsgm performed on-line during the float gl ass mroydBodxm process
and the substrate is a glass ribbon. If the process is perfornmed on |ine,
it is preferably perfornmed on the glass ribbon whilst it is in the flll‘@?tlﬂﬂﬁ
bath. Substitute sheet (Rule 26) WO Q0! 75087 PCT/6B00102 | | 1 4 Ah

advant age of perform ng the process on-line is that coatings deposited
on-1ine t eme28 vankagegefPsHpeniag dhe progrss opdine ay thalroatings dgpositediondiieon and
chem ' - 141 l1i.0n.process is, preferably, and other
deposiCt |doﬁ)e%ér%%rg§%§gd%99 '%llflaﬂgéqu?ggﬁ%}daba{?s"grh Ciﬁ‘ﬂcﬁ} F"?‘%’Pﬁ%spheri c
pressure. Amod-lfidep6silis proceds &f Sefepshl ,rﬂaa@mwaépo&iﬁ%hi;rdc%fs% Gpd a
process for the production of a durable photocatalytically active coated
gl ass Perfosmed ahpibstataliiepmosphieng poassurhe  surface of a gl ass substrate a

phot ocat-alyti cal.l ctiye titanium oxide,|ayer contacting the surface
of the sub(ﬁtarpzfﬂé?‘}i Eﬁyq"'sedﬁ“ Qd‘t"éq%-é'?eé‘? Grpégﬁ'#‘f‘)r/ﬂo?céﬁ theyBroduelion0C,

pr ef ergxll dardtle bh&ot ARG BAIYUCH IOt Y gIddst hi yfle ] aining a
source of titgni um %scn ted a%élve, ?%e%?b%.‘%%ﬁgaﬁ%\%%@ﬁ t hat by
deposistiface offweginss subismare 2 photecaslytitullytuctieepanaiiodde Ryt dontacther el ati vel y
hi gh photocatal ytic activity for its thickness nay be produced and, as

coat i MsSUFace 8f betrate RAUG IS b EeRsrHHTEST e feRse &P E ¢a VARG, t he i nventi on

al so | in" I W . s_conbi natjon of high
Phot ol B B Fan B 7208 A o S o £ R PR, "1, e
pr esenmitadimtent i on, in anot her aspect, provides a photocatal ytically active

coated substrate conprising a substrate having a photocatal ytically active
titani um &Xinpsed akpye; the apRiicaps havs foxad thay by depositivg Abeiéteaiunsexdde at t hat t he

coat egl: : > | yti.c .actiyity of greater

than_ SiggRERuRe £ BGumEBEIANE % pRoBER AT KB ickeesd s Pore '
| i ght be gfdductd and,rsesatingsl opfedided thieRhed 1&idde hate 18R @fletiiihe H gh )
photocatal ytic activity is advantageous because the anpunt of contam nants

(i ncl tRHEAEORRlsP Proyidesiiovel mspdusischavingcan asivantageophenminatidnfiligh | y acti ve

coate [ - . [ C i ckery .t han on substrates with
rel at ﬂl&gﬁdga%lg@vkgﬁ%%lbhg{lg&fg ?%%a%ﬁ ?@ﬁ@krc&cg%qn. rel atively quick renmoval of

surface c@hbanhepresentiivehtién iflatothaaspuct giroViesy d phoficaaBiickly addvaht
intensity. Photocatalytic activity for the purposes of "this specification
i s deF‘é‘Fﬁgﬁ ﬁ#ﬂi“ﬁ&? comprising a substrate having a photocatalytically active titanium oxide

coating on one surface thereof, characterised in that the coated surface of the substrate has

a photocatalytic activity of greater than 5 x 10~ cm™'min" and in that the coated substrate
has a visible light reflection measured on the coated side of 35% or lower.

High photocatalytic activity is advantageous because the amount of contaminants
(including dirt) on the coated surface of the photocatalytically active coated substrate will

be reduced quicker than on substrates with relatively low photocatalytic activity. Also,

Yt

relatively quick removal of surface contaminants will tend to occur at low levels of UV
light intensity.

Photocatalytic activity for the purposes of this specification is determined by
measuring the rate of decrease of the integrated absorbance of the infra-red absorption
peaks corresponding to the C-H stretches of a thin film of stearic acid, formed on the
coated substrate, under illumination by UV light from a UVA lamp having an intensity of
about 32 W/m? at the surface of the coated substrate and a peak wavelength of 351 nm.
The stearic acid may be formed on the coated substrate by spin casting a solution of stearic

acid in methanol as described below.
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measuring the rate of decrease of the integrated absorbagﬁ_ of the

_infra-r MOARHEPti on peaks corresponding to the C-H str OO0 ¢ i
filmof stearic acid, formed on the coated substrate, under illuplnation
by W light froma UVA lanp having an intensity of about 32 Wer{nétNUffﬂ@}
surface of the coated substrate and 5a peak wavel ength of 351 nm The

ic acid be for med d, sup i i ‘
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Prefer e coated surtace e substrate has_a photocatal ytic
activity of p@negblelightvefection islaivantagdons becapsaribisdess destiactang Ypanhighr eat er t han

3 x 1002 cmMlImn''. Lowvisible light reflecti.on s .advantagepys because it
i s | eseeflecton 2 esngcialin for rslaghsubﬁié?lg%i‘?t"f 6’ﬁlb§?1'gﬁh?é%fk88?‘éf?‘§e?g'?£3? ass

substr s, Jow visible Ligh fLegtl RSRCH ialRd MHbsiebl e

t r_ansrrg't ifbﬁ\{’\ﬁﬁﬁaﬁ{“‘i"%"%?’b lé:ﬁ l% %fgeﬁir%@g;cihgﬁg@g{ﬁ tectur zsﬁgﬁ%weﬁgbeci[alcl y

autom;'ﬁ(ﬁaﬁ@&ct}figmg_i ons of glass. Preferably, the coated substrate has a
visibl e refl ection neasured on the Qo_aféed si.de of 20% qr Iomgr.drmre

pr ef er abl yPreferably, be coasedesubsirite pass VigPlerellechpy Mspsuiee e cggied side
enbodi of the inventi.on Whtl dre fRRDBLGASISANbE RWeY.
transpgfm OF YT nege B?cgﬁbﬁ}’ 8%@%@8@%%@% tﬂﬁee ‘nvention the substrate

conpri ses f, flodStnbodisdnisaifehe inlisiiahlihe subsirayé wilkbsulbstantally thrispareet a soda
lime glass substrate. \Were the substrate is a soda liﬁagl Ss_substrate or
ot her andinl 4 prefareed embadiesnt ofi the imyentioggag ubpigate COAPLRS LRSS SWSIPLY e

preferably has an alkali metal i0on: iNepder  ayer  between the surface
of theuéli‘ég‘[‘ﬁﬁtggas%ﬂ{?s?ﬂgwgﬁ% %6%4321@%@%%'5[333 active titani umoxide coating.
Thi s r educg@ndrb thetseRAQRGY a b&ta Ithdgihis sobduate oromier fatkaihrodia isubontaming t o

mgrate into the photocatal ytically actjve ti@li]anib m, OXxi de cloati ng which is
advant agstrat, Heceated sufstratn greforably henaRdkaibmgtsh o bheckina uiderifysr o =i ons to

poi son_sem canduct or | de coat | 5 Id tidgluhyddide The al kal i
net al PB‘I‘\”%P@H@“E‘%‘: ??u%téaﬁg%r%d;@%gﬁ%@ﬁgggg%{ﬂg@ oxi de. but e|'breferabl y

the al kglingMrhalredueds tht aalitmy fbralleali metakiohafrem the subisirite om migrai¢dntoThe
silicon oxide may be silica but will not nerg.es ar tz{g% be? s%osi‘,:(é}fi}il metric and
may cotiprphatodatalytically active tisaniuga oxide FeasE WSS BPLAAEF P REARE %S con

oxycar t\)Je %m%nw% tgr?cﬁ(r-]& &ea‘i’ka‘[’ﬁngﬁ%ﬁé tla%isbl'? séficonductor oxide coatings,
reducing their activity.
The alkali metal jon blocking underiayer may comprise a metal oxide but preferably

I n nost

the alkali metal jon blocking layer is a layer of silicon oxide. The silicon oxide may be
silica but will not necessarily be stoichiometric and may comprise impurities such as
carbon (often referred to as silicon oxycarbide and deposited as described in GB
2,199,848B) or nitrogen (often referred to as silicon oxynitride).

It is advantageous if the alkali metal ion blocking underlayer is thin so that it has no
significant effect on the optical properties of the coating, especially by reducing the
transparency of a transparent coated substrate or causing interference colours in reflection
or transmission. The suitable thickness range will depend on the properties of the matertal
used to form the alkali metal ion blocking layer (especially its refractive index), but
usually the alkali metal ion blocking underlayer has a thickness of less than 60 nm and
preferably has a thickness of less than 40nm. Where present, the alkali metal ion blocking

underlayer should atways be thick encugh to reduce or block migration of alkali metal ions

from the giass into the titanium oxide coating.
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2,199, 848B) or nitrogen (often referred to as silicon oxynitride). It is
advant a\ﬂ@ g9 the alkali metal ion bl ocking underl ayer PET/GBOHOH t hat it
has no significant effect on the optical properties of the coating,
especially by reducing the transparency of a transparent coated S!bfsﬁﬁvaiﬂﬁ}
or causing interference colours in rgeflection or transm ssion. Th

erties of the materi al

sui tabl e thickness range wl| deﬁendsdgn hhe cgrng i _the 1

used to fSAAYAEE REEhe presens InvegHOR ISJeR thg Phatpettaly HeBACHIVE yitanium r ef r act i ve
i ndex).,: : : J | i [ Il [ a

t hi ck%\)’élg g ‘éé?miﬁég ?{‘{‘K‘%‘}#@Bﬁ’ﬁﬁ‘gﬁé qﬁgﬁj&lg@ggﬁ%ﬁﬁgﬁ %ﬁ%ﬁ%ﬁnﬁ@ﬁ@aﬁ%ﬁgss t han
40nm W enaedrubIan silk iis eatdiighi pﬂmbataljflﬂﬂadﬂilvﬁykl’ﬂ&ﬂtrahl?,dﬂé kigdt@fm Shoul d

al ways be thick enough to reduce or block mgration of alkali netal ions

f r om Phidegpating hasrshickeess pf dhamar davere mosprefegablgibssianivmeoiteet (Rul e 26)
WO 00/ 75087 PGIL/.GBOQY O, 1 6 ,An adyantage.of resent ..nvention is that,.
e pRORBENESR RS O 20 9p 14 e 3 AR CRR ot e BSRET OHERSREBB r | but i ng

t 0 t hgad Piicknedslih the @hLET hinQB aBbult ADenr.0at ed substrate) but the coated
substrate still has excellent photocatalytic activity. Preferably, the

titani um Tbxprgeent daeniion isaadsozedvhntagenus beeauseadepositing thiowanivmomadepr ef er abl y
the titani um oxi coatin S t hi ckpness of 20 nmor | ower and npst

br of e FSARgS TRABITES (s ATErATARAaE oY on Fede b St M ELEve ly YR Plinge 2 nm t 0
about A%ﬂid\i&MIﬂ%m@é@&%ﬁh% _isrh‘!s‘?:ﬂteésoi'ikdlystoaéa%& ﬁ%&rﬁﬂ%@%r@ﬁl‘}ﬁﬂ&‘ﬁoﬁiepos' ting
thin titaniumoxide coalings requires |ess precursor and the layers can be
deposot eahsinisston: dlawéves|aypastivular aivangage idthabihe visiblenlightrefldcden obating i s
also less likely .to cause,interference ﬁOl ours in reflection

t  ans 2 Siagim REide Sering s lony Bich it Specialld PRRTEnt SheR e GquedAETBI | | ght
ref | eqldoapadias DL i KA SR AahinAsich or i il wapect al 1y

I mport ant en the coated substrate “1Is coated gl ass. he required.
Vi si bigetmigé thetthizkisass of thonitofiurh laidecabtnk.gl ass will  determ ne the

thi ckness_of the titani um oxide coating. Preferably, the coated surface of

the subst ’r"&f“é"‘tr]és‘i'ﬁ"%%‘%‘r?“éi%f’ P‘eé&lf’ﬁ"&g“t haéﬁg‘l‘@’%‘?’a‘)éb°°"6"r‘°l PB&E Pt 2¢r eshl y

prepa bl i c wat er
bERbWRE. ﬁb&gﬁ?;ﬁg&\ﬁg}eﬂ%ﬁ cleas og%lt‘ié’s%agiﬁn btophie Ju?ﬁg%éag%ﬁﬁbtﬁr

contact angle r than aeb | cates a c surface), but
or gancantaat englaof lvewsr shanaabout] 40° ankheates 1 hydrbphibo stdace),itme pegasicng t he cont act

angle. A parti cular ﬁenef It of coated.substrates %ﬁlng\ especi ally coated
gl as s‘é‘%’}t. a't'tﬁéapp x adhsre fo,thg shface ipgregsing the contac ngh B%‘g‘f’\élar surface is
sOi | egbnekif bPEHarlisABstRlest(fd eseaéisﬁ)( soHidPRI8ssBY) df\¥hé b2bent Hvenhibn isTthAnt
wavel ength will reduce the contact angle by reducing or destroying those
cont aenendfithe coxted surfdvens snifeduirradiatips of thatcoated eurfadel Uy Wirlgtiobhe over t he
ow ngt%:gveﬁaggtlhewill reduce the contact angle by reducing or destroying those
contaminants. A further advantage is that water wiil spread out over the low contact angle
surface reducing the distracting effect of droplets of water on the surface (e.g. from rain)
and tending to wash away any grime or other contaminants that have not been destroyed by
the photocatalytic activity of the surface. The static water contact angle is the angle
subtended by the meniscus of a water droplet on a glass surface and may be determined in
a known manner by measuring the diameter of a water droplet of known volume on a glass
surface and calculated using an iterative procedure.

Preferably, the coated substrate has a haze of 1% or lower, which is beneficial
because this allows clarity of view through a transparent coated substrate.

In preferred embodiments, the coated surface of the substrate is durable to abrasion,
such that the coated surface remains photocatalytically active after it has been subjected to

300 strokes of the European standard abrasion test. Preferably, the coated surface remains
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surface ggpsdogp the distracting effect of droplets of wapeFcRiwdAA surface
- (e.g. fromrail g? and tending to wash away any grine or other contam nants

t hat have not been destroyed by the photocatalytic activity of the 3
surface. The static water contact angl e is the angle subtended by ”1@0\’ 200
meni scus of a water droplet on a glass surface and may be determned in a

known ”E@g@aﬁgﬂg?gggﬁg{%ﬂ%éwﬁfGém%fehceflo 300k 6Kes 8 MRIRFogehn known vol une

on a gP ated using an iterative g;‘gcedute.
Pr ef er alahdard bibrasion &ise dnd wiosd prafeeatip thearohtd suicelremains phatesatalyiidaliti i s

beneficial b t hi |l larjt i th t t
" Coat edacoissiens Bas verngpbieges Wi ERsdaKTRAT ke EhRgess s aBesr ¢ ne
substrate ﬁiisgsg"ha‘@l“gé%&sq)%%% %f-cleﬁ'ggg'gﬁajﬁf subBPatEQF tRIprebnt ARentidAMRI NS

phot ocat al lve arter 1t een subjected to 300 strokes of

" the Eukgpefisn b @edavith abcaatdsurfaes expdBedfoahabigide (e wortgthssuvitice remai ns
17 NOV 2003 Substitute sheet (Rul e'Zg) 00! 75027 PCT/ GB0Q/ 02] 11 17 NoOV
2003 7 thepioated surfadef itheaginss a5 dhe QuierspEace ¢la window L Where iy RAfIRE|IS; o 500
strokes of I an standard abrasion test, and nore preferably the
coat edVEIBFrIaQ@zQEgWgIBﬁ'S photocatal ytically active after it has been

subj ect ed {rRe EQQPesAt sitidand Mradidtetefivefepatanhes sansan Gstalsseritiedin EempeanThi s i s
advant ageous because sel f-cl eani ng coat ed suhstrates of. t he, present

i nvent sendardBS|EN02Paie2 (L9) apd sorppnisey tisedProgrtoRQl adsih Bkt 3%t t he

out si de . coat ed qal ] coated surface of the glass as the
out er §QP§°§§8‘1}P‘E§FS“§° W%&@%ﬁ%%émfﬁ%aﬁgéti ng i s vul nerable to abrasion.
The Eur opegthe paReisgedhéainoncdaeat subsifae i doositiéred abreamion t est descri bed
in European standard BS EN 1096 Part 2 (19 Q%P@gnd CO@' ri ses the

! h
reci pr phatptasalylefally apye ifnfter heing subiectedsjodhey Egfrpes AReasitedy KRARHER s yr £ ace
of the.s .e. . lnt L E b ' S
consi by SAY Ve (6 THRaR T ARhe A BEF bir) R Cithe BuBO BARELSUISHIAL S ) ect ed
t 0 t he pRe(OFRaTD Ahieveiteis comadt,anple afief atiragion ofbthe chatéd gyibstrte will ugfallpeak

wavel ength 351 nm reduces _the static water,co Aangl e t ow 15. To
achi v takeriess taorSdoRTsATgIalaTyLA aabﬁl‘a'é,ﬁl'ari’?&b?‘ﬂtﬁg%‘étaég‘cssﬁﬂgier‘gﬁléc will
usual | %éO?t%(gﬁ%a&_%gs than 48 hours of irradiation at an intensity of about 32

Wne a rface of the coated substrate. Preferably, the haze of the
coat ed subgteferhisly] the Aheosf theventedsubstrattisi 2% os layjes eftercbeing subjected to

the Euvropean standard abrasion test.

Durable coated substrates according to the present invention may also be durable to
humidity cycling (which is intended to have a similar effect to weathering). Thus, in
preferred embodiments of the invention, the coated surface of the substrate is durable to
humidity cycling such that the coated surface remains photocatalytically active after the

' coated substrate has been subjected to 200 cycles of the humidity cycling test. In the
present specification, the humidity cycling test refers to a test wherein the coating is
subjected to a temperature cycle of 35°C to 75°C to 35°C in 4 hours at near 100% relative
humidity. The coated substrate is considered to remain photocatalytically active, if, after
the test, irradiation by UV light reduces the static water contact angle to below 15°.

In a further preferred embodiment, the present invention provides a durable
photocatalytically active coated glass comprising a glass substrate having a coating on one
surface thereof, said coating comprising an alkali metal ion blocking underlayer and a
photocatatytically active titanium oxide layer, wherein the coated surface of the substrate

is durable to abrasion such that the coated surface remains photocatalytically active after it
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he E rasi on . Durabl r rding to
t he urgpéﬁ&,?_ﬁsﬁéﬂgndard abrasion test. Durable coated substrates according

the pre ntion may al so be durable to humidity cT/GBoWeMICh is

i ntended to have a simlar effect to weathering). Thus, in preferred
enbodi nents of the invention, the coated surface of the substrate is
durable to humidity cycling such thgt the coated surface remains 17 N0V 2003
phot ocatal ytically active after the coated substrate has been subjected to

200 cybisdigensublpeted (o3 Q) stpkesefl thi\Guropen sty fdvabrasigndeytnin thiseci f i cati on, the

hum di |i r I . .ei.n the coating,is, subjected to
a temé’%ﬁ&gng%ﬁt go%%e,[d gi%gp eéér?@%h%%ﬁ%g@]?h&}f rﬁ%‘ffﬁgn gieaﬂ“égq R B9 r el at i ve
hum di gdatedldige 6038 Gr fovg! Atk pHotGanytangache hai@hbxRRQhpRgat al ytically .
active, if, after the test, irradiation by UV |ight reduces the static

wat er preferatdy hasgithickngsoef nm o1 lowmgr. T hincodtings greaimbledd abrdsimaiwteal , t he
present inventi.on provides, a durabl photocatal ytical]y active coated

01 acs  tsoHRRUIE et LGS AT PiRen FhevBREDS Pl el h bk SSauneer ace

t her eofyouddiatle ?@@d BREbileyPri sing an al kali netal ion blocking underlayer
and a photocatal ytically active titanium oxide |ayer, wherein the coated

surface of Intastilblunier emiodiimentdhe pisisenttinveab o picyides acoatedglass he coat ed
surface repai ns phot ocat al yt.i cal active after it Substitute sheet (Rule
26) | vesaaTRes ElBei Rt bivina s BrolocHEN GG sC i buie Sy GeaBoRo 300

St 1 OKEsne¥arfabCtHEIGPREGMACRER in el URVGARMAAGEN thd fladibaga_eMMDOdinEnt, the

coated gl ass preferably has a vis ght I on neasured on the
coat edpigitohatabftic3itivity of gnveter thand xt & cphatin g, grefesablyqgatdisr taat 6 e 0cinani um

oxi de | ayer referably has a thickness pf. 30 nmor |ower. Thin coatings
are dqu"QBIqé‘n‘? %%%pggqrglﬁymagqﬁthap§§ (57 dNifg 2pd Bthaidhe ceaiedbglasshas@ has been

t hOUG s RAlgHd Bt Hebstfldlor i EhaePabL BORss yiAhGbphave good durability. Jp

a sti urther enbodi nent, the present Invention provides a coated gl ass:3
conpri si ngCaatgyl audstratebadconding toaltd prgseat rivettioshavk yidsdmbdayy acdasert i t ani um
oxi de coatsn% qn. one surface thereof, heir a](ét erised in _that the coated

sur f ac&agwple Helpgingsdnygadoys igelyding in a multinle glazing ppit gomprigipg st than 4 x 10
2cm m §az; f ; 3 L, ferably
ar cat P PR TS AL B in ohiR0 Oppose ¥ ot nshiPuSa soe R ofBlrE A 1 E

| i ght arewhercthe @oated ashstratt in poatdiegl e sasddmsmiackel ghdss cerspritihgn fi2Q%lasCpht ed

relationshi’p to a second gl azi ng pane,
In addition to uses in self-cleaning substrates (especially self-cleaning glass for

windows), coated substrates of the present invention may also be useful in reducing the

concentration of atmospheric contaminants. For example, coated glass under irradiation by

light of UV wavelengths (including UV wavelengths present in sunlight) may destroy

atmospheric contaminants for example, nitrogen oxides, ozone and organic pollutants, }
adsorbed on the coated surface of the glass. This use is particularly advantageous in the -
open in built-up areas (for example, in city streets} where the concentration of organic

contaminants may be relatively high (especially in intense sunlight), but where the

available surface area of glass is also relatively high. Alternatively, the coated glass (with

the coated surface on the inside) may be used to reduce the concentration of atmospheric

contaminants inside buildings, especially in office buildings having a relatively high

concentration of atmospheric contaminants. '

The invention is illustrated but not limited by the following drawings.
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or, whep. t ted substrate is coated glass, as |am natp%q.
_ conpri spvr%&ésﬁﬁst glass ply of the coated glass, a pol yne{(g‘%{ﬁﬁ)zlrlllayer”

(of, for exanple, polyvinylbutyral) and a second glass ply. In addition
uses in self-cleaning substrates (especially self-cleaning glass for
wi ndows), coated substrates of the pPesent invention may also be useful in

reduci ng the concentratiqn of .nos ' t ani . | e,
coated gl 258Ukt grPP'hB‘Ji ;g:to[o(gﬂla@;i)c af:'?g‘ﬁ btg?o%%@ %%/Eﬁg%%fi h@%grﬁeﬁg& ng W
vavel enghng §{oetﬁ€murehﬂo§m fuslftion dTaNe dRckinesyof td Weasipheixid: lawst ani nants f or
exanpl e, nl? ogen oxi des, ozone and organic pollutants, adsorbed on the
- coat ed surFigor DilustrategippestusThi en Beechemipalmapeusidapasiioad 463tHEEous in t he
open in bujlt-up areas (for exanple, in city streets) where the
concenggcardiphtoghe FVGARPE  contam nants may be rel atively high (especially
~inintense ' Mhet §efeNfod@eeaivsiRlaf o8 Uink @D proRassak gl ass is

al so rel at Iln\s/%igélﬂeﬂllh{é]%fcoﬁlyéér nat i \P}elms? t he cg]gt ed gl ass. (\?_\A' th the coated
sur f ac@eseribddia the Exareplestiglove Theagpen sircles dadaehetigpiaronidalayen of
atnospheric _contam pants inside buil.dings, especi.ally in offi¢ce buildings
i OdePOs SSRGS AT 6 AT FO R RO Herr oo it o s, | The
i nventj.on.is_ J. : RO titanidih t@heMbxidQs fi@hivavbreguresrawi ngs.
Subst i t‘ﬁ leung?l)lelg% %?Eﬁf&éﬁ%é?ﬂ%ﬁbgf75087 P&T/ éBOO/ 021f§f\/\% Figure | is a
graph of pimé nﬁe«fswfyhei angg inuy byapfliedomtlow quabs glasoubsieie by chemicdcess
according to the invention as a functjon of thlg[pt gi.ﬁ:kness of the titanium
oxi de vappur depositignrdunag ithe giass mapRLacUIne DIOGESS-¢15r- oA SITRA%S A 8RR vapour
deposi t i;on af ' IHaGnlifhel f264 s Bf ihe BoattdglmésCiHigle 4f iHge coat ed
gl asseg’d\’/\%%cg gﬁﬁ%@ﬁ%ggqusu?gnfgp%ﬁ{hg%ﬁ i r?eﬂ?CVD pr ocessaz's gde_scr]i Eed in the
- Exanpl ggeserdo@ivemtiod,vemprising aiffoal sestidn i bizlehr 1% and 2 eonlingnsestiond 3| djer s

deposited using titani umtetrachl orid titani . th
cr baseBon SRl Y i 3 b PEANDERFoILePS g SralanaRdeti kb B IE or R °

tetrae | 'm& LReH GRther Téien h 3348 Eiich @hat e RGabVidg /Y be
appli emggﬁqqﬁ?g&o&n%o t }emgr)ass su stcrrate by chem cal va;c)pg%r deposi tion
dur i ngehidiesed zass 1 Srawhetain b noi-ogidsingaewspiRIrGis mainpiringd o prevent axidah®rar at us,

i ndi cated generally at 10, useful for the | i ne .proguct.i f the coated
gl ass Qfﬂ"icgllné’aéﬂ l?’%@“"?ﬁ%@é‘ﬁ’c"“io %ﬁﬂpaﬁ,msc@qr‘rﬂlroh ’f%]gssg@ﬂ%%f?gg%c ion 11, a
lehr 12, @0 Gnd AOWS BraRA bRr 4 Fnetdkliy whil 2althaRRWIArd} ohshe bot t om 14

whi ch contains a m)Ften tin bath 15, a roof 16, sidewalls (not shown), and
end wakibrgact of thettichath df,fotming i Goat glassabbon dhwhishis remered brlifodti ded an

encl osed, zane 119, wharel 13y RR: 231 SloTh DSl RORIAE cboinReBlich Fed to

pr evenf®

Nov 7003

A non-oxidising atmosphere is maintained in the float section 11 by introducing a
suitable gas, such as for example one comprising nitrogen and 2% by volume hydrogen,
into the zone 18, through conduits 23 which are operably connected to 2 manifold 24. The

| non-oxidizing gas is introduced into the zone 18 from the conduits 23 at a rate sufficient to

| compensate for losses of the gas (some of the non-oxidizing atmosphere leaves the zone 13
by flowing under the end walls 17), and to maintain a slight positive pressure above
ambient pressure. The tin batﬁ 15 and the enclosed zone 18 are heated by radiant heat
directed downwardly from heaters 25. The heat zone 18 is generally maintained at a
temperature of about 1330°F to 1400°F (721°C to 760°C). The atmosphere in the lehr 12 is
typically air, and the cooling section 13 is not enclosed. Ambient air is blown onto the

glass by fans 26.
The apparatus 10 also includes coaters 27, 28, 29 and 30 Jocated in series in the float

zone 11 above the float glass ribbon 37. The precursor gaseous mixtures for the individual

Substitute sheet (Rule 26)



of the tin bath 15. -During operation of the apparatus 10, nolten gl ass 19
i s cast SRM7087 hearth 20, and flows therefrom under a neRGFGEGOOZNI 21,

t hen downwardly onto the surface of the tin bath 15, form ng a float glass
ribbon 37, which is removed by lift-out rolls 22 and conveyed thr oqupH0Y¥ 83
lehr 12, and thereafter through the gpoling section 13. A non-oxidiSing
atnosphere is maintained ipn the float section I i by introducing a

sui t abllayeguef thetRNIngrs HippishigperesRrst ¥e eaRtars  Whichinttragdirecathe 2% by vol unme
hydr og ' r | A C oper abl

con nec? gc(fu {Sjg Pgﬁﬁgﬁf%ﬁ@%iﬁhﬁ_h@ Sgﬁg%- %ﬁﬁ%ﬁ%‘ %éégaw“sﬁ ﬁ?’?éﬂﬁggﬁ%f%t o the

zone 18f fHeMoat plascAbishai 37is Aighest apthe dcaticnbf the c@dér 27TmeatRNPRMeaig 26 Or | 0sses
of the gas (sone of the non-oxidizing at nosphere | eaves the zone 18 by

f 1 owi n@ndaeast atibe kacatignef] the qoajer 38 maares lhﬁa}ﬂﬁﬁ B-n a slight positive pressure
above anbien r | ncl osed, zone 18 are :
heat ed by ?ﬁa?%"ﬁ[‘ ﬁﬁiﬁtfﬁn}&c}?@%@ggdgg&%m%oﬁgﬁ&%féxg%p eéa't"e‘?'@dig?at’f‘rgé heat zone
18 is %P@@Iﬁ}i]ib& bydarminai New chémidal vtaﬁtﬁmelepésﬁticﬁ: i fthefdsdd barh3H46 4 BolififOF (721C
to 760C). The atnosphere in the lehr 12 is typically air, and the cooling
sect i ofibban pEflepselash dumrgile slapspreductign pracessh|Ipile Byemplesiavo Igyexss by f ans
26. Th(g aﬁpnpéar%t uasfﬁlgd%&'g PQCII1 des coaters 27, 28, 29 and 30 located in
series? h&H Zones &%y e the float gl ass ribbon 37_ The

precursor gASA0Yshuihestar MeashRd at fi8ndafdlievipeiatire dfd PebsudORPessURBiwligt € Ssheet
(Rul e 26) WO 00/75087 PCT/GB00/ 02111 17 Nov 2003 10 |ayers of the coating

are supplededhe thickness valpescquied forghe kayers weone determined msingihigh aesoltton precur sor

gaseous_ m xt u Q.. hot surface of..th e} | ass, ri bbon.37. The

t enper AU &S e?)e%ﬁ'? hém%ﬁrag%({pyéip%g%ucﬁf ‘5‘8@?‘]:11%878% 'js]e ﬁe?{j‘ﬁg%’l ang rsmISsilL i on of t he
coat er spkéird @filR Toaled IR ATHIBknES: ofAiclcdainBShasihedsiRdvigRkL Gfkephiduper Coat erf?y
30 nearest the lehr 12. The invention is further illustrated by 1he

f ol | onpbiit E%aniedsansmissigniand reflsaiompreperties of thpetateselasses waienar f | ow
o _ oS " t ; b f
Cre CBhet RS HERFPRGAR YL g BercRRUORBER b 4B RNl 1 L000n O

coat i ngenti6ed hafedh ofthe tranidiesigl afForrefdanion cAbbr gfake yiabssegepicanseasur ed at
standard t enperature and.pressure unless otherwi se stated. The thickness

val uesCHabaeolpers. Thevisibiraedeckion andjsiblaransanssion of the epstedagaises o
Cr anard Aeel (il (R DESH0RN DI S pllard CRE PRSI pBRAREL 0 00 Vs
meas ur the 180t9050 standard (PatyMypowhirmass 2) The haze of the coated glasses was
measured using a WYK - Gardner Hazeguard+ haze meter.
The photocatalytic activity of the coated glasses was determined from the rate of
decrease of the area of the infrared peaks corresponding to C-H stretches of a stearic acid

film on the coated surface of the glass under illumination by UVA light. The stearic acid

it

film was formed on samples of the glasses, 7-8 ¢m square, by spin casting 20 ul of a i
solution of stearic acid in methanol (8.8 x 16 mol dm™) on the coated surface of the glass

at 2000 rpm for | minute. Infra red spectra were measured in transmission, and the peak

height of the peak corresponding to the C-H stretches (at about 2700 to 3000 cm™) of the

stearic acid film was measured and the corresponding peak area determined from a

calibration curve of peak area against peak height. The coated side of the glass was

illuminated with a UVA-351 lamp (obtained from the Q-Panei Co., Cleveland, Ohio, USA)

having a peak wavelength of 351 nm and an intensity at the surface of the coated glass of
approximately 32 W/ }nz. The photocatalytic activity is expressed in this specification

either as the rate of decrease of the area of the IR peaks (in units of cm™ min™) or as teos
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about 5% The transm ssion and reflection properties of gl asses
- were dHAIKAYY usi ng an Htachi U - 4000 spectrophotorr%éfaglﬁ%%‘gqg, b and
L* values nentioned herein of the transm ssion and/or reflection col our of
the glasses refer to the CIE Lab colours. The visible reflection hadi0V 2003
visible transm ssion of the coated bl asses were determ ned using the D65

illum nant and the standard Cl observer. .in i the | SO 9050

st andaiupiteei inBdHhd; thakee 055\?’1%0%‘5 gak(% 9 %(eaﬁ(g%{ggggﬁg%{géé@es was

”easurﬁgsogﬁh ot 2 Ytk pyn 95 M @AY @1 OFaEsTRill vallle phot ocat al yti ¢
at eg gl a

_activi e C sses was determned fromthe rate of decrease of
the area ofhd figid witercondicpeglesof tlue caated@hashesgrassiercrmingd byiresasuring the st eari c

acid filmon the coated surface of th ass.,under il | um pation by UVA
| i ght . didimetes ofamater drapiet f\iqlquaéht?'aﬁ“a%g“g%“@&%r: gn fie St“ﬁ{é]cegﬁ?tta%%es, 7-8 cm
- square, b inecasting 2 | i e O AS358akinG feCdbdui Phoms hanol
(8.8 xcqa@a@ﬁ%laﬁﬁWagﬁag%gﬁthggé:%%t%]%Sgsugitrn?ace of the gPass at 2000 rpm for
1 M NUER a5 bieFdist GtcFRELI ra were neasured in transmssion, and the peak
hei ght o? t he peak corresponding to the C-H stretches (at about 2700 to
3000 cBxanples the stearic acid filmwas neasured and the corresponding

]
peak area determned frgm,a i | e Perko@ddest 3@gai nst peak
hei ght . Thegc"g’ﬁo&?? i%ﬂg?kﬁoﬁée:ﬁg ngg{%%/a%sg aﬁiuzfnl ur%qrtlgt ed with a UVA- 351 | anp

(obt ai Eﬂﬂﬂlfr WA ChAEd tPatwd-1458r coalihgaetha ndborCidvancedSapr th flsatioatiaaiie ak

wavel ength of 351 nmand an intensity at the su% oa& th gé)a d gl ass of
appr oxpositie whe2 th glasyRempRrasurg s it BE &RMeEiof aBRuL | é’ﬁ'oi C S@Pe sed®in this
speci fi cat

' i t,h th i IR k
(" unfioe i peepR ccmprigts 68 e des R RPARE o wjohen shgBmAvder, ¥ 0 o

PCT/ GBQOLQ2# biesdufe DM prOBardi 0.X5mbamni ts of nin) which is the time of W
exposure taken to reduce theedgzeak hei %?t (sibsorptio of a ak in the
e gips

wavel engt hLaysrd (@hevirstlayes gobegieppsitediop Wptid Iyl siegnoxide: or  cont act
angl e of e coated gl as - AeUKiH0 60 hg/mid),anet er of a
Fobtisd o7 R Tg s FRES, uciRaR (SIOE) h/mi)

wat er 6‘%51 et 2y to 5 ) placed on the surface of the
coat ed oy @491 80 ik, gl e (360 mdmit Y endontmoged (§ litrsdmimitn gorthe YA 351 | anp
¢ i Goveapaeiel e Elsptrigreadedivanior nemayorons e e ShsE it S hour “vas
e AR R OB e L e T s Fange of about 650C
to aboytanl (K¥omBssonding description on page 3 line 73 to page 4 line 75) with a path of

travel of the gaseous mixture over the glass surface of approximately 0.15 m. Extraction

was at approximately 0.9 to 1.2 mbar. The glass ribbon was coated across a width of

approximately 10 cm at a point where its temperaturc was approximately 670°C. The

thickness of the silica layer was about 20 to 25 m. _

Layer 2 (the second layer to be deposited) was a layer of titanium dioxide. Layer 2

was deposited by combining separate gas streams comprising titanium tetrachloride in

flowing nitrogen carrier gas, ethyl acetate in flowing nitrogen carrier gas and a bulk flow

of nitrogen of 8 1/ min (flow rate measured at 20 psi) into a gaseous mixture and then

delivering (through lines maintained at about 250°C) the gaseous mixture (o coating

apparatus consisting of an oil cooled dual flow coater. The pressure of the nitrogen carrier

and bulk nitrogen gases was approximately 20 pounds per square inch. The gaseous

mixture contacted and flowed parailel to the glass surface both upstream and downstream

along the glass ribbon. The path of travel of the gaseous mixture downstream was about

0.15 m and upstream was about 0.15 m with extraction of about 0.15 mbar. Titanium
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fl oat bath at nosphere conprised a flow ng gaseous m xture of nitrogen and
9% hydr o§@P07887a bath pressure of approximately 0.15 nbarPCHGREs211(t he
first layer to be deposited on the glass) was a | ayer of silicon oxide.
Layer 1 was deposited by causing a gaseous m xture of nonosil ane (?Blmﬂ?ﬂﬁo
mlImn), oxygen (120 mi/mn), ethylgpe (360 m/mn) and nitrogen
litres/mn) to contact and flow parallel to the glass surface in the

di r ect itefracoiondp apdethy! aetathwergleaygingd imsspemin stregmsad flamangisitragerdescri bed in

GB t . [ ficati 1 507 9 f ing.in. ticul to Fig. 2 d
the. cofpeied BT Eioger Botit pB S i Ailim B Bagiarmieimehion ey  h a
pat h Ofethyl adatse. The NB® r@S 60U nittogleH clRY Bisel BR: &Eé’rﬁﬁd%g "I%ﬁ‘ltﬁg @CZ tbar . Th e‘

approximately 0.15 m Extraction "was at approximtely
gl ass floybmwesweese owatuced A@0@sy. Theititkniuro tetraghlorids bubhiled waslfaigmirtd ag poi nt

wh its t A i t 670C. The hi ck f th il .
e R B A O LB et omSe SRS beitat o8 152
a | ayeyo9f fHele@iithbield bR chls of Eﬁﬁﬁcd&ita%ﬁ?@@d&&%ﬁ%ﬁ%ﬁ% p?jnlg separ at e

gas streans conprising titaniumtetrac n ow n Bgen carrier
gas; etéathtearstiat descmbeidlio@ablg Infiot eadeot thaExdmepleghso B)d a bul k flow of
nitrogen 05'38 1/ mn_(flowrate npasured at 20 psi) into a gaseous m xture

and then F PRPBFTHSE Of the tBerdaver Fominesatem Beanuirdat Valbeaal tbsbh@knessof gaseous

m xt ur ! S Lot : Ll ual fl ow coater.
The. pr 82807 EREHiaRflm SRS LAEH a ARG dr i b e RbrioB e 88 s

appr oxtomedsige, 23 andinazisofike camedglasses ase. deddribed an Table 2 foi tHelBx@mpReact ed and
fl owed g al | el ?1} 0 hhe gcl ass surface both upstream and downstream al ong
the gl &2sThe1BEoA c2Rconed Blasswasbaley Ok %t he gaseous mi xture downstream was

about 0. 151l phibid ] t tion of about 0.15»
mbar. Ti tagﬂi’tﬂ? RORUIAR SEHY s gﬁé‘eggmaﬁ%#%gwg@/ggﬁéﬁl‘ﬁin 17 Nov
7003 1@etetrainedadhe anitislepealnteightrund initial pdak avaref tROIR pédke doirBspoRiiag &f € Streans
of flow n r1itr,8%eFlI carrier gas b passi_gi? nitrogen through bubblers

cont ai crf'geaEFf’"H -t straichesmieathioeptabylicRstivity. the siglic watst aentact hgle pcbw r at es
of the, nit L er : i i B (the flow rates
wer e nte%%lf?lgggg%( 2 IEépgilfc'. iﬁecﬁe?a’ﬂﬁ%ﬂetje??ﬁ] (flc f%?‘lp%g’f AR ie "\/Vé‘éalgnai nt ai ned
at a kyepevrptisinglydiis BOIE effiect dnhphoeddaydiytiacaetisite bubbl er was naintained at a

terrperﬁtureI OI; H42C. The estimated flow rates of entrained titanium
tetra - entrained ethyl acetate are also described in Table 1

for each ofxdniiffesEPAMPHER cbn&&técﬁund-gp&e&é@g%f)ﬁ&iﬁﬁnsogs BT §¥RepCOAL I NGS

were neasured. Values of the thickness
that the bath pressure was approximately 0.11 mbar, extraction for deposition of the silica

undercoat (layer 1} was approximately 0.7 mbar, the titanium tetrachloride bubbler was

maintained at 2 temperature of approximately 100°C, the ethyl acetate bubbler was

maintained at a temperature of approximately 45°C and the delivery lines were maintained

at a temperature of approximately 220°C. , S

The flow rates of nitrogen carrier gas, and the estimated flow rates of entrained
titanium tetrachloride and entrained ethy] acetate are disclosed for each of the examples
16-19 in Table 1.

Values of the estimated thickness of fayer 2 (the titanium oxide layer), and values of
visible reflection measured on the coated side, L* and haze of the coated glasses are
described in Table 2 for each of the Examples 16-19,

The initial peak height and initial peak area of the IR peaks corresponding to the
stearic acid C-H stretches, the photocatalytic activity, teog, and the static water contact
angle and for each of the Examples 16-19 are described in Table 3.

Substitute sheet (Rule 26)



| ayer 2 (the titaniumoxide |ayer), and values of the visible reflection
measur ewo0wmsbRY coated side, L* and haze of the coated JFRGBIYZIL
described in Table 2 for the Exanples |- 15. The haze of each coat]gdN@M H8%
was below 0.2 % The photocatalytic activity and static water contact angle
of the coated glasses were deternmingd. The initial peak height and initial
peak area of the IR peaks corresponding to the stearic¢c acid C H stretches,
t he phot ocﬁ@bbﬁtmuﬂyﬁa activiry ot the Examples lﬁdﬁe@%ﬁ%&an%m Efcaé‘i‘{dha"c 90% f or

t he Exanples 1-15 are descr.i Tabl e titani um
oxi de tHahgfthe Eé@PBleFérlﬁgieWWéEe }h'%qiﬂ tagf%efldgﬁa"tdme oca éﬁ ctivity.

. Exanpl es 16-19 Exanples 16-19 were conducted under t he sane condltlons as
Exanpl & EQBPES 5 except that the bath pressure was approximately 0.11 nbar,
extraction for deposition of the silica wundercoat (layer 1) was

. approximately 0.7 nbar, the titaniumtetrachl oride bubbler was naintained
at a tenperature of approximately 100C, the ethyl acetate bubbler was

mai ntai ned at a tenperature of approximtely 45C and the delivery |ines
were mai ntained at a tenperature of approximately 220C. The flow rates of
nitrogen carrier gas, and the estimated flow rates of entrained titanium
tetrachl oride and entrained ethyl acetate are disclosed for each of the
exanples 16-19 in Table 1. Values of the estimated thickness of |ayer 2
(the titanium oxide |layer), and values of visible reflection neasured on
the coated side, L* and haze of the coated gl asses are described in Table
2 for each of the Exanples 16-19. The initial peak height and initial peak
area of the IR peaks corresponding to the stearic acid C-H stretches, the
photocatal ytic activity, t90o , and the static water contact angle and for
each of the Exanples 16-19 are described in Table 3. Substitute sheet (Rule
26) wo oon5087 PCTI GBOO 02111 17 NOV 2003 13 The photocatalytic activity
of the Exanples 16-19 was not substantially greater than that of the
Exanpl es 1-15 despite the thicker titanium oxide (and hence nore
reflective) coatings. Substitute sheet (Rule 26) WO 00/ 75087
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14 TABLE | PCT/ GB00102111 17 NOV 2003 Et hyl ExanpleN trogen Carrier Gas

FI ow Ratwe 00850B7C14 flow rate Acetate Bubblers (I | mn, peartscday 20
psi)(l / rain)flowrate (1 / mn) Tid4 BubblerEthyl Acetate Bubbler

10. 1610. 0320. 46 20. 120. 30. 0240. 14 30.120. 450. 0240. 21 40. 080. 20. 0160. 09

50. 120. 150. 0240. 07 60. 120. 750. 0240. 3?4 70. 080. 30. 0160. 14 80. 080. 509 9N- BB
90. 040. 10. 0080. 05 100. 040. 150. 0080. 077 110. 040. 250. 0080. 12

120. 160. 10. 0320. 05 130. 080. 10. 0160. 05 140. 160. 40. 0320. 19 150. 160. 20. 0320. 09
160. 10. 50. 0880. 27 170. 080. 40. 0700. 22 180. 060. 30. 0530. 16 190. 040. 20. 0350. 11
Substitute sheet (Rule 26) wo ooi THBEE1

Example | Nitrogen Carrier Gas Flow Rates to TiCl, flow rate | Ethyl
Bubblers (I / min, measured at 20 psi} | (1 / min) Acetate
flow rate
(1/ min)
TiCly Bubbler Ethyl Acetate
Bubbler
1 0.16 l 0.032 0.46
2 0.12 0.3 0.024 0.14
3 0.12 0.45 0.024 0.21
4 0.08 0.2 0.016 0.09
5 0.12 0.15 0.024 0.07
6 0.12 0.75 0.024 0.35
7 0.08 0.3 0.016 0.14
8 0.08 0.5 0.016 0.23
9 0.04 0.1 0.008 0.05
10 0.04 0.15 0.008 0.07
11 0.04 0.25 (.008 0.12
12 0.16 0.1 0.032 0.05
13 0.08 0.1 0.016 0.05
14 0.16 0.4 0.032 0.19
15 0.16 0.2 0.032 0.09
16 0.1 0.5 0.088 0.27
17 0.08 0.4 0.070 0.22
18 0.06 0.3 0.053 0.16
19 0.04 0.2 0.035 0.11

Substitute sheet (Rule 26)



15 TABLE 2 PCT/ GBOO 02111 17 NOV 2003 Exanpl eThi ckness o}&,&'gmgﬁlﬁgfl

ecti on WO/ 7587ue of Haze titani um oxi decoated gl ass (% coate ass(%

| ayer (%9 (nnm) 11514.1440.12 214.313.9440. 07 314.213.2430.12 411. 311. 4400. 08
512.112. 1410. 08 611. 0aa0. 07 78aal0. 11 87.29.7370.04 96. 19. 1360. 05%7;};(}0[}%
105. 69360. 07 114.68. 7350. 06 1215.61%54460. 1 1316. 0aa0. 13 1417.516. .14
1520. 319. 5510. 1 16a28.447.80.3 17ca 6829. 158. 40. 37 18ca 3225. 955. 60. 24 19ca

2720.550.20.2 a Not neasured Substitute sheet (Rule 26) WD 00n5087 16 TABLE
3 PCT/ GBOO 02111 17 N O V 2003 TABLE?

Example | Thickness of Visible reflection of { L* valueof | Haze

titanium oxide coated glass (%) coated glass | (%)

layer (%)

(nm)
1 15 ' 14.1 44 0.12
2 14.3 13.9 44 0.07
3 142 13.2 43 0.12
4 11.3 114 40 0.08
5 12.1 12.1 41 0.08
6 11.0 a a 0.07
7 8 a a 0.11
g 7.2 9.7 37 0.04
9 6.1 9.1 36 0.05
10 5.6 9 36 0.07
11 4.6 8.7 35 0.06
12 15.6 154 46 0.1
I3 16.0 a a - 013
14 17.5 16.2 47 0.14
15 20.3 19.5 31 0.1
16 a 284 47.83 0.3
17 ca 68 29.1 584 0.37
18 ca 32 25.9 55.6 0.24
19 ca 27 20.5 50.2 0.2

a Not measured

Substitute sheet {Rule 26)



Phot oc I(}Oi)tpi5 7St atic IR Peaks corresponding to Activity Water t90%
t i

Exanpl e acid filmGCH stretches (x 10"2 cni'' Cont aRET/GEOH$210P700 -
3000 cm)mn'")Angle (0) Initial Peak Height Initial Peak (arbitrary
Area (cm1) units) 10.0301.049.417 510 20.03311.1510.415110
30.03111.0812. 213 ' 28 40.03241.136. 8064 115 50.02871.008. 216 334 NOV 2003
60. 0280. 988. 815 110 70.03431.2010.815 110 80.02891.036.616 114

90. 02891. 016. 514 214 100.02780.976.218 214 110.03441.205.418 120

120. 02911. 0210. 212 19 TABLE 3

Example | IR Peaks corresponding to Photocatalytic | Static tooa,

stearic acid film C-H stretches | Activity Water (min)

(2700 - 3000 cm™') (x 107 cm™ Contact

min’") Angle
)

Initial Peak Initial Peak

Height Area {(cm™)

(arbitrary

umnits)
| 0.030 1.04 9.4 17%5 10
2 0.0331 1.15 10.4 15x1 10
3 0.0311 1,08 12.2 13£2 8
4 0.0324 1.13 6.8 14x1 15
5 0.0287 1.00 8.2 16 +3 11 4
6 0.028 0.98 8.8 151 10
7 0.0343 1.20 10.8 15+1 10
8 0.0289 1.03 6.6 16 1 14
9 0.0289 1.01 6.5 14+2 14
10 0.0278 0.97 6.2 18+2 14
11 0.0344 1.20 5.4 18+1 20
12 0.029] 1.02 10.2 1 12x1 9
13 0.0289 1.01 9.1 142 10
14 0.0269 0.94 9.4 15+2 9
15 0.0331 1.15 8.7 i5x2 12
16 0.0227 0.79 17.8 12 4
17 0.026 0.61 10.2 12 8
18 0.0225 0.79 10.1 13 7
19 0.0258 0.90 - 10.1 16 8

Substitute sheet (Rule 26)



130. 02891. 019. 114210 140. 02690. 949. 415 t 29 150. 03311. 158. 715 f 212

160. 022%D gikds78124 170. 0260. 9110. 2128 180. 02250. 7910. 11FET/GBO0/02111

190. 02580. 9010. 1168 Substitute sheet (Rule 26) wo o0n5087 PGI/ GBC0102111 17
17 NOV 2003 Exampl es 20-27 The Exanpl es 20-27 were conducted under the sane
conditions as Exanples 1-15 except jyhat |ayer 2 was deposited f r drd NOV 2003
gaseous m xture conprising titanium tetraethoxide entrained in nitrogen
carri egxfimses0-pAssi ng the carrier gas through a bubbler containing

titani tet t hoxi d i ntai ned at . f | t
of i Lol xR Sy AL werRguta Woes BERarT CAIe N S ONPLRI TRt hoxi de

-are describ i : MBS 26Rbasing @taatum The flow rate of
bul k n?’ECFBldEEﬂ 1%55%%%9@%%%%8%% asgg‘l]ﬁ ed at ZOL',)psin .tThuemproperti es of the

t WO- | apGheOa8¢ Etfainvaria niRasn cater sl hyemseng theearmar ghndsenghra bubblger 2 (the

- titanium oxide |layer), and values of the visible ol [ me ed on the
coat edcmildaingﬂiwméﬁlﬁlﬁﬂph’éc@@&i‘@&e%?'a%%eg?%ﬁ“gea&iﬁ ?ﬁ@}e?ﬁwggﬁ%% for the

Ex les 20-27. Th : | d% Tdh
phat bCBESA A yPPPOAd: AT By ARG BB RublcRRaaR: B8 dot b Tant ed

gl asses fyaheh ofd8t ExAmpRE 20-TNEThe MW 2dte pEbiblk msiagen ganwas BStlimin peak area of
the I R peaks corresponding to the stearic acid C-H stretches, the
phot ocanhedsyred ot 2kpdivi ty and t90% and the static water contact angle for

each of the, Exanpliese @l flo L. dRAE DER hidoliRh] @afies Brawhiegesfornd 29 The

Exanpl es 2 con der the sane conditions as Exanpl es 20-
27 exc&?&j{;ﬁg[i&,ﬁﬁn{biia@iaym),taaarvamhokimgimbemCtimmcmm@n thed at a
t enper a

e e o et Sk e R e T Sl BBl b ep |10 1
Tables 4, | 530 %adr coti Tt WaE baBERY.74RU € 26) VIO 00/ 75087
The photocatalytic activity and static water contact angle of the coated glasses were
determined. The initial peak height and initial peak area of the IR peaks comresponding to
the stearic acid C-H stretches, the photocatalytic activity and toos, and the static water

contact angle for each of the Examples 20-27 are described in Table 6.

Examples 28 and 29
The Examples 28 and 29 were conducted under the same conditions as Examples 20-

27 except that the titanjum tetracthoxide bubbler was maintained at a temperature of 168°C
and the bath pressure was 0.11 mbar. Data relating to Examples 28-29 equivalent to data

for Examples 20-27 are described in Tables 4, 5 and 6.

Substitute sheet {Rule 26)



18 TABLE 4 Nitrogen Carrier Gas Flow Rates to Titani um et hoxide flow

Exanpl eWwoOaonirs0s7t et r aet hoxi de bubbler (1 / rate mn, nmeasgegbpaboz@ipsi) (1/
m n) 200.250. 014 210. 150. 008 220. 20. 011 230. 250. 014 240. 30. 017 250. 350. 019
260. 20. 011 270. 10. 006 28.0.60.030 290.40.020 TABLE 5 Thi ckness of titanium
Visible reflection of Haze Exanpl eoxi ge | ayer coated glass (% (% Q;va 7003
2013a0. 4 2113a0. 29 221615. 70. 29 2318a0. 28 2424aa 2526a0. 61 269. 910. 90. 19
274.78.80. 29 2838. 335. 20. 29 2931. 928. 40. 22

TABLE4
Example Nitrogen Carrier Gas Flow Rates to | Titanium ethoxide flow
Titanium tetracthoxide bubbler (I/ | rate
min, measured at 20 psi) (1/ min)
20 0.25 0.014
2] 0.15 0.008
22 0.2 0.011
23 0.25 0.014
24 0.3 0.017
25 0.35 0.019
26 0.2 0.011
27 0.1 0.006
28 _ 0.6 0.030
29 0.4 0.020 o
TABLE 5
Example Thickness of titanium | Visible reflection of Haze
oxide layer coated glass (%) (%)
(nm)
20 13 a 04
21 13 a 0.29
22 16 15.7 0.29
23 ' 18 a - 0.28
24 24 a a
25 26 a 0.61
26 9.9 10.9 0.19
27 4.7 8.8 0.29
28 38.3 ' 35.2 0.29
29 31.9 28.4 0.22 o } ]

a Not measured
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a Not neasured PCTI GB00/ 02111 17 NOV 2003 Substitute shef,& f(ﬁﬁbﬁlﬂ%@ WO

00/ 7508 WORS{158800102111 17Nav1iOU3 19 TABLE 6 Exanpl el R PeaEs correspondi ng
t oPhot ocatal yticStati ct90% stearic acid filmGCH
stretchesActivityWater(mn) (2700 - 3000 cm(x 10.2 cm 1Cont act 1r7aﬂwlmngl e
() I'nitial Peaklnitial Peak HeightAri@a (cm 1) (arbitrary units)

200. 0270. 9535. 719515 210. 0311. 0955. igi;6220. 0240. 8383. 615221

230. 0301. 0297. 111313 240. 0291. 015 250. 0311. 0717. 413413

260. : ] 3 : 27 333, ol
290. (PHEMAB3, ﬁgﬁ S REEP e sloat .&ggy‘ﬁfgﬁfﬁul e 2& 00/{75087
PCT/ GBOO 02111 Siggngf ; H:E'F%s 3@9[ | ny Ex rao?gs 30 to 42, twd-Iayer
coatiings were|dBpPG ed0@RcmBn |ine cvD [t& '3 f9dat ontact
min’) Angle (*)
Initial Peak Initial Peak
Height Area (em™)
(arbitrary
units)
20 0.027 0.953 5.7 19+5 15
21 0.031 1.095 5.7 a 17
22 0.024 0.838 3.6 1512 21
23 0.030 1.029 7.1 11+3 13
24 0.029 1.015 7 1743 13
25 0.031 1.071 7.4 1344 13
26 0.031 1.085 4.4 2143 22
27 0.029 0.998 3.2 16+5 28
28 0.021 0.733 3.6 13 i8
29 0.024 0.848 3.3 14 23

a Not measured
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gl ass ribbon across its full width of approximately 132 inches (3.35n) in
the fl ogpgaasdsy during the float glass production procesectiOBoiéRer at us
used to deposit the coating is illustrated in Figure 2. The float bath

at nosphere conprised nitrogen and 2% by volunme hydrogen. Bath pressure was
0.15 nbar. The two | ayer coati ng. co%i sted of a silicon oxide |ayer

deposited first on the float glass“Mi bbon and titanium oxide |ayer 17 NOV 2003

deposi {43 he silicon oxide layer. The precursor chemistry of the
gaseou%‘ﬁ%ugi&mﬁ‘used to deposit the coating was the sane as that used in

Exanpl es lnExamphes 30and2y tabtryerebaidegsowdre appliedfbytdadinedy¥PDdowdfboavar i ed by
using different coate 27 8, 29.or 30 _(referrj o Figure . Coater 27
| ocat eglagsaihben Acroghis f@a‘}‘@“‘ %@PH@XHB?LFQSP(Z%@BEQ{’]%E S‘UE? g@ﬁE nearest the
| ehr bein 3 r?apgu : : d 29 in
Exanpl ugr%dﬁggbgl%asgbgﬁders Sger%%l 2E§|§p aa%cgw%%ﬁmicﬁgﬁ%so deposit
the sijilugediedini FigureatThedloaiThith Memnephdre obmprisedgiitrogencnd 265 by volungteposi t t he

silicon oxide |ayer is that |onger production run tines are possible. The
gaseoutydnpgenu Bath pressureovaidhbsmbak he silicon oxide |ayer for Exanples 30 to

41 consi sied of, t f.0l | ow. ne it i tes. helium
(250" U ) TP OBt fod PR 078 Bc Bl o1 PLABH A Sk IR T
I/m “)%!gé%q]'mmﬁd‘ti(aiaﬁm’a 6)[Iiiéli)aycr|:dbposilé‘ﬂédmbehdﬁliqdnhﬁtid@hﬁexgaﬁﬁs and flow
rates re used except for nonosil ane é2.3 U nin), _ethylene (13.8 I/ mn)

and oxprgamsdrehemistryiof the gaprone mixiyres vaediodepesibthe seafingowefcthesame@pe  silicon

oxi de |ayer . in_Exanpl 30, to 42. the ove. f| r re.. for each
coat er‘&‘aﬁlﬁcgagﬁﬁ“@gpﬁgii?%%‘g"@a% Ftoifggp‘}vsg%gggfeulrg%% (‘%ﬁ ggnﬁggt enper at ur e
of theusﬁdzg;arfc&hmtcrg 2PLRM AU (rdfRRirpOdFRsure Q). CSNe Il 106atk@ ne@elt of the
coaters -30) was as indicated 1n Table 7. The tenperatures in Table 7

have athe heardr b&ililmhtlglteelf andsoater 3Glprated peazyst Thelehhaingeaqlest Imﬁxmlfs ((234 oater 7}

t | mat 2 . ~dABLE 7 Co t.
R bbor G a9t Bistrchicss 3 ana od s Esertolsd 30 88 R il 27 TRE B Balisl TV
sheet Weﬁe 381 1¥\G S ST d3 U R Dafirtg. 1 Thel BenbitMofAfisk @b cobtdrafy UM

tetrac ride (TiCa) and ethyl acetate were entrained jn separate
deposit the silicon oxide layer is that longer production run times are possible.

The gaseous mixture used to deposit the silicon oxide layer for Exampies 30 to 41
consisted of the following gases at the following flow rates: helium (250 /min), nitrogen
(285 /min), monosilane (2.5 Vmin), ethylene (15 Vmin}) and oxygen (10 V/min). For
Example 42, the same gases and flow rates were used except for monosilane (2.3 I/min),
ethylene (13.8 V/min) and oxygen (9.2 I/min). Where two coaters were used to deposit the
silicon oxide layer in Examples 30 to 42, the above flow rates were used for each coater.

In Examples 30-42 the deposition temperatures (i.e. the temperature of the float glass

ribbon under the coater corresponding to each of the coaters 27-30) was as indicated in

Table 7. The temperatures in Table 7 have an uncertainty of about + 50°F (+ 28°C).The

extraction for each coater was at approximately 2 mbar.

TABLE?7
Coater Approx. Temperature of Glass Ribbon
27 1330°F (721°C)
28 1275°F (690°C)
29 1250°F (677°C)
30 1150°F (621°C)

Substitute sheet (Rule 26)



nitrogen/ heliumcarrier gas streans. For the evaporation of TiCd4 a thin
filmevapep@issy was used. The liquid Ti G4 was held in PGEEBYRIKed

cont ai ner (head pressure approx 5 psi). This was used to deliver the
liquid to a netering punp and Coriolis force flow neasurenent syitﬁmyiﬁ&e
nmetered flow of the precursor was thgn fed into a thin film evaporatQor

a tenperature of 110F (43C). The Ti CI4 was then entrained in the carrier

gas (hel i URkafeh @EhNGIRATICN)tahe etiykacetptp viereentrainnd in separaiel d at 250F

(121C). The ethyl acetate was deljvered in a.sitnlar. ... The liquid ethyl
acet at eimegenfheligmicarrier gasrereamy-i EUdhe BYAPIIAVER Ofﬁgﬂaﬁ}“éfﬁ%'re PARPEX 5 psi).

This was used to delj t h | auj . ' ARsaieG isolis force
fl ow rré%ﬁéd‘ls%‘ﬁeiﬁe ]é‘?é‘# iﬁl‘W§'ekr‘%@érégﬁgsﬁP%v% ‘{)Bf&a'?%gmsggcu?sor p@ggc t hen fed

into a tsgi %E iwgﬁwwﬁbwm@ﬁq@d {camrteringpampfand €BFolis §urcy flowThe
: evaporaPt d eshy acetate was then entrained in the c&rrlerhi?lalﬁ _
t Bn 1ines

(hel i urthasiren@arsysiert (e )metered figw(of Yher pracurepr s thanded ntp &,

hel d at approxi mately 250F U ) ¢ 7=y : streans
wer e coYBPeralgr gii ‘FB’PﬁﬁaE“I’i%Ofg&i%%@ G x uer'iga%g%&ﬁ%rgé ep%e?ﬁ? ttt %n?iatsani um

oxi de | aver .. Thi 11X B et dintSlowRrlings htld at PH°E¢R2 EC). Thde |ine
speed o c&“@%@?%‘ﬂ%&g{ri t?bolr)lt%tSphe t enper ature of deposjtion of the

si | i Conyi) iacitate Mehs deliyeeediniarsemitdr veypdhe LW cBiyl pereate PMeanfidindxi de | ayers

d the fl t f the HelN2 bul . . : f
701 4 qesstwjiconsies featpespeprovtP b vt irdi086h 8 e RS, 1

coated float gl ' 60 GheRuRR#nE Histedt) dTHehnetenidi fiwd optheper t i es and
phot oca‘P%{FVEﬁ@“‘%@?’fc{/F yéa%ffx\%gr?pl es dlétermirt?esd. Table 9 escriobeséﬁ?ﬁhe haze,

opt i cal predifra Wab i fedints arémfibs exaporater ateftereparatere Qfv2&R BI(@3hEd ¢
transm'ssion/reflection and col our ,.co-ordi.nat | sten) of
t heé sanplaperateRisthyt acptate/vat 'g‘é%égﬂ%dé“&fbfﬁ?r%gfh 5&53}5‘2@%’ g’h geslt%Yng in
accor dance, w t h 489 Boinl jifdd HRIGAMBhRxMately 260F0A2IT). 300Mm i s
fixed r?’@id&‘%m‘z‘aﬁﬁpgg}u%gg?mggﬁbe%!ﬁ%o therﬁ?gst bedyensuri ng that no
novenent ofThetti€l,sadelhg] icetapogsistrbans werepembingdr 1©/formp the FageoussuxpiEe

di mensions stated in the standard, (BS . EN 1096 : s then
mount edused ta deposibthe tania oxilg iPYeH M TADE %{/‘\}e‘?’esgh%t Qé@ 81g%c}'sl)gese?surface. A

| oad pressupe. 100 sﬁ,@gj W Addt ?g@g riSon? Meitempéienressitdepodtivhef thesilicenar t ed.
owe

The finger i's al o recCiprocate across the sanple_for SOOfn’Eltrokes at
a speedoafe £l temperatoessfdeposiGorsefiibk Btaniumoxidp ayed IRd tha oW T#FS PHPE abr asi on

the sanple is rempved and, inspected.opti| |
phot oc aHeMirlk caeigrgas gnd ‘#ﬁgogmlogq‘?@élé%%gy%o ad\fgdtz%gds%gg&t he test if

t he abrgag] ddjk & change in transm ssion of no nore than 5%
Substitﬁ?%ﬁ@ﬁsgﬁ%fﬂe 26) W 00n5087 PCTI GBOQY 02111 .22

The coated float glass ribbon was cooled and cut and the optical properties and
photocatalytic activity of samples determined. Table 9 describes the haze, optical
properties in transmission and reflection (visible percent transmission!rcﬂccti.on and colour
co-ordinates using the LAB system) of the samples. The coated glasses were subjected 1o
abrasion testing in accordance with BS EN 1096, in which a sample of size 300mm x
300mm is fixed rigidly, at the four comers, to the test bed ensuring that no movement of
the sample is possible. An unused felt pad cut to the dimensions stated in the standard (BS
EN 1096 Part 2 (1999)) is then mounted in the test finger and the finger lowered to the
glass surface. A load 15ressurc on the test finger of 4N is then set and the test started. The
finger is allowed to reciprocate across the sample for 500 strokes at a speed of 60
strokes/min + 6 strokes/min. Upon completion of this abrasion the sample is removed and
inspected optically and in terms of photocatalytic activity. The sample is deemed to have

passed the test if the abrasion results in a change in transmission of no more than +5%
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17 NOV 2003 when neasured at 550nm and the coated substrate remains

phot oca™P 07981 | y active which means 'that, after the tBET/GBOPAHAKti on by
W light for 2 hours reduces the static water contact angle to bel ow 15-.
The gl asses were al so subjected to a humdity cycling test in whi.@r ﬂ\lﬂzﬂﬂl
coating is subjected to a tenperatuge cycle of 35Cto 75C to 35 P‘

hours at near 100%relative humdity. 'ne static water contact angle of

the coXbeymgpsyeedsal Sanipapd thesrpalndpulbirus remsens phoiogataky ugally retive dshat i on
(UVA I I t 00 and/ or
1000 oPrafdf IR (A L EHBARRLERbE UM AEnCbhEndurd b B sdlPwmet? Y Tabi e 10
The comteebnge @ below 15he abraded sanpl es was determined after irradiation’
for 2 hours. The sanples deposited at the hi gher tenperatures of

1330- 1250CFhe giasseywers abspapb)ectaddp @ wmdiscencling tesioalwhicktheiopatingien af t er

1000 E dard abrasi of.st oAt t 200 hunj.djt | es. The"
oot ocPBEFANe SXARParey PR e ReCap TG e ok ebnr Ml 07 aucec
and afgghid3P0, 500 and/or 1000 strokes of the European standard abrasion

test and after 200 humidity testing cycles are described in Table 11. In
Tabl e 11, Thesstatisrwatepgoniagbanglelof tieasatet glasseh @s producad apdadterd3ter e

Phot ool Py vReLLte B Mt BOR el doben 5 SHbspit t e sheet
C~NN r500\d6d/0? 1080 strokes of th¥tHurbfdah stand¥rd abrasfen test described in Table 10. The

contact angle of the abraded samples was determined after iradiation for 2 hours.

The samples deposited at the higher temperatures of 1330-1250°F (721°C to 677°C)

were photocatalytically active even after 1000 Evropean standard abrasion strokes or after f:

200 humidity cycles. The photocatalytic activity in temms of toog, of the coated glasses as

produced and after 300, 500 and/or 1000 strokes of the European standard abrasion test

and after 200 humnidity testing cycles are described in Table 11. In Table 11, the term

Active indicates that the coated glasses were photocatalytically active but that tgps, was not

determined.
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MW" 1M/ 10000- - ~No0OO c-~ryj v" % . oNN Gst - g

TABLE i0
Example Static Water Contact Angle (°) after
Number of Abrasion Strokes
0 0 (after irradiation 300 500 1000
130 min UV)
30 2.3 3.3 failed
31 2.0 32 failed
32 a a failed
33 2.0 3.2 failed
34 a a failed
| 35 2.0 3.2 failed
36 2.1 3.4 failed
37 2.2 3.3 <15
38 2.0 3.1 <i5
39 1.9 3.1 <15
40 22 3.2 <15
43 7.8 7.8 10.1
42 47-53 47-53 56-98

a Not measured
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000000000000000000000000  ff~vI 0ONOONC71Q t OC  MOC) CDCNOOOOOON ONo%(t C

- .. NWOoOoZ5e8F 11 111 1t G C) OCDCDCDO0OC CoCC v 1--r +ONCPe¥NGB§0/02111
avvll CTMWNvCaCaeONt ~ ~- ~tr~vv-v~v a 40 ocvco% a00v1Chknw
1*encnenCl4C, 4ccT Cl. It KQ ~Nentt+n%NcoCTQ .N W oMenennen nm*tt 17
NOV 2003 Substitute sheet (Rule 26),M0 00/75087 25 TABLE 10 NOV 2003
TABLE 11l
Example toos (min) after logs (mMin) after 200
Number of Abrasion Strokes Humudity Cycles
0 300 500 1000 ,

30 7.5 failed failed

31 18.5 failed failed

32 8.5 failed failed

33 8 failed failed

34 21 failed failed

35 4 failed failed

36 8.5 failed failed

37 15.5 Ca. 2160 Active

38 18.5 Ca. 2160 Active

39 17 Ca. 2160 Active -

40 18.5 Ca. 2160 Active i)

41 a ca. 2160 Active

42 45 2800 Active

a Not measured
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‘Exanpl eStatic Water Contact Angle (") after Nunber of Abrasion Strokes 00
(#3-Pér2Q0r adi at i on3005001000 130 nin UV) 302.33.3failed 312.03. 2f ai | e@B0002111
32aafail ed 332.03. 2fai |l ed 34aafail ed 352. 03. 2fail ed 362. 13. 4fai |l ed NOV 2003
372.23.3<15 382.03.1<15 391.93. 1<15 2223.2<15 F417.87.810.1 11

4.7-5.34.7-5.35.6-9.8 a Not neasured PCT/ @00/ 02111 17 NOV 2003 Substitute
sheet (Rule 26) wo 00n5087 26 TABLE | 1 PCT/ GB00102111 17 Nov 2003

Exanpl m mn) after t90% (mn) after 200 Nunber of Abrasion
Stroke ty Cycles 03005001000 307.5fail edfailed 3118.5fail edfailed
328. 5fail edfail ed 338fail edfailed
] A process for the production of a durable photocatalytically active coated glass which
comprises depositing on the surface of a glass substrate a photocatalyticaily active
titanium oxide layer having a thickness of less than 40 nm by contacting the surface of
the substrate, which is at a temperature in the range 645°C to 720°C, with a fluid

mixture containing a source of titanium.

2 A process as claimed in claim 1 wherein the substrate is at a temperature in the range
670°C to 720°C.
3 A process as claimed in either claim 1 or claim 2 wherein the fluid mixture is a

gaseous mixture comprising titanium tetraalkoxide as the source of titanium.

4 A process as claimed in any of the preceding claims wherein the fluid mixture is a

gaseous mixture comprising titaniwm tetraethoxide as the source of titanium.

5 A process as claimed in any of the preceding claims wherein the fluid mixture

comprises titanium chloride as the source of titanium and an ester other than a methy!
ester.

6 A process for the production of a photocatalytically active coated substrate which
comprises depositing a titanium oxide coating having a thickness of less than 40 nm
on a substrate by contacting a surface of the substrate with a fluid mixture comprising

titanium chloride and an ester other than a methyl ester.

7 A process as claimed in claim 6 wherein the surface of the substrate is contacted with

the fluid mixture when the substrate is at a temperature in the range 600°C to 750°C.

8 A process as claimed in any of claims 5 to 7 wherein the ester comprises an alkyl

ester having an alkyl group with a f hydrogen.

AMENDED SHEET



34 iledfailed 354fail edfail ed 368.5fail edfailed 3715.5Ca. 2160Acti
ﬁﬁé;%@éﬁ 2160Act | ve 3917Ca. 2160Act|ve 4018, 5Ca. 2160Active 4laca  GBO002111
2160Acti ve 42452800Active a Not measurgd Substitute sheet (Rule 26)

20-07- 2001 CLAI M5 27 (GB0002111 17 NOV 2003 i A process for the production
of a durable photocatal ytically active coated glass which conprised7 NOY 2003
depositing on the surface of a glass substrate a photocatal ytically active
titani um oxi de | ayer having a thickness of |ess than 40 nm by contacting
the surface pf the substrate heh | t .a t.epperature in the ran 645C
Lo 7208 i th PcpR s AR R Fty SN 0 R TR e ArbORHs ocess
as clained iguglaiml wherein the substrate is at a tenperature in the
range 670C to 720C. 3 A process as clainmed in either claim1 or claim?2
wherein the fluid mxture is a gaseous mxture conprising titani um

tetraal koxi de as the source of titanium 4 A process as clainmed in any of

t he prebkdi ndy procesnas aldimediimamhef ¢laimsc teiSavhareinitke estergsnar alky] enterthaving
conprising ti ani8n1t%traethoxide as the source of titanium 5 A process as
clainmed in aht2 BrCely g@8edi ng clains wherein the fluid mixture conprises
titaniumchloride as the source of titaniumand an ester other than a
methyl ester. 6 A process for the production of a photocatal ytically
active gpat ef] prodss 4odiBmeliis Blaih QORIhS AR tHERRS borapPlsed ahlelestap, oxi de
coating having a thickness of less than 40 run onh a substrate by
contacting a surface of the substrate wth a fluid m xture conprising

titanium chl oride and an ste{_ot er tharzha nmet hyl ,ester.
1 A process as claimed in claim 11 wherein the ester comprises ethyl acetate,

13 A process as claimed in claimed in any of claims 5 to 12 wherein the ester is the only

source of oxygen in the fluid mixture.

14 A process as claimed in any of the preceding claims wherein the fluid mixture is a

gaseous mixiure.

15 A process as claimed in any of the preceding claims wherein the process is performed

on-line during the float glass production process and the substrate is a glass ribbon.
16 A process as claimed in claim 15 wherein the process is performed in the float bath,

17 A process as claimed in any of the preceding claims wherein the process is performed

at substantially atmospheric pressure.

AMENDED SHEET



7 A process as clainmed in claim6 wherein the surface of the substrate is
cont act egowarydes7 t he fluid m xture when the substrate i s RCTEGRWMHEBAature in
" the range 600C to 750C. 8 A process as clainmed in any of clainmns 5 to 7
wherein the ester conprises an al kyl ester having an al kyl gr oiq W\lt'}ma (3

hydrogen. AMENDED SHEET 20-07-2001 GRp002111 28 17 NOV 2003 9 process as
claimed in any of clains 5 to 8 wherein the ester conprises a carboxyl ate
ester. 10 A process as clained in any of clains 5 to 9 wherein the ester is
an al kyl ester having a C2 to C4 al kyl group. 11 Quprocess as claimed in
clai m 18 wiephsitorataiyticaly aetivesppter SBRSUAlS OMPORING QSUPSUAteBAVIAEA ocess as

clained in ¢glaiml erein.tk - i t 3 rocess
s el a1 med phoOEA el AL talfnf YL B oh DS bl inchich Bficiafiseal P! O
only sour ¢geuaf theeysed sirfack b tHe subslratd ixds urphototdealitip naddyof gscatdr thared in any

of the preceding claims wherein the fluid mxture is a gaseous mxture. 15
A process & H-hemibwin rand iy that theiseatpd absdnta dacy Wsile Hahbredlesti9me process is
performed on-linpe during,the float s production process and the
substrat e REAgN Sgg“er@ﬂtggﬁ!‘ﬁféﬁ%p?rgé\g%s as claimed in claim15 wherein
the process is perforned in the float bath. 17 A process as clained in any
of the preceding clainms wherein the process is perforned at substantially

at nospher i ¢\ phicesmtatgicalWENDETogIeEETbsIEIec thaimeinpigmdiorkasathe | 7Nov |V, 29

18 A phot tal yticall ' t ed . . ' bstrat
naving o GREDRTAE P edipy s FR R OB SR T tin 0TS (D Face

thereof, charastgprimget. in that the coated surface of the substrate has a
photocatal ytic activity of greater than 5 x 10°'3 cmi'min'' and in that the
coated substrate has a visible light reflection neasured on the coated
side of 35% or '

| . 19 A.phot t al ' l. t trat
ol & a0 n ApiatsrRt gy ariTe e tdcubvels Sar e SR SPAEE P! | 2 0%
phot ocat al yhieg agkdckof heQhbitFR@hAra fhdfRatalytic activity of greater than

3 x 102 cm ' min™.

21 A photocatalytically active coated substrate as claimed in any of claims 18 to 20

wherein the coated substrate has a visible light reflection measured on the coated

side of 20% or lower.

22 A photocatalytically active coated substrate as claimed in claim 21 wherein the

coated substrate has a visible light reflection measured on the coated side of 15% or

lower.

23 A photocatalytically active coated substrate as claimed in any of the claims 18 to 22

wherein the substrate comprises a glass substrate.
24 A photocatalytically active coated substrate as claimed in any of the claims 18 to 23
wherein the coated substrate has an alkali metal ion blocking under layer between the

surface of the substrate and the photocatalytically active titanium oxide coating.

25 A photocatalytically active coated substrate as claimed in claim 24 wherein the alkali

metal ion blocking layer is a layer of silicon oxide.
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1 x 10"2 cm'mn-'. 20 A photocatal ytically active coated substrate as

cl ai mredWoz1588"m 19 wherein the coated surface of the subET/GBO®ONIAS a
photocatal ytic activity of greater than 3 x 10"2 cm'mn'. 21 A

photocatal ytically active coated substrate as clained in any of clfd] NV W3
to 20 wherein the coated substrate {fgas a visible light reflection neasured
on the coated side of 20%or |lower. 22 A photocatalytically active coated
substrate as clainmed in claim?21 wherein the coated substrate has a
visible light reflection nmeasured on the coated side _of 15%or |ower. 23 A

phot oc26 al Atphetacasalysiselly active soated subsyaieas elapmed inAnyd theclaigs i§to2%e ¢l ai ns
19 to 22 ' . | . .
ohot ocat al JIeEEh i baSoFURSHERY G A BapaTPaReotanme TS iBktss o | i

18 to 23 whwwet.n the coated substrate has an al kali netal ion bl ocking
under | ayer between the surface of the substrate and-the
phot ocatal ytically active titani um oxi de coating. 25 A photocatal ytically

active,gcoate ubstr.at.e as. cl ai i |ai ' . ine Met al
Jon bl 36k %ﬁp%wﬁﬁﬂg@ ?szgfg%gg’u ?%‘gﬁ?%@'ﬁegd %?&fﬁ%@%@*@t" Zrul'e 26)
WO 00n5087wRértinGROph&tdatdlydcaliNGvti vAdniath deicqutiag has diykhesabf 30 mat i ve
coated substrate as clained in any of the clains 18 to 25 wherein the

phot ocat al 9ntlowat.l y active titani um oxide coating has a thickness of 30 nm
or lower. 27 A photocatalytically active coated substrate as clainmed in any
of the clains 18 to 26 wherein the photocatalytically active titanium

oxi de ggat AoftRsaRtitilycAios soMéd Abshite aOElalrovbin cldfh 2 whererdie al ytical Iy
active coated substrate as clained in claim27 wherein the

phot ocat al phateratalytically actévertitanipmpxidpdoginghnstd thirkness in theapgh2 8/ Pn t he
range 2 nn}é‘o 20 nm 29 A photocatalytically active coated substrate as e
clainmed in W of the clains 18 to 28 wherein the coated surface of the %=
substrate has a static water contact angle of 20 or | ower.

29 A photocaralytically active coated substrate as claimed in any of the claims 18 to 28
wherein the coated surface of the substrate has a static water contact angle of 20° or

lower.

30 A photocatalytically active coated substrate as claimed in any of the claims 18 to 29

wherein the coated substrate has a haze of less than 1%.

31 A photocatalytically active coated substrate as claimed in any of claims 18 to 30

produced by a process as claimed in any of claims 1 to 17.

32 A photocatalytically active coated substrate as claimed in any of the claims 18 to 31
wherein the coated surface of the substrate is durable to abrasion, such that the
coated surface remains photocatalytically active after it has been subjected to 300

strokes of the European standard abrasion test.
33 A photocatalytically active coated substrate as claimed in claim 32 wherein the

coated surface remains photocatalytically active after it has been subjected to SQO

strokes of the European standard abrasion test.
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30 A photocatalytically active coated substrate as clainmed_in 3@’1&? t he

cl ai ms %® dov5@Y wherein the coated substrate has a hazeP6F/G an |1 %
31 A photocatalytically active coated substrate as clainmed in any of clains
18 to 30 produced by a process as clainmed in any of clains | to 15.7@1@}0}
photocatal ytically active coated subgtrate as clainmed in any of the ‘clailns
18 to 31 wherein the coated surface of the substrate is durable to
abrasion, such that the coated surface remai ns photocatal ytically active

after it has been subjected to 300. strokeas: . : ndard
abr asi o tésnhpwsstab("ﬁﬁ‘& Flxe 8‘?‘?‘?‘&6’3?‘!’@}6 gscfi?"v"gédc%gﬁélﬁ%g u@st rg?ﬁe@as cl ai med
in claim32 : {)é&ﬁ,i da SUEAIRC Betive MiieNB hpdbdencabjatnd ke 2000y acti ve
after it h§%® eéé:ﬁfag% Jecl}[sgﬂﬁi{og 500 gfrokes of the European standard

abr asi on t egdkes S8 tHurapesn sthredard fliRadien 26y WO 00/ 75087 PCT/ GB00102111 31 34
- A photocatalytically active coated substrate as clainmed in claim 33 wherein
the coated surface remains photocatalytically active after it has been

subj ected g}fg%gq%%alg%{i%&%v%oﬁ&?sﬁ%ﬁ@ﬁﬁaaﬁﬁﬂﬁgrod chihas? @B4 est. 35 A

phot oc e coated substrate as clainmed any of clainms 32 to
34 wher ei yhifeh o hezeodf themardanbsirasais S8 @nl@wsafzﬂyobsmmsaa}éﬁwaﬁ? &€ being
subjected to the European .abrasion test. 36 A photocatalytically active
coat ed sub&uropean aga%¢ieHed in any of claims 18 to 35 wherein the coated
surface of the substrate is durable to humdity cycling such that the
coated surface remains photocatal ytically active after the coated substrate
has 3‘38nbﬁ%oﬁﬁbﬁ@&ﬁlll)zmvefﬁdtﬁsmm‘has Hlaimed inyany pE Flaings 1&ior35 17I Nov 2003
37 A durabl e photocatal ytica active .cqat ass..COMI:i Si gl ass
substrat e Ihbereinthegoaledyriage SL‘X‘Sﬁ'ébsé@FeflégﬁmEﬁ’égbgwdl ﬁ%fl}gg@n@mcomri si ng
an al kal i tal. i.on I d fer Hél@htepRobsed Idsyt i cal | y
active tit @mcggyggglrgéébggh%?% I?PAP g&(lf:‘%a?ed surface of the substrate
i's durabl eptgn @B{&&BQ@2mlthdsfmﬁthetﬁlmidima¢mﬁngm#-f ace renains

photocatal ytically active after it has been subjected to 300 strokes of
t he European standard abrasion test. 38 A durable photocatal ytically active

ot et | e R Bl oot Year  Lower . and wherein:
the phot ocatcahtiig andreysutfate thereof, saidicoatingcomprisiag ap 2Had M@l kness

blocking underlayer and an outer photocatalytically active titanium oxide layer,

wherein the coated surface of the substrate is durable to abrasion such that the coated

surface remains photocatalytically active after it has been subjected to 300 strokes of

the European standard abrasion test.

38 A durable photocatalytically active coated glass as claimed in claim 37 wherein the
coated glass has a visible light reflection measured on the coated side of 35% or

lower, and wherein the photocatalytically active titanium oxide layer has a thickness

of 30 nm or lower.

39 A coated glass comprising a glass substrate having a photocatalytically active

titanium oxide coating on one surface thereof, characterised in that the coated surface

of the glass has a photocatalytic activity of greater than 8 x 10%cm ' min™" and in that

the coated glass has a visible light reflection measured on the coated side of less than

20%.

Substitute sheet (Rule 26)



of 30 nmor lower. 39 A coated glass conprising a glass substrate having a
ﬁﬂbazégﬁﬂlytically active titanium oxide coating on one surface ther 0002111
characterised in that the coated surfage of the glass has a photocatal ytic
activity of greater than 8 x 10,2Cnminzin-' and in that the coated ?t§§§2mn
has a visible light reflection nmeasured on the coated side of |ess

20% Substitute sheet (Rule 26) 20-07-2001 CG BOO21 1 1 32 17 NOV 2003 40
A nul ti4 e oA aniliiple glazingoumpeansprisinga first glazigg panaof peoatedofubstratoas ed
substrate as_  clainmed ip . any of clains 18§ to 39 ip spaced, opposed .

rel ati onshi pFléigne 1%6%95013%%131@ 39p19ﬁ3@063=10npaﬁ¢4f§[]a&an§va§05a &shpd glazing a
first glasséﬁké of a coated glass as clained in any of <clains 18 to 39, a
pol ymer int yer, and a second glass ply. AMENDED SHEET

41 Laminated glass comprising a first glass ply of a coated glass as claimed in any of

claims 18 io 39, a polymer interlayer, and a second glass ply.
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