;e3eyfy\\]_~ _pjf6fTfiPCT/ GB00/ 02111 wo oonsos~ *@00001* PROCESS FOR THE
PRODUCTI ON OF PHOTOCATALYTI C COATI NGS. ON SUBSTRATES Thi s invention rel ates
to a process for producing phot ommmmm’ﬂ y active coated substrates) in
particul ar) wuoigosrsestr excl usi vel y Mmﬂ to a process PET/GBIUEIAI ng
photocatal ytically active coated gl aggepand such coated glass. It is known
to deposit thin coatings having one or nore Iayers) wth a variety of
properties, on to substrates including on to ass substrates. One property
of interest is PRAGESTLORIE|PROBUCTIQN P Pﬁ?ﬁ"@ﬁT&YT@e@%y‘@h@ BVR)StT%Téﬁer ation,
in a sem conductor, of a hol eelectron pair when the sem conductor is
i1luninated by | i s ingentign selates 1@9IP5?C°$rf@'qllj@,4ﬁ'é'yg pPhgtecatabitisally] aékﬂqc@ﬁe‘bal r can
be generated rg‘m.t roxy and
peroxy radi ca%‘gb g%ggt e sﬁ@?gggﬁ% E&ﬁgﬁgi m concﬂct B{OCES%ftJer%r | s oxidise
organi ¢ gri me phetocatalytisaihy axties comed glatsraoéeltqh;mﬁaisglm applicati on in self

cl eani ng substratgeg) aﬁ,gff e W .
Ti t ani um di oxi de lﬁgsyknggrﬁgdé&e {)Jf"i)ﬂclzllhg?t B{tﬁatgh%at alyst a ‘%h %%ﬂlgg/\é%si ted on
t 0 substr at es ptoperfies; om 0 subsimatep inckuding oo &t glasg swtistritey Honepoapery yf interestds

" P 0001 b8 peD s YR iR oB IR BB 6 T S BB RierdBhe 75
of 187th El ectleamhepmrmtm $gs¢retgndmatxs lpmiRéddy lmofgtiamyulgr fielhOéhcy.aTilek | n
New Scienti st r]raglazu_ rc?n é‘ %ng%te& ﬁ]gsg)llf%ﬂ %r(%)can rea L\/\Qhugr?udoag' 0 rﬁ%&%@rggy cal

vapour dep05|P|on 2551 & JEYer ositing tani
coatings on hatd ;fetoay rgiuaisspname shifarde odépmsmtconﬂucﬂoat'ﬁwu&dm@ axidive@eganizOr gas

m xture of titaniu and an.or an| as_source of oxygen
for formati on®dfc PHEe f“f?aét—udﬁh RSP Ny, apﬁdca IP{‘TP"hsgﬁ “Clsaung T‘ﬁfﬂ’é"ﬁt t hat
relatively t hespicidliytimeel ficteaninggiascioatvindges.need t 0. be deposited to provide

good phot ocat al y .C act 4148 ii)S Sstated that
a photocatal ytic tagt"' ?V‘%y'gaé'lqcaﬂféaﬁgt@%%atf‘]iyﬁ@“ ¥b‘b‘gepgﬁﬁ°flf”éf ent | y
thick so as tqbkr@sidiforan ranpephadhthglvahedhowtatagiid siftcyeaming pio Femss.pr eferred
that such a coating iis at |east about 200A a%gi E%r:%}?rﬁi‘erab at | east
about 500 t hi C¥nTHeXiIdRRIOtpraifY g foates ate qiscles 04 drt 621 WO 6P gs
produced in t e SRR, woamlmllagtus@acthaséfaem Ef06cheRiclIN 2y Mespmper) 3
probl em of rel ativel ¥ét hi ck titani um oxi de coati Qg&é@mhk?gh Vi SI bl e |ight

reflection an®epnds/Pilapi 2 §t“dI‘B\W°W|S§i°B1“é Magne Pl )-THI ¥Opr obl em

i's recogni Sedgs/msstmctehtntat:b@ouﬂueb&mos(pr&etslx§aesaﬁﬁamrraepdsmn%ataatumlde0
coated wi ndscreens, where it is suggested that to reduce the effect of high

reflection, dePatngsan bt Tlat glass ahbighdepgsition rateising 2iPreciisefgas Paytyre of Waniym e .
other materi aém&taéttnmeb'igmtco ?&tnecat sdur@hYf ok Fyyema oAl G M MIRER BRide =~ ~N.
V. WO oonsoa-~ GB00/ 02111 EP 0 901 991 A2 referred to

above reI at e¥a4ng. phot ocat aI ytic glass panes with a coating of titanium

oxi de of a parti ¢ifa@pech ioafitithad feldiGllY i ciChafiamoRide eaang%ettte Haldg; ?cﬁﬂé‘de of
particular peaks inits X-ray diffraction pattern ecifica

S
cont enpl at es & PMW@GOQS*P*@EQ&%‘NM@C QCHV'&)krF@ﬁle%H‘W@@%é&&‘ isstarddhgipes al |
having thi Ck%actttlyztaﬁy sa.wgelﬂéicaamgtcea&, mec sulfRiehty ﬁ't'ﬂ:‘i’c 0§ @,tarm bei ng
| ess photocatal ytically active hi cker coatings)
speci fi cat i orangresptable javekaf|agtivity amwnmfe@td e sl atqoemgtle#ﬁeqsmbeutélg%r om as
| ow as 300C tg It nge 400C
to 600C, and a| %ﬂg) JHr&Emgi? aglg%ﬁbgméiogﬂ f#é%ﬁ? hg%gﬁ?%gﬁ?’g;&fh%%%am um
di oxi de | ayeroxidg cd@qogssmmmechmt@ﬁ-wbs all being inthorangecd00dy te RIWAYr ef er r ed
range. The appli m OXI de
coatings at hi ghg]r(a‘{%‘?br q@t‘%t‘%’?é\fsr%ﬁlf%%eﬂ%hm‘tﬂﬁggérsézftta{lﬂ éstlna 0%%%355%
are abl e to acfisctionsand s irsigiyelyilow visibledightimasthissiqut 'Bhlaplablyuﬁlcreaogmsedmy for a

gi ven thickn t 0 be

achi eved vt A4 FnaH ebD&ehls RO AR RUARR Bl RELLRLRRGEE

advant ageous|syggestedbat te fedidg| tb,c dffegtaf highfréfiactiom nas!!h@)dsapghtrtem loybe |coated
consequence r lity)
capecial ly o o glkelvel SR8 ofEaRkal % ARERE Ae ot lTY QUEH oftistiln, | ' Y],
present invention accordingly prOV|des a process for the productlon of a
photocatal ytically active coated substrate which conprises depositing a
titani um oxi de coating on tustitufecheats (Rulewditrate by contacting the
surface o te with a fluid m xture containing a source of
titaniuntmwmmmmmmmmmm of oxygen) said substrate being at a tenperature of
at | east 600G,;spereby the coated surface of the substrate has a
photocatal ytic activity of greater than 5 x 10'3 em~ mn-1 ~ and a visible

light reflection nmeasured on the coated side of 35%or Lower. Preferably,
the substrate |s at a terrperature in the range 625C to 720C) nor e
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Where the substrate is a soda |ine glass substrate or other al kali netal
ion containing substrate, the coated substrate preferably has an al kal i
metal ion blwoldrsesunder | ayer between the surface of the sed®eBo@oOm1IBNd t he
photocatal ytically active titanium oxide coating. This reduces the tendency
for alkali nmetal ions fromthe substrate to mgrate into the

photocatal ytically active titanium oxide coating which is advant ageous

because of the t.enden of .alkali nmetal.ions to pojson
seni conduct or ﬁ%@@%’?ﬁﬁ e(ar“é%&?'rﬁa%ﬁt@ipﬁmt&%’tmﬁwct AsS i th{lél i metal ion
bl ocki ng unéRtihgPofaitaniBy oLi0aERal paricalangyedl souduae clndctepisef B ihdprgsehdenfal kal i

metal ion blocking layer is a_Jl.ayer of silicon.oxide. The silicon oxide may
be silica b[’Pcm%‘alr gea,lfgi/n *R&'&?ﬁf’?%’%?“t&é“%‘i-omﬁ PHPECRIETPIASS 2C88H AT se

i mpurities &ddeky MikeeRE QA thodpe@ic ERimldsall havinghickhdss 0he AXyCZ0 dm @e and
deposited as described in GB 2, 199, 848I—2 a?r, ni tro%gn (‘%féten referred to as
si licon oxyhPim 8@)‘}.‘1“1“’(” °P‘§‘“§§112F&1¥tl§5@85‘?}3 af .ytfﬁléy agtipethpn the thigker wRushbeki ng
underl ayer i s?EEiﬁ}:aﬁQn §18R¢ontenplas a Rhgs bOdpbdifaNtmgdrii@el from ab [b& Rpt i cal
properties of the coati ng, especi ally by reducing the transparency of a

t r anspar ent 309%@toeay highias 7P @ Cebus prefess tsmpeyatures & the Fange 4026 It 6R0SCiand fref | ect i on
or transm sg§j . i t-hi . - W e properties
of the mat i) B spodiiE ERMhYE N AR BRI R RER s b

(especi al | yteinpesatnesfin achelapethispdefsryed ringe. usual |y the al kali netal ion

bl ocki ng under| I : : : ably has a
t hi ckness of | esﬁ‘é@,{ﬁg@%&ﬁ}aﬁ?h%ghﬁg&gﬁﬂ;@eﬁ? %tﬁ}r@qgﬁ @gqnmﬁeﬁftagf&ﬁlg SE%I ocki ng
under | ayer hgheotechperdategssespesiaillyitenpemtuesaovest008Cl vy aoy abld to@khiesiegr at i on of

Subst 1 ¢ ut o REEE vikah g PO EReb skt Al Ees S LEOE: age of

t he pr esentphotovsitytioperfofmindéibo be lachigad inith aliimiey toatiagd. \Suale thinner doatirgei um oxi de
coating is t{y’t n %con ri buti%g to th% Ilog;ﬁ/ v'hsi bl e %ef I ec'hi on of the coated
substrate) it PR pyaRagrouthh daven yisiol ant reHEion dad FPREFDUY MLSoBeaReIrs ¢ i ¢
activity. Rirefeamagheydepbdi€or tbrnperatind) impraded ewrabilifggesp@sally té fbredisnang of 30 nm
or lower, nore preferably the titani umoxide coating has a thickness of 20
nm or | ower'CHPRINEG SYCIRE &t LRUBA §'MOSRNSS: t ani um oxi de coating has a thickness

in the range 2 g preseabmvéntidPadctiidingl R0 3@RdcessTand proBudtisn af 50

advant ageous because _depositing thin titani um oxi de coatings requires |ess
precur sor dhaoralytcalipadtive soptadsubsirpis which fomprises denosifing a fanilmpxider | . A
thin titaniddmmonf safade ord shtsrat 5PcdnBing thk Sirfact 6f (R@slbRrddWvRe § AkigNCe
colours in reflection or transm ssion, However) a particul ar advantage is
that the vimxyrecoptaiae &soprce of Ytyyum andsa JoHras of PEYEAT S subsHae BeiBt #tdg i s | ow
whi ch i's espaGicakl ¥ i TRRY dod%t, WHBRDy I ofQRhfdcet iR tshptareias £0at ed gl ass.
Usual Iy the required visible light trapsm ssi on of the coated glass w il
det er mi ne tphetoeatdlpticastivityodf greaer than AKilOnerax mire” andatvisitde light edffleetidsl y, t he
coated surf glrggonttggc%wa§;dgg}gqu]sloﬁe;_stati Cc water contact angle of 20 or
| oner. Freshly prepared or cleaned glass has a hydrophilic surface (a
static wat er coRteferiblythyl sebstrtelivata tenipeeatura bothe rade 6250C cca1205C.andwgy dr ophi |l i ¢

surface), but. organic contam nants rapidly adhere t@.the surface increasing
the cont actprﬂﬁgtflga‘e,&"lﬂfi??i'%‘ﬁIaéﬁmpﬁgﬁg? F‘ttg%%én%eo e@ms@gs“?'r ates (and

especi al | y coahdehngiigasisysthe Qhidiniigtufrcomprises it ¢hiotide as thBsdurewEn i f t he
coated surface is soiled, irradiation of_the coated surface by UV |light of
Lhe right VERPGITETGHeR SSiET dther dan e anetiyLesestn TS, indip s PraboRimepifeor

dest royi ng prdiers tveRbndRAvidEs b procéls fotlilid RbduaMbsTtaglbiotfalyitally daiver Wil |
spread out over the | ow contact angle surface reduci ngr}aghe di.stracting

ef fect of dEPYfH whstratswhich compgisesidpRosuing f ftagiuymyoxide qopting haxing a thickpessof 4i ng t o

wash away a&y thdh 40Bm@h aQlkiRhte 6P BIrRdEtiRR Sififabd St thd Uk QrafOW D€ Al d8khieoy ed by
the photocatal ytic _activity of the surface. The static water contact angle

i s the anglc8mBRReiem phlofdeand amesier qhepihana fsthyl estef-opl et on a gl ass
surface and nay be determ ned in a known manner by neasuring the dianeter
of a water droplet of known volune on a glass surface and cal cul ated usi ng
an iterative procedure. Preferably) the coated substrate has a haze of i %
or lower, which is beneficial because this allows clarity of view through a
transparent coated substr &ukstitutepsheetr(Rute @pbodi nents, 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
strokes of the European standard abrasion test. Preferably, the coated
surface remains Substitute sheet (Rule 26) wo oonsos~ PGI/ GB00/ 02111
photocatal ytically active after it has been subjected to 500 strokes of the
Eur opean standard abrasion test, and nore preferably the coated surface
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10 PCT/ GB00/ 02111 | ayers of the coating are supplied to the respective
coaters, which in turn direct the precursor gaseous m xtures to the hot
surface of twWoOoysH8x gl ass ri bbon 37. The tenperature of tREI/GHopARIIG| ass

ri bbon 37 is highest at the |ocation of the coater 27 nearest the hearth 20
and | owest at the location of the coater 30 nearest the |lehr 12. The
invention is further illustrated by the foll ow ng Exanples, in which
coatings were b I : I 0Si i.n the
float bath on talg’ggr CSS"Y b?ip'ﬁ)(')’ﬁc‘{)?’g‘)fyf’ “F%ﬁq%fsoy E?ws"g?ﬁ“ coh '%%{%‘QW‘S} oduct i on
process. | nthe h&xdlimnmlmntm%saymﬁs a:caaﬁmpemummtec apgd 60@8(: to7501 gl ass

ri bbon. Al gas_ vol umege are rrea t st ture and pressure

an e
unl ess ot her wi deefeablyd °5‘Y~’ﬁé‘af‘ a‘ﬂ%@e’g‘y&]%’t’%ﬁt hyfwesn{ther s were
det er m ned Mﬁ}l%&aubbﬂﬂ 11873 edisttid @E‘gﬁﬁﬁﬂé’ﬁv@@f:ﬁhQEéﬂéﬁﬂoﬂhGir@l%@ﬁléﬁr?é@érOpt' cal
rmdel ling of the reflection and transm ssion sEectra of the coated gl ass.
' Thi ckness & atfriydeosen isAdigdragen beaded e 2errianaiora A tuthe exxesn af e eherabout 5%
The transm 2 TaJo R ) S W -ToA SiTYaTTY ggg,qg:ggdr@& Afe dsfap coated gl asses were
det erm ned lﬁ@:ﬂ%\n tt{rfachl& UQ °40 spectropehotorret er. The a, b and L*
val ues nenti oné@htﬂ?é#@lerﬁ 4y heratkyl ?%ﬁ%hﬁv%la&z taRo/bwl green. detpreferablythsur of t he
gl asses refg{ertsgntdﬂal cchhzla,ﬁg LOIOEY, Sikyl visible reflection and visible
transm ssion of the” coa | asses Were gterm ned using the D65 il |l um nant
and the st andaPefarity, 2kgester sarcompousd obfogmmlee with the | SO 9050 standard

(Parry Moon ap of ot 0B ed using a
WK - Gardnr%r egu%&&&ﬁaze t(§r \1?}%1 ?)'Lot O%Jrégl?%??c ac‘ﬁa@% of the

coat ed gl aszewp, XaX’, Yand Xiicpmsknf monmmvalant snbstitents, pddmhiaskkybgromm_er area of the
infrared p aérsog%?m?‘ﬁsg‘an&gg%uaﬁ%qca&on?ﬁg{,g‘t‘& q_§ cng@}kg&rl c acid filmon the

coated surf& S um na ght The stearic
acid filmwas f Soimbik estersabarplag be oded irthe gﬂoassefst)we Bm&ntmsmnmrreludds)y spin

casting 20 |t]l of a ution of stear |d|n nmet ha 8.8 x 103 nol
i 2) "o o e e B Pl b e Rl eyl MRS B il
red spectr aacyweea- pmpg&pf@dmhta, rt-pramslbmssteorsppramd f¢rhmepue@ﬂromen@tate. of the peak
correspondi. n% to the GH streg%hes ( % EEJ 2700 ho 3000dc of the
stearic acitPPFIPYHRTORIZ e SERTPRYY UM S AU LIPFRER S gohiay a{rg det er ni ned
from a cal idétaei on curve of peak area agai nst peak height. The coated side
of the glass wa m nated with a - 351 ned fromthe Q Panel
Co., O evel and) Eﬁtﬁ“ﬁ’&l '%ﬁf‘eh‘ifmpﬂﬁes&“% s%%‘%&@&ﬁgbftl‘%%sicrﬁ?ﬁ‘m‘f&s an

i ntensity athyl foem#e|lethaC&cle dr BAyIGRGHiGifkted MRSIDrertrablp fHe@steEdnerives2thylV /  nR.
The phot ocat aI %tl c activity is expressed in this specification either as
the rate of*°d¥trease of the area of the IR peaks (in units of cm1 ° mn
-1) or as t~, Budmiid Mtﬂc&i‘asieé m(tﬁ@foan%ﬁa hqmd/\@s&&bﬂ'ﬁ@&%rdeﬂi BOphgl1l ||
(in units of mn%) |cth ({ge posure@%ﬁﬂgnto reduce the peak
hei ght (abd®PREsSHAfENSE 'aedpteaksnrw %S“W&Qfé’l“ ENEeROY PRI 152006 of it ‘

initial valga@ouskhiRtued 3 bdpoMiBérErotey perfoimain@ing a%sebmm&% BPrGLASSeS was
determ ned by neasuring the dianeter of a wate roplet (volune in the

range 1 t o o§erpreferrsd (oeas ghespical KepoufdapauonsC Y eTE‘b%{F@HC‘bf%é’f GVDdp

i rradi at'Onanﬁﬁartﬁaﬁ'@mtaﬁﬁoﬁh%ﬁ&:lé}ﬁ'ﬂﬂgdmmWQISt?’@eﬁsecﬁ amp for about 2 hours
(or as otherw se specified). anples 1-15 A ribbon of 1 mmthick soda |Iine
float glass adVherREpeses ra%yb&méwmésee&swcsamawémenﬂa@s ipgJudiegionyi t h a
two-layer GRafiuBdras, &hRially BPan sl?éé%é%@ﬁﬁ& QNﬁEfexrab@ Blla@au the fidat @ POSi tion
where the gl ass terrperature was in range of about 650C to about 670C.
The float [BlssPredustianiieqess Qﬂ@rﬁapweasabbppe&wg d huseprgerablyy thepeocess ini t r ogen
and_9% hydpagsedin Andikill B BRRUARS B:fod@oﬁ)i)gﬁggbé@‘éﬁd the SobdgudRAlglasd-aver 1 (the
first layer to be dep05|te on t ass | ayer |con oxi de.
Layer 1 wasiberapdithe eracquls@ammgoahgeayewsfembivtmrfen@ﬂ omﬂmﬁass gbkon( Si H4) 60
m /mn)) O&Xﬁﬁﬂnﬁnnl}?@ﬂdﬂéﬁﬂ ethylene (360 m/mn) and nitrogen (8
iitres/mn) to contact flow parallel to the glass surface in the
direction of novenent of the glass using coating apparatus as described in
GB patent specification 1 507 966 (referring in particular to Fig. 2 and

t he correspondi ng description on page 3 line 73 to page 4 line 75) with a
path of travel of the gaseous m xture over the glass surface of

approxi mately 0.15 m Ext pREtityhe ilieeta{RlgRbdxi mately 0.9 to 1.2 nbar. The
gl ass ribbon was coated across a width of approxinmately 10 cm at a point
where its tenperature was approxi mtely 670C. The thickness of the silica
| ayer was about 20 to 25 m Layer 2 (the second |ayer to be deposited) was
a layer of titaniumdioxide. Layer 2 was deposited by conbining separate
gas streams conprising titani umtetrachloride in flowi ng nitrogen carrier
gas, ethyl acetate |n f|OWI ng nltrogen carrler bas and a bqu row of

o, o o, o, o S o M




Wwo oonsos~ 15 TABLE 2 PCT/ GB00/ 02111 Exanpl eThi ckncss of titani um oxide

| ayer (nmVisible reflection of coated glass (% L* value of coated gl ass
(9% Haze (% WG Q0115087 PCT/GB00/02111

1440. 12214. 313. 9440. 07314. 213. 2430. 12411. 311. 4400. 08512. 112.

| 410. 08611. 0aa0. 0778aa0. 1187. 29. 7370. 0496. 19. 13

60. 05105. 69360. 07114. 68. 73S0. 061215. 618. 4460. 11316. 0a~0. 131417. 516. 2470. 14l
520. 31 9. 5510. 4 : 2419ca 27
20 20, 550, 208 RsRe Snttorhufl ot b i Hplptegaloch Bine U 5T 16
T_ ABLE 3 RGH'GBOQKYRd drd lEpanpuslthaP@ak@d aimarsroes&pd)dubmnfgﬂ tesistghagari ¢ acid film
C-H stretches (270 3000 ¢ taI Vlt x 1040 crri
mn's)Static V\%‘Pé’f‘ q'&%n?pom IO'Alefcss%s er%? rdeAgs"? ﬁfe'f“bvhlfe
(arbitrary puﬁom)ihmubstaluaﬁyeamoéhhem;ﬁressunc ~) 10 0301. 049. 417 ~

51020. 03311. 1510. 415 1110 . Q3111 0812h 213 284% 03241.136. 81d

1 S20 05571, OB S lsY B o5isg ST GRNTAT G 5 g s 3358 16 g moduction

11080. 0289 bf Qdfrakid 6hdtodhﬂa41;91®algr2a8me dodted plhd whidhchitprifks 48ibsiting or ths

214110. 03441. 205, 418 20120. 02911. 02]18)1212 19130. 02891.019. 114 ~

210140. 026gwfa§agf y glass sybsirals ap gi?tai)gga geuye titanium oxide layer by contacting

212160. 022?&&&&&088&134&175%@2@9@1&11&tzﬁgé%ax&&:@aﬁfp&gzwmﬁmo- 02580. 9010. 1

168 Substitute sheet on 17 PCT' | GB00O/ 0211 | Exanyl es
2027 The. BIRkTTEE Dottose GO lodaR EELHTR LR En QTS ASBHER % ons. ac

Exanpl es 1qilspivm.except that layer 2 was deposited froma gaseous mxture
corrprl sing titani um tetraet hoxide entrained in nitro en carri eré?as by

passing the caff peipd gpgee. theragplipants haysennd h ‘BBHE’%WF!PP&J‘ ¢ fitaaiymaxidedt r aet hoxi de
mai nt ai ned ik t&nﬂe@ﬁl}@ra%hﬁrﬁg oP felatilX hlgFfiﬁotBl:Qéll@rﬂi@Jcﬁﬁ:ﬂBrﬂ!&xfcﬁﬂ:@@m&ﬁr rier gas
(measured at 20 psi) and titaniumfetraethoxi de are described in Table 4
for each ofe piedudeq apg peeoatings pfredyed thickngss tenddo Bave fopyek reflectiongdp gas was
8.51/mn (rm@wn%ﬂogrov?&s RéVe) proddd hQ%QE%&dv@xﬁaé%usIJ&ﬁ)bmﬁﬁod Gfffh coati ngs
were measured. Val ués of the thickness: of | ayer 2 (the titanium oxide

| ayer)) andhotedatadysic gétivity avithimgdprate or &y kight redisctiaBasur ed on the coated side
and haze of t anpl es
20-27 The haz S eBe AL nEa af SolREEpkaolils 19 ecan e S U C
activity anoht@tsabmtewamgmsnmamatmgins aphotp¢atal disallyeastive tatsmrg owide e

det er m ned [ R peaks
cor r espond HsE gt Plesecfifte. 2@’.”8&@?@&‘?&%‘%@6@5@5 25158 byt
activity aa@hmtoca;al)mndcttm of gratterahanett % 10 tamitreiot andrig thet mgpommmwt he
Exanpl es 2 d 29 The Exanpl es
28 and 29 \%aesraev'si.'gﬁ %?:t e(:'fCt ondréérasqf %‘g&‘lstg?rgoaéegr? ﬁ%ﬁ%og%@aml es 2027 except
that the ti tarﬁinghphmbqaaamhamwtg xmmﬂtagpomascm the anmmdoﬁaaonamwnqser ature of
168C and t ur e ta tin s 28-29
oqui val ent (peig 4P SR Riess il BRlocafillBarl el Akl et AERIES 0 0 &
Subst i t ut ebsiveeted giRdkes thiah by substviesoditirrslag vel i BwWIphBloEatdyRGEHGBOGID2111

! e | RS0y S ey 52 S G S AR §4RIRR 6 01001 e

m n) 200. 250g iMdéhiy. 1 SO. 008220. 20. Ol
| 230. 250. 0142 .30.%17250..35@. &119260 20 811270 10. 00&2{80 .6 b030290 4~ 0.020
TABLE 5 Exanpl @PRCai¥us2enyy fof 15 RIFpRses 9f Gis sPesispiondy CHeTited et | ecti on of

coat ed gl asmaspfiggdihe fate 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 péak 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.

Substitute sheet (Rule 26)
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(99 2013a0. 42113a0. 29221615. 70. 292318a0. 282424aa2526a0. 61269. 910. 90. 19274. 78
. 80.292838. 335. 20. 292931. 928. 40. 22 a Not neasured Substitute sheet (Rule
26) Wo oone@so7dddr TABLE 6 PCTI GBOO OZI | 1 Exanpl el R Peagsrgmphggondi ng
tn stearic acid filmGC-H stretches (2700 - 3000.cm s) Photocatal ytic
Activity (x 10'2 cm~ mint)Static Water Contact Angle ()ty (mn)lnitial
Peak Height (arbitrary units)lInitial Pgak Area (crri

~) 200. 0270. 9535. 71 9t S15210. 0311. 0955. 7a17220. 0240. 8383. 615t 221230. 0301. 0297
111 Preferably, the coated surface of the substrate has a photocatalytic activity of greater

t 313240. ozqﬂaé,op,gyopa,,;‘,uﬂggsqmqggrgkgg% g;eggefté,g,,g@gl@ag,;,n,%54 421t 322270. 0290. 9
983. 216t 528280. 0210, 7333.61318290 8483.31423 a Not measured Substitute

sheet (Rule 26}ow wlem@@mtmlmwr@ewsmaﬂe1Essmp’é§acsegmnhlghn Exanpl es
30 to 42, t Rl 80 RitiOfgth LRk Bphdklpat 0l ass
ri bbon acr oéﬁé)e |Lt sﬁlfdu“f%?@cuuggﬁ ‘ﬂg%p%r o>§'| mat el y ﬂ%é I n((::theso &pgn W in the

f1 oat bat h highrvigije trmsmidsiva whigh dssaftep resdized in @rehjsectisal and esvhealbm@mnms used to
deposi t th%f);?lﬁ:%én@% %gssi | lustrated in Figure 2. The float bath atnosphere
conprised nftrogen a 2% by vol unme hydrogen. Bath pressure was 0.15 nbar.
The two | ayer EBrfearibhyg theanatediubsiragfhas a sisibleofiectian nheashzgg on thtapaed sided first on
e oy ot 30 of SRBORoRRErirh PIY 1R VIS sh@NEL pfARRRY LPILoPB b@ed o ST ! T con
deposit the cohtmamgcmmthm qumnasnd:d’the substea]le wdl texsabauendallylerahSparehine

t enper ature f de Slt n of t S ha u5| ffer ent
coaters 272" %O lme Leo?rﬁ}eﬁ'é {m ggurb3%3g°%g'¥ Sél lﬁg 8%t ed near est
t he hearth Lhaallyghmmewstramdxlbmatseda h‘iﬁe glasauml'amear est t he | ehr being

coolest. In Ex 3 and 4 .n a. | es 30-33
and coaters 27 ?‘Sfé gﬂmﬁkﬁﬁf’fjﬁﬁﬁlﬁ\ﬁﬁﬁ sl"gs“t? O&Q’&'Sr 53@“3‘62‘?‘?‘ 1PHEn rTrF’?gcon oxi de
coati ng. Ttaﬁbsbﬂa,aﬁd doarell s&lﬁkﬂgp:’éi&ﬁabl}d&hmﬂkilmdﬂﬁmﬁblbcmﬁganﬁlbﬂlayexon oxi de

| ayer is t (B% Frofduct bon run ti s are. g ssi.bl e. aseous m xture
used to de 6'%"‘"?“ riafq of dhgsu 'iaffé"“f‘éﬂ?é’ OtPEral e ?°8¥°%t6“'t‘6‘°2f consi st ed of
the fol | oWcHding am@Sredices thetehddntyofor mgalf tnexdl ib&tfesh the edbstaite (2RfRrduintd) )

nitrogen (285 Unm n), npnosilane (2.5 Um ng L l.ene (15 Umég nd oxygen
(10 Uni n) . Heghotesaglyjcallyactivg ‘I‘fé"‘%’&r?é‘dﬁﬁg"”é‘g Shigh i3 agypnt except

f or nonosi kan&ndwh Bndéhtyof)alkeli filabifs (opwmsseumdﬂaluo@dmxmw@mgs{ﬂ 2 Urin).
Where two coat era‘ewere used to deposit the silicon oxide Layer in Exanples
30 to 42, RECIEBEEAYEY rates were used for each coater. In Exanpl es 30-42

the depositi ONTHeHMAR fidkdl {RADIdcking undeRByek R1AP 6mprise & nfefal bXige bt PrffersbiyaSs ri bbon
under the coater corres%gndl ng to each of the coaters 27-30) was as

i ndi cat ed fhs alkal metabion blogking e iut yaof silcopayids. Fhasiljconxidgmagbeai nty of
about f 50Kjifa BB Jd?ﬁec%i‘s&ﬁ?%tﬂ: kBthibRerR 36N mEP Sdnrisd\RspuRitic PRI AXi matel y 2
nbar. TABLE 7 Coater A rox emerature of Gass Ri bbon271330F 721C281275F
b90C291250Frbrefenreisard 2 lisunsysartideandderasitedasidescobyd in GRD 00/ 75057

PCT/ GBOO/ 03134,83B) 3 idbHeH QrleR Hraedal (ki difof kilidlieyand et hyl acetate were
entrained in separate nitrogen/ heliumcarrier gas streanms. For the
evapor at i on oflt isjadyastagequn, ifiiheralathreagal igadriepking umgelawéﬂhmﬁéhqtrtdfew Ti d 4 was
held in a R$dothe This was used-
o del { ver PPREopl Re Aol PlopeRRTS! I RaRAE SpRRBINYy ARTIE S S
measurenenﬁ%p%ﬁ@ﬁpfwwsm@?wdfwwmorFw@ﬂsrmrﬁ;@gﬂrcq}ms mheffeciand i nto a
thin film t hen
entrai ned ﬁ@aﬁhe cg{r rﬁgfﬁ[&g@qﬁﬁ{e gq%%eg{lllclia%}ﬁﬁl é‘fe]r;ﬁeémp %tﬁxﬁiﬂ%ﬁpm nt
down | i nused keefor the alkBl) megal ib@ bloChing mm(@pmﬂlyabe@fapevm@xmwt vered in a
simlar V"a~¥su le;ﬂH’n an%.h%ﬂ!)c QB X\@rﬁ‘sgﬂ{&n%sg Pe@xﬁﬁwﬁﬁfh cont ai ner
(head pressur pprox 'S e uSe 21 ver fquid to a

met ering pereforahlychaCpthickness of lesslmnfdOnmy Nhwsaresamnthe alali mntal iBhblokiter ed f1 ow
of the pre £ erature
of 268F (1@%87&1-%@ evagoéegﬁxéid%ot%ﬁﬁfo 'gé:lg:? éif Igga\ka%}s{l@{)dﬁéﬁgé;{% ar%alf‘%el I'n the
carri er gaforf thelglasnintei the wgwum okide oeatipg.and del i vered to the m xi ng poi nt
down lines held at approximately 250F (121C). The Ti 4 and ethyl acetate
gas streans were conbined to formthe gaseous m xture used to deposit the
titani um oxide layer. This m xing point was just prior to the coater. The

| ine speed of the float Jubstsitoicdobieet (Rudetaddperature of deposition of the
silicon oxide and tenperature of deposition of the titanium oxide |ayers
and the flow rates of the Hel Nz bulk carrier gas and the flowrate of Tid4
and ethyl acetate are described for Exanples 30-42 in Table 8. The coated
fl oat glass ribbon was cool ed and cut and the optical properties and
photocatal ytic activity of sanples determ ned. Table 9 describes the haze)
opt| cal pr opert| es. | n transm SSI on. and ref | ecti on (VI 5| bI e per cent
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The static water contact angle of the coated gl asses as produced and after
130 mnutes of Wirradiation (WA 351 mmtanp at approxi mtely 32 WnR) and
after 300, 30@omsos7or | 000 strokes of the European standampdraddeehfn test
described in Table 10. The «contact angle of the abraded sanpl es was
determned after irradiation for 2 hours. The sanples deposited at the

hi gher terrperatures of 1330-1250F (7216 to 677C) vvere phot ocatal ytically

active even af 1000 ur&égean st anda r&eagr Si on ges or after 200

humi dity cycl "adT’ﬁ'é‘a {RFFRESERL IR veptiap s fhag the p °ﬁ°“f“€ ACHEJUAM | e coat ed
gl asses asoRBObdEmOs ikl (BhtkiBELINg A the W visiBIR/réfTecd SHO6Y e doate@ Sutiratt)ar Eur opean
standard abrasion test and after 200 huni di t%/ testi ngn cycl es are described

in Tabl e 1the coatqgdsupsipgiestill has exgelleptphotosatalycactiyity. Praferably g ttamgm ot ed

gl asses \Aesﬁd@émﬁggﬁagaltm&uneﬁlolfyo falok mep%ré;haferab%qm mmamrbsaidedet er m ned.
Substitute sheet roc NT .. | eLi ne- Speed

m m nSi | i ceeatingkas am@ﬁl@@mqf 3R nmeorfraves angraost preferabhy 'ﬂﬁP'@t‘i“ﬂ’é’xﬂ&f@?‘D&pom tion
Tem er at ur&sa%tﬂ%sagqtgga% 2G& thla ?6ut§élﬁﬁ3|:| ow Rates of PrecursorsHe L/ m nNz
[ Jm nTi G4 cc/ mnEthyl Acetate cc/ m n3010. 9690 &

6776213003006. e ereagn inyey®n(s dsccHy8R2E300 YorrgseFirgo iz thingizminngoxide
b77621300300) nél‘ﬁquﬁ-gs?llg p?&%g £and the layers can be deposited in a relatively short time,
6776213003006. 316" 334101069002 13003006163510 96906213003006163610. 969062130
03006163710 g8 §BPRERIRC0sig ivalwdessdikes doareiondenaesolourio 1flegi®9 0677300300

530677 SO0 J00S 0 Aoy piyeihs gondpde R g RO eficikn f 1, &

, C : . , thintitanium oxide toafihg is low which s e—spccxally lmportpnt\/when the cgated subSABL E 9 c' r c

b N | KL*abT

E S Am N v AR BT  BPLBE L RS AT LR s B L 0T

40. 303214, M@mmﬁhmmwtwmﬁumomea@uﬂgssls 8

44. 00. 3- 9. 885, 9 341 784893, 12 70.123513. 843,
8 003 900 Pty Ind il s d B O iRdR s § L2 AP i i a2 3003 813
1-7. 986. | Ock.ldhwek. msnap pﬂBB'Bd.dr c%ﬁied}ﬂasﬂ.hﬁ 9B drophific Surfacd (b sTlic AR 11. 54

0. 40. 0- 6. 587, 294. 8-

40. b0. 0- 6. %“8%““9’@&“’? Wfi‘ é‘ba 8 é’éﬁ‘&é&‘é&&ﬂi@lﬂf syfface). byt ¢feanisy g g3 g-

- 1. 13. 10. l¢bntaminahie raphdip adhefdo Nelssﬁ@c&cﬂ:ahnmmb cofladD afleN Ar paticufaf WO

001 75087 25 TABLE 10 PCT/ GB0O/ 02111 Wat er . Cont act , Angl e ()
ort o N RSO Soafed S (A0 OB PP LB £ FPFI AT e PIRCrL SoRoR o it

UV) 3005001860 36k2. &&c@itﬁfab@i@S&QdQ&aﬁﬁtﬁmh@dﬁZaﬂéﬁ&ﬁ&a@mO:ﬁ pfofitdeed34aaf ai | ed
352. 03. 2f ai | ed362. 13. 4f ai | ed372. 23. 3<15382 03. 1<15391. 93. 1<l S402. 23. 2<
LS417. 87. gyt Yavelengthavil zedpcestheeontachangle by prducing Qe desuoying 15038 t ut e sheet (Rul e

26) WO Q%:prﬁﬁzts%fM&LﬁvindgePﬁiﬁzGawwzapléadE&m+ @f&:‘lﬁw cdntdchangRf t er
Nunber of Abrasion, Strok 200

Hum
Qycl es03004BerEdeISHE "!?fdé%“]a%‘tl‘ﬁéffF‘é6§i@8‘°§P§WP‘Eﬁ‘?“a‘F? %H%ﬂ%(eﬁ SPmEYPai | ed338f ai

| edf ai | ed34d 1dnaink @siashla@aB afif gimead bitet @l Bhnanlsahd Ralledlol B4R ddsroyeddy
2160Active3 818.5Ca.. 2160Act ve3917Ca 2160Act i ve4018. 5Ca.

2160Act | vehaphorcsialytinagtivippatthesmae he srasicvalgsconact angle s g anelei t ut e sheet
(Rul e 26) subt%e@giy’ e Afehisés of Xv@lep‘h%ﬁet on a glass surface and may be determined in

a known manner by measuring the diameter of a water dropiet 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.

[n 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

Substitute sheet (Rule 26)
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PCT/ G800/ 02111 1 A process for the production of a photocatal ytically
active coated substrate which conprises depositing a titanium oxide coating
on the surf Weoyrsedy substrate by contacting the surface ofparcBogodist r at e
with a fluid m xture containing a source of titani.umand a source of
oxygen) said substrate being at a tenperature of at |east 600C) whereby the
coated surface of the substrate has a phot ocatalytic activity of greater
than 5 x 10 a,Vvisi t neasured on the
coateq i ddnpeyiedly yeluEter § nk R dubiccl-4 8 foSlrohl A ellERE, °U 011 0° 1
substrat e istndird fbrastonpest,ahd marel pﬂeféthy thercgate® Airfacd mamiﬁﬁ)ﬁhm&au&lypmlyes S as

clainmed in either claim1 or hesu st.r

t enper at ur @44 tﬁé”?*‘éﬁ@"é‘%@%‘i‘? 8 IW% i%r‘%‘ psan sfand ﬁﬁﬁﬁﬂﬂ" feﬁ‘ any of the
proceedi ng cl aThis isWainBigbous Becalidedel€ clednthg doted QutsIritesst md;traemumeﬁdiﬂnorl de as
the source of titaniumand an ester other, than aé;nzth yl ter. 5 A process

for the prdaefends ussd withihe eostedswface FHRosed fo sherquisisle ‘b%{tcgﬂc EsE %t whi ch

conpri ses ¢RReskd éu'ﬂﬁccaoftlhet%ﬂk BhostielaugRRlol AYitiew) Wherd ekbalngess of |ess
than 40 nmon a substrate contacting a surface of the substrate with a

fluid mxtypaera)edaabsasioq- it ani um chloride and an ester other than a nethyl

ester. 6 A pr Oﬁmr@p%a&hﬁdmctbtagtomeed rifef tHRaBiakiod R& destribaria Bafopkdie
substrate is contacted with fluid m xture when the substrate is at a

t enper at ur &andard %EN&H&%P%%@?% and,epmprizespheegipracationof g feli R at 3 5§t any of
claims 4 t g8y WiGir&kdte b tRshftice 0PREimRSe an al kyl estor having an al kyl
group with a ~1 hydrogen. Substitute sheet (Rule 26) WO OOri 5087

PCT/ GBOO 0211 1In2lg mesanyspesification 8 coates sybyraieris eapyidered ©0rei#8 4 to 7 wherein

t he ester any of
cllai e 4 1 B B BREnf G BB Ry SR e e R " by
group. 10 by PVdisbt(s-gaef peplavanetength 381 amhieducgs e sfatic Waer costaetanglgipr i ses an
ethyl esteg,dsPrhiasse &,mnstlagng@qfter@batﬁh BF 0 o sade e G5y

conpri ses et% acetate. ess as clainmed in clarmed 1 n any of
clains 4 tcakdlbssmm@ hmutsrvélre@tamn dtgn inensignefyabaw 32 Ko At thecspgfaer afithet he f 1 ui d
m xt ure. 13 '?‘ed%ﬁbsﬁ%%s as clainmed in any of the preceding clains wherein the
fluid mxturesis a gaseous m xture. 14 A process as clainmed in any of the
precedi ng cl aerefemhlgrtee haze lo€thp cawessbstratepe? % or lvedr dier biimpsullisreditp t he f 1 oat
gl ass prod substrate is a glass ribbon. 15 A process
as cl ai rredngtE"'| op?il g‘u\/\,ﬂ@rggon tp“:{he process is perfornmed in the float bath.
16 A process d&xmﬂlacamd substrates/acodrding & mcwwimgermbamamw@mblddoe process
is perfor nt i al | r rocess for the
product i ogﬁm?lgrt %Yc ﬁaglcﬁlﬁso ch?etdq?ﬁg”' Hﬁlap ﬁ%ﬂ/&e&%g%g% ﬂ]ugsg whi ch
conpri ses ;iefwsd ¢rmbuginodmtstdi mesnmhmeﬂmfcoae@uefge o testibsate lsidurablc to

phot ocat al |l y.actiyv ta X|de l ayer. b ontact.ing the surface of
Phe. cubst r HriSR iyl sock ol bl SR IANE R FhataiBA ARkt UR 2T L5PD 2
fluid nitXxéoated smmtahmuagm a:b,&auat mezootydlestoﬁmemmmtcsylasélmguﬁse lafieet (Rule 26) '
WO 001 75087 PCT/ GB00/. 02 8 Ap atalytic active .coated
substrat e REIPTPEGIGUG™ S tyéyﬂ%“’n‘g f?;‘ﬁ&‘%%g’ﬁ%{[ﬂétﬂfecgﬁﬁ"gs Bctive
titani um osdbﬁezeatfmattb:ﬂgermreepae slesP@ee? 5P 6 30C in £haurost hedril 08 rélstivehat t he
coated surfac t he substrate ha hot aca i vit f greater
Chan 5 x 16 e fowsd sobgatsiscapudered Rospaa pgedim R bttt g 1o bl o
l'i ght ref | @etespifraiRAGLEEDV Oighitrbiceshd Ralicavatie contads iglon belowers®. 19 A

phot ocat al yti c¢al | actlve oated substrate.as clainmed in cJaim18 wherein
the coat ed surlf & BEgpreHEedsmhofimept (e PEESep HERABAOHFS P AURBE] vi ty of

greater t hpm:ol;amyd&h; adlive coated glass acﬁnp%smaatg%emkwd KKadinkg 4 caftinig\os ofi®at ed
substrate as clained in claim19 V\hera?lvp d surface of the

subst rat e fygaceshesents saidcoatingcPRPTTRE 4P, ing yaderigysra8da ; cm | nia 1.

21 A phot mﬁo@ﬁtm&ﬁ&aﬂ} hotiva Gitahiith cﬁ&etlgdr,s\m@ﬁtm& 60afed serfRk BEMe bubs@dty of clai ms
18 to 20 erein the coated substrate has a visible |ight reflection

measur ed off d¥rARle topRFasign sicdhag the spasgdyu P?fvﬁé’i“a‘“??‘%’cb‘ﬁ'dt’??@&P&I‘S?taf‘f:"dt ly active
coated substrate as clainmed in claim21 wherein the ' coated substrate has
a visible light reflection neasured on the coated side of 15%or |ower. 23
A photocatal ytically active coated substrate as claimed in any of the
claims 18 to 22 wherein tWostdtple shaed Ry®bdes a gl ass substrate. 24 A
photocatal ytically active coated substrate as clainmed in any of the clains
18 to 23 wherein the coated substrate has an al kali netal ion bl ocking
under | ayer between the surface of thO substrate and the photocatal ytically
active titanium oxide coating. f 25 A photocatalytically active coated
substrate as clainmed in claim24 wherein the alkali nmetal ion bl ocking

| ayer is a |layer of silicon oxide. Substl tute sheet (Rul e 26) WO 00/ 75087
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33 A photocatalytically active coated substrate as clainmed in claim 32
wherein the coated surface remains photocatalytically active after it has
been subj ectO¥BOBO0 strokes of the European standard abiPe3iGReo/exnst .

Substitute sheet (Rule 26) WD 00/ 75087 PCT/ GB00102111 31 34 A

photocatal ytically active coated substrate as clainmed in claim33 wherein
t he coated surface remai ns photocatal yically active after it has been
subj ected t 00Q st roke ean d .abr.as test. 35 A
phot ocat al yt F ?ﬂ‘lsw% dhog(x?%@% fgl?bﬁg'?rpg? e%é{‘g Tl arasn’fs"él[‘:gllnl"tn'fs claims 32 to
34 wherein dntbedlhaaemfcoatzmglmaiemhb&)umtarv&me light 2dflactivn nhemmasd afther bei ng
subjected to the E abra i.on test ot.ocatal ytically active
coat ed subs<PPES @d%g?’g?a‘?r Y ag &ﬁyhB‘P"a&]é‘fcﬁEy 1"3“’? 8‘@%%@6‘?’?’? 'the coated

surf age of f;tréremsly sd o tatcendsmmrnailoéreow THitshtibys aee/miramugtoﬁ.uﬁhoﬁ hﬁia:ht hg

coated surface remai ns photoeatal ytica tive after e coated substrate
has been sUbfURrsig begau er% éhh%i’ H‘E‘éﬂ‘rfﬁﬁlw ’gﬁ%‘(‘ﬂyn‘b‘%ég"(“@%? A durabl e
phot ocat al wducr@ﬂalvyg@ﬁtdum,mpat ed gl ass conpri si ng a gl ass substrate having

a coating on one surface thereof, said coating n&i‘l Si ng an al kali netal
i on bl ocki ng uHH%?*!”&(%’PC’EWE"da‘ﬁe'Bdt‘eeﬁrcsﬁﬁ'df‘ﬁfea?‘al”?t”fi qogted gkass e t i t ani um

oxi de | ayercomphfihed fladsREbsahHGhSAhoreftalficallh @cibie kitdnfudd GxideScodiiigahl € t O

abr asi on such tha%i‘i %\he coated surface remains phot ocatal yticall'y active

after it hagepitee demsple chamgterisedinthakthe egated surfaqepbtheglagyhas a standard

abr asi on t gibroc %»"% ngwls}t&fgreella%apa&%%&ﬂ Gith! ¥>ra&5mygreaa.aé,§rﬂs 9h6%m

claimed in claim wherein the coated glass has a visible |ight reflectlon
measur ed onmiteand marecnteloiably gratenthan &k 10T min 3 At it thie goatertglass has a

phot ocat al wkdGaliny r aﬁsédo\é?ﬂe&gutrmnteﬁe%eegdéamegs th20%, t hi ckness of 30 nm or
| ower) 39 A coated ass conprising a glass substrate having a

phot ocat al yt i c&pated Sabttlav:e agcprding; to theprasens inveatidnigvensehinanany afeas &rt her eof |
characteri t ocat al yt| e
et vity of EmiEe et DR RRLIRUE Aol Btk fnfeonfyfs RERL 07 MY
has a vi si lzlaemglpg’r«ctof nebdt@@bmtcma@mdapmdtdh@oodm o sstodd ghating pas, t han

20% Substitute eet 0,A

mul tiple gl 52|hﬁ& ﬁ?%lec{sﬁgn%)ér%fesl?%oﬁwg a|sst’s natcﬁ lass Cngé g)?g g%%%gltasécf lysubst rate
as cl ai med of the aoatedcglase,|agpiotymei Bitetlayed I of, forspsanpﬂd potypmglbedral)eindhisansmi ptoa
second gl aziangglgane 41 Lam nated gl ass conprising a first glass ply of a
coated gl ad ‘clainmed in any of clains 18 to 39) a polyner interlayer,

and a second glm&uprb;ouséth éelﬁacrlmmgsulisames (tepepmbydsutﬁ-almmgfglas for

phot ocat aI I tive co bstra e subst nt| r| bed

her ei nber orddiieheasTEpptsaes o B PEROR PEo Y Bhrabe bl -hae e a3 A
phot ocat al ybrcesttakiyn actmmhmabﬁdn@hmss:osmmprea&meﬂlghsi aidet xaladhymm&;ydes cri bed
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by flowing under the end walle 17), and to maintain a slight positive pressure above

ambient pressure. The tin bath 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 located in series in the float

zone 11 above the float glass ribbon 37. The precursor gaseous mixtures for the individual
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layers of the coating are supplied o the respecfive coaters, which in turn direct the
precursor gaseous mixtures to the hot surface of the float glass ribbon 37. The temperature
of the float glass ribbon 37 is highest at the location of the coater 27 nearest the hearth 20
and lowest at the location of the coater 30 nearest the lehr 12.

The invention is further illustrated by the following Examples, in which coatings
were applied by laminar flow chemical vapour deposition in the float bath on to a moving
ribbon of float glass during the glass production process. In the Exampies two layer
coatings were applied to the glass ribbon.

All gas volumes are measured at standard temperature and pressure unless otherwise
stated. The thickness values quoted for the layers were determined using high resolution
scanning electron microscopy and optical modelling of the reflection and transmission
spectra of the coated glass. Thickness of the coatings was measured with an uncertainty of
about 5%. The transmission and reflection properties of the coated glasses were
determined using an Hitachi U - 4000 spectrophotometer. The a, b and L* values
mentioned herein of the transmission and/or reflection colour of the glasses refer to the
CIE Lab colours. The visible reflection and visible transmission of the coated glasses were
determined using the D65 illuminant and the standard CIE 2°observer in accordance with
the ISO 9050 standard (Parry Moon airmass 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 UV A light. The stearic acid
film was formed on samples of the glasses, 7-8 cm square, by spin casting 20 pl of a
solution of stearic acid in methanol (8.8 x 10” 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-Panel 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 / m”. The photocatalytic activity is expressed in this specification

either as the rate of decrease of the area of the IR peaks (in units of em’! min™') or as tgog
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(in units of min) which is the time of UV exposure taken to reduce the peak height
(absorption) of a peak in the wavelength area down to 10% of its initial value.

The static water contact angle of the coated glasses was determined by measuring the
diameter of a water droplet (volume in the range 1 to 5 pl) placed on the surface of the
coated glass after irradiation of the coated glass using the UVA 351 lamp for about 2 hours

(or as otherwise specified).

Examples 1-15
A ribbon of 1 mm thick soda lime float glass advancing at a lehr speed of 300

m/hour was coated with a two-layer coating as the ribbon advanced over the float bath at a
position where the glass temperature was in the range of about 650°C to about 670°C. The
float bath atmosphere comprised a flowing gaseous mixture of nitrogen and 9% hydrogen
at a bath pressure of approximately 0.15 mbar.

Layer | (the first layer to be deposited on the glass) was a layer of silicon oxide.
Layer 1 was deposited by causing a gaseous mixture of monosilane (SiH4, 60 ml/min),
oxygen (120 mi/min), ethylene (360 ml/min) and nitrogen (8 litres/min) to contact and
flow parallel Lo the glass surface in the direction of movement of the glass using coating
apparatus as described in GB patent specification 1 507 966 (referring in particular to Fig.
2 and the corresponding description on page 3 line 73 to page 4 line 73) 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 temperature 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 to 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 parallel 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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tetrachloride and ethyl acetate were entrained in separatg streams of flowing nitrogen
carrier gas by passing nitrogen through bubblers containing either titanium tetrachloride or
ethyl acetate. The flow rates of the nitrogen carrier gases are described in Table 1 (the
flow rates were measured at 20 psi). The titanium tetrachloride bubbler was maintained at
a temperature of 69°C and the ethyl acctatc bubbler was maintained at a temperature of
42°C. The estimated flow rates of entrained titanium tetrachloride and entrained ethyl
acetate are also described in Table 1 for each of the Examples 1 to 15.

The properties of the two-layer coatings were measured. Values of the thickness of
layer 2 (the titanium oxide layer), and values of the visible reflection measured on the
coated side, L* and haze of the coated glasses are described in Table 2 for the Examples 1-
15. The haze of each coated glass was below 0.2 %.

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 corresponding to
the stearic acid C-H stretches, the photocatalytic activity, the static water contact angle and
t 90% for the Examples 1-15 are described in Table 3. The thickness of the titanium oxide
layer, surprisingly has hittle effect on photocatalytic activity.

Examples 16-19

Examples 16-19 were conducted under the same conditions as Examples 1-15 except
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 a 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.

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

Values of the estimated thickness of layer 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 p'caks corresponding to the
stearic acid C-H stretches, the photocatalytic activity, tsos and the static water contact

angle and for each of the Examples 16-19 are described in Table 3.
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) ?| FExaHpI&| NitrogéWBrikn Gas ¥aaw Rates thO V&S Tilt, mgmic( )|-Ethyl
Bubblers (1 / min, measured at 20 psi) | (1/ min) Acetate
flow rate
(1/ min)
TiCl4 Bubbler Ethyl Acetate
Bubbler

1 0.16 1 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 0.008 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
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10v@& () - 2 L 76 109%@8% () - 7%< Jf 6
(nm)

1 15 14.1 44 0.12

5 14.3 13.9 44 0.07

3 14.2 13.2 43 0.12

4 11.3 11.4 40 0.08

5 12.1 12.1 41 0.08

6 11.0 a a 0.07

5 3 a a 0.11

8 7.2 9.7 37 0.04

9 6.1 9.1 36 0.05

0 56 9 36 0.07

T a6 8.7 35 0.06

12 15.6 15.4 46 0.1

13 16.0 a a 0.13

14 17.5 16.2 47 0.14

15 20.3 19.5 51 0.1

16 a 28.4 47.8 0.3

17 ca 68 29.1 58.4 0.37

18 ca32 25.9 55.6 0.24

19 ca 27 20.5 50.2 0.2

a Not measured
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109%@@& () -z |/ K< Jf 9S3vU4/ 6 10%@ER ()-2z6 | min') Angle
)
Initial Peak Initial Peak
Height Area (cm™)
(arbitrary
units)
1 0.030 1.04 9.4 175 10
2 0.0331 1.15 104 151 10
3 0.0311 1.08 12.2 132 8
4 0.0324 1.13 6.8 141 15
5 0.0287 1.00 8.2 16+3 1
6 0.028 0.98 8.8 151 10
7 0.0343 1.20 10.8 151 10
8 0.0289 1.03 6.6 161 14
9 0.0289 1.01 6.5 142 14
10 0.0278 0.97 6.2 18 +2 14
11 0.0344 1.20 54 18 =1 20
12 0.0291 1.02 10.2 12+1 9
13 0.0289 1.01 9.1 142 10
14 0.0269 0.94 94 152 9
15 0.0331 1.15 8.7 15£2 12
16 0.0227 0.79 17.8 12 4
17 0.026 091 10.2 12 8
18 0.0225 0.79 10.1 13 7
19 0.0258 0.90 10.1 16 8
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The properties of thc two-layer coatings were measured. Values of the thickness of

layer 2 (the titanium oxide layer), and values of the visible reflection measured on the
coated side and haze of the coated glasses are described in Table 5 for the Examples 20-27.
The haze of each coated glass was below 0.7%.

The photocatalytic activity and static water contact angie of the coated glasses were
determined. The initial peak height and initial peak area of the IR peaks corresponding to
the stearic acid C-H stretches, the photocatalytic activity and ts9%, 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 titanium tetraethoxide 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.
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Example Nitrogen Carrier Gas Flow Rates to | Titanium ethoxide flow
Titanium tetraethoxide bubbler (1/ | rate
min, measured at 20 psi) (1/ min)
20 0.25 0.014
21 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
TABLE 5
Example Thickness of titanium | Visible reflection of Haze
oxide layer coated glass (%) (%)
(nm)
20 13 a 0.4
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 47 8.8 0.29
28 38.3 35.2 0.29
29 31.9 28.4 0.22
a Not measured

Substitute sheet (Rule 26)



#10%rs&L0%&R' ()- 109%& ()- 109%& ()- 109 ()- 109%& ()- 109&' ()- _?+40
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& ()-0110% & () - O|! 986 £3600-H30% & () - 0! GQ0A &nl') - Q! Ccatier’ ()|, 297G_2JUa0 #
101 10% & |() - 01 10% & () - 0! 10% & () - 0! 10% min() - 0! 1090AHele 0! 10%
& () - QAT \ i 0S3v UL T BUY & [(Hhiddl B&ake &|() -/ K
Height Area (cm™")
(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 1542 21
23 0.030 1.029 7.1 1143 13
24 0.029 1.015 7 17+3 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 18
29 0.024 0.848 3.3 14 23

a Not measured
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consisted of the following gases at the following flow rates: hehum (250 Vmin), nitrogen
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(285 I/min), monosilane (2.5 I/min), ethylene (15 /min) and oxygen (10 I/min). For
Example 42, the same gases and flow rates were used except for monosilane (2.3 Vmin),
ethylene (13.8 /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 + SO°F (+ 28°C).The

extraction for each coater was at approximately 2 mbar.

TABLE 7
Coater Approx. Temperature of Glass Ribbon
127 1330°F (721°C)
28 1275°F (690°C)
29 1250°F (677°C)
30 1150°F (621°C)
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0 -10%!1& ()-0 -10%!& ()0 -10%!& ()-0 -10%!& ()-0gG ,

0 -Thpewmgetachipride (Y04 agd ety acetatp(yorsa guainedinsgpagmte ' -
QAGOgen/th%arﬁer( Qas Qtre(ﬁﬁxs NEor the cvaﬂ&/l‘?on‘%f (1')C14 a thin film evaporator
was used. The liquid TiCls was held in a pressurised container (head pressure approx 5
psi). This was used to deliver the liquid to a metering pump and Coriolis force flow
measurement system. The metered flow of the precursor was then fed into a thin film
evaporator at a temperature of 110°F (43°C). The TiCls was then entrained in the carrier
gas (helium) and delivered to the mixing point down lines held at 250°F (121°C). The
ethyl acetate was delivered in a similar way. The liquid ethyl acetate was held in a
pressurised container (head pressure approx 5 psi). This was used to deliver the liquid to a
metering pump and Coriolis force flow measurement system. The metered flow of the
precursor was then fed into a thin film evaporator at a temperature of 268°F (131°C) ., The
evaporated ethyl acetate was then entrained in the carrier gas (helium/nitrogen mixture)
and delivered to the mixing point down lines held at approximately 250°F (121°C).

The TiCl, and ethyl acetate gas streams were combined to form the gaseous mixture
used to deposit the titanium oxide layer. This mixing point was just prior to the coater.

The line speed of the float glass ribbon, the temperature of deposition of the silicon
oxide and temperature of deposition of the titanium oxide layers and the flow rates of the
He/N; bulk carrier gas and the flow rate of TiCly and ethyl] acetate are described for
Examples 30-42 in Table 8.

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/reflection and colour
co-ordinates using the LAB system) of the samples. The coated glasses were subjected to
abrasion testing in accordance with BS EN 1096, in which a sample of size 300mm x
300mm is fixed rigidly, at the four corners, to the test bed ensuring that no movement of
the sample is possible. An unuscd 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 pressure 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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contact angle to below 15°.

The glasses were also subjected to a humidity cycling test in which 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 static water contact angle of the coated glasses as produced and after 130
minutes of UV irradiation (UVA 351 mm lamp at approximately 32 W/m?) and after 300,
500 and/or 1000 strokes of the European standard abrasion test described in Table 10. The
contact angle of the abraded samples was determined after irradiation 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 European standard abrasion strokes or after
200 humidity cycles. The photocatalytic activity in terms of tgos, Of the coated glasses as
produced and after 300, 500 and/or 1000 strokes of the European standard abrasion test
and after 200 humidity testing cycles are described in Table 11. In Table 11, the term
Active indicates that the coated glasses were photocatalytically active but that tgog was not

determined.
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94.4
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94.8
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93.8

Transmission
T (%)
84.3

TABLE 9

84.5
84.3

85.5

84.8

85.4

85.8

86.1

87.1

87.2

86.9

84.8

b
-10.3
-10.4
-10.5
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-8.8
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-1.9

-6.9

-6.5
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0.3

0.3
0.3

0.3
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0.1
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45.1

4.0
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M
5
z

. R(%)
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14.6

14.6

13.8

13.6

13.8

12.9

12.6

11.9

11.5

11.6

14

Example | Film Side Reflection

30
31

32
33

34
35
36
37
38
39
40
41

42
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TABLE 10
Example Static Water Contact Angle (°) after
Number of Abrasion Strokes
0 0 (after irradiation 300 500 1000
130 min UV)

30 23 33 failed

31 20 32 failed

32 a a failed

33 2.0 3.2 failed

34 a a failed

35 20 32 failed

36 2.1 34 failed

37 22 33 <l5

38 20 3.1 <15

39 1.9 3.1 <15

40 2.2 32 <15

41 7.8 7.8 10.1

42 47-53 47-53 56-9.8

a Not measured
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TABLE 11
Example tsos (min) after teos (min) after 200
Number of Abrasion Strokes Humidity 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 B.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

41 a ca. 2160 Active

42 45 2800 Active

a Not measured
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A process for the production of a photocatalytically 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 107 cm™ min™ and a visible light reflection measured on the coated

side of 35% or lower.

A process as claimed in claim 1 wherein the substrate 1s at a temperature in the range

625°C to 720°C.

A process as claimed in either claim 1 or claim 2 wherein the substrate is at a

temperature in the range 645°C to 720°C.

A process as claimed in any of the proceeding claims wherein the fluid mixture
comprises titanium chloride as the source of titanium and an ester other than a

methyl ester.

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 methy! ester.

A process as claimed in claim 5 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.

A process as claimed in any of claims 4 to 6 wherein the ester comprises an alkyl

ester having an alkyl group with a 8 hydrogen.
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A process as claimed in any of claims 4 to 7 wherein the ester comprises a

carboxylate ester.

A process as claimed in any of claims 4 to 8 wherein the ester is an alky] ester

having a C; to C4 alkyl group.
A process as claimed in claim 9 wherein the ester comprises an ethyl ester.

A process as claimed in claim 10 wherein the ester comprises ethyl acetate.

.10% & ()- .10%& ()- .10%& ()- .10%& ()- .10%& ()-

. 10% & () -

A process as claimed in claimed in any of claims 4 to 11 wherein the ester is the only

source of oxygen in the fluid mixture.

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

gaseous mixture.

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.

A process as claimed in claim 14 wherein the process is performed in the float bath.

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

performed at substantially atmospheric pressure.

A process for the production of a durable photocatalytically active coated glass
which comprises depositing on the surface of a glass substrate a photocatalytically

active titanium oxide layer 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.
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109%7&' () -.v 10pto&icatalytivally active titanium oxide coating on one surface thereof, characterised

19

20

in that the coated surface of the substrate has a photocatalytic activity of greater than

5 x 10 cmmin’' and in that the coated substrate has a visible light reflection

measured on the coated side of 35% or lower.

A photocatalytically active coated substrate as claimed in claim 18 wherein the
coated surface of the substrate has a photocatalytic activity of greater than

1x10%em™min’.

A photocatalytically active coated substrate as claimed in claim 19 wherein the

coated surface of the substrate has a photocatalytic activity of greater than

3x 10? cm ™' min’.

21

22

23

24

25

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.

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.

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

wherein the substrate comprises a glass substrate.

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.

-

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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wherein the photocatalytically active titanium oxide coating has a thickness of 20 nm

or lower.

A photocatalytically active coated substrate as claimed in claim 27 wherein the
photocatalytically active titanium oxide coating has a thickness in the range 2 nm to

20 nm.

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.

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%.

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.

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.
A photocatalytically active coated substrate as claimed in claim 32 wherein the

coated surface remains photocatalytically active after it has been subjected to 500

strokes of the European standard abrasion test.
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35 A photocatalytically active coated substrate as claimed any of claims 32 to 34
wherein the haze of the coated substrate is 2% or lower after being subjected to the

European abrasion test.

36 A photocatalytically active coated substrate as claimed in any of claims 18 to 35
wherein 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.

37 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 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%.
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