1 Substrate with Antimcrobial Properties The present invention
relates to a Substrate, in particular glass-type substrate, wherein
at least one of its surfaces has antimcrpbial, in particular

anti bacterial or antifungal, properties.” The present invention also
relates to a process for the production of such a substrate. 5 In
the field of ceram c subsirates, EP 653 161, for_exanple, describes
the possibility of covedSukstrateswith Amtimicrohial Propestiest silver to
provide themw th anti bacterl al properties. In the field of

gl ass-type substrates,_ sol - ro esses are. known to g%/i de

an antim crobial surfdfg. Pr e‘n}é/g‘ﬁ’é’ o &t rRbETHG, Hbrﬂaﬁtfu agjass-type
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order of 500-600C (sintering tenperature). Processes are a

that requirer am&usgdb,spromraei dhberaeptpreention alsocclats & & pmcesscfnpmlespraf@ctmn
a silver sal% ‘&‘b is.case, a silver layer is not deposited, but an

i on exchang8 PHRESUBFA® in the solution at an el evated tenperat ure.

A process for produci ngiR 189 ceihst 51?55@&1@@%[“95?@51 JRof RBhAE, describes the
properties is 15 also known from EP 1449816. This priocess requires

both a dryi DgSSSllth’EOf)QDVm tesandth a0d@eaoumposeth exfnsilvet tegiroede thdm with
600- 650C. Thi SlgitEe [ra treatnment has sone di sadvantages particularly
with respecf PIOREFUSHi fornity of the product. Mbreover, it

renders the process Ve yhdPRAE!of JISRLPEGitRtrres, Séoingel !yg e@s%%é%% to
that at these tenperatures the diffusion of the iIs very rapid

and a sli ghtpmmda m artinmucmbudiusurdmeaﬂ"hcsn pRocesdes tmlrteradramédnmg :Eagendrthe sol-gel
results in S|gn| cant varlatlép\;lnthe dept SIO

si | ver, Gy TRBr BfHshe MERPES o SRPREA 1t f’né’f t‘? aey P@(bﬁt (sintering
pr Opertl es %mnléé?n?ru&gbﬂ({cggs%s alré als%aﬂ%cﬁ‘]éf;{;%ﬁl? ﬂ'lot E'Lﬁ}str%tléclr& e d]pped in a

thernmal trea uses an undesira uratron

soda- | i me glcampositibis codpasingardilver saly & this t:ifset hlsﬂvarlagz@as ,noﬁﬂépblslted but an
havi ng been treated, the product may no nore be cut into particular

si ze bec auséOIbq!XCbh'&eﬁ@éeésPé%eyn therselitiongt arpeleynted esperatyier ef ore, there
I's a need to provide g eél%gé% .rf&lrperodl?du]iagf éltagg s%?ﬁtreﬂé gmﬁglaﬁﬁlﬁtcrob\i‘ﬁltp?opemes is

antim crobial properti xXpensi
produce;s Agrgkib®d fidin @Pelmmlmﬁmcésb‘?eqﬁﬁ@§ BGﬂh 4 AVRILsOR HeBle@h@9° and

to a process for the production of a substrate (in particular glass
or netallic |86t3tandt @) theaualngreatment at 600°-650°C. This thermal treatment has some
disadvantages particularly with respect to cost and uniformity of the product. Moreover, it
renders the process very poorly reproducible, since it has been found that at these
temperatures the diffusion of the silver is very rapid and a slight variation in the duration
20  of the thermal treatment results in a significant variation in the depth of diffusion of the
silver, and therefore this causes variation in the antibacterial properties of the substrate. It
may also be noted that such a thermal treatment causes an undesirable yellow colouration
of a soda-lime glass substrate. Furthermore, with this process, after having been treated,
the product may no more be cut into particular size because of the necessary tempering
25  process.
Therefore, there is a need to provide a substrate, either glass or metallic,
with antimicrobial properties, which is easy to use and inexpensive to produce.
According to one embodiment, the present invention relates to a process
for the production of a substrate (in particular glass or metallic substrate) having

30  antimicrobial properties, characterised in that it comprises the following steps:



30 antimcrobial properties, characterised in that it conprises the
following steps: 2 (i) deposition of a non-gelling |ayer conprising
an inorganic antimcrobial agent in nmetal,, colloid, chelate or ion
formon at |east one of the surfaces of The glass substrate; (ii)

diffusion of the agentint Aepdsitiost Al MndlelliRANhy 8N RombrLALS o8 iddianic

5 substrate by thernmal "treatiment at a tenperature conpri et ween
200 and 380C, for a paiihwmdobial agest inamga, oflldidtohelate & 10h dioresn anidas? one of

hours. According to gnot her enbodinent, the process is characterised
inthat it conprises ﬁ’r‘?eguf ?qsﬁﬁbﬁglgsécfﬂmaiteél steps: (i) deposition

of a metal non-gelli nggl ay%‘ifg&%ﬂ’&%@% @gerﬁ%to]tg dnB8’ G8hCleast one surface of the

antim crobial agent, tained at t otitset froma precursor,
metal , colloid, chel aswbstmatei lon thepmal treatneht hteasémpaarre tompasclubdtasas 200

of the substrate; (ii) jtion of a topcoat; (1ii) diffusion_of
the agent in said top@%‘gggq(;o@ &‘Pfé’rﬁ?ﬁlpdtlli‘@ﬁtrﬁ%gi’tOfb%"e&PZéntr@ﬁﬁéﬂ@@@ﬁéfs-

comprised between 200 R6rdfallo afdtherdmRAMAH, HE'MBERs 25 EhithhEiRecl i thar it

hours. During the thernal treatnment, the antimcr agent can
di ffused under cbompgsesithe®llopumpseguential stept:ire of the substrate, if
no coating is applied or iggan Zligder coat or in a

th

{ to coai, in case
those coating are applied BT S e .nzgali fOBTPiRge rGacofPrsing an
appliedjpit can advantageously Ggi¥R4diS Snifimickdbidl algéﬂ/t?fal?taj[nﬁg‘é’tﬁﬁautﬂs%t from a

functions of blocking or slowi ng down the mgration o
antim crobial agent and a secomneduespsrinseatalj ogllead, chelaser woiforni,om at least
the antim crobial agents. Those funf%%n can scertained on a

be
product made according to the i &R gecs Qe suhyradte

antimcrobial effect of singar dgﬁm(ga%#&agnd Wi t hout
undercoating and/or by 25-analysing diffusion profiles (see fig 1

and 2). Each layer of the (nder clofitsiorayf tha agemttincaldatopb@at dyahermal treatment

t hi ckne conprised between 5 and 1000 nm preferably between 8 and
800 nm fﬁsﬂ)st preferably between?2i8 te%ﬂﬁa@%c‘ﬁﬂ?m?ﬁ eé‘ﬁ%’t%% 530 e for a

a sheet of flat glass, particul %ﬁbﬁdﬁ&%éﬁh%n&le@éﬁdzhours.

During the thermal treatment, the antimicrobial agent can diffused under
the surface, toward the centre of the substrate, if no coating is applied or in an undercoat,
0T In a topcoat, in case those coating are applied on the substrate.

20 If an undercoat is applied, it can advantageously comprise a first layer,
having the functions of blocking or slowing down the migration of the antimicrobial agent
and a second layer serving as a reservoir for the antimicrobial agents. Those functions can
be ascertained on a product made according to the invention by comparing the
antimicrobial effect of similar products with and without undercoating and/or by

25  analysing diffusion profiles (see fig 1 and 2).

Each layer of the undercoat may in particular have a thickness comprised
between 5 and 1000 nm, preferably between 8 and 800 nm, most preferably between 10
and 600 nm.

The substrate may be a sheet of flat glass, particularly soda-lime glass

30  which may be float glass. It may be clear glass. The glass may have a thickness within
the range of 2.5 to 12 mm. It may be clear glass or coloured glass. It may comprise a
reflective layer (to form a mirror) or a layer of enamel or painting (for wall covering),

generally at the surface opposite to the antimicrobial surface.



30 which may be float glass. It may be clear glass. The gl ass may

have a thickness within the range of 2.5 to 12 mm It may be clear

gl ass or coloured glass. It nay conprise reflective layer (to form

a mrror) or a layer of enanel or painting (for wall covering),
generally at the surface opposite to the antimcrobial surface. 3

The substrate may have a surface area of greater than 0.8 mto 0.8 m

it maybe adapted to b&heusubitmtanfaytiash edusfaceansy ofl geedterathare 018 mutbtd.Sign; it

operation. Wen the substrate is a,clear soda-lime glass, according
Lo one pref Bt0s adspiEdisbes shite a BnifbodiZs b A HESHMUPACHPEE BPETEVRD. heat

treatment is pref erabiyhduie dhikhte {8 uAStbAMIER TR AULRNE | nd Dritbired
Y of t

the order of 550C. Advantageously, the tenperatur é er mal
treat merft i smbodwerent,htha m&tifunptehparatbicy of dwehedt hasatiB&AGs apreferably the glass
particul arl ¥r preferred | ower than 350C, ,and advant ageously hi gher

. 35 h
than 200C, Upnufien mperausnehich puin the ordes ol Se8r¢.i ddvantpgeoylys Bertemperature

hi gher than ' h rati.on of the thesrial t.reat npnt St o

adj usted i nogég%rtg%a%%:% %e:ﬁ#le& H%qg‘gFre&}i‘aéld 4? Q%ZP%?&?I?@?’”EW eﬁgﬁf’f‘? c}(}‘?l%a?, and
it is foundphiahiladly dpFelrt@n 1bWerd Mgan’ AB0€C OhndeidVaRR eousgy m&%@ﬁ @as 2boec,
hours may be appropriate, preferably between 5 m nuges nd our,

and parti cptederhlyl yigifee than® 2I08€ apd parficalady Afkferreduti glser tHangx0PCcul ar | y
advant aﬁheous t enper at ure-durati gn conbi nati on has proved 15 to bhe a

tenperatlre i n the ran§édBetioreh theobenn rsaipenbywst be phvstetinageqiiange with
from 10 tou30. fo-RYLES erﬂﬁﬁe.%‘ h icﬁlraﬁl?f RlroRRaR LA tﬁ)%] iﬁ%@ﬁhﬁ?of Hetieen 2
various inofgan ¢ agents kAo SF CPher roant i crobl &l propert | es,

in particul atinsted wed 2 loappeay dadppioptiate, patfaratladetwezh)s milfikes and 1 hour, and
antimcrobial agent is in nmetallic form 20 The process according to
the invent i GArtisBlAE Y PEfeded PsweenpARd 63 mimitesaddi t i onal step (iii),

Femi ni ng on the sur{ Acbit PG B AES, SRbE L Ml 28R inatan bas proved

remai ni ng on the surfac urrn

t her mal 13 r ead BRBlterip@Btutd in) the rdiieShebléeii 208 2B 3607C beerachdrRiMefdriiig from 10
washing. In particular, solutions based on HNG3, FeCl3 or Fe(N03)3

are suitabl ¢o Bdmisuieh a washi ng process. This washing can prevent any
25 antim crobial agen f;{nﬁm.reﬁa' ning on the s%riaffe in.netallic. ¢
formin such a quantity® THEP ‘@é/ag_ I‘ifnclé%%le_ fe TYeafEaus MGratee #8°1s
become too 'kﬁf)wlvﬁcFdrVQheiFOJnti%ﬂ%b?aﬂ)pt)ﬂoﬁéﬁi'eQn$n _pardicilgr REIGEET EQfet NAd zinc.
the substrate treated according to the invention does not exhibit any
Advantageously, the antimicrobial agent is in metallic form.
20 The process according to the invention advantageously comprises an
additional step (iii), which consists of eliminating any excess antimicrobial agent
remaining on the surface, i.e. that has not diffused during the thermal treatment step (ii).
This elimination can be achieved by washing. In particular, solutions based on HNO;,
FeCl; or Fe(NOs), are suitable for such a washing process. This washing can prevent any
25  antimicrobial agents from remaining on the surface in metallic form in such a quantity
that they could cause the treated surface to become too reflective. For some applications,
it is preferred that the substrate treated according to the invention does not exhibit any
significant increase in light reflection (LR), or any significant reduction in light
transmission (LT) in relation to the untreated substrate.
30 It has been found that with the process according to the invention, a very

low quantity of antimicrobial agent can be deposited on said at least one surface of the

substrate. In some cases, a quantity of more than 5 mg/m®, preferably more than 20



significant increase in light reflection (LR), or any significant
reduction in light transmssion (LT) in relation to the untreated
substrate. 30 It has been found that with,the process according to
the invention, a very |ow quantity of anfi ni cr obi al agent can be

deposi ted Oﬂlg?liﬂg %@tpahﬁ%%lypgﬁfegféﬁ; 171?71% @hn 3 emg@l}lﬂgéf LitRe th 'Begtgégged can be

cases, a quantity of nore th , prefer nore than
nmg/ n2 and pappropudter Hywpvef thered ofomecht liginer ¥onoaptmaflons (800rdra00 mgnt® does
treated can be,  appropriate. However, the use of rnuch higher
concentrat i 8%‘“{%89“&“9 lﬁﬁffﬁhﬁuchéécenﬁé"thﬂSrﬁ?éfﬁé’“{‘Wé tp 8¢ ginpply unnecessary

| nst ead .5“C%&Qﬂﬁﬁaﬁi?@%ﬁc%@ofb%"eﬁnﬁ%ﬁé’&&Eﬁniaﬁ ndrdBiYifkaRGEggsary and
can require excess to be elimnated on a much nofe®significant scale.

5 Various nethods knoWaripes nmthadarknbemspertsebiad Beosuickdho fart depasiting the layer
| ayer conprising the antimcrobial agent. In particular, deposjition
i s possi bl e “HPPHTRG|the iaptimigrpaig| ﬁgentbﬁn PptiictiaF ﬁ@oo&mosymapcw&@kohy pyrolytic

simlar to net fan ' ' | .
conpri ses s%ﬁkgzjl]?ﬁ’gg)ggp Lg&ggﬁtoqgff J;ﬁ]eg{?te %%ﬁ%ﬁgitg% maegﬁe"lrﬁl?ﬁ Sggg%gbﬁ%%&on of
and preci pntigbfspwhih coetuists sprayifig bhie sahof a atinicabizhggert such meAgNO; and
L oy SRk eSS o S R BB ¢ o
clear sqga-linme floatglggs ’t)é;gzléav?lﬁ_ﬁfa&aguﬁ ateC &40 YE SnsilibRa! ﬁg%éggingnon the

patterned etc. can also be u e glass sheets can be trea
one or on bpplicatibes soughic és additien tathe todpomial dedrhvodsiest foht fghse, glaw that is

be subjected to gny desired type of surface treatpnent. For exanple,

a coating of°igH ¢ trgsted e pabtermsid ele. can plsi pF beeck iﬁ%sﬂgﬁ%iweféﬁ%ge g{iﬁf agone
t hereon, e. [ [ | ) The:
nventi on a’s" PIEREI (S, PAS LELEFpdRe M, ket Bick CHE bO Sl e LI Pany Wiired
anti m cr obi &ype cfgarfactresment. &br exanthlé faismdng of paiat otiachenel at alrefiative layer

one of its exposed surfaces, sych that, the ratig I(CsAg) / 1(CsSi)
in the Kurf&8ebg applisd thsaeais & HgricitipResug) aa el coywmaser RBEYS. i s

hioher Chan 015, o gt PSR S0t S o

present or diédtpsaent dioe difusk@ b optlephit leds ons Uf ftaeg®sédsurfaces, such that the
advant ageously nore than 0.1 ng/n2, preferably nore than 1 ng/n2 and

parti cul ar | yatisy KE€aAgkOi(fBYidin %’éﬁ@@cer@;qaﬂirai agaerding &¢ tisidynamisr $hkemethod)

Ine 1 (o200 i S5 oL BT 80 RIS Ml e

and | (Cs®i ) 0lg25t Mae RRaktitynéfeafintiyrobb apitaipraent! @ difRsd irit@nas 1@kt ede of its

bombar dment sgsfagegeis Saléggnﬁggeog;lyt rtllgrestlilgg t‘{)r. ?trgg/rax, gre%;ibliyonr'}ore than 1 mg/m2 and
particularly preferred more than 10 mg/m” of antimicrobial surface.

The I(CsAg) / I{CsSi) ratio is measured using a Cameca ims-4f apparatus.

I(CsAg) is the peak intensity obtained for the CsAg” ions and I(CsSi) is the peak intensity

25  obtained for CsSi* ions after bombardment of the surface of the substrate by a Cs” ion

beam, which progressively scours the surface of the sample. The energy of the Cs” ion

beam reaching the substrate is 5.5 keV. The angle of incidence of the beam is 42° to the

normal of the substrate. The surface values indicate that the values are taken for as small a

depth as possible, as soon as the value obtained is significant. Depending on the erosion

30 rate used, the first significant values can correspond to maximum depths of about 1 to 5

nm. In the present case, the surface values correspond to a maximum depth of 2 nm. To

ensure that the values obtained are significant, the ratio of isotopes Agl07/Agl09 must in



beam which progressively scours the surface of the sanple. The

energy of the Cs' ion beamreaching the substrate is 5.5 keV. The

angl e of incidence of the beamis 42 to the normal of the substrate.
The surface values indicate that the valugs are taken for as small a
dept h as posgs; S -alu i k LN L t
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W Chout b o e o e o T K P s OBy of less than
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gr eat er t hampreferably grester fraaf o abbryg, prefaitdy gredoanh@dol . SVhemssthsefeadbly greater
according to the invention has an antibacterial effect on a large

nunber of b Pa, whether gram positive or gram negative bacteria,
in particular 15 on af%w'sﬁ@ﬁfat@'ﬂ@co?&in%h@ tﬁ)@kﬂ\%ﬂﬁ&ghg’sa% GhiiBacterial effect on a
Escherichia coli, Staphylococcus aurets, Pseudononas aerugl nosa,

Ent er ococcugariie hamberTofbaundria) adicttier ghranepbgtive oeganr eekatine bacedd, daparicular
with the standard JIS Z 2801 is in particular, at |east on any one of
these bact oni & leapigaee ofnthe f@@wmg PREFRY aBscheriehinetolis npphyilposcusngpreus,
particul arl [ L : e .l .
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20 2801 if it has an effect higher than log 2. However, the invention also relates to substrates

that have a lesser effect (for example a bacteriostatic effect, which means that the bacteria
are not necessarily killed but can not developed anymore).

The substrate according to the invention advantageously has an antifungal
(fungicidal or fungistatic} effect on any one fungus, in particular Candida albicans or

25  Aspergillus niger.

When the glass substrate used is a clear glass, it can advantageously have
antimicrobial properties as well as a neutral colouration in reflection. In particular, the
colorimetric indexes (CIELAB system) in reflection a* and b* (Illumiant C, 10° observer)
are in the range of between -10 and 6, preferably between -5 and 3 and particularly

30  preferred between -2 and 0, and the purity may be less than 15%, preferably less than
10% and particularly preferred less than 5%.
If the substrate is a coloured glass, it can be considered that antimicrobial

properties may be obtained without changing very much the initial colour of the substrate.



(fungicidal or fungistatic) effect on any one fungus, in particular
Candi da al bi cans or 25 Aspergillus niger. Wen the glass substrate
used is a clear glass, it can advant ageou§l y have antim crobi al
properties as well as a neutral colouration in reflection.
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than 3, pr I b r r |
subst 1 at ¢ accor g 475 I JenRL R IGRIIAR SR RInaThEE EmbiE ight
used is a cltreasm:g.*siarssvithiirt theamngdebii mgﬁamsﬁxyfekaiﬂ}em bo P0%%antndritersadiblellight
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01 % prof orabl y 84 14 15y b a5 Spelenlioh BEefbaBEPREL inberkifhar an
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particul ar Ai§st e 2R Bwe pR & champewithra midiy Oéﬁ%ﬂféfth‘%fh@%cﬂtl“@v\ﬁ:h@ﬂer 500
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chanber i ¢ RO Ut airRdipth, 2 PR4 AT Mgy REbelht SR, ilef 24gpours
W i rradiat '1ﬁﬁ1eféd%4%olﬁ?b£~%f 811008 0 PRANERY zathoﬁg%meréd% s281HH!0F NaOH
imersed in a solution of after 24 hours imersed in a
sol uti oh5 of (Wa®H. 15 (0.1 N). Preferred or alternative enbodi nents of
the present invention_are scri be i n, dependant. cl ar The present

i nvention shall be degéfi'fFIE 05 4lte léfeﬂ’elp eB@I(gt\RhePrﬁs%l jgatior are described
restrictive; ‘Maérﬂ reference to the attached draw ngs: 20

Figures |l a {0 ﬁlow ?fusi on profiles of silver into the surface

of the The present invention shall be described in more detail below, in a non-

restrictive manner, with reference to the attached drawings:

20 Figures la to 1h show diffusion profiles of silver into the surface of the
substrate for samples obtained using the procedure of Example 1 (deposition of the silver
layer by spraying);

Figure 2 shows a diffusion profile of silver into the surface of the substrate
for a sample obtained using the procedure of Example 2 (deposition by precipitation of a

25  silver layer by reduction of the corresponding salt).
EXAMPLE 1:

Production of antimicrobial samples
30 Samples of clear soda-lime glass were coated with a silver layer using the
vacuum deposition method, also referred to as magnetron sputtering, in a manner known

per se using a silver metal target in an atmosphere of argon. The quantity of silver



substrate for sanples obtained using the procedure of Exanple 1
(deposition of the silver layer by spraying); Figure 2 shows a
di ffusion profile of silver into the surface of the substrate for a
sanpl e obtai ned using the procedure of Exanple 2 (deposition by

preci pi t at i géposfied wag A0St of aiRice Mikate8 FYESirAle Afa {4 enrk ARicR Arf@0100
salt). EXAMPLE 1: Production of antin craobial I@Iﬂrrpl eg 30 Sarrpségfgycj)f
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of surface treated for sanple |.a (4 mmthick glass) and
of surféace Tedatled for sanples 1. b to Le (2 mnthl ck gl ass) To cause

the silver to diffuse.jnto esuface he sa re th
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The bactericidal and fungl cidal properties of sone sanples were
anal ysed using a Cameca ims-4f apparatus (beam of 5.5 keV and angle of incidence of 42° to the

normal of the substrate).

20 Measurement of the antimicrobial effect
The bactericidal and fungicidal properties of some samples were analysed
in accordance with standard JIS Z 2801. The results are collated in Table 1 below.
A log 1 level indicates that 90% of the bacteria inoculated onto the surface
of the glass were killed in 24 hours in the conditions of the standard; log 2 indicates that

25  99% of the bacteria were killed; log 3 indicates that 99.9% of the bacteria deposited were

killed, etc.
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purity is 1.5% (measured with illuminant D, angle of 10°}.

Accelerated ageing tests were conducted on sample 1.c, which showed that

the antimicrobial effect survived. An antibacterial effect with respect to E.coli of higher

than or equal to log 4 was measured after the following artificial ageing tests:

wet spray (test for 20 days in a chamber with a humidity of more

than 95% and at 40°C);

at 60°C),

after 500 hours of UV irradiation (4 340A ATLAS lamps, chamber

after 24 hours immersed in an H,SO;4 solution (0.1 N),

after 24 hours immersed in an NaOH solution (0.1 N).

Example 2

Samples of clear soda-lime glass 4 mm thick were coated with a silver

layer by chemical deposition using a method similar to that used to produce mirrors.

The samples were firstly subjected to a step of sensitisation using tin

chloride solution. An aqueous solution of AgNO; was then sprayed onto the surface of the

glass at a flow rate of 200 ml/min along with a reducing agent to reduce the silver salt



after 24 hours inmersed in an H2SO4 solution (0.1 N), after 24 hours

I mersed in an NaOH solution (0.1 N). 15 Exanple 2 Sanples of clear
soda-linme glass 4 mmthick were coated wt;h a silver |ayer by

chem cal deposition using a nmethod simlar to that used to produce
mnors. 20 Tie maaceHvareTRe &xdess wis R FiRdRMAT. (uadtifésST 100 to 800 mg of Ag/m’
sensitisation using tin chloride solution. An aqueous sol ution c%f

AgNOB was t Hegie depasifediotntoae fans of thef glass substrates. gl ass at a flow rate

of 200 mM/m n along w-th a reduci ng, agent to reduce th Ll.ver salt 9
into metallic silver. Tt‘?h%“@?(ﬁ’éasséfv\?ggo &ﬁ e }q?%}éeds"gfaF‘?’ % {rentgamptes were
100 to 800 AEerObubheétod to WEFfEredE PRSInAP dre@MRAORE § Aol oft tglﬁ@%inutes at
substrates. To cause the silver to diffuse into the surface, the

di fferent sdempersturesraryingéomsiif)®¢aBEPG edTifle2ent t her mal

treatnments for a peri%gleof 13 to 30 mnytes at . 5 tenperatures .
varyi ng from 250 to 350€'Yealed syapice weye them waghaddp apidde slimenatqibe exeasesilver

washed in agkdaiheghihe Sakge b I{,’;Z‘a%ﬁél.Si | ver remaining in the
surface as in aElxar%le 1. 'Iah% dﬁlf usion profile of sanple 2.d is shown
in Figure 2. The anti fihedoffiasidn piofibeodf samplechéisyshoonus Fipgrd he sane

method as in 10 Exa e 1 and the results are cqllated. in Table 2 .
bel ow. Table 2: Exanpl ?ﬁﬁ%‘éfﬂtb-lﬁ ér‘ﬁ‘l‘%?’éﬁwﬁ‘asﬁﬂ?g the, cy28Ye mghod as in

Anti - rahi omExghnphOl aRbiEYERIts AR Rllafel G5 Phble Tivefpi al  deposited
thermal effect "(ng/nk) treatnment 2.a 100 250C, 15 min 0.15 E.coli >
log 4.8 2.b 100 300C, 15 min 0.14 E.coli >1log 4.8 2.c 100 350C, 10
mn 0.075 E.coli > 1o hs_z.d 250 300C, 15 nmin 0.021 E.coli > log
3.6 2.e 300 250C, 15 e¥ 22 E coli log 4.8 2.f 300 300C, 15 nin

0.23 E col iTgO%mfle® | Concent- Temperature | I(CsAg)/ | Bacterium | Anti-
ration of Ag | and duration of | I(CsSi) microbial
deposited thermal effect
(mg/mz) treatment

2a 100 250°C, 15min | 0.15 E.coli >log 4.8
2.b 100 300°C, 15min | 0.14 E.coli >log 4.8
2.c 100 350°C, 10 min | 0.075 E.coli >log 4.8
2d 250 300°C, 15min | 0.021 E.coli >log 3.6
2.e 300 250°C,15min | 0.22 E.coli log 4.8
2.f 300 300°C, 15 min | 0.23 E.coli log 4.8
2.g 300 350°C, 10 min 0.13 E.coli >log 4.8
Example 3
15
Samples of clear soda-lime glass 6 mm thick were coated with a layer of
silver by means of pyrolytic spraying. A solution of AgNO; was sprayed for 5 seconds
onto samples preheated at temperatures from 300° to 400°C. The solution pyrolysed on
contact with the hot substrate and formed a film of metallic silver.
20 In this case, the two steps of depositing the antimicrobial agent and its

diffusion into the surface were virtually simultaneous since the substrate was preheated.



2.9 300 350C, 10 min 0.13 E.coli >1log 4.8 Exanmple 3 15 Sanpl es of
clear soda-linme glass 6 mmthick were coated wth a |layer of silver

by nmeans of pyrolytic spraying. A solutigg of AQNO3 was sprayed for 5
seconds onto sanples preheated at tenperatures from 300 to 400C. The
sol ution pynokhiseskeOthe £10BEs8Tould bdusddeditilp thelRehtimiols PREUUCASATBE f1Bat glass.
filmof metallic si fver.. 20 In this case, the two steps of depositing

t he anti mi crlbbisplaymgertsilaericauld be dirgrigediafiar thetton batke asdicduld bewenducted either

virtually simultanegus since the substrate s preheated. 10, In this
case. the pPEREeBRERPY o it bries e geind 8RR PhGRCha abelina Rty
float glass. The spraykagatell ghisé WaE the Washdd%is3h ERRGBRs afhgh, the tin
bath and coul d be conducted either before the ribbon of glass enters
the annealing lehr or in the actual annealing |ehr. The treated gl ass
was then washed as in_Exanples 1 and 2. 5 Exanple 4 Sanples of clear
soda-lime glass were E&ﬁ?ﬁ@? ith one or two layers of different

net al oxi des or oxycarbides with a thickness varying between 13 and

500 nm 10 using pyrolytic deposition. The nature and thicknesses of
the |ayers are col | at éamples dbilear Fodpbmevglass wergegoatetl with wee of 180 laysers of

500 ng/ nR) deposite n the |last |ayer .of, the substrate d
Cenperi ng ¢ HITHE oR Ak E AR ot S ailes oS ibulens v SRR, fT o ag0
6 m nui@s) usikp pjRANER &goﬁﬁbﬁl’r@rﬁuﬁ@ Af® tHi Fkdessed o Pthe AYyeBAGE @6114460 in Table 3
Anti bacterial “deposited (ng/nR) effect (log) dass /" Ti2 (45 nm

100 E.coli below300 E.coli 2.2 dass / SioxCy (70 nm) 100 E.coli 4.8

500 E.coli 4.8 A layer of silver (100 to 500 mg/m?) was deposited on the last layer of the

substrate and a tempering thermal treatment was applied (temperature: 680°C, duration 6

minutes).
15
Table 3:
Substrate Concentration of Ag Bacterium Antibacterial
deposited (mg/m?) effect (log)

Glass / TiO, (45 nm) 100 E.coli 1.6
300 E.coli 22

Glass / SiOxCy (70 nm) 100 E.coli 4.8
500 E.coli 4.8

Glass / SnO2:F (500 nm) 100 E.coli 1.1

Glass / S10xCy (75 nm) / 100 E.coli >4.8

SnOy:F (300 nm) 500 E.coli >4.8

Glass / SiO; (25 nm) / 100 E.coli 35

TiOz (13 nm) 500 E.coli 43

The bactericidal properties of the samples were analysed in accordance

20  with standard JIS Z 2801. The results are collated in Table 3 above.



dass / Sn02:F (500 nm 100 E.coli 1.1 Gass / SixxCy (75 nm [/ 100
E.coli > 4.8 SnQ2:F (300 nm 500 E.coli > 4.8 dass / SiQ2 (25 nm
/100 E.coli 3.5 Ti02 (13 nm 500 E coliy#4.3 The bactericidal
properties of the sanples were anal ysed |n accordance 20 with

standard JI'S Z 2801. Tihg roesd!tHag RrLreadit lotigdla l[yer a_lathly@rs:”ﬁ@ﬁ?\d@positéd on the
It is noted that, as a result of the | ayer or layers firstl

deposi t ed osubstrates (the tantimicrobiab effect i cotaibed| despitee the ithermet aneﬂtad:nt at high

pr oduct i 5 SEYBRFAGT THECKiEs® BRERC RSP et bim BeBATEHEY of iomuaered
and of an a%lds@hﬁ@@@dntﬁh@a%&al%laﬂ?e presence of the coating |ayer
may reduce the variability of t antimcrobial effect of the

fini shed product to vdheapresamse iaf thlfrecmieiag ltay@'amwntedpc&)ctbsssrarihbility of the

O e ' SRS B B R B bbb S SR BRLSS.
substrate. Gaditish R inﬁ%/tlﬁ‘ovﬂdé d %uﬁﬁc%oop?f%‘férﬁ'l QhAtOisCRAEN CAdaptd® to contain the
tenpering step at a la 10 stage. To be able to preserve the

substrat es pniimicroakagepicthatthe surfaceof thersbsteéormended that a first
thermal treatnent is eonducte ow te glure, an f

pori od (erg- rom 2560 STRIBEYT bo® &% GOSBARTR FPELRThE BrunlrT ieh 4t adater
the antigr cr ?e alo dgaBle toPpreirlid Uiesubbirfted Por RYiRfpefing,aY & fhus Tét%mmended
result is a glass sheet that can be cut to a desired size and then

t enper ed i nthat @Lfbstetl,}aeml tmatm@g 4s cmuaﬁéﬁploev gpesaiwns|aad gor @Blmxt period (e.g.

o and & SdeImA OB &s FaaRatInih IEPIT e R R sb ggent t©
A 20 silvey ﬂﬁﬁs‘égﬁto%e ﬂagfgl' e ?8 Re ARRRSI 4 gﬂf%&ﬂﬁatv&ﬁl%r&t toa des1red size

deposition net as I n-exanp using a ver target in an argo
at nosphere. aﬁh&mﬁaﬁpﬁedmbﬂ&aqm&pmuﬁjsect ed to a tenpering process
(670C during 10 minutes). The bactericidal properties of the sanple
was anai1§/sed in accordance with

Example 5

A sample of clear soda-lime glass pyrolitically coated with a first layer of
SiOx (75 nm) and a second layer of SnO2 doped with Fluorine (320nm) was used. A
20  silver layer of 100 mg/m2 was deposited by the vacuum deposition method as in example
1 using a silver target in an argon atmosphere.
The coated samples were subjected to a tempering process (670°C during
10 minutes).
The bactericidal properties of the sample was analysed in accordance with
25  standard JIS Z 2801. A log 2.58 was obtained. This indicates that good bactericide

properties were obtained simultaneously with tempering characteristics.
Example 6
30 A sample of clear soda-lime glass coated by vacuum sputtering with the

following stack of layers : Glass / ZnSnOx (10 nm)/ NiCr (80-20)(1.8 nm) / Ag (2.2 nm
or about 20 mg/m2) / ZnSnOx (10 nm).



25 standard JIS Z 2801. A log 2.58 was obtained. This indicates that

good bactericide properties were obtained sinultaneously with

tenpering characteristics. Exanple 6 30 Assanpl e of clear soda-line

gl ass coated by vacuum sputtering with the follow ng stack of |ayers

: Gass / ZnSnOx (10 Wh todvedEang 30 w20 k(tlie@edtt) a fem@ring prodass (600° G @itig 10

20 ng/n2) / ZnSnOx (10 nm). 12 The coated sanple was subjected to a

t enpering pﬂb@%@ (670C during 10 mnutes). The bacteri cidal

properties of the sa I i C t an .
ggiu@bé{\ﬁ&g?é‘ﬁ%ré’ s.of sgﬁ{gg@g%ﬁ‘ﬂgbﬂ 1 ih A0 08Ahte with

JIS Z 2801. Alog 2. was o i'sn

bact eri ci destahd4 JpeIZ 28S1. WY o DI63i wer obtaifiellt aTte® tediyatyy ﬂﬁt te66@ BhdtBEcide
characteristics. This suggests that a certain anpunt of silver

m gr at ed® duPrapgrtienevere mpsdnedy sisubtaneayskynwith dprepriingasharadteristics. nd iy gggests
| ayer pl aye ier f e 7 t. r

substrate. %?6\%21%51 tRE os}@ESf ?%%gnqér a{eﬁ uarr?tn g tﬁéatseg{bgﬁhgts 18% tﬁgéoglg%n d that
of coating kayNiCs layebbsted bﬁmﬁﬁﬂnﬁo@formm1gﬁt1@1 d)ﬂ&@fbvﬁh&ﬂd&zsu&strate
silicon nitride, a tin oxide, a zinc oxide, a zirconiumoxide, a
titaniumoxide, a titaniumnitride and an alum niumnitride may be

used. 15 A double coating |ayer may be used, for exanple, substrate /
zirconium oxide / titaniumoxide. 13 CLAIMS 1. Process for the
producti@n of a glass type substrate having antim crobial

properties, characterised in that it, conpri fes the fol | ow ng

(i) deposition of a mithgn Fh? ‘ﬁ’émﬂpﬂg 3 sk 6r§BP§t’§’it%gth§dJSFrﬂfr Pé layers
anti m crobl ghe40ffom GRS & ABH BF sifilsh BUhE S siliERIMRRL SGH 38l d fnc oxide, a
netal, ; e i on or m "~ on e’as t he exp

surfaces of zirbénisMbstid@tetitabivim okidef al$1lte@ﬁl1rﬁ)fn1th|€le aﬁ@ et aluﬂdﬁtﬂmi‘tﬁlrdeahay be
| east one exposed surface of the substrate by thermal treatnent at a
t enper at ur e ugdgher than 200 and | ower than 380 C, for a period in

the range of between A H}nﬂ)% %%at%dlayerhr%%)r/%e'used, for example, substrate / zirconium

oxide / titanium oxide.



2. Process according to Claim1l, characterised in that the

tenperature of 10 the thermal treatnment is |lower 350C. 3. Process
according to any one of the preceding clajqvs, characterised in that
the tenperature of the thermal treatnment iI's higher than 220C and
particularly preferred higher than 240€LAIM®&r ocess according to any
one of the preceding clains, characterised in 15 that the thernal
treatment is conducted- f oPresepferipodthe nproductiaangd ef glaget typensubstrate  having

i d.1. . L cul ar,l ] d b d .40
M nutes. 5. 2 BRAaBafEs, SharBlenl Mt Bl DB SRR R s
characterised in that)tdokiigh e at h%@él”ﬁéﬁ-gélgn%gg Ct&fpAing an inorganic

tenperature in the range of 20 between 200 an for a period
varying from 10 to 30aniimisrelial genprabtaneg alctherelitsey fram anpreoursorpfin tiegal,

precedi ng clains, charggterised.in that the cursor,used in,ste )
(i) is £ a metallic shelrgier L R o1 %a}ﬁaéﬁ o 0h &7 SHPSPONT Py ¢ Sgtrate;
di ssol ved in an aqueogs) soldiffiséh offthe RE@H @hder 360 WallodexpbiidBufface of the
characterised in that the layer conprising 25 the antim ciobi al

agent i s deposited ei SHistraipby/thetmahtegtmentat a¢eroperggyrehigherttben 200 and lower

i nvol ving the precipi [ o tal. antj,m crobi-al agents. b

reduction of a corre.sggahcﬁﬁﬁg@(’ 5%%?%83“??‘85%“ eoﬁg%%p%ngBYegﬁgdgkgurs.
of the preceding cl ai o5, Probéss act@tingad Tlaim § NéHarddi@isadlin fHa€ tiPleMperature of
agent is selected fromsilver, copper and zinc. 30 9. Process

accordi By to any one of thhthepmaekieentmentds liwes 35¢War acterised in that
the quantity of antim,crobi al agq%ats degosite on said at |east one

surface of the 14 suBstQFESiECHEIE 1 A3 0BC Hhgpprecsdinectlaigisy chaspcterised in
than 10 nmg/n2, and partiguy t%@lt%’m?tﬁﬁtﬁf'eeéftﬁg tﬁ%ﬁ‘ EoaRent thah 220°C and

Process according to any one o e preceding clalns, characterise

in that the substrate igaréQairbgpiatdriRddnchéndrneaetd.ng before the
deposition of step (i), and in % that the diffusion of step (ii)

occurs mai nly within #heProoessiangprding.to Rnpoes of thequedidmg ¢laimsh eharacterised in
pr ecedi Eﬁ claim charact d.in und i
e

first umderlayer, havi ngt%%tlt'ua"%f t&?ﬁ’&ﬁl g%agﬁgrgliﬁé’[@ : %%f%okrfgﬁglﬁ in Heranige of
between 6 minutes and 1 hour and particularly preferred between 8 and
40 minutes.
5. Process according to any one of the preceding claims, characterised in
that the thermal treatment is conducted at a temperature in the range of
20 between 200° and 350°C for a period varying from 10 to 30 minutes.

6. Process according to any one of the preceding claims, characterised in
that the precursor used in step (i) is in a metallic or ionic form, in particular in ionic form
and dissolved in an aqueous solution.

7. Process according to claim 6, characterised in that the layer comprising

25 the antimicrobial agent is deposited either by vacuum sputtering or by a method
involving the precipitation of metal antimicrobial agents by reduction of a corresponding
salt.

8. Process according to any one of the preceding claims, characterised in
that the antimicrobial agent is selected from silver, copper and zinc.

30 9. Process according to any one of the preceding claims, characterised in

that the quantity of antimicrobial agents deposited on said at least one surface of the



down the mgration of the antimcrobial agent, and a second
under | ayer, serving as a reservoir for the antimcrobial agents. 10
12. Process according to the preceding clgim characterised in that
the bl ocking underl ayer is chosen anongst’ pyrolitic and sputtered

layers, in pabbtfeliarmbRy @il 5 GRIRL %;ké’f&aﬁﬁ aior@xmﬁqonﬁtgﬁ# OJndnﬁérﬁbulaﬂy
al l oy conpound, such as Pd, Ni - Ox, Nb, Ta, A, Zr

ZnAl, or ni xpreferred moredfan 203ng/Mocess accor di ng to claim 10,

characterised in that under coat first | ayer based
on Zr®2 and a second I@C@Pc?ﬁ%ﬁ’r@%ﬂgﬁ épy OH% Eﬁlﬁtﬂrﬁ‘iﬂdéﬂg glpimsy pharacterised in
anatase crysfakhd aAdrateidcostdd withQheH-cAB&R bdTGrel the ABYosRIR &fst%m) and in

preceding cl ains, characterised in that the subst rate I's
soda- | i e gltlmﬁle diffusipn of tep (if)arcceisengomly dithin the cofting. gl ass subst rate

Compr sos the 1o | ovi g RBRBS:dekordiie, B Mo BieSHAiRg Sl Piignietard imghat the
| ayer conpr iygidteodting MK ERBE & ﬁl@ﬂhhd@rﬁ?@b'h@hnggﬁ@tfunc@ﬂéhadfﬂﬁgcléﬁg bhQlowing
outset from a precursor In nmet al , C hel ate or ion form on

at | east ondowfi thhenlgsamona@fetélecﬁfntmh@rombggm and 25eponddendsslaydroservingzaas a

top coat c. diffusd of ..t he n sai d topcoat by thermnal
treat nent atresgrvogr f%&ﬁgpﬂpécrgﬁ%?geg d between 200 and 750C for a

period {® the range qb metageRcdifigt af ﬁfé@e(ﬂn@‘?ﬂbﬁﬁl ciaﬁractﬁﬁbe%it Rt the
obt ai ned byb?chr ocess according to anyone of clains 1 to

conpri sing mgoumgrlayer agelmsen dinphgs goralitic and tsputecred 1a<ynrs, mfpam@llar layers
exposed surface e total

ant i ni cr obi &™, Bﬂgﬂgsm?[fifi??%}%lr ?éaeggll Srs%}fzgaﬁeal B afPRP P uantl tggi%efl\@r%’blyox

more than 1NGHOR Wctapﬁ'ltZerﬂﬁAhI\; orRhiRTRE HRE:TDT € than 10 my/ n2 of
antimicrobial surface 17 strate according to the preceding

claim characterised il3.Rdeatsscavcatdinge &s tclaime 1 @ f chanestérised owi thgt the undercoat
bacteri

w L h t hbS st AARRREESA Grop Ena4sed on TR Yol peBebat Booed PaafO, igpicutar n

than log 1, y,PLRIRE RkMINed R than 1og 2 and particularly preferred
hi gher than ]ilog 2. 5.

14. Process according to any one of the preceding claims, characterised in
that the substrate is a clear soda-lime glass.
15. Process for the production of a glass substrate having antimicrobial
20  properties, characterised in that it comprises the following steps:

a. deposition of a metal non-gelling layer comprising an inorganic
antimicrobial agent, obtained at the outset from a precursor, in
metal, colloid, chelate or ion form, on at least one of the
surfaces of the substrate;

25 b. deposition of a top coat

¢. diffusion of the agent in said topcoat by thermal treatment at a
temperature comprised between 200 and 750°C for a period in
the range of between 2 minutes and 2 hours .

16. Substrate obtained by a process according to anyone of claims 1 to 15

30  comprising antimicrobial agents diffused into at least one of its exposed surfaces,
characterised in that the total quantity of antimicrobial agents it comprises is more than

0.1 mg/m?, preferably more than 1 mg/m’ and particularly preferred more than 10 mg/m’

of antimicrobial surface.



5 18. Substrate according to any one of Clainms 16 to 17,
characterised in that it has an antim crobial effect after any of
the follow ng accel erated ageing tests: wgt spray (test for 20 days
in a chanmber with a humdity of nore than 95% and at 40C), 500 hours

of WV irradiation (4 BAGabiTitédScdoadipg to dheaprbesdiad c16) chagdcteised®ih that on at
hour s irrmerfed in a ﬁol utlio_n of H2SO4 (0.1 N), after 24 hours _
i mrer sed i nleastsene,of dhe dpllawing bastenianE. end, 19, ausenss tf. aaugidesst @npgsuted in
any one of ' : rag e d [ 1. tim.erohial
agent i s sel‘Sarageq Wi R GRS ZER TR ik b Babgrtilh Bl HISREC R log 1,

accordi ng t prefamblohighenitas 162 had féticulhdy pef@fdddegher thanhag 2ist 1S
gl ass substrate. 21. (d ass substrate according to the preceding
claim characterised 1% Subgifate acrording gy a1t Seims lérto di7 aghasaséarised in that

di ffused in e ' : hat_ t he

¢! et iRl G 08 d d%e SAPBEE MBI b e e oy
SI M5 net hodjtestifsr 70 @iglin hltAAmBerOdivh a Buiddfyed orditBd1ey5% Rad 0429, s00chours
particularly preferred higher than 0.025. 22. d ass substrate

accor di ng t of ENyirredigtion (43401 ArA TGS lamps, chambena 667 C ) effer 20hduns tnraersed in a
has a neutral, colouration.,nreflection, i.e..the caol oriJety.i

i ndexes a* ﬁqjﬂdﬁ%—‘*oéﬂgtd“i(ﬂjltﬁ% aﬁ%{ 42}106’!” %P?&é"ednm-aﬁ??'ﬁ’r?&‘ ﬁaﬁ%h}%1 y
bet ween 5 and 3 and @Qrstu'bgft%té‘ﬁédbrd%ﬁ%icgﬁx{%e JSTLHABRRN 618 lgf‘&laﬁ)acté}-fbgd in that

the purity is Iess than 15% prefera I"'ess than 10% an
parti cul ar | thepntfméerokid] dgestistshizoted $tonpglveticapmersndgincat e according to

any one of Clains 20 ... charact.eri sed in that it has a .. . .
visible integrated Ii é)ﬁ'tsz"éﬁ%%? ﬁ?qoﬁ‘ﬁin%fo T‘Ibvs%tzciﬂ% 1P t8o)d chatacierisad n that it is
| ess than é}aéso/%ﬁ@@at@.a” icularly preferred less than 1.3% 24. d ass
substrate according to any of clains 20 to 23, characterised in that
it is annealed. 30 21. Glass substrate according to the preceding claim, characterised in that

15 it comprises antimicrobial agents diffused into at least one of its exposed surfaces, such
that the ratio I(CsAg) / I(CsSi) (measured in the surface using the dynamic SIMS method)
is higher than 0.015, preferably higher than 0.020 and particularly preferred higher than
0.025.

22, Glass substrate according to any one of Claims 20 to 21, characterised

20  in that it has a neutral colouration in reflection, i.e. the colorimetric indexes a* and b* are
in the range of between -10 and 6, preferably between -5 and 3 and particularly preferred
between -2 and 0, and the purity is less than 15%, preferably less than 10% and
particularly preferred less than 5%.

23. Glass substrate according to any one of Claims 20 to 22, characterised

25  in that it has a visible integrated light absorption of less than 1.5%, preferably less than
1.4% and particularly preferred less than 1.3%.

24. Glass substrate according to any of claims 20 to 23, characterised in

that it is annealed.

30



