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1 Substrate with Antimicrobial Properties The present invention
relates to a Substrate, in particular glass-type substrate, wherein at least
one of its surfaces has antimicrobial, in particular antibacterial or
antifungal, properties. The present inventon also relates to a process for
the production of such a substrate. 5In the field of ceramic substrates, EP
653 161, for example, describes the possibility of covering these with a
glaze composed ofsilstiateraviele XyerinvisbchipivjbRIRe ties.

In the field of glass-type substrates, sol-gel type processes are known to
provide an antimicrobial surface. These processes require a hardenin

stage of the solRfelPIOSRilfe FIVRRAP RAbNES @e@a@&’%&'ﬁ’iﬁeﬁatwé@iﬁ\l%e glass-type
ofeis Rt S QHERACA(SIBIA G mm&&eé-ﬁg%ﬁﬁﬁ?c%ﬂ;ﬁl?lﬁopﬁﬁﬁ?mmﬁﬁbacten-al

require the substrate to be dipped in a composition comprising a silver

<AANH gL ROPSEIRFe R RICRS MR U iuIalaC Beletas 1017 Sxeerander thrasoduction
Riacedn themeluidon at an elevated temperature. A process for producing

a glass substrate havin]gsantimicrobial properties is 15 also known from

EP 1449816. Thithpriielsefreefairds Hiwiratemy iy 13 gk beltretrimplandescribes the
1RRGIANE Sothepnat AL a8 NLAL0Y ARl CotpssHILBPAIeATNERLIRR them with
some disadvantages particularly with respect to cost and uniformity of the
prBRRA IR BRSFliRS:enders the process very poorly reproducible, since it

has been foung, that ﬁ%fh%ﬁegﬁ%gl%?ﬁétgﬁﬁﬁm%sd'%ﬁ%ﬁaﬂ Er8H¥&elSare known to
very rapid and a slight variation in the duration 20 of the thermal treatment
rOEUNSGrin YijHHidahial suBaen ihhee BusHI S diiusion bindrnisig slassref the sol-gel
therefo is -gw&gv o, qgﬂp terig| pr iesrofthe cooec (sinter;
slufgg{f’ra?elﬁﬁ mqay a sos bagﬁ%gi?eég rth%’fl}t{ijsuc szh%{rr%iﬁ t?ggé}ngt (gzg%seg%r(}: (sintering
uredesiratbte)y diowessio iatiohoflasedatiisheglass shbsiwhierate to be dipped in a
Furhermore i s procses afferfiaving feen gaterl e PIOSWELIAY hut an
nd more be cut Into patticular size because ot the necessary tempering
Zbprecdssige takes plheréicte, dhlermisad amed cvtogdravigeratstdstrate,

either glass or etallicg\f/ith aratimicrobirfll ro e%i%shwhich isteas(r%ﬁ? USE . rties i
and inexpensiv Qﬁoﬁ??)duocré).m ucmg&&:%rdlsﬁ%st Pohe embadiie (,) g properues 1s
PiRsadvERIANER 21980, Procers:tes theuptedimtiondefiasulagh dtavwiben 20° and
particular glass or metallic substrate) ha\g\%g 30antimicrobial properties,

chddactersbdtirthrand cBRIPRSES theiofiNo steplis 2hayaplpbsiBicdr fas some

n@RagdeHinglyslaemalis naipR ipetRNe RRHMIGTebIAl RASHHO JRRI&Y. Moreover, it
colloid, chelate or ion form on at least one of the surfaces of the glass

stisgEscheiPIeRRISIOFOT ARORY aPINIOPlendeR®ail Arfehsepriowsd ity at these
o{&aﬁéﬁdpgrﬂae&? LM deatoant %@t%ﬂﬁeﬁm%ﬁm RESEGLn in the duration

between 200  and 380C, for a period in the range of between 2 minutes
aoldtkeribarsiahticetdien) tsuistier sigviddimerrigioprocdssdepth of diffusion of the

3%;1 rérﬁtgﬁic? }QfB?QEI}lESCQQHE’%? aﬁﬁlﬁnﬁ%%&”&ﬁﬁ%ﬁ%%{%&%c@%f the substrate. It
position of a metal non-gelling layer comprising an 10ihorganic
amiamadroialmagehthatttedhedtiatrinel temetetbnawmgsrecursdasimbiestallow colouration
gé)g(éit?g%}%ll%tee alisis(;) rs]u]c id nlg&rl%grsr}lgr%,e \%ftflhﬁlf?supr}cgggsss,ogégre having been treated,
the product may no more be cut into particular size because of the necessary tempering
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

antimicrobial properties, characterised in that it comprises the following steps:
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(ii) deposition of a topcoat; (iii) diffusion of the agent in said topcoat by

thermal treatment 15at a temperature comprised between 200 and 750C,

for a period between 2 minutes and 2 hours. 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, or in

a topcoat, in céide thoderesitinag afe ap iBfe SuNsStrammpOting an inorganic
undercoal is appletledt 630 AP IAELUIMRATEHSE @ FSbIENH AN Sect one of
the functions of blocking or slowing down the migration of the antimicro Al

agent and a sékerurfages sdhamipassatrgsaevoir for the antimicrobial

agents. Those (YnctioRwGaRPEIREANTACOARRIEIMATIEACO NG e of the

to the invention by comparing the antimicro of similar produ

with and withosithstrats duatimeyraald foraby @b st adysimg atdfusioroprofiled between 200
(see fig 1 and %ld 380°C of erepat in_particular,

have a thickness compri’s%g%k%%vy(e%ﬁ é%ﬁréﬂ%%oof ﬁ%wrg(?reytieragw Bseﬁ/%%r%l Ours.

8 and 800 nm,Avestdingfératsiythetwamedionentd $O0rmestHe shivsiztised in that it
may be &%ﬁ%g{ﬂ@fﬂmégégﬁ%ﬁgyé a-lime glass 30 which may be

float glass. It may be clear glass. The glas may have a thickness within

the range of 2.5 to 12(thm. Idapgyibenciefiray|autabr eotogsBulgldegsnt enayprising an
comprise a reflective layer (tg fo a Eﬂitri Q af 1'% @ﬁt%ﬁﬂl l.or,

painting (for wall covering), genggﬁy at tﬁ}e gur acegopﬁosit%%ﬁ?ethe outset from a
antimicrobial surface. 3~ preciisersubsteéab pedlpidavbetatupiaicm doem,ofn at least
greater than 0.8 mto 0.8 m; %Qﬁyt be %%%é?%f‘%?%u%%hta%a finished size

by a subsequent cutting operation. li??/f’iuen the substrate is a’clear

soda-lime glass, accdiding tdepnsifrefelretdoembodiment, the maximum
temperature of the heat.{reatment is preferably the glass transitjon

temperature which is Hljhe Srder of' 5%%%? &%rgﬁpagaelgégﬁﬁ%teby thermal treatment
temperature of the thermal te¢atreernidasiowerntharsé8 (et weefie28DIyddwean C, for a
than 380C and particularly preferred lower,.than 350C,

advantageously higher than %&é%ﬁ?‘gfee% I?H&%F‘Hﬁgﬁ’éﬁ and

particularly prefrrreg high@ettiah 240Ged) The atitaiinoboiltagdecanadiffused under
treatment must be adjusted in accordance with the selected temperature.

APESHIGR G eI LA PSR PP 0G5 B VAR B undercoat,
andiZ hoytsamay beaprentiatePisfamadlydsatwesnbspirutes and 1

hour, and partifgjlarly preferred between 7 and 40 minutes. A

particularly advafhEGaE e eTRRIRE ol SR ACHRBRRINSH FREBRsed first layer,
Iterhala: MR WEbID dkie g3 g hetwee W 0 andrabOoYrE Baliedbial agent

varying from 10 to 30 minutes. The antimicrobial agent can be

SBIEASERBIRT 65 RS RahIESH et RO ATAREIP Rk ABSRIS Hilpse functions can

PrePestiesaiiRapicHan slYed GARRer R06kding. AVABIAFeaHRIM. e comparing the
antimicrobial agent is in metallic form. 20The process according to the

iRAEFRISFP A aRtisge RisIy BBl isedust audfiorrd stahan, wrderredingsand/or by

Of (R RIRBURERATV 8sq5dinigrohial agent remaining on the surface,
i.e. that has not diffused during the thermal treatment step (ii). This

elimination carEBehalspraeithy wesHnAY. mrparipaTas ks bavn e Hrskeesncomprised

HNQRAeGh %Eﬂh@i}éf@{ﬁaﬁ“E%&%W@Wﬁbi%ﬂrﬁﬁ%@?ﬁemem 10

washing can prevent any 25 antimicrobial agents from remaining on the
stirfhelifmetallic form in such a quantity that they could cause the
treated surfacerip, %%Qﬁh%et%aS?%%CQVs%eEPBP‘i‘m@@%{'%ﬂ@ﬁla&ﬁ? soda-lime glass

preferred that the substrate treated according to the invention does$ not o
ewhiish aray Sigdlfienatasicréasminbighesetitastonl hierglasy avy Sijreificinekness within
requction ipdigRtiransissiap (h LR [RIANANe e yBHRAEHhSUDR i
S?SPI%JIgasé%een ouErgl that Wi'frll theyprocess agccoré!l]ng to{:t[ﬁe i%%gs#tigl, atla%, comprise @
verffective layer (to form a mirror) or a layer of enamel or painting (for wall covering),

generally at the surface opposite to the antimicrobial surface.
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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/m2,
preferably more than 20 4 mg/m2 and particularly preferred more than 35

mg/m2 of surface to be treated can be appropriate. However, the use of

much higher concentrations (800 or 900 mg/m2) does not impede the

result, instead such concentrations have proved to be simply unnecessary

and can requirg XEasS AR Al RI0BIEd AR A THEN O MORIIEALS6AG 0.5 m; it
5Various methods known per Se can be suitable for depositing the layer
domprsRigRied ambeteidbialiagehnd pzpaitieihsadopusiiting qrsssiisie. by

pyrolytic Sprangemfh%owfﬁﬂ% % Q%@ﬂm%ﬁgﬁlﬁf@ B@é%@@o}?ﬁi?? 01}6 preferred
used for the production of mirrors, which comprises spraying of asalt o
amdatimensbifcageninuch EnpgNOR afdiy duipitatiatnigntddupideray the glass
the antimicrobial agent in metal fogrm, 10Vari pes of glass substrat
T o S R S R RS R Fermporatore
thé tiaditional Llaassodatlinge boak olhss, ¢5ase thaieifeblgulededrostad 080°C and
patterned etc. can also be used. The glass sheets can be treated on one

FAGACHBIthaTetaed . 19veefadhappadite it e afyartageoushy pligher than 200°C,
swkiecisr, gy desiretrpmeiariataiveatnanl Fehexampiaaeoating

of paint or enamel or a reflective layer 15can be applied thereon, e.g. for

applications sudi ssspigircel Ernigsaraireaiment must i adipsastiorpaeeadance with
rRlBEs e dARR SHRRI #ie RMNYS NG AR G i PRiRL QS H @f@?ﬁfﬁ%%%between 2

or diffused into or under at'least one of its exposed surfaces, such that the

ratioucsng)? ousiyiythe ppfapsamhaisinebladsivaiy tomieutspransit hour, and

MR mahor ishigherdan P AL oAR{RRRRIY higher than 0.020 and

particularly preferred higher than 20 0.025. The quantity of antimicrobial

agents presentiopaftffusedyirdy antikgeous iemyfetatererfiretigs combination has proved
dvantageously more than 0.1 mg/m2 ferabl e than 1 ma/m2 and

IS SR B PO R AT o VRl from 10

Tl (@i ged. 1(CsSi) ratio is measured using a Cameca ims-4f apparatus.

I(CsAgQ) is the Eﬁak iqtensi%oﬁ?taineg for the CiAg ions and I(CsSi) is . ¢

the peak inten i)‘/3 FEBENEY 8P TSP ioSs A1 e1510 BhrdiiEntolifere agents

skiitaee dbihealstibstistinbysbiaspiopdrtges), iwhiplriirogressively oppes and zinc.

the surface of the sample, The energy.of the Cs+ ign beam reaching the

SSRERO S 086 T SFRASF SR HLB S iE B3 is 42 to the

normal of the stistpatecdhawertiag aluas idiexiedhad thgtyadues areomprises an
taken for as small a depth as possible, as soon as the value obtained is

sRgAHticRAt. Beperiting"BH ke BRSkiSn %o SHIRALBE, BA riFEPSiyraptispprobial agent
VAR GPIFRSRRRALOIMAKIMHE depimiatalnuik SRl heatment step (i).

present case, the surface values corresgqond to a maximum depth of 2 nm.

TohEhElRIBEPthEaPaRielcBIRTA Y AFeian LA mE iR Bhic Uity fased on HNO;,

A HBIR OWSEB sBiRBIiqulafbR siRasningdhrdhaereticaldatiBy can prevent any
(1.0722), in particular be in the range of between 1.01 and 1.13.

In
SBPHENSHIBOHiRRSNS STomerRTVERiRmh R B strdtecniay gt dltnitermpuch a quantity
agRPIRAesel hrt/aRsensEARERRA S YEARRIMGY 8 &N AN NRRISshRh &S lications,

of glass. The 5 term annealed sheet of glass is used herein to mean that

theglaEeferay Becthasdsaatattisaicractarding thdhody trtiendagsarelgexhibit any
og;bardenedibest of glagsnrauigkbreak Ynon Ghting, SHERRAANAAIGHn in light

shéet of glass preferably has a surface compression of less than 5 MPa.
Thengisawer( BSorerl o rd s thssuniteatebHppisate) antimicrobial agents

10 present_ at qf giffused, IFer tjﬁgfj%tﬁt&?@ﬁ}&égsojc'éﬁrﬂﬁ@ﬁ?%ﬁqg‘@&ﬁion, a very
at an atomic % preferably greater than 1% more, preferably greater than

118% greositprefantishigrbaabpasah@gbe depositeHeos isid atd efst omiryrigee of the
t %ﬂgﬁf%“qﬂ Q%Q%Qﬁgpﬂcﬁﬁﬂh fg?tlﬁ&,g {ﬁﬁeiﬁﬁ{‘?ﬂ? ,(grg?e%%'i?'more than 20
whether gram positive or gram nedative bacteria, in particular 15 on at

least one of the following bacteria: Escherichia coli, Staphylococcus

aureus, Pseudomonas aeruginosa, Enterococcus hirae. The antibacterial

effect measured in accordance with the standard Ms Z 2801 is in

particular, at least on any one of these bacteria, higher than log 1,

preferably higher than log 2 and particularly preferred higher than log 2.5.

The ciihetrate will he concidered bhactericidal accordina to the <ctandard
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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
advanrageously has an antifungal (fungicidal or funglstatlc) effect on any

one/Mingd, mrbavﬂmap@&m@mmdam 8f peymspefgiitsarigerbe treated can be
VW58 RG9lassmuURsale &&%e&'ﬁﬁ PESnlLGAD AN ngﬁecno g/m2) does

have antimicrobial propertles as We neutra colourat ninre
|ngiarnpedarthbecsolorinstanid $ndmes<:@mELlAJB dusteppieddfidatismatyanthecessary

re in,the of betwee
preq Hﬁgﬁ%ﬁ&é%%%%%g %{ana arggdrt?gu %81 Brrgfe%leg%n v%%agﬁ -2 and
0, and the puri¥anays bndés»slsﬁawﬁ(ﬁ%ﬁpmf@abl}elesﬁabmfmf)%epmitmg the layer
p fer an 5%. If he bstr te is_a_coloure
%@?ﬂﬁggﬂ%% S8 %lgro 2 In } C)peel%oesé lofL ylsbg OHf %&/ pyrolytic

e conS|dere ha% antlml al pr a ne
vsnm)uuug,ﬁamgm@tmng (181037 @lmethndlsmlrbw t@fﬂlﬁtemaﬂhsdaleedﬁ"dfhhe production of

or II r the C m
AR P A RS St BPSEa SRS (e enos and
Immmﬂﬁma prefévabhynlofitbe mlimﬂcmhyimggnttamndﬁbfcamantlmlcroblal
substate aceoydg o R Yenlian, SWIENIE.0132° SHITHAIS UG BRe on te
advantageou and ©

clear glass, it can ave bo mlcro propert
aap;zhb@hghsa@rtrﬂncadémmsqhmtnaéﬂdprptiecﬂmxtﬂydeslsnhé}mat glzasarglass that is

particularl rred ss than 1.3%., It V. |ble lien
B R e T
vigible bight theflettoes. Mhy faedefwd)lsam th%cqrdféaadhatebs shhjeded/dp any desired

most ferabeytless th%nI_lOO/ 10 1The su strat accordl E five 1
iR orsluprnre Eraply S moﬁff PP ah EA ﬁ%croB e?freg arﬂ% 'S'/reggc tve fayer
oédﬂbéakbpwmgmeale kage tbagpligdasis: swel spralltestdiggisaraniztbaays

in a chamber j‘ a humidity of re than 95% at 40C), after 500 hours of

uv irradiationvf %A‘b‘ﬁ%‘?ﬁ@ BES IR OEE SHB eaff?é‘?%%r?ﬂ%a““mm’b‘al

imgeﬂrpegéént%@&uﬁﬁn@ﬁ hiﬁﬁ% (Qder\y, Iaft@0d4 SOk SHFUBRET $aeFiBes, such that the
solution of NaOH 15(0,1 Preferred or alternativ embodlments

o Jhreéet Ko dre LS R P A Reelilie dynamig3[MS method)
PICESIHIMIRRUDD 1)) bferdeIS Chipher fhanoge aidbpleneularsy preferred hlgher than

nonrestrictive manner, with reference to the attached drawings: 20Figu

0 1L RGBSR O SR, PFaLH B gt one of its
fusaseples leﬁi'&?géd@l}g thgdpsedlrentmiapRifhiie prstionaaf thihg/m® and

silver layer by spraying Figure 2 shows a diffusign profile of

SHoE# ﬁhergtglﬁééreﬁrﬂq@eub@ers&gélro?%agamﬁf@%{éﬁfé%gng the
procedure of Exgenptes A (5l peSiHo-RyoREesipitaian R i 20UnRIcANRE BY apparatus.
reduction of the correspondlng salt). EXAMPLE 1: Production of

altfiriarbisidhe arfs by Rty Aipriacaierdhe SodeliinBsadd(esd dptiegeak intensity
With 2nstived: e URIRY IR VESHEMEERRSIHORWELRRE. SRS SIREHDAS Cs” ion

magnetron sputtering, in a manner known per se using a silver metal

tdejeninvhichprearssanelor segun tihetgiasnmy besaeple. The energy of the Cs” ion
beam reaching the substrate is 5.5 keV. The angle of incidence of the beam 1s 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
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/Agl109 must in
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7 deposited was 40 mg/m2 of surface treated for sample 1.a (4 mm thick

glass) and 100 mg/m2 of surface treated for samples 1.b to 1.e (2 mm

thick glass). To cause the silver to diffuse into the surface, the

samples were then subjected to a thermagtreatment in the conditions

(duration and temperature) specified in 5Table 1. The treated
spafiptelanbeeclieen (Dabirethromtiertovelinithie7aRy éxcesstigilaarbe in the range of
remaining l@ltgl?dsp f§\ce that had therefore not diffused during the thermal
treatment. The aim Is to eliminate any trace of silver on the surface

(mainly metallitnAygyznrhadioismin ef dleaimylersonitacubsiiatinbaiiggatimicrobial

Sﬁ@gﬁt??eg&&%%%ﬂ%ﬁ%&@ﬁé%ﬁ% %rf%S %QIHH%%@JIQ Qeet of glass. The

are suit Oor such a wa INg process.
Figruremnngaltd ﬁltv:@hoﬁvghesql@amv@/ birsilvée diffasediantbichd asarfage bé cut to size

*}ﬁ‘ HG?’HI%E?( %f ¢ BIaEhe?tg(%ﬁg}fEPM’h%?%?g@gfgé%tFofT @g;gl%“ fgybreak upon

silver Is estl easurin CsAg SSI) ratio ne
dsuttingc SIS (@sbégydlﬁestthégl%aIpnnfeiablbylmbtamﬂiéorcmnmgm of less than
[ Qd I(CsSi) is the peak intensity obtained for the CsSi+ ions after
bombardment of the surface of the substrate by a Cs+ ion beam using a
Cameca ims-4FThppavanimibaamreliacs kepubsttaiegleoofirisidgrndinictdbial agents

to the r%orm)a H}SG L{b%[rgt 89'\@?%%6 ent ftéheexantlramcrlqtblal effect tomic %
The bac er|C| an fung|C|da propertles o some sam% es were ana secil ¢
ipadentdargeatithistandarcdt§ pr2eodhl ¥ hpamsulinaré. &%ﬂlateﬂtnpr‘ﬁﬁ:bly greater
thc% A log 1 level indicates that 90% of the bacteria inoculated
e surface of the glass were killed in 24 hours in the conditions of
the standard; @< suisitate sathatd2b® 3othé tine dydicte fhasvarekilteddrgl Zffect on a
indicates that 9§ 90/% of the b%}ge”a deposited were kllled

. ble.l . )
LS e DAl e BN R PONALS A Hs RE?Bite DGy particuler

|@s/Gi)l8acternenOifundguHowing bacteria: Escherichia coli, Staphylococcus aureus,
Pseudomonas aeruginosa, Enterococcus hirae. The antibacterial effect measured in
accordance with the standard JIS Z 2801 is in particular, at least on any one of these
bacteria, higher than log 1, preferably higher than log 2 and particularly preferred higher
than log 2.5. The substrate will be considered bactericidal according to the standard JIS Z
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
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
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.
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tested Anti-microbia | effect 1.a 250 15 Fig. 1.a 0.200 E.coli>log 4 8 1.b
250 30 Fig. 1.b 0.037 E.coli > log 4 1.c 300 15 Fig. 1.c 0.027 E.col i
S.aureus P.aeruginos a

6

The change of coloration is generally expressed with the colorimetric index by Delta E* ;
DeltaE* = [ (1*, — I*,)® + (a*, — a%)’ + (b*; — b*%)?]'2. A DeltaE* lower than 3,
preferably lower than 2 may be obtained for an antimicrobial substrate according to the
invention.

When the glass substrate used is a clear glass, it can advantageously have
both antimicrobial properties and a visible light absorption of less than 1.5%, preferably
less than 1.4% and particularly preferred less than 1.3%. It may have a visible light
transmission within the range of 80 to 91%, preferably 84 to 90%. And the visible light
reflection may be less than 15%, preferably less than 12%, most preferably less than 10%.

The substrate according to the invention preferably has in particular an
antimicrobial effect after any one of the following accelerated ageing tests: wet spray test
(test over 20 days in a chamber with a humidity of more than 95% at 40°C), after 500
hours of UV irradiation (4 340A ATLAS lamps, chamber at 60°C), after 24 hours
immersed in a solution of H>SOy4 (0.1 N), after 24 hours immersed in a solution of NaOH
(0.1 N).

Preferred or alternative embodiments of the present invention are described
in dependant claims.

The present invention shall be described in more detail below, in a non-
restrictive manner, with reference to the attached drawings:

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

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

Production of antimicrobial samples
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
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E.hirae C.albicans log 3.6 log 3.4 log 4.1 log 1.0 log 1.2 1.d 350 15 Fig.
1.d 0.027 1.e 400 15 Fig. 1.e 0.021 E.colilog 1.6 Sample 1.a
has an appearance that is neutral in reflection. The colorimetric indexes
are a* = -0.2 and b* = -0.9 and the purity s 1.9%. Sample 1.c also has an
a&gearance that is neutral in reflection. The colorimetric indexes are a* =

sy as. 4h el HesHAkg i8orisdoianeamaled with mimmHhisk gass) and 100
angim b AR Aceeleraird AG9NG ©6!R WR'E GRRANRGRE Fample 1.c,

which showed that the antimicrobial effect survived. An antlbacterlal effect
with respect tol 2. 6816t KigHariiale oh EdsRItad§u WEshe isumaaltesr were then

ey jeliewic.atifinial A9siRgdesShe conditions (dut4ElbARIRY %ﬁgﬁﬁg%t specified in

days in a chamber with a humidity of more 10than 95% and
s0wledurs of UV irradiation (4 340A ATLAS lamps, chamber

The treated samples were then washed in acid to eliminate any excess
silver remaining in the surface that had therefore not diffused during the thermal
treatment. The aim is to eliminate any trace of silver on the surface (mainly metallic Ag)
and thus obtain a clear glass without eliminating the silver that has lightly diffused into
the surface. Solutions of HNO;, FeCl; or Fe(NO;); are suitable for such a washing
process.

Figures 1.a to 1.e show the quantity of silver diffused into the surface of
the substrate as a function of the depth (d) in the substrate. The quantity of silver is
estimated by measuring the [(CsAg) / I{(CsSi) ratio obtained by dynamic SIMS. [(CsAg)
is the peak intensity obtained for the CsAg" ions and I(CsSi) is the peak intensity obtained
for the CsSi* ions after bombardment of the surface of the substrate by a Cs* ion beam
using a Cameca ims-4f apparatus (beam of 5.5 keV and angle of incidence of 42° to the

normal of the substrate).

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
99% of the bacteria were killed; log 3 indicates that 99.9% of the bacteria deposited were
killed, etc.

Table 1

Temperature | Duration | Diffusio | I(Cs/Ag) | Bacterium | Anti-
Examples °C (minutes | n / or fungus | microbia

) Profile I(Cs/Si) | tested 1 effect

l.a 250 15 Fig.l.a |0.200 E.coli > log 4
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at 60C), after 24 hours immersed in an H2504 solution (0.1 N), after 24
hours immersed in an NaOH solution (0.1 N). 15 Example 2 Samples of
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Bacterium Anti-microbial effect

Sample 1.a has an appearance that is neutral in reflection. The colorimetric

indexes are a*

appearance that is neutral in reflection. The colorimetric indexes are a* = -0.2 and b* = -

tlo ool 40
uicirriart

atraont
CaurTictit I\

uOI‘\Q}I I \

oSIT)

-0.2 and b* = -0.9 and the purity is 1.9%. Sample 1l.c also has an

0.7 and the 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:

than 95% and at 40°C);

at 60°C),

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 AgNQO; 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

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

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

after 24 hours immersed in an HSQOj solution (0.1 N),

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

>log 4
log3.6
log 3.4
ld)g 4.1
log 1.0
log1.2

log 1.6
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2.a 100 250C, 15 mm 0.15 E.coli > log 4.8 2.b 100 300C, 15 min 0.14

E.coli > log 4.8 2.c 100 350C, 10 min 0.075 E.coli > log 4.8 2.d 250 300C,

15 min 0.021 E.coli > log 3.6

9
into metallic silver. The excess was then tinsed off. Quantities of 100 to 800 mg of Ag/m’
were deposited onto one face of the glass substrates.

To cause the silver to diffuse into the surface, the different samples were
then subjected to different thermal treatments for a period of 10 to 30 minutes at
temperatures varying from 250° to 350°C (see Table 2).

The treated samples were then washed in acid to eliminate the excess silver
remaining in the surface as in Example 1.

The diffusion profile of sample 2.d is shown in Figure 2.

The antimicrobial effect was analysed using the same method as in

Example 1 and the results are collated in Table 2 below.

Table 2:

Examples Concent- Temperature I(CsAg)/ | Bacterium | Anti-
ration of Ag | and duration of | I(CsSi) microbial
deposited thermal effect
(mg/mz) treatment

2.a 100 250°C, 15 min | 0.15 E.coli >log4.8

2.b 100 300°C, 15 min 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

2e 300 250°C,15min | 0.22 E.coli log 4.8

2f 300 300°C, 15min | 0.23 E.coli log 4.8

2.g 300 350°C, 10 min 0.13 E.coli >log 4.8
Example 3

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.

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.
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2.e 300 250C, 15 min 0.22 E.coli log 4.8 2.f 300 300C, 15 mm 0.23 E.coli
log 4.8 2.g 300 350C, 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 sajution of AQNO3 was sprayed
for 5 seconds onto samples preheated at.temﬁeratur_es from 300 to 400C.

TRUSIGR% PyR SiRSas o EEhBEcheHHIHE B dhe MesHENO whErRsiRdenaofifoat glass.
ofﬁ@%ﬁ%@g#\eﬁrsﬁ%f‘ dhiRCos ety BeRS Al IBRASIALING be conducted either

antimicro agent and its diffusion’into the surface were virtually

shefaraiiegiisbemeé gsssenistpdhe waspiepdedieer in the actual annealing lehr.

The treated glass was then washed as in Examples 1 and 2.
Example 4

Samples of clear soda-lime glass were coated with one or two layers of
different metal oxides or oxycarbides with a thickness varying between 13 and 500 nm,
using pyrolytic deposition. The nature and thicknesses of the layers are collated in Table 3
below.

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).
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 / Si0xCy (70 nm) 100 E.col 4.8
500 E.coli 4.8

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

Glass / Si0xCy (75 nm) / 100 E.coli >4.8

SnO7:F (300 nm) 500 E.coli > 4.8

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

T10; (13 nm) 500 E.coli 4.3

The bactericidal properties of the samples were analysed in accordance

with standard JIS Z 2801. The results are collated in Table 3 above.
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In this case, the process could be used during the continuous production
of float glass. The spraying of silver could be arranged after the tin bath
and could be conducted either before the ribbon of glass enters the
annealing lehr or in the actual annealing lahr. The treated glass was then
washed as in Examples 1 and 2. 5 Example 4 Samples of clear

soda-lime glas¥ Wenateddhat wis orwibofnbadpers oF iperefirsideposited on the
0311981904, PRECARIAR St Al AciticK R SRMARUN LBEANC SR 1 aREhPAR ABent at high

10using pyrolﬁip@c deposition. The nature and thicknesses of the layers are

CETREEMW T abhsrsiBEtopvproduct isohigisedthat/bas bothitheod eiyases) efastempered
doposied Anthelaaidnagfilee substrate and a tempering thermal

treatment was applied (temperature: 680C, duration 6 minutes). 15 Table
3: Substrate Chheepieserns AL el epsingd layry/ mmyBeasteerthe variability of the

ARiRRioNH fRct detl TR Hed R8I 1t APoRsGR e §e3PR AR process. In

addition, it may provide a surface or material that is better adapted to contain the
antimicrobial agent that the surface of the substrate.

For simplicity, it is also possible to conduct the tempering step at a later
stage. To be able to preserve the substrates prior to tempering, it is thus recommended
that a first thermal treatment is conducted at low temperature and for a short period (e.g.
from 250° to 400°C for 5 to 30 minutes) in order to cause the antimicrobial agent to
diffuse into the layer or layers. The result is a glass sheet that can be cut to a desired size

and then tempered in a subsequent process.
Example 5

A sample of clear soda-lime glass pyrolitically coated with a first layer of
8iOx (75 nm) and a second layer of SnO2 doped with Fluorine (320nm) was used. A
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
standard JIS Z 2801. A log 2.58 was obtained. This indicates that good bactericide

properties were obtained simultaneously with tempering characteristics.
Example 6
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).
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2.2 Glass / SIOxCy (70 nm) 100 E.coli 4.8 500 E.coli 4.8 Glass! Sn02:F
(500 nm) 100 E.coli 1.1 Glass / SiOxCy (75 nm) / Sn02:F (300 nm) 100
E.coli >4.8 500 E.coli > 4.8 Glass / Si02 (25 nm) / TiO2 (13 nm) 100
E.coli 12

The coated sample was subjected to a tempering process (670°C during 10
minutes).

The bactericidal properties of the sample were analysed in accordance with
standard JIS Z 2801. A log 2.63 was obtained. This indicates that good bactericide
properties were obtained simultaneously with tempering characteristics. This suggests
that a certain amount of silver migrated during the tempering step in the topcoat and that

the NiCr layer played a barrier function for the migration of Ag toward the substrate.

When the substrate is a flat glass substrate, the use of coating layers
selected from one or more of silicon oxide, a silicon nitride, a tin oxide, a zinc oxide, a
zirconium oxide, a titanium oxide, a titanjum nitride and an aluminium nitride may be
used.

A double coating layer may be used, for example, substrate / zirconium

oxide / titanium oxide.



3.5 500 E.coli4.3 11 It is noted that, as a result of the layer or
layers firstly deposited on the substrate, the antimicrobial effect is retained
despite the thermal treatment at high temperature. Therefore, a product is
obtained that has both the advantages of a tempered glass and of an
antimicrobial glass. 5The presenae of the coating layer may reduce the
variability of the antimicrobial effect of the finished product to variations in
the heat treatment process. In adgitigni |; may provide a surface or
material that is better adapted to he antimicrobial agent that the
surface of the substrate. For simplicity, it is also possible to conduct the
1. t@{?@i@@é@ﬂ)ﬁiﬁ@_ ﬁ%@_déﬁ@ﬁ HPagrRde nie bemhiRily Qﬁﬁﬁ@(@b‘iﬁ?p‘ié%ﬂ@é?éharacterized
i thatPror r%ontsem%an%% \ll\t/ilns t?ttéssr_ecommended that a first thermal treatment is
Conduidd at fow Pemﬁerat%r’e and for a short period (e.g. from 2500 to
400C for 5 to 30 minutes) in order to cause the antimicrobial agent to
ddﬁuze i@@gd&lﬁd@y&;@ﬁﬂ@y&rﬁom@gﬂ_gumgrscﬂlaﬁﬁs%@md@h%agﬁmlbim agent,
to a desired size and then tempered in a su ent process. xample
DO 3 A LRS) e SORBCe B HpRA iy Sciitl (ko et one of the

|@yepeidsiaieces aitheasibsiretaiond layer of Sn02 doped with Fluorine

(%30nmaimws(ﬁclhé\é?%ﬂ{\mfd@fy@&i@%ﬂ-%@gﬂ@Méﬁmt@.@ ByH&fate by thermal
vacuum deposition method as in exa 1 ysing a gjlver target in.an .

T A e T L TR R U R B e rance o
prebreRN (B TOC grang! 240 mimliess). The bactericidal properties of

the sample was analysed in accordance with 25standard JIS Z 2801. A

log 2.58 was obtained,, This indicates that gogd bactericide properties .
2 R R R e R R R O i weament i
lower B@A FHitfple of clear soda-lime glass coated by vacuum sputtering with the

following stack of layers : Glass / ZnSnOx (10 nm)/ NiCr (80-20)0.8 nm) /

4%2.2 nm or(flbopt 20 m%rg 2 [ ZnSn

X (10 nm). = . :
3. cess according to any o he prece mé s?aahal)acterlzed in that the temperature of the

thermal treatment is higher than 220°C and pagitupreferred higher than 240°C.

4. Process according to any one of the preceding s|aitmracterized in that the thermal treatment

is conducted for a period in the range of betweand®40 minutes.

5. Process according to any one of the preceding sl|aihmaracterized in that the thermal treatment
is conducted at a temperature in the range of tv2€0° and 350°C for a period varying from 10Qo 3

minutes.

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

7. Process according to claim 6, characterized inttlatayer comprising the antimicrobial agent is
deposited either by vacuum sputtering or by a ntkihgolving the precipitation of metal antimicrobia

agents by reduction of a corresponding salt.

8. Process according to any one of the preceding slagharacterized in that the antimicrobial

agent is selected from silver, copper and zinc.



12 The coated sample was subjected to a tempering process (670C
during 10 minutes). The bactericidal properties of the sample were
analysed in accordance with standard JIS Z 2801. A log 2.63 was
obtained. This indicates that good bactericide 5 properties were obtained
simultaneously with tempering chigacteristics. This suggests that a certain
amount of silver migrated during the tempering step in the topcoat and
that the NiCr layer played a barrier function for the migration of Ag toward
the substrate. 10 When the substrate is a flat glass substrate, the
9. USwedssoatieydigets selectee frotheoneeoedingrélatkiliseierzeddn dhsilidba quantity of
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oxide. 13 CLAIMS 1. Process for the production of a glass type substrate
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a secofMpREtyer oddhamthesmad seeadinpakiriewerainaeRs0C. 3. Process
according to any one of the preceding claims, characterized in that the
temperature of the thermal treatment is higher than 220C and particularly
12.  presepsscehigiidineniariipeceding reaiseschatandinghet ds Werkioptnederlayer is chosen
amongl%t%ﬂélirﬂg shirsutasaeiriized Hhtﬂa&%ﬁ?sﬂé@mﬂﬂhﬁﬁgaﬁaﬁﬂbi@deoﬁ@#ﬁt@d methdyal
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thermal treatment is conducted at a temperature in the range of between
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2102 SR AU0G 10,2 Sypr Base 8%%?‘? 856%3{%%'%% e sy ghatactefized in that the

precursor used’in’step (i) is ma rionic form, in partlcufar in ionic
form and dissolved in an aqueous solution. 7. Process according to claim

14. OpRhrRRdetFamhidhaltbad 3y efcprapsiaitsihifantiRticebiatRgend Kubstrate is a glass

De S l%é?ra%lted e(,l;[rl‘tllelrj Igya g]cupgno tterlng or by a method involving the
P precrplt’aP di of et antimicro |a?§gents by reduction of a corresponding

salt. 8. Process according to any one of the preceding claims,
15. Chajasiereedia thaidingigntnierjriakagenhisssetastoshiing sHveicedRPeproperties,

charac?grgzém(r:f that it comprises the followingpst

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

b. deposition of a top coat;

C. diffusion of the agent in said topcoat by thermiahtment at a temperature comprised

between 200 and 750°C for a period in the randetvfeen 2 minutes and 2 hours.



14 9. Process according to any one of the preceding claims,

characterized in that the quantity of antimicrobial agents deposited on said

at least one surface of the substrate is more than 5 mg/m2, preferably

more than 10 mg/m2, and particularly preferred more than 20 mg/m2. 10.

Process according to any one of tife preceding claims, characterized in

that the substrate is coated with an undercoating before the deposition of
16. S eracgg’saggc%cmat ttg eaﬁ('y’fg%s!oo (():I Sli_;[]neg QI)IOO ?}%urs mazlg(ljy Wlttlﬂg% ttrr].l% (t:i)tal quantity of

coating. II1.Process according to the precedirig claim, characteriZzed in
antimigrehtishegentie e atihgtetmmenaerisesfistuma Orlagey prgiesethe miettbarot mgfrand
particUMPgHiRgcHeal AR oD g migtntierosihemimicrobial agent, and a

second underlayer, serving as a reservoir for the antimicrobial agents. 12.

Process according to the preceding claim, characterized in that the
17.  phrekasg asesdiagde isnvhoyeafdhearigsedipeotisemaratiepaae iadhalenstifeast one of the
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suc i-Cr, TiOx, Ni a r or ZnAl, or mixtur .
2800, g e b a de st e e o R R B hianemias
2.5. undercoat comprises a first layer based on Zr02 and a second layer based

on Ti02, in particular in the anatase crystallized form. 14. Process
18 aﬁcoo%jsin%égo%} Y oeaon]c tgﬁgp r??iwee(j inr%c%l rr]’n ¥ gng}'%rraggrriizzeeap iintﬁg?tt tQesubstrate has an

© substrate s g glasstype su Strats, Bh parhc%%r a clear soda-lime glass.
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ams SR odt AR, AR R R R R 09 R0l immersea
in a sopdirsl@f SHaPaté0ekNon form, on at least one of the surfaces of the

substrate; b. deposition of a top coat; c. diffusion of the agent in said

tapcoat by thermal treatment at mperature comprised between 20
19 S K 5t T e o1 BERHEURe SRR SHESD B e substate
compripgs RyiiRissoRt Gramnts tdiliusrshisf alslieRre] ab ittSexpriedteyiiaeesm sgh that the ratio
I(CsAGNE (tofabigl yavatB RiaRtHIMICE0 RtatlcadaRisdiM RIS DS TIAEE ROMEI ) SEShi§HEOHan 0.020 and

._than 0.1 mg/m2, preferahly more than 1 mg/m2 and particularly preferred
partlcuﬁﬁ@?/éo {ﬁ]faeﬁr%%‘ﬂﬁggp M2 of §h¥t|2rr§'icrobial surface. 17. Process according to

any one of the preceding claims, characterized in that on at least one of

20. thededindpechagteidraky 660 obiRithestedhgRe ifinase (PeasUiRd the substrate has a

ccordance with the standard JIS Z 2801), the substrate has a bactericidal

neutra e e B Snd AL S e G Peagnanc
6, prefereliydiehretitdingte arine g sl yaEeddhr erims atbPadrdifainnrity is lesa tha
15%, jhaéiheysebsirie Tms andantiniatekiptaiiRet afer sny one of the following

accelerated ageing test: wet-spray (test for 20 days in a chamber with a

humidity of more than 95% and at 40C), 500 hours of UV irradiation (4
21.  FAOAEAT PASEIRGDE aRuPIbPhirsOTTCatien Rlapaiaciaiizrd dedhiat she substrate has a
visible Splegiancafiigid SE<b (PN bf ater tR4sbP Upsdieyasysessitharsolioaafgdaelithriyered
less th OJll\Qj/ 19. Process according to any one of the preceding claims,
characterized in that the substrate comprises antimicrobial agents diffused

into at least one of its exposed surfaces, such that the ratio I(CsAg) /
22. |(Ers&dp{menstieskdaticostiéasedising tatlyanaticed M thaneibedbisate is annealed.

higher than 0.020 and particularly preferred higher than 0.025. 20.

Process according to any one of the preceding Claims, characterized in

that the substrate has a neutral coloration 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%. 21. Process according to any one of the

preceding Claims, characterized in that the substrate has a visible

integrated light absorption of less than 1.5% , preferably less than 1.4%

and particularly preferred less than 1.3%. 22. Process according to any of

the preceding claims, characterized in that the substrate is annealed.



