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ABSTRACT

TIl<' pn'sellt stlldy describes the derclopmcnt of a ceramic s la:e (frit) , u-h ich 011 applicatioll
exhibit» opticel propcrtics with a bactericidal tffec t.

The material obtained, compared to sim ilar <'XistillS products, present» intprorcd It'mr
resistance ill st'rl'ice, hiS'1gloss and potential lise ill sanitari; products and ceramic tral! tiles.

The materiai tms dnvloped "y selecting rare-earth oxides, 11'hose compatibility lms studied
ill differC1lt frit formuunions , sl/"seqllellfly mcasurins; their absorption and etnission properties ill
the ultmriolct to infrared radiation rallge.

The properties of the materials obtained were clutmctcriscd and mnts ured by UV and uisiblr
absorption spectrophotometric techniques, emission (pltotolumincsccnt spectm m), alld infrared as
trcll as nuclcur magnetic resOll/mce spectroscopic techniques ('"H IUvlN ).

Structura l, microstructurni nnd microannivticai studic» ll'en ' also conducted 0 11 the prepared
samples by X-my diffruction (X RO) and scanni ng electron microscopy (SEA'1) ill all instrument
eql/ipped u-ith ellerSI! dispcrsir« X-ray inicroanalvsis (EOX).

Finallu, the properties ll'en' assessed which the materials dt'l'eloped exhibited as finished
products. These inrolrcd refractive properties (gloss) ami bactericidal capability, selectillS for tile
latter case certain strains of bacteria (Scherichia coli, PSl'l/dOIll Olltl aeruginosa alld
Stnfilococcus uureus ). and mlOlysillg the degrc« of growth or a/Isellce ofsrowtll of these colonies
by optiCilI microscopy and image analusi«.
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1. INTRODUCTION

CASTELLO:" (SPAI:" )

At present a new field known as photochemistry is being developed in Solid State
Chemistry. The research resu lts not only have fundamental implications but also open up a
vast potential of real technological applications. Recently "Progress in Inorgani c Chemistry"
published a monograph entitled: "Molecular Level Artificial Photosynthetic Materials",
dealing with aspects of the molecular nature of Chemistry and Materials Science in the field
of artificial photosynthetic materials design, which can convert solar energy into other
products that yield energy or directly in electricity. This requires integrating a variety of
factors in the material that is developed. Such factors include light abso rption, electron
and I or energy transfer processes, and fina lly the obtainment of useful products with
interesting properties"!

The li te ra ture has trad iti onall y described sensitised w ide-bandgap
semicond uc to rs'". Typical wi de-bandgap semicond uc tors are the n-types suc h as TiO"
ZnO and SrTiO" which exhibit h igh stab ility, easy processibil ity, and do not
decompose under radiati on . The se ns itisation process of a se micond uctor material
in volves an absorp tion capacity in a range of wavelengths exceed ing the ga p . Thi s
phen omenon became known in 1873 following Vogel's!" in vest igations into organic
in ks deposited on semicond uc to r halogen mineral gra ins, whe n he man aged to ra ise
the photosynthet ic se ns itiv ity of these particles in low energy regions of the spectrum
(vis ib le region ). This system simply consist s of an op tically ac tive molecule that can
be exc ited elec tro nically, and on be ing ads orbe d onto the semicond uc to r su rface
allows introducing the excited electro n in to the conduction band, thus gene ra ting
photoelectrochemi cal and photocatalyt ic p rocesses.

Vogel's work led to extensive research that has continued up to the present decadel'll5l l' l.

These studies have produced important advances in the degree of understanding of the
fundamental processes involved, such as degree of sensitisation, light absorption efficiency and
development of single-layer manufacturing techniques.

In recen t years research has focused on TiO, production wi th nanoparticle sizes to
raise speci fic surface area and increase the gap. Progress ha s also been made in
developing new synthes is methods (sol-gel method s), and transparent film applications.
This has allowed deveioping photoanodes and thin layer so lar cells combine d wi th an
appropriate photosen sitive pigment, thus achieving sunligh t-electric ity conversion
efficiencies of the order of 7 to 10 %.

The liter ature!" reports numerous examples of molecul ar photosensiti ser s designed
using TiO, with transition metal complexes , together with chlorophyll derivatives and
natural porphyrins .

These stud ies have led to a ne w line of research focused on synthesising

[I }. " Prog ress ill Inorganic Chemistry" . Vol. 44 . Pu bli shed by : G. J. .MEYER, JOI L~ \ 'v'[LEY :\ :\ D S() \lS, Nue va York, 199 7.
[Z]. c. A . B IG,\;OZZ I, K . R. Sc.:H()(Y\ 'OVER AND F. SCA.""HXJ LA, "A <upramotecular approach 1£1 lig/II Iwn 'e;;tillg an d: -eneitization of toide­

bandgap semiconductor» A l ltt' ll llfl efft!cts and d targe separation" in Progress in Inorganic Chemistry Vol. 4-1. Published by: G. J.
Meyer; John Wiley and Sons, Nueva York, 1997.

(3) . H . w. VOCEL, BER. Detscn. Chem. Ces. 6, 1302. (l873 ).
HI· B. O ' RE:\ GA:'-J Yrv1. G J<...\ TZH., Natu re (London), 353 , 73 7 (199 1).
[5). T. A . H EI\l FR, C A. BIG:\Olll YG. J. I\:lnER, J. PHYS. Quem., 97, 11987, (199 3 ).
[6 ). R. ARGAllI, C A. BICr-..:0 77 I, T. A. HEJ~l ER, E. x . C \SI ELL\\;O .-\~ D G. J. M r vre. l /lorg. Ofem, 33, 5741 , (199..1).
[i ). A. K AY y :vt GR.\ TZEL, J. PH'fS. Chern ., 97, 62n (1993).

P. GI- 18



CASTELL6:-J (SPAI:'>: ) iii QUALI 98

semicond uctor pai rs tha t exh ibit d ifferent electronic gaps such as CdS-ZnO, CdSe-TiO"
which exhibit non-linear optical properties"!"!

A new method was developed by the Toto company, ba sed on superhydrophi lic
photoca talytic tech nology (Honda-Fujishima effect invented by professor Honda and
professor Fujishima of Tokyo University in the 70s, and patented by Toto). It has a
bactericidal effect by capturing charge bearers. The optical excitation of electrons is
produced by means of colloidal semiconductor particles having a high faul t density. The
free bea rers are tra pped in the faults in which they undergo radiative and non-radiative
recombination, as set out in the scheme:

TiO, hv - TiO (ec•

whe re ec• and h, . are free charge bea rers in the valence and conduction bands, and e,
and h, are respective ly the trapped electro ns and holes. In this fash ion, the re arises a
grea t charge accumulation in the minute stru cture of a semicond uctor collo id, which
produces increased efficiency in interface red ox reactions on the collo id sur face. Thi s
fact, cons isting of simultaneous ly trapping photogenerated holes and electro ns ha s
recen tly been demonstrated in colloida l TiO, sus pensions. Moreover, these trapped
cha rge bearers exh ibit characteristi c absorp tion bands in the infrar ed and ultraviolet
reg ions. Studies ha ve also been performed by trapping electrons in ZnO, WO, and SnO ,
collo ids, investigating the photolysi s phenom en on by laser tlashes. These expe riments
have led to technology applica tions such as the development of photochrom ic
matenals' '' "!"!

As an example, the photocatalysis ph enom enon consists of a semiconductor that
breaks down organ ic compounds in wa te r or those in the air by oxidation through
exposu re to light.

O n the other hand, the rare-earth oxides present elec tron transfer ba nds at f-f level
transitions of levels. Fig. 1 schematically depicts interac tion between photons (light) and
matter. There are certa in properties of electro n activity, which are desirable such as
energy-level promotion of electrons, usua lly between the fundamental atomic state and a
higher level. Such charge tra nsfer generally produces optical absorpti on phenomena in
the visible and near UV spectrum, as well as emission phenom ena. This has allowed
developing all the laser technology (ruby, Cr', RE" rare earths ).

In rare ea rth and transition metals compo unds, the absorp tion bands can be
attributed to electron transitions centred on individua l atoms having incom plete "d" or
" f" leve ls. Thus the ra re-earth oxides exhib it broad absorption ba nds in the visible
spectrum, which indicate electron transfer un der low ene rgy condi tions.

(8]. D. LJL ~ r. v K \ \ I.\ I, ] . P it h . Che rn" 97, 10769 (199 3) ,
(91. E. Cor~Ol")"C I LtO. J. B. C .I, RO.-", x t . A : T F. '\ A, G. \-10 '-,-1<:1,) :-. .\ '<0 P. ESCRlfI " ",O, J. Sill-Cd Science ami Tcd llloh'S,u.S, to·B , (1997).

[lOJ. C. S. T U:CHI " -,0 D. F. OLLIS, "Piw tocatalyf ic dt'gradat itlll {)f M-gmrh" '/'fi rer conmminaut-: lIIecllflll i"m" illi '(lll liIlS " .lIdro.\".1I1 radical
attock", Jou rnal o f Cata lvsis. 122, 178- 192 (1990).

[111. .\1. R. H O FF\ IA.... <; S. T. ;.:' .... en-,, \ \'. C HOJ A''0 D. W. B.\lIl B I:\ :'\'\ , "E nrirownen tat aFplicatio"" ~f-..cmiconductor ph(lll l(f1ta ly~i~" .
Chern. Rev, 95, 69-96, (1995) ,
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In thi s way, sensitised luminescence involves enabling the absorbed energy of an
ion (sensitiser) in an absorp tion band to be em itted in the emiss ion band of another ion
(activator). Ene rgy transfer from the sens itise r to th e activator occu rs through the
following types of transfer: emission-reabsorption, non-radiative resonant, and non­
radi ative non- resonant tra nsfer'!",

CONDUCTION

t
Promotio n to the BANDGAP
conduction band

~
f " ~! f~ iir;,:f, r .,,:;~y'1iiiI

Exciting t
\ Promotion '0 ' he

transfers t valence band
d-d

~
f-f

transfer

"A "8
Figure 1. Electron t rall sfers i ll solids ajfectillX optical properties. Ell ergy lepels arc ~JIOIl" l for two atoms,

A and B, toxt'ther with some characteristic electronic states ill solids.

In rece nt yea rs, hospital hygi en e has recei ved special atte ntion, as a res ult of th e
spread of infections , basically staphy lococcal, streptococcal, pseudomo na l infections, etc.,
whose origin is to be sought in hospital staff themselves, as healthy bearers of agents
causing these in fections owing to continuo us contact w ith patients.

Traditionally the sp read of thi s type of infection was fough t by effective traditional
prophylactic action and using air con ditioning, which together wi th the use of UV lamps
allow sterilising th e enviro nme nt.

Air is a potential source of micro-organi sms that can contam ina te surgical wounds.
The relati onship between en vironmental microbial contam ination and the in fection of
surgical wo unds has been shown in surgery, and in clean orth opaedic surgery with knee
or hip transplants. The extent of m icrobial air conta mination depends on many factors,
such as the number of pe rsons present, their movement, or presen ce of air strea ms and
measu ring system used.

Hospital hygiene could at present be improved by installing wall tiling w ith
bactericid al (bacteria kill ing) or bacteriostatic (bacte rial growth inhibiting )
characteristics, since th is wo u ld elim ina te or reduce th e sp read of a grea t number of

[12J. " SFt:'cfro-.;copy, l umini-cence ana radiat ion Ct'nters ill minerals ". Me. Fuming, Spring e r-Verlag, Berl in, 1979.
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com m on bacteria in these cen tres, such as Schcrich iu coli, P"elldolll0l1l7 (/(·ru;.:i!JO;a and
Stafi lococcus allrell", etc.

In th e p resent s tud y, a su itable glassy matrix composition was chosen, modulating
the ad d ition in to the formulation o f a rare earth in the fritt ing process, in order to use th e
alread y mentioned abs o rption a nd emission properties o f rare-earth o xides . The res ulting
co m positio n was appl ied as a glaze to ceram ic wall tile specimens, us ing both s ingle and
d ouble fir ing . The aim was the d evelopment of materials, which after a p p lica tio n as
g lazes a nd su bseq uent fir ing w ould ex h ib it good quality performance and ae sthetic
propertie s (mechan ica l strength and gloss ) a nd have a bactericidal affect.

These wall tiles a re of particular inte rest in o perating thea tres, hospital s, foo d­
processing ro oms, s la ug h te rhouses, schoo l d ining hall s and ca nteens, k itchens.
bathrooms and o ther sa n itary facilities, e tc.

2. EXPE R IMENTAL DEVE LO PMENT

2.1. C HA RACTER ISATION TECHNIQUES USED

To su itab ly characterise the m ateria ls developed in th e p rese nt s tudy and measure
the ir propert ies, the following ana lytica l and inst ru menta l techniques were used :

• D ILATO MET RY: BA HR, Model DI LRO !L. inst rument wit h a hea ting ra te o f
](lOC I m in.

• Mechan ical measu rements bv Vickers measurements w ith a ivlATSUZAWA
:VIHT-! mi crohardness test er, up to 2 kg fo rce .

• Microcha racte risa tion bv scan n ing e lec tron m icroscopy with a LEO, se ries 6300,
inst rument a nd a n O xford ISIS spectrometer, charac teris ing the materia ls by
image formation w ith back-scattered and seconda ry electrons. Images were also
obtained by cathodelurn inescence wi th a PHILIPS scan n ing e lec tron mi croscope
fitted with a cathodoluminescence d etecto r.

• Absorption measurements in the UV a nd visi b le ra nge were ru n o n a PERK IN­
EL:>'lER, 1\l od e l UV I VIS LA:>'IBD A IY, s pect rophotometer applying the d iffuse
reflectance method for solids.

• SIEME:"S Mod e] DSOOOX-ray d iffractometer, run n ing a t 20 m A and olO kV, with a
C u k., ca thode and N i filter, fitted w ith a graph ite secondary monoch roma tor.
Low angle determ inat io ns were pe rformed to dete rmine the g lassy ha lo ex h ib ited
by the s peci mens, as well as scann ing between 20 and 70° (20) to a nalyse for
crys ta lline phases .

• Em iss ion measurements were fun in a pho toluminescent spec trophotome te r
co llec ted by spec imen excitation w ith 1000 W tungsten lamp lig ht passing
throug h a n O,S m do ub le monochrom at o r.

• Microbiologica l a na lys is was carried out in a recognised mi crobio logy labora to ry,
O p tical m icroscopy a nd image ana lys is and p rocessing wi th a LEICA instrument via
the Quant irnex Q600 so ftw a re were used to ass ess bacte ria g row th or non-growth .
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2.2. MATERIALS AND METHODS

CASTELLON (SPAIN )

Th e objective at the outset was to obtain a glaze, which on ap p licatio n to a
ceramic wall tile, wou ld be capable o f interacting with light and w ou ld produce
optical phenomen a, either as em iss ions or photocatalyticall y (w ith elect ro n transfer),
and wou ld be capable of destroying the bacteria th at settled on th e tile su rface.
Moreover, th e glaze coa ting needed to also be su ited to the industr ia l cera mic
production p ro cess.

It was therefore decided to de velop a ceramic a ceramic glaze, which on app lication
to a ceramic wall tile body would be capable of withsta nd ing firing in an industrial kiln,
while exh ibiting the requisite bactericidal property.

The methodology adopted in conducting the present study has been se t out in Fig. 2.

Measurement
01optical Raw materials Determination of
prope rties select ion photosensitive

properties
~.. - / ,.~ .to:!

I . '\

I Fritt:g I "-{ES~ALTES ' SA:~ I

Dept. of Organi c
I

and Inorgan ic
Chemistry (UJI) I I

\. / Y / ~ ,,,
~ Cera mic / Other research I

Stuctural and I
specim en with Y centres
photosensitive \ , /

microstructural coating ...
analys is

I). Y
I- IFiring in industrial kiln

with corresponding
schedu le

( MICROBIOLOGY ' ,-c
"'- LABORATORY ..

-

- > Microb iolog ical
Analysis

Figure 2. Diagram sett i llg Old the meth odology adoptrd ill the 'S t lldy.

A thoroug h study was therefo re undertaken. Th e behaviour was analysed of
d ifferen t chem ica l elements (rare-ear th ox ides), capable of d eveloping optical
absorption and emission as well as p hotocatalytic properties on be ing incorpora ted in to
glassy m atrices formed fro m acid (RO,), basic (R,O / RO) and ampho te ric (R,O,) oxides,
which were stable at high temperatures, subseque ntly stud ying their bactericid al
behaviour.

2.3. RESULTS AND DISCUSSION

A qualitative formula was foun d as a result of a ll the experimentation, whose partia l
compo sition lay with in the following ranges (Table I):
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Oxide
SiD:
AhO,
CaO
~a:O

K,O
8:0J

lJO,
loa

wt%
35-55
5-10
5-10
0-5
0-;
5-10
0-5
5-10
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2.3.1. BACT ERICIDAL GLAZE PR EPARATION

The rare-earth oxide that wa s to develop the bactericidal property was added to the
above formu lation,

Afte r iritting, the material wa s appl ied by screen prin ting and sp ray ing (fu me) onto
a subs tra te con sisting of a fast d ouble- or single-fired ceramic body, engobe and
con ventional g laze .

The prepared spec imens we re fired in ind ustria l kilns accord ing to stand ard tile
prod uct ion firing sche du les, wi thout modi fy ing eithe r sche d u les or firing atmosphe re.

On firing the specimens were ru n through the various ana lyt ical and bio log ica l
control techni que s listed above. Their opt ical behaviour was stud ied in terms of
com pos ition and interactio n with diffe rent lu m inous rad iati ons (infrared, visible an d UV
light ).

O n establishing the ba cte ricida l frit form u la, th ree reference glazes A, B and C were
developed, conditioned to fas t d ouble firing (refe rence glaze A ), an d porous sing le fir ing
(reference glazes B an d C).

2.3.2. ST RUCTURALAND M ICROSTR UCTURAL MATERIALS CHA RACTERISATION

A dilatornetric study was carried out of th e three bactericidal gla zes developed. The
results are detailed in Table II.

Glaze
A
B
C

To(°C)
610.1
609.5
613 . ~

SP t°C)
700
710
704

a t50-3000C)'1O-7

68.04
72.2
68

y (50-3000q-1O·7

204.12
~16.61

~04 .01

T able 1,. P illlhmlt'ln( /111111.11:' i...4 tlI(' .t~mlllill1tclt gla:c:,.

Mo rphological and composit iona l st ud ies we re run on the three glazes developed
by 5EI\1. As an example Fig . 3 shows a m icrograph of glaze A, ob tained by secondary
elect rons at low magnification (50tlx ). Owing to the poor resolution found in this type of
det ection owing to the nature of the materia ls involved, microg raphs were obta ined by
back-scattered ele ct rons (Fig. 4). Thi s tech nique allows the various compositiona l
cons ti tue nts to be d iffere ntia ted by their a tomic we ight. The elements ha ving lighter
atomic we ights showed up in da rker sha des (Si, AI), wh ile the heavier ones (Ca. Mg, Zr,
Zn) appea red in pa ler or lighter sha des. Thus, helped by microan alys is techniques
through po int an alysis w ith light spots be low! urn, it was es tablished that the d ark point s
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consisted of aluminium and silicon particles, which could correspond to silica and
aluminosilicate microcrystallisations. The detected lighter points signalled the presen ce
of silicon and zircon, which mig ht in this case correspond to the formation of small
zirconium oxide and zircon crysta ls.

Analysis of element surface di stributi on by mapping sho we d a regu lar
d istribution of all ele ments, with the silicon and zirconium content being concentra ted
in the darker po ints, which were the source of silica, zircon and zirconate cryst als. A
highly regula r d istribut ion was also found for the rare-earth eleme nt added to the
compos ition (Fig. 5).

,,

. ,
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•,, •
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•
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r 0 . .

• •
• • ••

" : '.' ..
"

ElII .ze 00 1.\1 ~ _ 2G Ml ~_ 245 X
1 ~ 1 " _ 1 norc xc :':tl":J [)r.tn; t ~r _ sr t

- - - -

Figure 4. SEM micrograph vMllilll'd by back-scattereddt'ctnH I~.
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In view of the possibl e lumi nescent p roperti es th at these materials cou ld exh ib it. the
materia ls were examined by SE~ 1 fitted with a catho do luminescent detector. Fig. 6 shows
the res ult ing m icrographs. The luminescent material appears in the micrograph wi th a
g reater gloss signal compared to the referen ce va lue, indicating greater emission by the
forme r,

figure' 6. 5£.\'1 lII;o"(1"': I"apl/ (l/ltl1 i llCd '(l ,itl'l l ( l l t l llldd Jll ll i ll t·... cent dt' tector. RI:fl Tl '!l ( (' II i." til!' imase ( ~,- till' X/ll:cd ccmtnu tile
iI'ltll tilt' ((l} /I't", tilllllf l :.:111:(', wl/ilt' n1;'I"('II((' (1 Ct1 /TC:'11{l /l d .. to fhe cvnnn ic :-p t'n llfl' lI ,,!..tl (tlll ted il'i tf l Iilt' !1lldcriddl11sla: I',
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2.3.3. MEASUREMENTS BY INF RARED, VISIBLE AND UV SPECfROPHOTOMETRY

The absorp tion properties were determined in the fini shed products in the UV and
visible spectru m region (Fig. 7), showing a broad shoulder between 200 and 400 nm
(waveleng th va lues)' w hich indi cates intense absorp tion by the material in the UV ran ge.
Beyo nd 400 nm and in th e visible spectrum region, th e material exh ibi ted littl e
absorption.

1.2000

9.%00

0 .7200
A

0 .4IlOO

700.0 J, (n m)r.oo .9SOO .O400.0300 .0
O.oeoo 1,....--.....,..-----..:::==::;::====:::======;::=====

ZOO .O -
Figure 7. Bactericidal glaze absorption spectrum.

The transmitta nce spectru m of the same fin ished produc t was also determined in
the visible to infrared range (Fig. 8). The materia l exhibited littl e ab sorpt ion over th is
who le range, although two sma ll d ist ing u ishable shoulders could be observed in the
infrared region (around 1800-1900 nm and 2500-3000 nm).

199 .99

80 .00

&0.00
:<T

40 . 00

20 . 00

0 .00
500 1000 1500.. 2000 ZSOO I. (nrn) 3000

Figure S. Bactericidal glaze tmnsm itmnce spect ra.

It shou ld be noted tha t the spectra l aspects of the lanthanides are fundamen tally
d iffe ren t fro m those of block d corres pond ing to the tr ansi t ion ele me nts . Th e bas ic
reason for thi s d ifference lies in th e e lec trons that are res ponsib le fo r ion p roperties
being 4f electrons, and that the 4f orbitals are protected ve ry effectively aga inst
exte rna l in fluences by external shell s 5s' and Sp". For th is reason the sta tes ar ising
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form th e various 4f" co nf igu ra tions are on ly slightly affecte d by the med iu m
su rro u nd ing th e Ions, and remain virtu a lly in variable for a given ion in all th ei r
compound s'!",

Rare-earth elements of ge ne ral electron configuration 4fc (5s'Sp ' )5d ' permi t m ixed
electron tra nsitions:

- Sd

and also between:

4t" - 6s 0 4t" - 6p ,

as we ll as forbidden ba nds owing to f-f trans itions, both in absorption and lu minescence,
yield ing an intense broad ba nd in the ab sorption spectru m. The p resence of absorption
bands owing to cha rge tr ansfer be tween anion and cation are also to be taken in to
account:

o - metal ca tion

w h ich becau se of its ene rgy values tends to fall in the UV region.

Another effect also to be tak en into account is the presence of impurities in the
mate rial, w hich can logicall y appea r on p rod uci ng such a multi-compon en t ma te rial as
the product developed in thi s st udy.

2.3.4. MEASUREMENT OF EM ISSION PROPERTI ES

The excitation and emiss ion spectra were determined of the developed bactericida l
material. Fig. 9 p resents the respective spectra .

5 0 03 5 0 4 0 0 .:.5 0

W avelerg l h (n r'1)

0+-- - - - - ---- - - -1
300

1.2-r-- - - - - - - - - - ---,

.e
~ 0 .8
~

c;
o
E 0 .6

c:*0 .4
~

E
.v 0 .2

360
o jf---~-~---~-­
260

02-

1.2,------ - - --,-=-----,

.~ 08
~

c

'"E 0 .6

c
o 0 .4 -
il
E
. U

r(~,m' 9. Excita tion (,4) and l'lIIi~~i(1I1 (m "Jlt'dm (l{ the dc.'eloped nuuvriul,

As Fig. 9 shows, exc ita tion peaked at 330 n rn w hile em ission peaked at 380 nrn . bo th
in the UV reg ion , thu s perfectly match ing the above absorption spect ra.
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2.3.5. QUALITY CHARACTERISTICS O F THE D EVELOPED GLAZE

Indenta tions were run on the finished specimens with a Vickers micro hardness
tester, a t a force of 100g for 25 se c, obtaining the data detailed in Tabl e Ill.

Vickers mlcrohardness HV
(kgr/mm' )

Specimen with Specimen with
conventional bactericidal glaze

glaze:- _

Sing le firi ng 521 507

Fast double Ilrtnz 509 513

Ji,blt' I ll. C{l "'pll ri~t lll of Vickl'r~ m icroll11 ,.d ll t'~~ fl' ~ t data {lila normal glazed ceramic ::'1'1'cimt'lllllllf 11 similar ,v, /a:cd
..; pecimm that Zl'tl:, also coated (pith tilt' bactericidal gin:!'.

Th e data show that the resulting bactericidal gla ze exhibited similar cha rac teristics
to the convent ional glaze.

Th e g loss exhibited by the spe cimens coated with the bacte ricid al glaze wa s
measured in a Multi-G ross 268 gloss im eter, whi ch measures reflec ted light
phot oelectrically, measuring at a 20" angle. A gloss value was obta ined of 97.6 G U for the
fast do uble-fired specime ns and 95.3 GU for those obtained by porous sing le firing . The se
value s allowed characte rising the materials as glossy glazes w ith a high g loss index.

In view of these data, it can be obse rved tha t the mechanical properties of the
developed materi a ls we re not impaired on incorporating th e bacteri cid al material.

2.4. BACT ERIO LO GI CAL RESULTS

After firing, the resulting spec imens we re cut into 5 cm x 5 cm pieces and ta ken to an
accredi ted microbiology lab oratory. The aim wa s to study whether these cera mic coa ting s
cou ld under artificial lighting have a bacteri ostatic or bacteri cid al ef fect on the germs put
onto them . ATCC internation al strain bacteria Staphylococcus aun'us we re used in tes ting.

Th e method emp loyed in determining glaze coati ng bacte ricid al effect w as as
follows :

• A 24-ho ur cu ltu re was first prepared with ATCC strain Stal" lylococClis tlureus in
Aga r Chocola te sup plementing wi th Isovitalex.

• A suspens ion was made up with the bacteria to allow app lying the m to the
cera mic speci men, determining the quantity deposited by the Mac Farlan scale.

• The ce ram ic specimens were sterilised in an autoclave.

• Filte r paper moistened w ith a salt solut ion (l ml ) was put on the 9 cm di amete r
petri di shes, pla cing a ceramic specimen sized 5 ern x 5 em in each d ish , a ll under
sterility cond itions (Fig. 10).

• Bacteria we re app lied onto the cera m ic spe cimens coated with the developed
g lazes by the Kirby Bau er method for Antibiograms, invol ving sowing w ith a
cotton brush. Growth controls we re always used in the tria ls in which bacteria
were sow n in an Aga r Cho colate cul ture mediu m, keeping steady cond itions at
all times.
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• Sowing was also d one on the convent ionally glazed specimens (normal tile )
w itho u t a bacteri cidal g laze coating. Th is was to establ ish w hethe r deposi tin g
bacteria on these led to a decrease in bacte ria. As no decrease wa s found, these
spec imens were used for cont ro ls.

• To sta rt w ith, sowi ng was per formed in petr i d ish with a cu ltu re medium with out
any ceramic spec imen. After many tests, as the number of bacter ia was observed
to be simi la r to that found on no n-bacte ricidal ceramic specimens, th ese tests
we re stopped . It was th us shown that the ceramic specimens d id not prod uce any
interferen ce wi th regard to the bacteri a .

• The cera mic spec imens sown with bacteria we re left for a set tim e under a light
source (in the first tes ts a 100 W tungsten light bulb was used, and in the othe rs
two 36 W fluorescen t tubes).

• After expos ure to light for th e pre-set tim e, the ceramic specimens were placed in
d irec t contact on the petri dishes wi th Agar Chocola te cu ltu re med iu m
su pp lemented w ith lsovitalex. Th ese were then put in to an oven for times
ran ging from 1-3 hou rs. Th e ceramic specime n wa s then se para ted and the di sh es
were left to incu bate for 24 hours.

• Th e colon ies we re counted w ith an op tica l microscope by image ana lysis.

Figure 10. Cla :t'd ceramic :'l'ccimclI di ... tribnt ion, Trial ... wcn' rim with the ClHl'i't'lit io/l{ll g/I1:1'
(Cl ll/ frol trials) a/ld 'illitl! tht'/ ll1cfcricidal :>:/o:e.

The following va riab les were used in the tests:

• Deg rees of light in ten sity

• Types of light so u rces

• Dist ance from ligh t sources to the ceram ic specime ns

• Differe nt glaze coatings

• Differen t nu mber of ge rms in d iffere nt expe riments measu red by the Mac Far lan
scale

• Controlled room tempe ra ture at 25"C
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• Cultu re sown on the ceramic su rface

CASTELL6:-< (SPA Ij\;)

• Different contact times between the ceramic specimens and culture media for
bacterial transfer from the ceramic piece to the culture medium. On keeping thi s
time sufficiently long, the bacteri a started feed ing on the culture medium an d
remained stuck in it.

On setting the variables, this detection method was then used in the experiments.
The experimental assembly is depicted in Fig. 11.

The method ultimately used was:

• 24-hour cultu re of ATCC stra in Staphy lococcus aurellS In Agar Chocolate
supplementing with Isovitalex.

• ATCC Staphy/ococCltS measured in Mac Farlan 0.001 MF un its.

• SOlving with a cotto n brush (just one pass)

• Lighting with two 6000°K. 2500 lumen, Osram L36 W / 72-965 "daylight"
fluorescent tubes at a lighting distance of 1 m, provid ing a total of 400 lux, for 12
hours.

• Ce ramic specimen in con tact wi th the Aga r Chocolate medium in an ov en at
36 °C for 1 hour, sepa ration of the cera mic piece, and culture p laced in the
oven at the same te rnperatu re for 24 hours .

Figure 11. Experimental a~~rnbly u::.ed for lightins tift' petri disJIt.~ containing
till' ceramic specimens SOWIl u'ith the selected bacteria.

The tri als run on the cera mic specime ns wi th the greates t bactericidal effect were
per formed at a bacterial concentration of 0.001 and 0.002 Mac Farlan uni ts . Fig. 12
shows the bacte ria that su rv ived th e experime nt. Tabl e IV details colony number
ana lysis.
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Control 0 .00 1 dilut ion Specimen A n.ooI dilution Specimen B 0.00 1dilution Specimen C O.< KI ! dilut ion

Control n.on:? dilution Specimen A 0.00 2 dilution Specimen B OJ}()2 dilution Spt'l"inWll C 0 .002 dilution

FigUT{' 12. Expail1lt'll t~ conducted tit ivcscria (OIlCclltmfioll::' of 0.001 and 0.002 l1lt'asllrt'd ill A'lac Far/a ll llll it~.

Table IV d etail s the resu lts of the co lony counts .

Ceramic specimen

Normal
Bactericidal A
Bacter ic idal B
Bactericidal C

No. of surviving colonies No. of survivingcolonies
Bacteriacoeccotranon 0.001 Mac Farlanunits Bacteria concentration0.002 Mac Farlanunits

900 1SOO
o 0
I 96
o 6

Tahlt' f\.~ Number oj mt'I1~lm'd and q/llllIt{ficd cotonie- by image pr(l((':,~ill g II/Ili {ml1 ly~i:,.

The tab le revea ls tha t cera mic speci men coa ted w ith bactericid al g laze A (ov er the
co nv en tiona l g laze) y ielded the best res ults, alt hough in all th ree bactericida l coatings the
number of colonies was strik ing ly smalle r than those in the ce ramic specimens coated
w ith the conven tional (non-bacte ricid a l) g laze.

CONCLUSIONS

1. A glas sy material (frit) was developed w ith h igh gloss optical p roperties

2. The res u lting frit can be app lied to single-fire and do ub le- fire tiles in industrial
wa ll til e ma nufactu ring cycles, while maintaining th e requi red q u ality
perfo rmance compared to a conventiona l g laz e.

3. Th e g lazed w all tile exh ibited g rea t bac te ricidal power for th e tested s tra ins
under normal "day lig h t" and UV ligh ting.

4. There is no doubt as to the durability of this phenome non w ith ag e, as stu d ies
e lse where in th is field have shown .

AC KNO WL EDG El'vIENTS: Th e aut hors w ish to th ank Mr. J. V. Ga liano " Ad ju nto de
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associated to A.E.L.1. Naciona l and U.!.L.!. lnternaci onal ), an d Mr. Rica rd o Ripolles
Paus (Ana lysis Laboratory, spe cia list in Clin ical Analysis, Labo rat o ry aut horised by
the Conse lle ria de Sanidad wi th no. AU-108!94, and for q ua lity contro l monitoring
in AEFA since 1982) for the ir co-opera tion in th e mi crobi ological part of the work.
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