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ABSTRACT

The rol e and importan ce of clea na bility and hygien e in th e framework of th e toch nical
perfor mance and dura bility of ceramic tile su rfaces (floors and walls] ar e outl in ed .

Th e methodological prob lems associated to th e measuremen t of cleanability of ceram ic
tiles are di scussed. and the methods developed and expe rienced by th e Itali an Ceramic
Center arc presented and crit ica lly ana lyse d. Att ention is focused. in parti cular . o n th e
evo lu tio n of cleana bil i ty with th e progressive wear o f th e ceram ic sur faces. as well as o n th e
repmsentati vi ty of th e stain ing agents used, with respect to the real working co nd itions of
ce ram ic tile surfaces. The role and in teraction s of staining arid cleaning procedu-t.u v are
ana lysed an d jus tifi ed .

The results of measures ca rrie d out on a s ign ifica n t sa m ple of glazed and un gla zed
ce ra mic til es are di scu ssed . and co rre la ted to th e microstructural features and to the che m ica l
and mechanical properti es o f th e proper surface . A ge nera l p icture o f clea nab ility
performances of vari ous typ es of cera mic tiles is presented.

The res u lts ach ieved are fin all y elabora ted . in order to devel op ti le choice crite ria for
till) designer an d speci fier of ce ramic tiled floors and wall s .
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1. INTRODUCfION: THE PROBLEM

Cleanab ili ty, together with ease of mai ntaining hygieni c cond itions, represents one of
the main ack nowledged advan tages of ceramic til es with resp ect to most of the a lte rnat ive
mater ial s , o f d ifferent nature , for floor and wall coverings.

Until aro und two or th ree decades ago, when tiles were pro duced and used main ly for
floor and walls of kitchens an d ba th roo ms, the s tatement "ceramic tilings are the floo rs and
walls with the easiest upkeep , and with the best possibilities of maintaining their aesth etic
and func tional characteristics all aver their lifetime in working conditions" was tru e without
reserve.

Now the situation is more complex, an d the s tateme nt abo ve, still va lid in genera l
terms, is no longer sufficien t as cho ice crite rion for the material for floor and wall co verings.

In fnc t, the last two decades have been cha racter ise d by the follo wing as pe cts :
• an im port ant progress in tile manufacturing technologies, and a consequen t large

in crease of ceramic tile types ava ilable on th e market : products design ed and produced
with the purpose of meeting the more and more severe requirements of the users , as regards
both aesthetic solutions , and technical characte ris tics and performance;

• the environments in w hich ceramic ti les can be used no w - and are effec tive ly used
- ha ve had a significant in crease: in fact, ceramic tiles are now widely used , in dom est ic
environme nts, not only in kit chen and ba throom s, bu t also in th e other rooms; and not only
in domestic applica tions, but also in public and indust rial environme nts.

From the user - or architect - point of view, the presen t situa tion is ce rtain ly posi tive
an d "rich": he ca n identify and se lect til es for hi s pur pose in an exceptiona lly wide choice .
And , for a given env ironme nt, with its speci fic aes thetic and technical require ments , he
ca n always find suitable til es , conforming with those requiremen ts. Th is was not true so me
decades ago.

But , in front of th is advan tage, the user/a rchitect sho uld take thi s fact into cons ide ration;
that no tile exists which can be suitable - i.e . co mply ing with all th e speci fic technical and
aesth etic requirements - for a ll the environments in which ceramic tiles may be used 11].

In other wor ds , today the iden tification, amo ng the til es av ailable on the market. of
the pro d uct (or products) which , as stated above, ensur e the eas iest upkeep , as well as the
best possibilit ies of maintain ing their aesthetic and functional characteristics all over the ir
lifetime in speci fied workin g cond itions, is no longer so easy, as it was in the past: s ince
severa l present "working cond it ions " of ceramic til in gs are quite d ifferen t from the pas t.

Thi s is th e problem on which th is paper is focused. And this is why "clea nability", i.e.
the facility and effici enc y wit h which dirt, sta ins and other materia ls which come in to
con tact with the floor an d wall surfaces can be removed, th us restor ing the surface to its
previous aesthe tic an d fun ction al characteris tics [2], can no longer be accep ted as an
"in trins ic" pro per ty of th e ceramic tiles, but need s to be measured and charac ter ise d .

Tod ay the user, the designer, the architect, the tile specifier need a deeper and more
detailed kn owled ge of surface cha rac teristics and per forma nce of cera mic tiles , in order to
se lect th e suitable product for any given env iro nmen t , as well as to carry out the most
correct upkeep ope rations on the ceramic tiling.
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In or der to meet these needs, in the last years the Italian Ceramic Center has carried
ou t an ex te ns ive research activ ity, aimed to the developmen t of measurements methods for
c leanahilit v, giving resu lts enabling a reasonabl y reliable previ sion of ti le pe rformance in
workin g co nd itions . Some of the results achieved have been tak en in to consideration also
in th e new internati onal standards on ceram ic tiles.

In th e foll owing sections, a cr itical an alysi s will be ca rr ie d ou t of th e stan dardised
methods for the surface charac terisation of ceram ic tiles. as we ll as of th e methods related
to clca na bility assessme n t. deve loped or under study at th e Itali an Cera m ic Center. Some
resu lts w ill be presented , and th eir use will be discussed , as a tool for a correc t se lection of
til es for given app lic ations and working condit ions.

2. THE BACKGROUND

2.1. Cleanahility, surface cha racter istics and working co nd itions of ce ram ic tiles

Th e wo rking condit ions of ceram ic tile sur faces arc schematically represented in Figure
1. The cera m ic til e sur face (of a floor, in this sche me]. is ex posed:

• to chem ica l actions, by dirt . staining age n ts. substa nces of different che m ical nature
w hich can co rne into co n tact with the floor surface (for exam ple . food . ink, etc . in domesti c
env iro nmen t: processing liquids in an industrial env ironme n t. suc h as m ilk in a m ilk and
cheese plant. grease and oil in a garage , etc .]:

• to chem ica l actions by the det ergents used in the upkeep acti vit ies :

ENVIRONMENT

CHD-liCAL ACT IO~S

- d i rh
- slam_
- cbc micnlv
- ckanin~ agt:m_

CHE MICA L
RESISTAN C E

~I ECI [Af\ ICAL ACT I ( )'\lS

- pedcvnan (rank
- ("k;lTl i n ~ 0pt' ral1n rh

\ IEC IIAN ICA L (W EAR)
RES ISTA 'ICE

CE1~A~IIC TILE SURFACE

Figu re 1 - Work ing con dit ions and surface perform an ce r.harn cteristi cs of ceraIII tc ti les .
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• 10 mechanical ac tio ns (scra tch es . wear) du e to both the movem en t of bodies or
materials in contac t with the surfa ce (e.g. peop le walking on th e floor. troll eys and other
vehicles , chairs and furn iture. etc.], and to the clea ning operations , when carried out with
detergen ts con taining abrasive material s, or with abrasive tools .

The ceramic sur face must withstand these che mical and mechanical attacks. To do
thi s. th e ce ramic surface must have suitable levels of chemica l resis tance (resistance to
che mical a ttack) and mechan ical resi stan ce (wear resistance, scratch hardness) , These
prop erti es represent the "reactions" of the ceramic surface to the environmen tal actions,
and dep end on the nature and sta te of the sur face, on the composition and mi cros tructu ral
features, in turn determined by the manufacturing technology.

Th e des igner of the ceramic til e floor sho uld, in principle, identi fy th e intensity level
of th e che mical and mechani cal acti ons . associ ated to the given environ me nt. and select
tiles having correspondingly suitahle levels of mechanical an d che mica l cha racteris tics .
Otherwise there is the risk that tiles, afte r a rat her short period of use . lose definitively their
aesthetic and /or fun ctional charac teristics . which cannot be restored , with any upkee p
procedure. Clea nabili ty can be cons idered as one of the functio nal characteris tics - having
however also an aesthetic impact · which would be lost in thi s case.

The sche me reported in Figure 1 suggests some furt her considerat ions :
• the che mical and mech anical actions discuss ed above are applie d simultane ous ly

on the ceramic til e sur face . both in the id ir tyingi pro cess (i.e.. in norma l use condit ions of a
tiled surfa ce). and in the icleaoingi process (i.e. in the upkeep conditions);

• bo th chemical and mecha nical ac tions are associa ted to cleaning opera tio ns. whi ch .
in turn . are in tend ed to remov e the effects of both chemical an d mechanica l act ions on the
ceramic surface by the environment. Th erefore cleanabilit y. in the sense of per formance
charac teristic of tiles, as defined abov e, is a function of both chemical and mechan ical
(wear) res ista nce of the ceramic tile sur face;

• cleanability is stro ngly influenced by the actual sta te (structure) of the ceramic surface.
whi ch may vary wit h use and wear [3'5J. Consider the porosity stru cture in the th ickn ess of
the til e: an example for a glaze d ti le is reported in Figure 2. These pores are associated to the
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Figure 2 - Cross section of a glazed tile : porosi ty in the thickness o f the glaze.
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manufact ur ing tech nology (ra w materi al s used. glazing tech nology. firing sc he d ule. e tc. l(5).
The progress of wea r in worki ng co nd it ions is ex pected to mo dify - in pa rticu lar. in c rease ­
sur face porosity. and conseque ntly affect both Id irtyabi litvt and cloanabilitv:

• the charac te ristics and per formance of the detergent. and th e cleani ng methods
adopted . s trongly in fluen ce the cleaning possi bi li ty of a ce ramic surface. T he detergen t acts
on botb d irt . s tains. etc .. and on ce ramic tile s ur face. which may be che mica lly attacked by
some cleaning agents. A possi ble progress in the fiel d of de tergents for hard sur faces (in
particular. ceramic surfaces ) is ther efore expected to give a significa nt co n tribu tio n to the
solu tion of so me cleaning pr ob lems of ceram ic tiles. And. in effect. suc h a progress is now
in course: some producers of detergen ts hav e as ked the Itali an Ceramic Center coopera tion
for th e development of new and more effic ien t detergents for ceramic sur faces. compatib le
wi th the ce ramic sur face cha rac teris tics and p erfo rm ances.

2.2 Chem ica l a n d mechani ca l surfa ce charac teri s t ic s of ce r a m ic ti les in th e
in ternational standards rEI\' a nd ISO)

The preced ing di scu ssion has sho wn th e import an ce of th e che mica l and mechanica l
surface characteristics of ceramic til es. in order to ass ess the quality and performa nce level s
of th e products . and th erefore their s uitabi lity for spe c ific destined enviro nments and
applic ations . For th is reason the international standa rds - both the EN standards. at present
in force in Eur ope IH I. and the new ISO standards . which are in th e fina l ap prova l ph ase 17)
- include these cha rac teris tics in th e techn ical spec ification of bo th gla zed and unglazed
cera mic tiles. The characteristics cons ide red. and the resp ective norm describing th e testing
method . a re rep ort ed in Tabl e 1.

Table I - Chemical and mech anica l surface characte ristics of cerami c tiles in the EN and ISO Norms Ifl.il .

Surface Glazed til es Ung lazed til es

cha racte r istics EN ISO EI\' ISO

• Mecha nica l

- Scratch hard ness E"J 101 EN 101

- Surface abrasion (PEl Meth od) EI\' 154 ISO 10545-7

- Deep abrasion EN 102 ISO 10545-H

• Che mica l

- Resistance to stains EN 122 ISO 10545-14 ISO 10545-14

- Resis tance to hou sehold

chemicals and swimming pool salts EN 122 ISO 10545-13 EN 106 ISO 10545-13

- Resistance to aci ds and alkalis EN 122 ISO 10545-13 EN 106 ISO 10545-13

Th e fo llowi ng aspects are worth of ment ion . in the fram ew ork of thi s di scussion on
c leanab i lit y:

• for unglazed tiles . stain resi stance - i.e . the chemica l resi stance aspec t more d irectl y
rolntod to c loanabili ty - is no t tak en into consi dera tion by EN standards . Thi s re flec ts the
co ns idera tions made in th e in troduct ion: in the past s tain res ist an ce of ung lazed ce ramic

· 47 ·



CASTELL(lN (SPAIN)

til es was not considered as a basic propert y. with respect to the ava ilable types of til es and
their main applications fields. Now. mainly after the progress in porcelai n sto ne ware
prod uc t io n an d app licat io n . stain resi stance has been acknowledged as a relev ant
characteris tic also for unglazed tiles . and in effect the new ISO standards have included it
amo ng the standardised properties. Th e Itali an Ceramic Center has give n an important
contribution to this . as it will be discussed in the next sec tion;

• all th e test methods . in both EN and ISO standards . are based on a "simu la tion" of
the respecti ve acti on considered. Th e principle can be summarise d as foll ows ; a pa rticular
and precisely defined attack condit ion is reproduced in laboratory on the til e surface (for
example: some specified che mical agents are put and maintained in contac t with the ceramic
surface with a defined procedure. for a defined time and in defined cond itio ns; a defined
abras ive charge is moved in contac t with the surface . in defin ed condit ions ). T he test
condit ions are selec ted taking int o account. as far as it is possib le . both the real working
cond itions . and the needs of technical and economical acceptability of the tes t (rep eatability.
time required. cost. etc.). Successively. the test pieces are examine d. wit h a defined procedure.
in orde r to assess the effects of the attack applied. It is quite evide nt that suc h a test proced ure
allows on ly a very gen era l (and abstra ct) representation of what can occur in real working
conditions;

• each kind of attack (for exa mple. individual stains. in dividual che mical agents.
wear. etc.) is applied alone . always on the origina l surface of the til e. Th erefore the resi stance
measured by each test method shou ld be int en ded as the resistan ce of the origina l surface of
a new. nev er used tile. to a single attack. In thi s case the di fferen ce from the rea l working
condit ions is more evident and important tha n in the preceding case. In fact. in rea l working
conditions all the act ions co nsidered in Figure 1 are applied simu lta neous ly. on a s urface
which is progressiv ely modified by the effects of such actions.

Un fortuna te ly . s pecific ex pe rie nces carrie d out a nd observati on s mad e hav e
demonstrated that the effects ofchemical and mechanical actions of defin ed level or int ensity.
applied simultaneous ly on the surface of a given til e are different from th e effects due to the
same actions applied separa tely. For example. a good chemical resis tance and a good abrasion
resistan ce. measured acc ording to the standard test method s under dis cussion. are not
necessaril y associated to a good resistan ce. or to an acceptable behaviour of th e til e sur face.
wh en both che mical and abr asive ac tions of the same in ten sit y are ap plied simultaneous ly.
The two kinds of act ions are sy nergetic . not additive .

This fact represents the main limit of suc h "simulation" test meth od s. and raises some
hard metrological problems.

First of all . it sho uld be clea rly stated that the results of the tes ts under cons ideration
mu st be co ns ide red as data for qu ality assessme nt of th e tiles . and not d irectly as an
assessm ent of performa nce and durabil ity in every working conditions. Pruden ce is necessary
in the use of these results. and their meaning should not be over-estima ted IRJ .

From a metro logica l point of view. some diffi culties ar ise when try ing to simulate in
an acceptably simple. cheap and reproducible way the "su perimposit ion of the effec ts" that
occ urs in rea l working condit ions of ceramic tili ngs.

This probl em has been faced with a "step -by-step" approac h.

The first s tep has been the application of two actions (for exa mp le. mechan ical and
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chemica l actio ns) in se quence on th e same sur face. Th is is the app roa ch on wh ich the
cleanability method developed by Centro Cera mico . an d d iscussed in the next sectio n, is
based : a method in which a further objecti ve has been pursu ed . tha t of improving the
represen tat iveness of the results and the kn owledge of the sta in ing and cle aning mech anism s ,
through a wider se lec tion of both s taining and cleani ng ope ra tive cond it ions.

This approach has been acce pted and intro du ced also in the new ISO standards. See.
for exam ple , ISO 10545.7 (Draft) . re porting the tes t method for ab rasio n resi s tance of gla zed
ce ramic tiles [71: the maximum level of abras io n resi s tan ce (Class PEI V) is ass igned to tiles
co mp lying with both the follo wing conditions :

• no abras ion failure is vis ib le afte r 12000 revolu tion s;
• the abraded surface is stain resi stan t (accord ing to ISO 10545.14 ).

T his last co nd ition is verified just subjecting the abrad ed sur face (i.e .. th e surface
previously subjected to a mechanical act ion ) to a chemica l (sta in ing) actio n , in sequence.

T he second s tep has been the simu ltaneous applica tio n of both mechanical and
chem ica l ac tions , in order to s imula te in a closer way what happens in rea l workin g
co nd it ions . T his approach will be d iscussed in the section 4.

:1. A MORE DETAILED ASSESSMENT OF CLEANABILITY: THE CENTRO
CERAl\lICO METHOD

3.1 Objectives and procedures

As s tated above, th e term "cleanability" is inten ded as a performan ce charac teris tic of
the surface of floor and wall tile , which can be defined by the foll owin g two as pec ts :

• the efficiency with which stains produced by var iou s subs tances can be remo ved:
• the ease with which com plete removal of the s ta ins can be ach iev ed .
Moreover , c leanahility is expec ted to change durin g the working life of the tiling, due

to the sur face modi ficati ons induc ed by the mechanical wear effec ts.

The cleanability method developed by the Ita lian Cera mi c Center was intended to
charac terise a ll th ese aspects. It is once aga in a "simula tion" method - as it is , for exam ple,
the method for the measurement of resistance to stai ns reported in th e EN 122 Norm [61.
But, com pa red to this method , the Centro Cera mico Method, with the pur pose of ac hie ving
a more detai led descriptio n of the tile surface beha viour, as well as a hig her sens it ivity and
se lectivity wi th respect to the d iffer en t performan ce leve ls of d iffer en t pr oduct s , has
significantly en larged the range of tes t cond it ions, incr easin g the number s and kinds of
both the s ta in ing agen ts and the cleaning pr ocedures and cond itions sc he d u led (it can be
considered. for example , that s tain res ist ance tes ts carried out acco rd ing to th e EN 122
pro cedure , bu t on abrade d sur faces , would have given almos t always a sta in resistance
class 3. for any product tested ).

The s tai ni ng agen ts chose n are list ed in Table 2: they also cove r the main types of
action or mech an isms of sta ini ng :

• chemical action, when th e stain perfo rms a tru e chemical a ttack on the surface (red
w ine vinega r and/or lemon juice , olive oil). This che mical actio n is in genera l negli gib le on
unabraded and impervious surfaces , but can beco me im port ant on abraded . more porous
surfaces :
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• penetrating and colouring action , wh en the stain has the ability to pene tra te int o
the ma teri al throu gh the surface porosity (methylen e blue solution , blue and red inks, lighted
cigare tte);

• oxidising action , when the staining agent is also an oxidant (potassium permangan ate
so lution , lighted cigare tte, carbonated cola beverage);

Table 2 - Staining agents chos en for the "Centro Cerarnico Clea na bil ity Test Meth od".

Sta ini ng agent Contac t time

t\. Red wi ne vinegar and /or lemon juice 24 h

B. Coffee 24 h

C. Olive oil (* ] 24 h

D. Cola 24 h

E. Lighted ciga rette 15 min

F. Methylene blue (10 gil) 24 h

G. Potassium permangana te (10 gil) 24 h

H. Blue ink (*j 24 h

1. Red ink (* ) 24 h

( * ) Commercial products conforming to de fined spec ifications.

• coating action, when th e stain has the ability to form a persistent an d contin uous
film on the surface (oli ve oil, coffee, carbona ted cola beverage).

Also indica ted in Table 2 are the times of contac t between th e staining agent and the
tile surface being tested. A contact tim e of 24 hours was established for all the stains selected ,
the only exce ption being the lighted cigarette , for which the contac t time is 15 minutes (the
cigarette is kept lighted by mean s of a vacuum pump).

Severa l cleaning methods are speci fied , as listed in Tabl e 3 in orde r of increasing
in ten sity. Each pro cedure is defined by:

• the typ e of clea ning agent;
• the tim e length of th e cleaning int erven tion ;
• the clean ing too l adopted.

Some cleaning method s involve th e use of a brush. in order to apply th e cleaning
agent on the stained area. This is a rigid , vegetable bristl e brush, 8 em diameter, ro ta ting at
a veloci ty of 480 rpm with the detergent solution continuously flow ing at the cen tre of th e
bru sh for the entire durati on of th e treatment.
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Table :l - Cleaning procedur es ado pted in the "Centro Ceramico Cleanab ili tv Test Met hod".

No. Cleaning agent Time Cleaning tool

I Hot water (60 ~C) 5 min --
II Commercia l detergent pH 6.57.5

not co ntaining abrasive 3 min Soft spo nge

III a. Commer cia l detergent pH 9-1O

not containing abrasive 3 min Soft sponge

b. Rotating bru sh

IV a. Commercial detergent pH 3-4

not con tain ing abrasive 3 mi n Soft sponge

b. Rotating brush

V a. Commercial det ergent con tain ing

abrasive 3 min Soft spo nge

b. Rotating bru sh

Suitable so lvents 3 min Rotat ing brus h

VI a. HCI solutio n 3%

b. KOH so lu tion 200 gil

c . Sod ium hypochlorite . 20 gil 24 h Immersi on of til e into

th e so lven t

d. Trich loroethy lene

e. Hydrogen perox id e. 110 vol,

Tahle 4 - Class ification of results in the "Centro Cernmico Clean abilit y Test Meth od".

Result of the c1eanabi lity test

Sur face permanently damaged

Stain not removed at a ll

Stain weaken ed

Very eviden t ha los

Not very evide nt ha los

Sp ots on a clean background

Stain com pletely removed

The test p ro cedure is. schematica lly. the foll owing:

Cleanabili ty class

o
1

2

3

4

5

6

• eac h s ta in ing agent is app lied on the surface to be tested (the app licat io n method is
speci fied in det ail ):

• th e cleani ng tr ial s are carried out in se qu ence, according to the lis t reported in
Tabla :1;
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• after each cleaning trial, the test pieces are dried an d subjected to visual examination
[in specified conditions). For each stain and each cleaning tri al, a cleanahility class is
assigned, according to the spec ification reported in Tabl e 4;

• the test can be carr ied out on both whole, new tiles , or on tile surfaces previous ly
subj ected to abra sion (in general, 600 revolution accord ing to the PEl meth od: bu t various
abrasion stages can be ado pted, with the aim, for exa mple , of charac ter is ing th e stai n
resistan ce beh aviour with th e progress of wear phenomena).

The refore, at th e en d of the cleaning test , for each state of the ceram ic tile surface
[whole or abrade d), it is possible to obtain a "cleanability sheet", such as rep orted in Table
5, contain ing all the results of individual cleaning tria ls car ried out on each individual
stain ,

Table 5 - Cleanability sheet.

Product: State of

the surface:

• Whole

• Abraded (no, rev.; PEl Method)

CLEAN ABILITY CLASS FOR TH E STAINI NG AG ENT

Clean ing p rocedure A B C 0 E F G II I

I

II

IlI a

IlIb

IVa

IVb

V a

V b

VI (a- e)

3.2 Experiences carried out

This test method has been experienced firs t of all on unglazed tiles , for which no
previ ou s expe riences or reliable da ta on stain resistan ce existed (as sta ted before, the EN
Standards did not included stain resistan ce among th e standardised properti es of unglazed
ceramic tiles]. In the mean while experiences have been bro ught abou t also on glazed sur faces.
Thi s work ha s been carried out in coo perat ion with the ISO T.e. 189 "Ceramic Tiles" (7).
And , in effect, the new stain resistance meth od included in the ISO Standards is a somewha t
simpli fied version of the "Centro Ceram ico Cleanability Test Method ",
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It is worth di scu ssing now in more detail on "how" thi s test method cha racter ises a
ceram ic til e surface from the clea nnhility point of view, and "ho w" it enables to co m pa re
differ ent products , giving also suitable indicati on s on their performance level s in specified
working conditions, Several resnlts obtaine d on both glazed and unglazed ti les of the di fferen t
types are rev iewed in the following.

3.2.1 Eff icien cy of cleaning and stain removal

From the "cleannbility sheets" it is possible to assess immedia te ly if someone of the
s tains expe rienced canno t be com pletely re moved . in e ithe r the whole or the prev iously
abrade d surfaces. This occurs when - or for th ose stains for which - the c1eanabili ty Class (j

(com plete ly res tored surface ) is not reached. for non e of the clea ning methods. In th is wa y
th e efficiency of c leaning and sta in removal can be im mediate ly eva lua ted .

I\S far as cleaning effic iency is concern ed . the results ach ieved in the charac ter isation
cam paign carried out show th at :

o glazed til es : all the s tains can be removed from the whol e surfaces. Therefore . in
general. "ne w" glazed tiles have an efficien t c1eana bili ty with respect to a ll the stai ns. But.
for abraded surfaces, a very wid e range of res ult s is ac h ieved. And, in around half of the
til es tested . some stains (in particu lar, cigare tte. inks . pot assium perman ganate) co uld not
be removed with none of the cleaning procedure experienced. For some products the recours e
to the s tro nges t cleaning procedures has led to a definitive damage of th e proper sur face .
Therefore for glazed til es th ere is the ri sk that cl eaning e fficiency may be appreci ab ly
decreased by th e progress of wear. and tha t tiles becom e not cleanab le in real work ing
co nd itions . On the other ha nd . glaze d products arc avail able for which thi s cleaning efficiency
decrease does not occur. But it is worth noting that tiles w ith the highest res is tance lev el s to
both che mical and mech ani cal ac tions accord ing to EN standar ds (for exam ple . Class 1 of
stain res istanc e and Class PEI IV of abras io n resi stan ce) are rep resented am ong both the
tiles which lose their cleaning efficie nc y and tiles which main tai n thei r clea ning effic iency
after wea r. Th is is a fu rther dem on strati on that the EN results a lone canno t give a re liab le
assessment of the expected performances of tile surfa ces in rea l workin g cond it io ns. as
di scussed above;

oungla zed til es: some sta ins are hardl y rem oved by the sur face of par ticular ty pes of
til es, even in th e whole, new state. "Cotto" til es (with th e impregnati on treatment ord inarily
per form ed on such type of material) are in genera l definit ive ly a ltered by cigarette (which
"burns out " the trea tment). Some typ es of porcel ain s toneware have presented . in the not
abra ded s tate, a not comp lete ly efficie n t c leana bility (with c igare tte and inks bei ng the
more problema tic s tains ). Among these less cleanable prod ucts. types of porcelain s to neware
with pol ished surface are rather often represented. Th is fact ca n be as socia ted to tw o
circumstanc es : i) po lishing is subs tan tially a controlle d removal of th e surface layer: the
consequenc e is tho generation of a new surface, genera lly characterise d by 1l10r8 diffused
micropores , whi ch ca n increase the pen etration and retention of th e sta ins (i.o. d irtva hilitv]:
ii] the po lishe d surface can be negati ve ly affec ted by the stro nges t cl eaning procedu res .
which may be req ui red for the reaso n above. In particular. the surface gloss may be changed .

The abrade d sur face. in gene ra l, has sho wn cleaning efficie ncy level s not so d iffere nt
from th ose of the new. unabr ad ed sur face . In most produc ts no in crease of stains not
removable with any cleaning method has been observed . passing from unabra rled to abrade d
surfaces .
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In conclus ion . as far as the cleaning efficien cy is concerned (i.e.. the ac tual possibility
of restoring the til e surface. after complete rem oval of all the ap plie d stains). generall y
glazed tiles can be considered as superior to un glazed til es in th e unabrad ed state. bu t very
often inferi or after abrasion. Th erefore. when speci fying glazed tiles for environ me nts in
which high wear levels are expected . th e architect should ask th e til e prod ucer a more
detailed techn ica l sp ecification . according to the conc epts and tes ting methods here
discussed.

3.2.2 Ease of cleaning and stain rem oval

From the "cleanability sheets" an indicator of the ease of cleaning and sta in removal is
represented by the less strong cleaning procedure which lead s to th e complete restora tion
of th e surface (i.e.. to a Class 6 result). Th e lowest is the intensi ty of the cleaning meth ods
required to a full efficienc y stain removal (i.e. for Class 6). the highest the ease of clea ning
is.

The resul ts achieve d in the charac terisation ca mpaign carried out lead to very similar
conclusions . compared to the above discussion on clean ing efficie ncy: glazed til es are in
genera l su perior to all unglazed tiles in the un abraded state. but lose most of their advantage
after abrasion . And. among unglazed tiles. porcelain stone ware tiles with po lished surface.
compared to the corres pon ding product with untreated surface. are charac terised by a more
pronounced decrease in ease of cleaning. when passin g from the whole sur face to the abraded
surface.

3.3 Discussion

Th e main advantages of the Centro Ceramico method , compared to the EN test methods.
are associa ted to the possibility of a more detailed cha rac terisation of ceramic tile sur face
cleana bil ity in working condit ions.

The wi der range of stains and cleaning procedures, and their closer relation with
stains occurring and procedures ad opted in real work conditions. as well as the possibi li ty
of taking in to acc ount and veri fying the effects of wear on cleanability. are the most qualifying
as pec ts of thi s method. An other important aspe ct is that this method can be ap plied to both
glazed and unglazed ceramic til es.

Wit h thi s metho d. it has been possib le to verify that products with the same qu ali ty
level . according to the EN standards . may have very different expected behavi ours and
performance in certa in working conditions. Thu s. the results of thi s test can give th e user/
archite ct/ til ing speci fier a more reli able tool in view of a correc t se lec tion of til es with
defined performa nce levels. as a function of the destined environme nt. This is why (his
method. as already stated. has been substantially acce pted by th e ISO TC 189 . and included
(although in a somewha t simplified form) in the new ISO standards .

Th e main limits are associa ted to th e very high number of co ndit ions whi ch are
reproduced . contro lled and measured . as well as to the st ill im perfect way in wh ich working
conditions are simulated.

As far as the firs t aspect is conce rned , it is clear that such a method involves rather
long execution times and high costs. Th e ISO version (ISO Draft 10545.14 [7]) is simpler.
che aper an d less expensive. although . of course, less deta iled . In any case. th e application
of this method may be technicall y an d also econ omica lly justified in th e case of some
pro blema tic environments (for example. for "heavy duty" applicati ons. such as parti cular
public enviro nme nts. etc.).
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For the second aspect . thi s method is not ye t able to reproduce th e s im u ltaneo us
application of the mechanical and che mical actions. which occurs in rea l working co nditions.
The reliability of tbe res u lts achieved (in terms of represen tati on of tbe rea l behaviour in
wo rking co nd itions ). as well as of the tiling design im plications wh ich can be deduced
from these results. is not yet at optimum levels. However. a significa n t progress has been
made. with resp ect to the EN standa rds .

The sim ulta neo us ap pli catio n of both chemica l and mechanical ac tio ns is now
di scu ssed in the next section.

4. A NEW APIJROACH: THE SIl\ruLrANEoUS APPLICATION OF CHEMICAL
AN D MECHANICAL ACTIONS

4 .1 Int roductory rem arks

As di scu ssed in the preceding sec tio n 2. in rea l working co nditions both dirtyin g and
clea ni ng processes of a til ed sur face (for exam ple. of a floor) invol ve the sim ultaneo us
applic atio n of both mechani ca l an d che mica l acti ons. And . for a given int en sit y level o f
eac h act ion . the effects are different from those which would be ex pected if th ese actions
would have been applied separate ly. Thus . a test ing method (on ce again, a rsimulntioni
method. like those co nside red so far) in volving the sim ultane ous applica tion of both the
actions under cons ideration is expected to enable a be tter rep resentation of the effective
behaviour of the tile sur face in rea l working co nd it ions .

Such a testing method has been develop ed and ex perie nced at the Ita lian Ceram ic
Center. by no w for a par ticu lar purpose: that of qu alifying so me com mercia l an d ex pe rime nta l
det ergen ts for har d surfaces (more speci fica lly, for cera mic surfaces) .

In th e preceding di scussion it has been ou tline d that detergents are used . in usu al
clea ning procedures , together with abrasive tools (or may contain abras ives ). Thus any
cleaning procedure in vol ves the simultane ous applica tion of a wear acti on (due to the
abrasive ) and a che mica l actio n (du e to the che mica l ac tive co m po nen ts of the detergent ). II
is obvio us that a detergent ca n be assessed as suita ble for a given type of sur face, if th is
surface is no t damaged by it . in the nor ma] ap plica tion co nd it ions (of co urse , th is is one of
the requisi tes for an acce ptable detergent: not the on ly one , but in any case a basic req ui s ite ).

The new tes ting met hod based on the sim ulta neous applic atio n of chemica l and
mechanica l ac tions has been applie d just to assess the acceptabi lity of detergent s from the
ab ov e mention ed point of view. This stu dy has been carried out in coope ration with so me
producer s of detergents . who are developing ne w products su itable for the more severe
clean ing co nd it io ns now required for til es. in the different enviro nme nts in which til es are
now widelv used .

An exte ns ion of the use of th is new method. also for the assessme nt of th e clea nabllitv
of a given cera mic surface (i.e .. as an im provemen t of the c leana bility met hod presen ted in
the preced ing sectio n) is at present un der study.
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4.2 Objectives and procedures

Onl y a gene ral overview is proposed here . since the method is st ill in the development
phase.

Th e evaluation of a detergent is made carrying out the follo wing tests, and th en
comparing and an alysing the results achieved :

• A reference materi al (for exa mple , glaze d ceramic til e) is chosen. This til e is full y
characterised according to the EN standards. In particu lar, resista nce to acids . alka lis, s tains
and oth er chemicals is determined. according to EN 122 [6 ).

Both tiles with high che mical resistance and til es with low che mical resistance should
be selected as reference materials for thi s test.

• Th e res istan ce of the tile selec ted to the chemical attac k by th e detergent to be
eva luated is then measured . using. in princip le. the same procedure reported in EN 122.

• Success ively. various abrasion steps are perfor med, according to th e PEl method
(EN 154 )[61: i.e., using an abrasi ve charge containing steel spheres of defined di am eters ,
alumina powder and distill ed water. The follo wing effects are assessed after abrasion:

- th e occurrence of visi ble effects. according to th e classifica tion crite ria rep orted in
EN 154;

- th e modificati on of surfa ce gloss (expressed as rati o of th e surface gloss after each
abras ion test to the surface gloss of the origina l. untreated sa mple);

- the cleanabili ty of the abraded surfa ce , measured according to the Centro Cera mico
method reported in the preceding section.

• Fina lly, th e same abras ion steps are performed . as indicated above . but us ing an
abrasive charge in whi ch distilled wa ter is rep lac ed by th e detergent to be eva luate d.
According to the objective of the test method under cons idera tion . this procedure ensures
the simultaneous applica tion of mech anical ac tions (du e to the abras ive cha rge) an d che mical
action (due to the detergent). On the treated surfaces the same observa tions and measurements
listed above are performed.

Tabl e 6 - Example of res ults from th e new testing method: Assessment of the
detergen t «A» behaviour with a ti le having low che m ical resistance.

Materials: • Tile: glazed til e marked «GLC»
• Detergent: «A»

I. Chem ica l resistance

Resistan ce to acids an d alkalis (EN 122) Resistance to detergent «A»
(procedure as ill EN 122 )

--
Class of resistance Class of resist ance

HCI KOH

C
I

AA AA
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II . Resist ance to surface abrasion (1500 rev. PEl cha rge · Ahrasive cha rge + water,
as in EN 15 4 )

I-

Visual exam ination

No vi sibl e effect

Gloss reduction ratio (%) Cleanability class according to CCll
method (Stain: F: cleaning prac.: VI.c. 3 min )

3:l. 4 G

III . Resistance to surface abrasion and chemical attack (1 500 rev. PEl cha rge ·

I--
Abrasive cha rge + detergent «A»)

Visual examinatian Gloss reduction ratio (%) Cleanability class according to CCI3
me thod (Stain: F; cleaning proc.: Vl.c. 3 min )

-

Some vis ib le effect 33 .0 G

4 .3 Some results

With th e purpose of sho wing th e type of resu lts and information ac h ievable with th e
test method under cons ide ration . two exemplifying (and parti al) sets of resu lts . corres po nd ing
to tw o different detergents (mark ed «As und "B»). are reported in Tabl es Gand 7, respective ly.
Each of th ese tab les refer to an individual type of tile used for th e charac terisa tio n of the
det erg ent: in parti cular, for det ergent "A» (Table G) to a glaze d ti le with low chem ical
resi sta nce. and for det ergent «B» (Table 7) to a glazed tile with hi gh che mical resistance.

Two as pects are worth of me n tion here from th ese tables:

• it is con firme d that , as d iscu ssed abo ve , the simultaneous applicat ion of both che m ical
and mechanical ac tions m ay lead to effects that are d iffer ent (in parti cular , more se vere )
com pa red to those associated to each individual action. See th e case o f det erg ent «Tv» ,

Tabl e G. The tes t tile used has th e hi gh est resist an ce to detergent ,,1\» (Class I\AJ, an d ha s
also a good ab rasi on res istance (no visib le effec t is detect ed at 1500 revolut ions. wha t means
that th e til e under co ns ideration has a PEl Class IV). However, the sim ulta neo us applicati on
of both wear and che m ica l att ack by th e detergent leads to th e occurrence of vis ible effec ts
after 1500 revo lutions : in other words , an early su rface deteriorati on occurs in th ese
condit io ns. We ca n conclu de th at detergen t ,,1\» , which does not attack th e su rface when
applied alone. may be somew ha t hazardous for the sur face when applied togeth er an abrasiv e
action;

• on th e con trary, some det ergents ha ve been found which seem to accomplis h a sort
of protecti on of th e surface against th e po ssible wea r effects. Detergent ,, [3». Tabl e 7. is a
cl ear ex am ple . Note tha t th e effec ts of a given wear actio n . w he n applie d a lone . are ra ther
se vere : i) vis ib le effects are detected after 15 0 0 revolu tions of th e PEl charge. ii) gloss is
remarkably decreased. and iii ) the abraded sur face has a limited cleanability. at lea st for th e
s ta in and th e clea n ing procedure cons idered (see Tab le 4 for th e cl eanability class ). Wh en
the det ergent «B» is used together with th e same abrasiv e ac tion . all the effec ts are improved:
i) no visible effec t is detected. ii) a lower decrease in sur face glo ss is observed. and iii) th e
treated sur face is fully clea nab le (for th e same stain and cl eaning procedure considered
above) .
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Tabl e 7 · Example of resu lts from the new test ing met hod : Assessmen t of th e detergent « B ~)

behaviour with a til e having high chemical re sistance.

Materials: • Tile : glaze d til e marked «GLA »
• Detergent: «B»

I. Chemical resista nce--_. -

Resistance to acids and alkalis (EN 122) Resistance to detergen t «B»
(proced ure as in EN 122)

Class of resistance Class of resistance

HCI KOH

AA I AA AA

II. Resistance to surface abrasion (1500 rev. PEl charge - Abras ive charge + water,
as in EN 154) -

Visual examination Gloss reduction ratio (%) Glean ability class according to GGE
method (Stain: F; cleaning proc.: VI.c, 3 min

Some vis ible effect 23.7 4

III. Resistance to surface abrasion and chemica l attack (1500 rev. PEl charge -
Abrasive charge + detergent «B»)

Visual examination Gloss reduction ratio (%) Cleatiability class according to GGE
me thod (Stain: F; cleaning proc.: VI.c. 3 min

No visible effec t 73.4 6

These results are very interesting for the producers of cleaning agen ts for hard surfaces.
An d they ca n find , in the test method here di scu ssed , a goo d tool in or de r to assess the
qu ali ty of th eir product s, as we ll as to envisage their behaviour and pe rforma nce in real
wo rking condit ions .

A quite similar approach , based on th e sim ultaneous applicatio n of mech anical and
chemical actio ns , can be adopted to simulate als o th e d irtyi ng pro cess, in a more re li able
way, co mpare d with the se parate ap plication of the actions which characterises th e Cen tro
Cera mico cleanabili ty test method discussed above. This extens ions is at presen t under
study.
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5. CONCL USIONS - FUTUR E PROSPECTS

The behaviour of ce ramic tile sur faces in rea l working cond itions. when both che mica l
and me chanical. wea r acti on s are ap plie d simultaneo us ly. has been s tud ied in detai l. and
new test methods ha ve been develop ed . which ar e intended to su pply a more re liab le
sim ulation and representati on of what ac tua lly occurs in those work in g co n d itions .

It has been sho wn th at the new ISO standards on ce ra mic til es have tak en so me resul ts
of these s tud ies in to acco unt. Th erefore these studi es have co n tribu ted to th e improveme nt
of quali ty co n tro l an d quality assessmen t of ce ra mic til es . accordin g to the sta ndards.
Moreo ve r. these stud ies have given the arc hitect or tile speci fier more re liable too ls for th e
id entificati on of suita ble tiles for a given destined env iro nme nt. Th is is an im portant res ul t.
in view o f a more correc t LIse o f ce ra m ic til es .

These stud ies - and the met hod s develop ed as we ll - ca n also assis t til e manufacturers
in the design and development of new pr oduct s. improv ed fro m th e «dirtyability» and
«cle anabili ty » points of view : sur faces able to «repulse» dirt , and in any cas e to main tain
good cleanability performan ce all over their service time, a lso in heavy duty applications.

Fina lly, these studi es are so ught with in creasing in terest also by the producers of
deter gen ts for hard surfaces . who aim to develop new and im proved cleaning agent s for
cera mic til es , whi ch are no t on ly efficient in dirt and stai ns rem oval , w ithout da maging the
ce ramic sur face, but al so effective in the pro tectio n of the cera mic surface itse lf.
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