
CASTELL6r-.: (SI'A I:'-I) aB QUALI 2002

STUDY OF PORCELAIN TILE STAIN RESISTANCE

J.a.A. Paschoal '", A .P.M. Menegazzo'", EL.N. Lemos"',
D G • ,.., R 5 N N ' b ,...,. ouvea r • .1. 0 rega

"Cen tro Cerarnico de Brasil - CCB / Ins titu te de Pesqui sas Energeticas c
N uc lea res - IP E", - Braz il

"' iEsco la Politecni ca - USP - Departamen to de Met alurgia e Materia is - Brazil
'''' 'Alcoa Aluminio S.A. - Divisao d e Q uimicos - Brazil

1. A BSTRACT

w ithin the mllge (~fd ifferCll t types ofceralllic tiles tlia! arc nutnnjacturcd worldwide, tile tlfpe
kllOW II as porcelain tile stand« out, due to its excellent techII ical properties (low water absorption,
lI igll mechanical strenoth and resi- tancc 10 abrasioll, excellent chcnticat and frost resis tance) I1I U!
its similarity to natura! etoncs. ~Vi t ll Ille derclopmcnt and impro1'emellt of I/ew decomtillg
techniques, il is possib!« to make product» trith a sophistiented design. lI igllly reseml'lillg certain
natural stone», such as marl'les I1Ild granitc« , bill at a IIlore accessible tnarkctprice. This tlfpe of tile
includes IIl1glazed product« (connnonlu kllOW II as technical porcelain ti l e) and glazed products.
Lillglazed porcelain tile gellemlly exhibit» water allsorptioll of less thnn 0.1%, while glazed
product» Cil ll cxhibit tra tcr absorptioll be/ow 0.5%.

Porcelain tile enll be classified as natural, polislwd and glazed. The polislled product is
sllbjected 10 a polisllillg slage during ih« ml1l /lifactlirillg process. o llrillg tilis slage Ihe II /alerial
acquires gloss, 1111 aesthetic characteristic appreciated hy COIlS ll 111crs . III polisft ing, S0 11le closed pores
scattered inside the piece are opelied at the surface, enllsillg stnin resistance 10 decrease, I1I ld lienee
surface deteriorat ion unth l/ 5C./l ·2l

Porcelain tile staillabilif1/ is at tile moment olle of ils most critical tcclniicat cuaractcristics,
and tile objcctire of this toor« lias beCII to cnaluate tile stain res istnncr of national awl imported,
glazed, natural and polislled porcelain tiles, Oil exposllre to different s laillillg agellts sci 0111 ill
Brazilian S unuinrt! N BR 138181lf/lS0 10545, and 10 staillillg agellts Ilia I simulate rca! condition:
of lise (such as mustard. coffee, villegar, car oil, alld grmse), 1I0t contained ill this siandani, as well
as lwih/i ,lg the possibilif1/ of cleaning tlu: stain» IISillg household clcanins; products.
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2. EXPERIMENTAL PROCEDURE

Technical prod ucts "tinta unita" (plain tiles ) and "sa lt an d pep per", and two glazed
products, one with a roug h su rface an d ano ther with a smooth surface were se lected . The
studied products were of Brazilian and imported or igin.

The stain resistance of the porcelain tile and granites was evalua ted by mean s of
assessing thei r clea nab ility after ap p lying the staining agen ts to the cera mic tile surface,
in accorda nce with the test se t ou t in Brazilian Standard NBR 13818 - Anne x G (ISO 10343).
The eva lua tion of stain resistan ce to subs ta nces simu lating d aily cond itions of use was
cond uc ted in a similar way to the test method of Brazilian Sta nd ard NBR 13818 - Annex
G, with certa in altera tions . The modification s were designed to facilit a te test performa nce.
These tests were carr ied out on light coloured " tin ta uni ta" p roducts (NI'BRAN, EPNEV
and IPPAR). Th ree sa m ples were used for each type of tested sta ining agent. The
following staining ag ents were used : Co ffee, Mu stard, "Catsu p", Eng lish Sauce, Car oil,
Grease, Ballpoint pen ink and Vinegar. Hou seh old clean ing prod ucts we re also used as
cleaning agents. The classification of clean ing was only mad e by cha rac terising the stain
as rem ovabl e or non-rem ovable, owing to the impossibil ity of classifying cleana bility in
terms of Brazilian Standa rd NBR 13818.

To calcu late tru e and closed porosi ty of the samples being stud ied, it was necessa ry
to determine true speci fic gravity by a helium pycn ometer, wi th a Quan tach rome,
Ultrapycnome ter 1000 instrument. The determinati on of a ppa rent porosity of the samples
of the stud ied porcelain tiles was carr ied out with the meth od inv olving Archime des'
princip le, measuring dry sa mple weigh t, we t weight, and weight of the sa mple immersed
in water after two hours' boiling. These weigh t d at a ena bled determin ing the fraction
correspond ing to apparent (h,, ), tru e (h,,) and closed porosi ty (fPF)'

The appearance of the stains an d su rface porosity were evalua ted on a Leica MZ12
stereomicroscope coup led to an image analyse r (Leica Qwin). Side lateral illumination
was used. Micros truc tu ral analyses were performed on a scanning electron microscope
(SEM).

3. RESULTS AND CONCLUSIONS

The resu lts found in this study show that the po lished porcelain tile samples ca n
exh ibit high suscep tibility par ticularly to staining by pen etrating agen ts. The factors
affecting prod uct stain resistance are: quantity of closed po res, pore sizes, depth of the
po res, rough ness of the inner pore sur face and distributi on of porosity at the p roduct
surface.

The grea ter the qu an tity, size and depth of th e po res, the grea ter is sta in ing agent
fixing, and therefore the more diffi cult it is to rem ove the stains . If the pores are
hom ogen eously d istr ibu ted in the product surface, the ap pearance o f the stain is also
hom ogen eou s, as verified in a stu died Brazilian p roduct. Bu t, if po re di stribution is
heterogen eous, the stain is conce ntrated in the regions with the greatest number of large,
deep pores, furthe r impairing the ap pearance of the prod uct.

Some Brazilian p roducts exhibited high stain resistance becau se they had pores with
a very different mo rphology. The pores were full of material sim ilar to the composition of
the mat rix, w hile porosity was also smaller and well d istribu ted .
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The pol ishing process can adverse ly a ffect p rod uc t suscep tib ility to s ta in ing,
because it can caus e g ranu le pullo u t and lead to microcracks in the porcela in tile g lassy
matrix.

Film forming agen ts a re generall y removable with the ac tion of a com mon neutral
dete rgen t.

To increase porce la in tile stain resist ance, it is possible to:

- Im p ro ve part icle pack ing in the pressing stage, by ad justing the parti cle-size
di stribution curve of the spray -d ried powder.

- Ad just g lassv-phase visco sity so that bubble for mation du ring firing is red uced ,
since as porcela in tile firing is rapid , bubbles do no t have eno ugh time to esca pe .

- Adjust maxim um firin g tem pera ture to keep pores fro m mergi ng, w hich can occu r
a t very high te m pera tures.

- Stu dy the po lish ing process and types of abrasives used to min imi se the damage
caused to the surface to be pol ished such as: g ra nu le pu llout, microcrack formation
and scra tchi ng.
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