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ABSTRACT

III the year 2000. the production of porcelain tile ill Brazil was approximatciu 0.9% of total
ceramic tile production, i.e.• 4 million Ill' , a l'ery low f igIIre compared with tile production of Haly
ill sallie yeoI' (approximately 268.5 million 111' ).11/ 111 Brazil, emly [our colllpmlies hanc produced
porcelain tile, but there is a tcndcncufor growth ill the next few years. 111 the ceramic tile lIIarkel.
the maill prodllcts colllpetillg with porcelaill tile arell alllral sI0Iles (marl>les al/(f grelll ites). 11I 2000.
Brazilian production Ofmar/lies and granites was estimated at 3.92millioll l0lls, ofionic): 75% was
granite mllf 25 % marble production!" As lIIarbles gellerally I' resl'II I low hardness and mechanical
streng th for lise ill floorillg, OIlly granites werechosenfor this stlldy. The lIIaill obicctiueof the work
was to carry out a technical colllparisoll /'etwI'ell the two types of covering»: porcelain tile and
grallile, with the intention of csmblishing. the technical adl'alltages alld disattoantagc« of each. and
proposillg improtements for greater contpetitiucness of the ceramic product agaillst its main
competitor. Samples of national alld imported porcelain tiles, ani! fire types of Brazilian granite
were studied. The types of porcelain tile eualuntcd were polished and natural products ioith plain
colours alld "salt alld pepper" decorations.
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1. INT RODUCTI O N

After the development of fast firing (single fire), wh ich characterised the end of the
70s and beginning of the 80s, the seco nd great revolut ion in the ceramic sector was the
conception of porcelain tile, a product that diffe rs from other types of ceramic tiles owing
to its highly technological production process, with fast firing cycles at temperatures
aro und 1200 to 1250°C. Due to the high level of qu alit y of its raw materials, high degree
of milling, high grade fluxes and high requ ired compaction force, the manufacturing
process yie lds products with low porosity (less than 0.5%) and high mechanical strength,
che mical and fros t resistance . Porcelain tile can be classified in terms of: natural, polished
and glazcd.!"

World production of porcelain tile has increased stead ily in the last few yea rs . Due
to the development of porcela in tile decorat ion technologies (do ub le-charge pressi ng,
application of soluble salts, etc), it is possible to obtain prod ucts w ith a very similar
"design" to natural stones, mainly involving certain marbles and granites . Ung laze d
po rcelai n tile compe tes directly with stone in the market, but the price is ge nera lly lower.
To da te, no techni cal stud ies have been found on the technical behaviour of stones
compa red with porcelain tile, with a view to high ligh ting the techni cal cha racterist ics of
each, thus providing a tool to prom ote porcelain tile sa les.

The objective of this wo rk was to in vestigate the chemical, physical and mechanical
proper ties of severa l types of gran ites and compare these with the same properties of
porcelain tile. This study has allowed ide ntifying the techn ical di fferences between the
cera mic materi al and natural stones, and evaluating the technical advantages and
disadvantages of each. It has also enabled d iagnosing which technical cha racteristics
could be improved in porcela in tiles with a view to heighteni ng its compe titiveness in the
market.

2. EXPERIM ENTAL PROCED URE

2.1 MATERIALS USED

The commercial porcelain tile products used in the study, together with the ir o rigins,
na mes and techn ical characteristics, are presented in Table 1. The prod ucts were bought
in a large cons truct ion materi als store. The selected prod ucts were "tinta unita" (plain
colour) an d "salt an d pepper."

The choice of gra nite types was made based on the ir ava ilab ility in the Brazilian
mar ket and having a pr ice similar to porcelain tile. The granites and their names a re given
in Tab le 2. They were acquired at a large marble prod ucer.

T,o< Code SI/e (cm~) Thlcknevs (em )
Polished eorcelain tile tinta unita :-;PBRA:-; 30 x 30 <7.5

Polished porcelain tile salt andpepper I'iPGRAF 30 x 30 <7.5
Natural porcelain tile salt and DC'DOCT I'I'GRAF 30 x 30 <7.5

Polished porcelain tile tinta unita IPPAR 30 x 30 <7.5
Polished porce lain tile salt and ncrmcr IPBAR 30 x 30 <7.5
Natural porcelain tile salt and pepper INBAR 30 x 30 <7.5

Polished porcelain tile tinta unita EPt\EV 40 x 40 · >7.5
Polished porcelain tile salt and ecnocr EPTE:-; 40 x 40 · >7.5
Natural porcelain tile salt andpepper ENTRAT 40 x 40· >7.5

* No Spanish prod ucts we re foun d in the Brazil ian ma rket w ith nom inal sin's of 30 x 30 em, :-;0 that
la rger tiles were u.....-d

TaMt' 1: Stud ied porcelain tiles. their 1Im "l.'S and codes. sb.':; and thickness,
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Commercial Names Co de SiLO (em') T hic kness (em)
Gra nite Branco Colton Polished GBRAN 30 x 30 1.0
Gran ite Gris Andorinha Polished GCI NZ 30 x 30 1.0
Gran ite Capac Bonito Polished GCAP 30 x 30 1.0
Granite Cafe Labrador Polished GC AFE 30 x 30 I .U

Grani te Preto Sao Gabriel Polished GPRET 30 x 30 1.0

Table 2: Brazilian granites selectedfor tlli::; study with their nam6 and code«, size« flllil tllick1It·~~.

In Brazil gr anites are so ld in so-called "plurnavit" packings without any informa tion
regarding size, main technical characteristics or way of installa tion .

The pac kings of the standard types of porcela in tile contain essential techni cal
information as guidance on correct prod uct specification and installation.

2.2 EVALUATION OF CHEMICAL COl\-l POSITlON AND PHASES PRESENT

Chemical analysis of the twel ve types of po rcelain tile studied was carried out by
X-ray fluorescen ce (XRF). To evalua te the crysta lline phases present in the ceramic tiles,
X-ray diffraction (XRD) tests we re carr ied out on the powdered samples, us ing a
SIEMENS 0 5000 ins tru men t.

The petrographic analyses of the granites were based on q ualitative and quantitative
mineralogical characterisation an d on genera l aspects of textu re and struc tu re, observing
relations o f contacts between crystals, degree of alteration of the minerals and state of
microcracks. For stone wi th fine to med ium g rain, mineralogical quan tification was
determined by summation of the minerals in thin sheets, using a Swift automatic digital
instrument coupled to a stereoscopic microscope. For the stones with coarser grain,
microscopic qu antification was supplem ented by summa tion of the minerals using
coloured macroscopic cross sections for etchin g with hydrofluoric acid, followed by
treatment with sodium coba lt ni trite, allowing microscopically distinguishing between
potassium feldspar, quartz and pla gioclase.

2.3 WATER ABSORPTION

To determine the water absorption of the products studied, the test method was
used involving the Archimedes principle, in w hich completely dry tiles, already weighed ,
were submerged in wa ter and boiled for 2 ho urs. The tiles were then reweigh ed and water
absorption was calcu lated :

where:

Wa = x 100

Wa= wa ter abso rp tion (%), 01 , = dry weight (g) and 01, = satura ted weigh t (g).
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2.4 EVA LUATION OF MOHS HARDNESS

The evaluation of Moh s hardness of the porcelain tile and granite samples wa s
carried out accord ing to Brazilian Standard NBR 138181' 1 - Annex V (ISO 10545), ma king
scratches by hand with minerals of known hardness (gyps um, calcite, fluorite, apatite,
orthocl ase, quartz, topaz, cor und um) on the surface of the products.

2.5 DETERMI ATION OF STAIN RESISTANCE

The stain resistance of the porcela in tile and granites wa s evalua ted by verification
of their cleanability after application of staining age nts to the su rface of the pieces,
acco rd ing to the test described in Brazilian Standard NBR 13818 - Annex G (ISO 10545).

The products were rated in cleani ng classes o f 1 to 5 acco rd ing to the scale:

a) class 1 - Impossibility of removing the sta in;

b) classes 2, 3 and 4 - Possibility of stain removal, depending on the applied age nt
an d cleaning product used;

c) class 5 - This cor responds to the grea tes t stain c1ean ability.

2.6 EVALUATIO OF MECHANICALSTRENGTH

The bending strength modulus (MRF) wa s determined by the 3-poin t mechanical
bend ing streng th test, using a Cabbrielli - mod el CR4 + E1, appa ratus according to the
proced ure described in Brazilian Standard NI3R 13818 - Annex C (ISO 10545). After the
mechanical streng th test, Weibu ll Statis tics was applied to the resu lts, to es tablish the
mod ulus of reproducibilit y of the products being studied.

The Weibull mod ulus was calcu lated from the equat ion :

Lnln (l I S) = In V -rnlno + mlnMRF
"

wh ere: S is the probabil ity of surv ival, V is volume; 0 " is the equat ion fitting parameter
and MRF is the applied force.

2.7 DETERMINATION OF ABRASIO RESISTANCE

The determination of the resistance to deep abrasion was carr ied out on a CAP 
Gabrielli ab rasion tester, as se t out in Brazilian Standa rd NI3R 13818 - I Annex E (ISO
10545). The abras ive material used was sieve 80 electro fused alumina.

The determination of abrasion resistan ce using the Am sler Method, the method
used by the natural stone sector, was found by measuring the loss of thickness of stone
test spec ime ns. In accordance with Brazi lian standard NI3R 12042, the tes t specime ns have
a rectangular form with d imensions of 7.0X5.0X2.5 ern, and are subjected to abrasion in an
Amsler Machin e. In the appara tus, the samples travel 1000m in contact with sand
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abrasive. Wea r is m easured as the difference in thi ckn ess of the test specimens be fore and
afte r th e tes t. Abrasion resistance is rela ted to gra in size, ha rdness and s ta te o f agg rega tion
of th e m inera ls in th e s tones .

2.8 EVA LUATION OF Ti lE DYNAMIC COEFFICIENT OF FRICTION

The coefficien t of friction was measured using a TO RTUS - Gabrie lli measuring sy stem,
in accordan ce wi th the p rocedure described in Brazilian s tand ard N BR 13818 - A nn ex N
(ISO 10545).

2.9 DETERMI NATION OF RESISTANCE TO CHEMICAL ATTACK

Por the determination of the resis tance to chem ical a ttack of the s tud ied po rcela in
ti les and g ra n ites, th e procedure described in Brazili an Standard N S R 138 18 - Annex H
(ISO 10545) was used.

Th e agen ts used in the chem ica l a ttack were:

- Household chem ica l p roducts - ammoniu m ch lor ide, 100 g / I;

- Products for treat ing sw im m ing pool wa te r - 20 m g / I sod iu m hypochlo rite
so lu tio n, made usin g technical g rade sod iu m hypochlo ri te, with
ap prox ima te ly 13% active ch lo rine;

- Low concentration acids

a) hydroch lo ric ac id solu tion at 3% (V / V), by vo lu me, prepared fro m
concen tra ted hydroch loric acid [d ensity eq ua l to (1.19 ± O.OOg / cm'};

b) citric acid solu tion, 100 g il.

- High concentration acids

a ) hyd ro ch loric acid solu tion at 18% (V/ V), by vol ume, prepared fro m
co nce n tra ted hydrochloric acid {densi ty equa l to (1.19 ± O.OOg / cm ' l;

b ) lactic acid so lu tio n, 5% (VI V).

- Low concentration alkalis - 30 g i l potass ium hyd roxid e so lu tio n

- ff igh co ncen tra tion a lkalis - 100 g i l. potassiu m hydroxide solu tion

The codes used in th e class ification were as follo ws :

a ) U (u nglazed );

c) II (h igh co ncen tration);

d ) L (lo w co nce n tra tion ) ;

e ) A /B /C - th ese arc classes o f chem ica l res ist an ce.

2.10 DETERMINATION OF THE COEFFICIENT OF LINEAR THERMAL EXPA NSION

Sa m ples of porce lain tile and gra n ites were cu t measu ring l XI X5cl1l and tes ted in a
N ETZSCH 402E d ila tomctc r at a heating ra te of lO°C / m inute.
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3. RESULTS AND DISCUSSION

CASTELL6 N (SPAIN)

3.1 EVAL ATION OF THE CHEMICAL COMPOSITION OF THE PHASES PRESENT

Table 3 sets out the che mical analysis data of all the porcelain tile samples stud ied .

Compounds Pcrcentase
:\PGltA'" N:\GRAF NPURA:"l II'PAlt 1I'8.-\R I;\H,\R [NTf{AT ':I'TI-::\ EI':\E\'

SiD : 71.44 71.96 69.34 71.55 72.96 72.25 69 . 12 6Q.46 67.74
AI:OJ 17.99 17.67 IRA4 17.27 17.32 17.95 19.98 19.43 21.10
Fc!O .. 1.27 1.57 0.68 0.37 0.5 0 0.54 0 .74 0 .77 0.44
CaO 0.25 0.24 0.20 0.55 0 .77 1.14 0.43 0.37 0.74
~a~O 3.29 3.10 2.30 5.10 4.09 5.10 4.99 4.95 5.63
K,O 3.16 2.84 3.53 I.R7 2.37 1.23 1.27 J.J3 0.64
MnO <0.0 1 <0.01 O.oJ 0.02 O.oJ < 0.01 0.02 0.02 <O.OJ
TiO: 0.50 0.54 0.43 0.13 0.35 0.45 0.69 OM 0 .48
M,O 0.78 OJi6 0.32 0.27 0.35 O.3lJ 0 ,)(1 0 .23 0 .10
P,O, 0.20 0.15 0 .19 0.33 0.19 0.17 0.25 0..11 0 .21
o.o, 0.37 0 .54 0 .01 0.03 0.09 0. 14 0.14 0.16 0.01
z-o, 0.51 0 .38 4.24 2.20 0.68 0.34 2.06 2.02 2.66
SrO 0.02 0.02 (J.U2 IHI2 0.03 0.05 0.02 0.02 0.02
L.U.I. 0.25 0 .13 0.28 0.30 0.29 0.25 0.10 0.26 0.22

Tab/t' 3: Clwnticol aJzalysis data of tl tt' porcelain tilt' srrllll'ifs studied.

Ana lysing Table 3 shows tha t:

- lthe qu antities of SiO, and AI,O, of the products NPGRAF, NNGRAF, NPI3 RAN,
I1'PAR, IPBAR and INBAR are similar;

- the products ENTRAT, EPTEN and EPNE V presented a greater qu antity of Alp ,
and smaller percentage of SiO, wh en compa red with the Brazilian and Italian
products;

- the lighter the colour of the product ma ss (NPI3RA , IPPAR and EPNEV), the
larger is the quant ity of Al,O, and ZrO,. Of the three ligh t-coloured products, the
prod uct NPBRAN presented the largest percentage of ZrO, (4.24%) compared wi th
product [['PAR (2.20',1,,) and EPNE V(2.66%); •

- excep t for products NPGRAF, NN GRAF and N I'BRAN, the othe rs presented larger
qu antities of Na ,O and lower percenta ges of K,O compa red with those previou sly
mention ed. This fact could ind icate that these products were mad e with a larger
content of a,O flux, and the products NPGRA I~ NNGRAF and NPI3 RAN with
sod ium potassium flux contents;

- the products IPBAR, IN13AR and IPPAR exhibited larger qua nt ities of CaO than the
oth er p roducts;

- the products NPGRAF and NNGRAF exhibited lar ger qu antities of Fe,O,
compared with the other stud ied products, which probably con tributed to their
darker colour.

Table 4 sets ou t the crystalline ph ases present in the stud ied cera mic products.
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Sample Pha ses nresent
1\I'GRAF Quartz. Mullite
N1\GRAF Quartz. Mullite
NI'BRAN Quartz. Mullite

1/'1'AR Quartz, albite, mullitc
II'BAR Quartz, mullite and small quantit v of albite
INBAR Quartz, mullite, and small quantity of albite

E:'I'T RAT Quartz. mullite
EI'TE1\ Quartz. mullite and small quantity of albite
EI'1\EV Quartz, mullite and small quantity of albite

Til/,ll' 4: Crysta/lillcpha:,l's present ill the studied ceramic products

The crysta lline phases present in the porcelain tiles, as shown by the XRD res u lts,
basicall y cons ist of q uartz and mu llite. Except for products N I'G RAF, N I' BRAN and
NNG RAF, the presence of a small quantity of albite was found in the othe rs, confi rm ing
the chem ical analysis resu lts, which ind icated the probab le use of sod iu m feldspa r (albite]
in a larger qua nt ity in makin g these products.

Table 5 sets out the resu lts of the petrographic an alysis of the granites. Granite
GCAP is a red-coloured stone (due to the presence of potassium feldspa r), w ith a so lid
structu re a nd med iu m-to-large non-uniform gra nu lar texture. Th e gra in size varies from
approximately 3 to 20 mm, where the largest crysta ls are mi crocline (potassiu m feldspar).
The qua rtz occurs for ming aggrega tes w ith ir regular forms that ca n reach sizes exceed ing
20 mrn, The degree of microcracking is moderate, wi th intergranular microcracks
pred ominatin g.

Granite GClNZ is a grey stone wi th a light colour, so lid struct ure and uni form
gra nular texture from med ium to med ium / fine, with gra in sizes vary ing from 0,5 to 5
mrn, a nd crysta ls pred ominating with dimensions of 1 to 2 mrn . The degree of
microcracking is moderate, predomina ntly intragranule micro cracks be ing fou nd .

Gran ite GBRAN is cha rac terised as a white stone, w ith a solid struc ture and
por phy riti c textu re with a mat rix of medium / fine grai ns. The phenocrysts are rep rese nted
by qua rtz crysta ls tha t can reach app roxi ma tely 10 mrn, The stone present s a di scree t
degree of microcrackin g.

Sample GCAFE is a coffee-co loured stone, with a laminated st ruc ture and non
unifo rm granular textu re w ith medium / coarse grains with crys tals varying fro m 0.5 mm
to 10 mrn , 7 mrn gra in sizes predominati ng. Th e degree of mi crocrackin g is high, but
almost excl usively of an intragranu le cha rac ter, and h aving low comm unica tion w ith each
other.

Grani te GPRET is da rk g rey, w ith a solid st ruc tu re and d iscreetl y non-un iform
granu lar texture, medium to medium /fine, of a ge ne ra lly ho mogen eou s appearance, in
w hich plagioclase crys ta ls are to be noted mea suring 3x 55 mm. The sto ne exhibi ts an
intense degree of microcra cking .
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Samnles GCAr GCI~Z GB IU~ GCAFJ: Gr RET
Quartz 30 .0 30 .0 28.0 · 1.0

Plagiocl ase 17.0 25 .0 45 .0 (alb ite) Tr ~O.O

Microcline 45 .0 31.0 20.0 75.0 .
Biotite 4 .0 12.0 - 5.0 10.0

Acgcri nc augite (c lincpx.} · · · 15.0 .
Augite IClinonvrcx.] - · - · 7.0

Hvoersthene (onhoovrox .j · · · · 18.0
Mica · · 7.0 · -

Opaque Tr 1.5 · 2.5 3.5
Titanite · 0 .5 - 1.5 Tr
Aoatite Tr Tr Tr 1.0 0.5
Tooaz · · Tr · -
Zircon Tr Tr Tr Tr Tr
Sericite Tr Tr Tr Tr Tr
Chlorite Tr Tr - Tr Tr
Eeid ote Tr Tr Tr Tr Tr

Carbonate Tr Tr Tr Tr Tr
Clav minerals Tr Tr Tr Tr Tr

Grain size (0101) Variation 3 t020 0.5 to 5 · 0.5 to 10 0.5 to 5.5
Prcdomin. 10 110 2 - 7 2

Porphyritic Matrix 0.5 to 2
(mm) Phenocrvst 5 to 10

Classification Sycno/Monzogranitc Monzogranite Microcl ine - Syenite Gubronorite
albite eranit e

Structure Soli d So lid Solid Laminated Solid
Texture Non-unifo rm Uniform Porphyritic Non-unifonn Non-uniform

granular granular gra nula r granular
medium to large medium to medium/large medium/fine

medi um/ fine
N'l Microcracks 101m· OA7 1.25 0. 1 (low) 2.8 (high) 3.6 (high)

(moderate) {modera te)

Contact (0/0) I ConcJconvex 80A 71.5 78 53A 70 .8
I Flat 19.6 2X.5 22 46.0 29 .2

Degree of alteration Mod erate Incipient to Incipient Incipient Incipient
mod erate

Table 5: SYllopsis of the results of thepetrogmphic tlllillysis of tilt' grtmitt'S stllt/il'll.

3.2 EVA LU ATION OF WATER A BSORPTION

Tab le 6 sets out the water absorption resu lts of all the porcelain tile and granite
samples in th e study.

Analys is of Table 6 shows that all the porcelain tile samples p resented wa ter
absorp tion va lues below the limit set by Brazilian standa rd TBR 13818 - ISO 13006 (less
tha n 0.5% water absorp tion).

The water abso rp tion va lues of the granites , exce p t GPRET, a re higher than those of
the porcelain tile sa mples, but below 0.5%. The degree and type (inte r or intra granu lar)
microcra cks, microstructural heterogen eity an d gra in size influen ce the water absorption
value of the gra nites .

I'.GII · 21l'\
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Porcctatn ttle Granite
Sa mnle water absc rut lon 0/. \ Sa mntc w ater absor m tc n t'Yo

:\"PRRA :'li 0.1 I ± 0.02 GC" "'E 0.33 ± 0.11
,'I I'G RA F O.Ob ± O.OI G PRF.T O.15 ± O.O7
;'II:\GRA F 0.10 ±0.02 G8 R" ;\' 0.29 ± 0.01
IPP.-\R 0.06 ± D.tH GCI~Z 0.42 + 0.01
II' OAR 0.13 + 0.02 GeAr O.2 I:tO.OI
1:\8,\R 0 .08 ±0.01

F: P:"EV D.IO tO.Ol
F.I' TF.:"i 0 .09 ± 0.01
F.:\I RAT 0.09 ±om

Table 6: IVafa ab:::orpt i01/ lIdl lll!S with tllt' respectire STO d{'~liat;olls of ti lt' studied porcelain tile and granite samples.

3.4 EVALUATIO N OF MOHS HARD N ESS

Tabl e 7 gives the Moh s hardness da ta of the porcelain tile and granite samples. Table
7 shows tha t the polished porcelain tile p roducts exhibit Mohs ha rdness 3. Although
porcelain tile is cha racterised by having h igh mechani cal streng th and abras ion resistance,
th is prod uct presents lower Mohs hard ness after the polish ing stage, which can indicate a
greate r tenden cy to scratch in use. Surface po lish ing, besides con tribu ting to opening
closed po rosity contained in the products, makes it more susce ptible to scra tching . The
natural p rod ucts alread y presented Mohs hard ness 6, wi th great d ifficulties for visua lising
the scratches.

Porcetatn rlte Gra nite
Sam te :\Iohs hard ness Sa mnle .' Iobs hardness

r-ol' G I{A" ) Gc/\n: 5
:'Ii~GRAF 6 GI' KET 5
:\I'IIIUi' J C ORA:" J

II'P,\ R J GC I~Z 6
(rOAR J GC \ !' )

I:\BAR 5
EN T HA'I 6

1-:1' -I Er"ri 3
EI':\,EV 3

Table 7: Moh::; IlIlrdllt'ss (if tilt' studied yorcctai» tilv atilt granik::;.

Granite GC INZ presented the greatest Moh s hard ness (hardness 6). Granites
GCAFE and GI'RET exhibited Mohs hardness 5, and granites GI3RAN and GCA I' Mohs
hard ness 3, similarly to the samples of polished porcelain tile. Excep t the g ranites GBRAN
and GCA I', the othe rs exhib ited higher Mohs hard ness than the sa mples o f polished
porcelain tile. The fact that granite has a microstructu re made up of qu artz an d feldspa r
crys tals of d ifferent s izes and colours, and alread y has a certain degree of microcracking,
makes the scra tches less visible.

3.4 EVALUATION O F STAtN RESISTANCE

Table 8 presents the resu lts of the stain resistance test on the stud ied po rcelain tile
samples.

p. e ll - 21Y
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Table 8 shows that practically all the po lished products presented a tenden cy to stain
when in contac t wi th the penetrating agents, iron oxide in fine oil and chromium oxide in
light oil, presen ting clean ing class 1 (impossibil ity of stain removal). Th is behaviour is
related to the polish ing process, during which closed porosity appea rs at the surface, as
Figure 1 shows . Another characteris tic obse rved was that the products with a lighter
colour showed the stai n in a more pronounced way. Product N PGRAF exhibited cleaning
class 3 wi th the staining age nts, but this cou ld be related to the difficulty of visualising the
stains due to the dark colour of the ceramic tiles. The appea rance of the stains in sa mple
N PBRAN is homogeneou s, unlike sa m ples lPPAR and EPNEV that p resented
concentrated stains .

With regard to the susceptibility of the prod ucts on exposure to an oxidi sing agent
(iod ine in alcohol solu tion), the samples of po lished porcelain tile NPGRAF AND
NI'BRAN presented cleaning class 3, the polished produ cts !PPAR, and !PBAR presented
class 3 to 4, and the polished products EPNEV and EPTEN presented class 4 to 5.

With rega rd to the film-forming age nts (olive oil), the polished prod ucts NPG RAF,
NPBRAN, lPPAR and !PBAR presented cleaning class 4 to 5, but the po lished products
EPTEN and EPN EV presented a mu ch lower cleaning class (class 1), wh ich could restrict
the use of these products in indust rial and domes tic environments. Th e grea t
suscep tibility of these po lished products to staining by film-forming age nts can be
attr ibu ted to the presence of large-size pores appearing at the surface of the products after
polishing.

Sample
Clea nln I class

Iron oaldc Chromium oxide Iodin e Olin' oil
J J J 4

~I)GRAr
(saponaceous) (saponaceous) (saponaceous) (dcrcrgcntj

:S- l"-CRAF 5 5 5 5
(hot water! (ho t water) (hot water) (hOI water)

;\PHI{A :"l
I 2 J 4

(HCI - J%by volume) (sa ponaceous ) (dcrcrecnn

I I
J 4

IPI'AI{
rsaoonaceous) (dcrereenn

I I
4 4

IPBAH. (detergent ) (dctcrecnt}

5 5 5 5
1:\ 8 AI{

(hot water) thot wa ter] thor wa ter) ( hot water)

I I
4

IEPTEN (deteruent)

l; 1>;-'; EV I I
5

I
(hot wate r]

E:-OTR.H
5 5 5 5

(hot water) (hot water) (hot "..ate r) thor wa ter)

Table 8: Clcalli/fR class of the porcelain tile ~amplt's ill terms of types of stailzhzg age/It s.

Cleaning classes : I -impossibility of removing the stain, 2-stain removab le with 3%
HCI by volume, 3-stain rem ovabl e wi th strong cleaning product (abras ive), 4-sta in
removable with weak clean ing product (detergent) and 5-maximum ease of stain removal
(ho t water ).

P.GlI-220



CASTELL6 N (SPAll" )

--

:-.: r IlRA:'oI IrBAR

Figure 1: Imagt' fl1falysif' of the polished porcelain tile surface. l'erifyillg the presence ofI'oro~ity.

The sam ples of natu ral porcelain tile presented clean ing class 5 (maxim um
cleanab ility) for all the types of s taining agents. This again confirms tha t surface polishing
negat ively affects porcelain tile stain resis tance.

Table 9 p resents the results of the sta in resis ta nce test on the tw o stud ied gra nites.
Even though th ey have low w at er abso rp tion, gra nites gene rally have inte r or
int ragranular m icrocracks (Figu re 2), w hich contribu te to surface stain formation o f the
stones on coming into contact with sta ining agents. Simp le contac t with water alread y
prod uces an altera tion in the colour of the gra nites. However, the prese nce of crystals of
va rious sizes and bright colou rs helps h ide stain visibility a littl e.

Sa mple
Clcanln • clan

Iron oxide Chromium od de Iodin e Olin ' oil
GCAr.: I 3 5 4
G r RET 4 4 5 5
G IlRA:'i I I 5 I
GCl llO Z 2 2 2 2
GCA r I I 5 I

Table 9: Cteaning class of the grallilt.·s ill terms of types of stairl;ng agt'n/ s.

Table 9 shows that granite GPRET presen ts a larger number o f microcracks per mm',
followed by granites GCAFE, GO Z, GCA r' and GBRA , respectively. Althou gh having
a grea ter degree of microc racking , the d ark colour o f sa mp le GPRET made it difficult to
visua lise the p resence o f the sta ins on the tile surface, w hich is w hy it p resented clea ning
classes 4 to 5.

Ana lys ing Table 9 conf irms that the polished granites wi th a light colour presented
a tenden cy to stain when in contac t with the penetrating ag ents, iron ox ide in fine oil and
chromiu m oxide in fine oil, exh ibiting cleaning classes from 1 to 2 (im possibility of sta in
removal or removal with 3% HCI solution). In granites GCAP and GCAFE, the sta ining
agents ended up penetra ting right through the thickness of the sa mp les, ap pea ring on the
opposi te su rface.

With rega rd to the susceptibility of the products on exposure to the action of an
oxidi sing agent (iodi ne in alcohol solution), the g ranites, except for GO NZ, prese nted
cleaning class 5, i.e., maximum ease of stain removal.
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As regards the film-forming agents (olive oil), the white gran ites exh ibited cleaning
class 1, i.e. impossibility of sta in removal, whi ch can restrict the use of the products in
industri al and domestic env ironments. It is important to note that the solution of
hydrochloric acid, used in the last cleaning stage, attacked the granites producing
chroma tic alte ra tions of the sto ne surface.

GCA I'

--

, /

GBRA N

Figure 2: Image alla1.llsis of Oft· gnmilt's sJltJwi"S 1111' cracks ilJto which tflt' stai";/lg IlX('1l fS penetrate.

3.5 DETERMI ATIO OF M ECH ANI CA L STRE ern

Table 10 lists the breaking load and bending streng th modulus for each stud ied
porcelain tile. It is important to note that, excep t for products EPTEN, EPNEV and
ENTRAT, all the othe r po rcelain tile samples were less than 7.5 0101 thick.

In accordance with Brazilian Standa rd 1 BR 13818, porcelain tile shall present a
bendi ng strength exceed ing 35 MPa, wit h a minimum ind ivid ual va lue of 32 MFa, and
breaking load exceedi ng 1300, (for products with thickness .. 7.5 0101 ) and 700 (for
th ickness s 7.5 0101 ). Table 10 shows that all the products meet the requirem ents of the
standa rd and that the Brazilian products exceed the values se t in the standa rd by up to
abou t 80%. The Weibu ll modulus of the porcelain tile samples varied with the STO
deviati ons. The products that exhibited the sma lles t STO deviation s ( PGRAF, GRAF,
1 FBRA , B1A , El TRAT and II'BAR) had the highest Weibull moduli . The higher
the Weibull modulus, the greater is the reproducibil ity of the mechan ical streng th
property of the product.

On correlating the modulus of ruptu re and total porosity of the porcelain tile
samples, it was observed that there is no direct relationshi p between the two properties,
because the products with the smalles t total porosity values do not alwa ys presen t the
greatest mechani cal strength. There fore, it is p robably the largest flaw present in the test
specimens (for example the largest pore) that influenced the mechanical behaviour of the
products and not the qua ntity of pores present.
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San-;;;}c CRIN) CR '. (:-/1 ~IRF"("IPal MRF ·. IMPal m
EPTE~ 2220.9+113.9 1962.8 43.3 +2.6 39.2 17 .9

E:'iT RAT 2636.9+122.9 2402.0 45.9±2.0 42.1 24 .5
EPNE \, 20 17.8+ 155.6 1773.5 38.3±3.3 J2.R 12.7
INIIAR 1435.4+83.4 1159.9 47.9+3.2 38. 1 15.7
IPIIAR 1893.89 +93.1 1716.7 49.1+2.4 45.3 22.2
IP PAR 1923.9±127.9 1745.5 47.9±2.9 43.5 17 .5
~PGRAF 1934.2:t57.1 1807.9 51.4±1.5 47.7 3 7 .1
:'i:'iGRA F 2197.9±103.5 2011.5 54.6±2.5 51.3 24.3
NPBRAN 1792.7+85.5 16 12.5 50.2+2.3 45.0 2 3 .7
N P PE R 201 7.3+97.3 1795 .8 6 1.6+3.4 54 .55 19 .94

l""U1AN 2198.5+15 1.9 1705 .08 64 .8+4.8 49.20 13.83

NN RIA:"i 2595 .5±120.2 235 5.6 64.9±3.3 56 .9 22 .08

Table 10: Vallies of breaking load (eR), minimu m individual lm 'akillg load (eR,,",,), bmdi"g strcng th modulus (M RF),
nnnintunt indi uidual belldillg strt'llgtll mOI/uIlIS (M l~ F1ft..) and Weibllll modulus of the stu died porcelain tile samples.

Table 11 p resents the results of the breaking load and bending strength mod ulus for
each granite in study. It is important to note that all the granites were over 7,5 mm th ick.

Sample CR C") CRmin (~) ~IRF (M Pa) ;\IRFrnln (~ I Pa) III
r;CAFF. 771.5±237.0 465.5 11.4+2.3 7.5 5.4
GI'RET 1546.2+'53.8 1156.8 22.8+4.1 16.2 5 .9
GIIRAN 1434.1±104.2 995.9 2 1.6±1.5 14.9 11.9
GC L"Z I347.8±380.4 502.7 16.1±2.6 11.8 6.7
GCA P 637.3±137.9 378.2 11.3+'.2 7.4 5.4

Table 11: Vallies of breaking load (e R), minimum indiuidual brcakillg load (e R"",,), hending strt'1Jgth modulus (AIRF),
mini mu m im lil'idlll11 bending strellgtlI modulus (M RF",) and Weilmll modul us of tlte studied g ranites.

Tab le 11 shows that the mechanical strength of the natural stones is relatively low
when com pared with the synthe tic prod uct porcelain tile, i.e., they d id not present eve n
exhibit the minimum individual value of 32 MPa required by the Standa rd for porcelai n
tile. The sma ller the gra in size and the better the bond ing between the granu les, the
g rea ter is granite mechan ical strength.

The granites also presented lower Weibull moduli than the porcelain tile p rod ucts,
which was expected, because gra ni tes are natural stones with great microstructu ral
heterogen eity, whi ch limi ts the rep rod ucibility of mechanical stren gth .

Gran ite GPRET had the largest mechanical streng th value. Though exhibiting
widespread m icrocracking, grain size is sma ll and the connections bet ween cry stals are
ve ry goo d . Gra nite GBRAN has a porphyri tic grai n structure, w ith bundles of similar size
gra ins an d some large grains. Even with large size grains, its degree of mi crocracking is
low, wh ich con tribu tes to its good me chanical streng th . Granites GC AP and GCAFE
presented coarse grain size and mean-to-h igh de gree of cracking, therefore exh ibiting low
mechan ical streng th. Finally, gran ite GCINZ p resented medium grain size and a moderate
degree of m icrocracking, yield ing a mechanical streng th value midway betwee n GBRAN
and GCAI' I GC AFE.
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3.6 EVALUATION OF ABRASIO, RESISTANCE

CASTELLON (SPAIN)

Table 12 gives the resu lts for resistance to deep abrasion of the porcelain tile an d
gra n ite samples.

Brazilian Standa rd NBR 13818 (ISO 13006) establishes that porcelain tile need s to
exhibit mater ial volume rem oval by deep ab ras ion sma ller tha n or equal to 175 mm' . Table
12 shows that all the stud ied products meet the requirem ents of the Braz ilian Standard .

Porcelain tile Granite
Sampl e C C \\' V Sample CO ,\ V

(mm) (rum') (mm) (m m ' )

NP GRAF 20.6 ± 0.3 73.1 ±4.0 GCI!'\Z 22.0± 0.2 89.0 ±3.0
NNGRA F 20.6 ± 0.2 72.5 +2.1 GBRAN 19.7 ± O.2 63.9 ± 3.8
~IJBRAN 20.2 ± 0.2 69.0 ±2.! GPRET 23.7 ± OA 111.1 ± 5.9
IPP AR 20.5 ± 0 .4 72.6 ± 4.6 GCAIJ 19.6 ± O.5 63.5 ± 5.8
IPBAR 20.6 ± 0.2 73.0 ± 1.4 GeAFE 23.6 ± 0.5 109.7 ± 6.3
I:'iBAR 20.3 + 0.4 69.6 + 4.5
I<:Pi"IiEV 20.5 ± 0.2 n .O ± 1.8
EPTEN 20.3 ± 0.2 70.51 1.4
ENT RAT zn.s e ru 75.\ ± 1.3

Table 12: Meau tln / lfes of cavity size (CCAV ) and volume of material removed (V ) dllrill,\: the deep abrasion test 0 11 the
studied samples of porcelain tile and granite.

With regard to the granites, all p resented resistance to deep ab rasion below 175mm'.
The larger the qu artz con ten t and larger the qu artz crystal size present, the greater is
granite resistance to abrasion. The gra nites GBRAN, GCAP and GCINZ presented a high
quartz conten t and the coarsest grain size, and therefore the best deep abrasion resistan ce
va lues. G ran ites GPRET and GCAFE practi call y con ta ined no qu a rt z in their
compositions, and therefore had the sma lles t abrasion resistance of the products. The
ab ras ion resistance of the two granites GBRAN and GCAP was sligh tly high er than that
of the porcelain tile samples.

To com pa re the techniques for wea r eva lua tion used in the ceramic tile (deep
abras ion) and nat u ral stone sector (Amsler abrasion), tests were carried out wi th all the
samples (porcelain tile and granites) involved in the study, usin g both techniques. Table
13 lists the results of the Amsler wear test.

Table 13 shows very simi lar abrasion data to those found by the deep abrasio n test.
The porcelain tile samples exhibited similar wea r, the most noteworthy bein g that found
with sa mples NPPER, NPBlAN and NNBIA , which presented the sma lles t abrasion
wear, even better than all the granites. These products also presented the highest
mechanica l strength va lues.

Granite abrasion resistance behaviour was identical to that found by the deep
abrasion method . Gra ni tes GPRET and GCAFE again present ed the lowest ab rasion
resistance, and granites GBRAN and GCA P the bes t res ults.

Th is fact demonstrated tha t the two abras ion measurem ent techniques a re efficient
and equiva len t for measuring the behaviour of the two types of products: po rcelain tile
and granites.
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Porcelain tile Granite
Sample Wtar al 500m wear al 100u m Sample W ear 31500111 Wear al lOOOm

(mm) (m m) ( m m) (m m)

:""PGRA F 0.27 ' 0.00 057 ± 0.01 GCI:\Z 0.44 ± 0.04 0.87 ± 0.03
~~GRAF Not tested Not tested GBR ·\ S 0.23 ± 0.02 0.50 ± 0.Q.l
~I'8RA I"\ 0.26 ±0.02 05 5 ' 0.Q.l Gr RET 0.68 .0.05 103M± 0.039
IPI'AI{ 0.3 J i D,OO 0.64 ± 0 .01 GCAI' 0.24 ± 0.02 0 .50 ± 0.0 1

IPRAR 0.28> 0.02 0.61 ± 0.0 1 C;CAF E O.5~ ± 0.06 1.12± 0.03
Ii'iBAR Not tested Not tes ted
f:P:"EV O.ll! 0.01 0.65 ± 0.02
EPT E;\' 0.27 + 0 .0 1 0.58 ± 0.00
I::\TRAT Not tested Not test ed
WrF.R 0.24 ± 0.00 OAHO.02
:,\PRIA;"\li 0.22 ± 0.02 0...t4 + 0.02
:\:\RIA:\" 0.19 ±0.03 0041 '0.01

Table 13: Abrasiou U't'ar results Ilsing tile Amsft.>r method.

3.7 EVALUATION OF THE COEFFICIENT OF FRICTIO N

Table 14 presen ts the mean va lues for the coe fficient of friction on we t and dry
porcelain tile an d gra nite sample sur faces.

Porce lain tile Granite
Sample Cuefflcient of frictinn Sample Coefficient of friction

Olean VII)ue) Ole.llo Value)
On surface W ei surface Drv surface wet sur-face

:\rGRAF 0.63 ±0.20 0.43 = 0.19 GCI:\ Z 0.58 ± 0.15 0.44 =0.20
.' :\ GRAF 0.76 ' 0.16 0.47 ±0.16 (;HRA:\ O.tH ± 0.21 0041 ± 0.16
;\: PH RA;\: 0.73 ± 0.16 0.41 ± 0.20 Gr RET 0.61 + 0.17 0.51 . 0.26
IPPAR 0.72 ± 0.18 0.38 .0.15 GCAr 0.49 .... 0.12 0.39 + 0.15
IrBAR 0.68 ±0.18 0.37 ±0.10 GCA U '; O.62 ± 0.15 0.43 ± 0.18
I;\"RAR 0.70 + 0.16 0.60 ± 0.10
Er :\ E\' 0.50 ± 0.16 D.4~ ± 0.15
ErTEl\" 0.50 ± 0.14 OAB 0.18
E;\iTRAT 0.71 ± O.l7 OA5±O.1J

Table 14: Coefficient offr ictiml lId / lit 'S VII lPt'fami dry porcelain lilt' and grallilt'sllmp!t· s lI rfdee'S.

The coefficient of friction is rela ted to the roug hness of the product surface, type of
shoe sole and agen t present at the su rface (water, oil, dirt). Table 14 shows tha t except
porcelain tiles EP EV and EPTEI , the othe r prod uc ts presen ted similar coe fficient of
friction va lues on a dry surface. On we t surfaces of polished porcelain tiles IPPAR and
II'BAR, coe fficient o f friction va lues below 0.4 were found, i.e., in acco rdance with
Brazilian Sta nda rd BR 13818 (ISO 13006) these va lues are indicated for normal
cond itions of use not req uiring slip resis tance . The other p rod ucts exhibited wet
coefficient of friction va lues exceed ing 0.4, i.e., in accordance with Brazilian Standard NBR
13818 (ISO 13006) these prod ucts can be used in environmen ts wh ere a ce rtain slip
resistance is requ ired .
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The coefficient of friction values of the granites indica te that, except granite typ e
GCAI~ the other products presented similar dry coefficient of friction values. Granite type
GCA P presented a wet coefficient of friction below 0.4, i.e., according to Brazilian
standa rd N BR 13818 (ISO 13006) it is indicated for normal conditions of use. The other
granites exhibited we t coefficient of friction values above 0.4, sim ilar to the po rcelain tile
sa mples, indicat ing their suitab ility for use in env ironments requiring a certai n slip
resistan ce.

However, in env ironme nts wh ere it is necessa ry to have high slip resistance, such as
wet ramps and regions around swimming pools, the ideal approach is to use products
with a we t coefficient of friction exceed ing 0.7. Therefore, in these cases, neither porcelain
tiles nor granites are advisable products for these situat ions .

3.8 DETERMINATIO OF CHElvlICAL RESISTANC E

Table 15 presents the resu lts of the chemical resistance tes ts of the porcelain tile
sam ples. Table 15 shows that the porcela in tile samples have a hig h resistance to
hou sehold cleaning products an d products for sw imming pools, and hig h resistance to
high and low concentra tion acid attack, bu t do no t resis t attac k by basic solu tions, which
alter the gloss of the sample surfaces.

.-\ci ds I 8 ..es
lIuu"'l'hold and swl mmlng Lo~ co ncents-ario n High concentration Lo,", com:enlration IU~h concentration

000' rcducts
Sample MltCI Sodium HC) Citricacid IIC) Lactic acid KOH K01l

(I 00g,I. ) hypoch lorite (3%) (lOO'L) (1IW.1 (5~~ \'/'i ) (30g'll (100g l)
t2Om.u

:"'PBR·\.,\ UA UA I1LA ULA LHA UIi A e t C UHC
~rGR-\.· UA eA L: L \ ULA L"HA UHA L:lC U1 IC
:"iSGR-\. F UA UA eLA ULA UlIA Vil A LLC vue
IPI"AK UA UA L!L\ ULA UHA VBA L'lC UHC
I PB.\R UA UA UtC ULe vile vlIe LLC Ule
ISBAH. UA UA ULC ULA UHC UHA ULA U1IA
[PTE:\" UA UA ULA ULA Vil A UUA ULC UIIC
E:'lT RAT UA UA ULA ULA LLA ULA ULA UHA
[ ps t:\, UA UA ULC ULC UIIC U1IC m.c UIIC

Class UA, ULA and UHA refer to non-visu al effects: Class ULe and UHC refer to visual effects at the su rface.

Table 15: Results of til(' chemical resistance tests of tlte po rcelain tile samples.

Brazilian standard 'BR 13818 (ISO 13006) requires tha t cera mic tiles exhibit
resistance class a UB on chemical attack by household cleaning products and products for
treating swimming pools. With regard to chemical resistance with low or high
concentra tion acids and bases, Standard j BR 13818 requires the product manufactu rer to
declare the respective resistance class on the packing. In accordance wi th Table 15, all the
products meet the dem ands of the standa rd . Porcelain tile generally presen ts goo d
resistance to acid attack, but low resistance to base attack, whi ch can be explained by
having a chemical composition rich in silica, similar to "g lass" . Products 1NBAR and
lI'BAR presented different behaviour compa red with the other products, with a low
resistan ce class for chemical attack by bases. Product EPNEV presented low che mical
resistance to bases and acids.
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Table 16 sho ws the results of the che mical resistan ce tests of the gran ites. The
gran ites, unlike porcelain tile, are more suscep tible to acid atta ck. The attack produced
d iscoloration of the stone sur face. Granite GCAFE presented class UC on expos u re to
NH,C I, the refo re not meeting the requirem en t of NBR 13818.

Add!> Raw s
IInuw hnld and \" immi n~ Low concentratio n lli l.:h co ncentrat ion Low cc ncentra tien lIi~h co ncentration

"'00 1 rnducts
Sa mple ;-.J ILCI Sodium lIel Citric acid lI e l Lactic acid KGB KOB

(IOOg/L) h~rlCh l{~)IC (3%) (IOOgiL) (18%) (5% \11v ) (JOg/L) (100",1.)
20mvl..

GCJ~Z UA UA ULC ULC vile Vil e ULt\ VIlA
GBRA:\ UA UA ULA ULA vile UHC ULC vile
G I'RET UA UA ULC ULC vile vile ULA Vil A
GeAr UA UB ULC ULC vile UHC ULA Ulla
Gc,\ n : UC UA Ule ULC vile vile ULA UIIC

Class V A, ULA and UHA refer to non-visual ef fects; Class Ul.C and UHC refer to visual effects at the surface.

Table 16: Results of tlte chemical resis tance tests of the studied granites.

3.9 DETERMINATIO r--J O F THE COEFFICI ENT OF LIN EAR TH ERM AL EXPANS ION AND
BULK DENSITY

Tabl e 17 presents the coefficients of linear thermal expa nsion of the stud ied sa mples
of po rcelain tile and granites. The porcelain tiles presented lower coe fficients of the rmal
expa ns ion than the granites . This charac teris tic favo urs the use of porcelain tile in external
en vironments, with therm al stresses, e.g. suc h as build ing facad es. With the in tense heat
of the sun, temperatures can reach 90°C or more.

Gra nites can present di fferent coe fficients of expa nsion depending on the d irection
of the cu t made in the stone . For exa mple, if the stone has orien ted graining, the expans ion
is larger in the di rection of the orientation . Thi s fact demands grea t care by the plann ers
on p rojecting the size of the exp ansion joint s.

Porcelain file Gr a nite
Sa n-;;;It' al!l-Jl~·c-l fXIO·l 0(:" " Sa mele U15-JlloC·1 IXIU" 0(;1 )

:\PBRAN 77.6 GCAFE 140.8
:\PGRAr 80.9 GPI<U 107.3
X l'"GRAF 83.0 GBR·\N 136.8
IPPAR 82.4 GC INZ 136.6
IPBAR 82.4 GCAP 122.5
l:"llAR r is
EPN E\, 73.3
EPTE N 78.4
E:"iTlt ,\ T 77.7

Table 17: COt'jficiell ts of linear then nni expansion of samples of porcelain tile and granites ttemperutu re of 25 to 325"C).

An ot her charac teristic th at di fferentiat es granite and porcelain tile and therefore
need s to be highlighted is the bu lk d ensity of each mat erial (Table 18). Besid es presenting
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a greater density, the granites are generally sold wit h greater thickness (1.5cm) than
porcelain tiles (0.8cm), which means a larger final weig ht for the buildi ng to be clad. For
example, a granite tile of 30X30X1.5 ern weighs approximately 3.5kg, while a com mon
porce lain tile of 30X30XO.8 cm weighs approximately 1.7 kg, i.e., half the weight of the
granite tile.

Porcelain tile Granite
Samole Bulk densttv re/cm Semele Bulk dendl\ f l!!tnl')

l'iPHKA:\" 2.43 GCAFE 2.77
l'irG RAf 2.35 G PRET 3.00
:'Iri :\ GRAF 2.38 GORAl' 2.61

IPPAR 2.36 GCINZ 2.65
IrSAR 2.36 Gc.\ P 2.63
I:\RAR 2.36
EPN EY 2.38
':PTEi'\ 2.41

f:NT RAT 2.41

Table 18: Bulkdensity mlzlt,sof tlte samples (ifporcelain till' and grtmitl'S.

3.9 BEAUTY AND AESTHETICS

As menti oned previously, the cera mic industry is cons tantly optimising porcelain
tile decoration technology. Tod ay products similar to man y stones are found in the
market, e.g. such as travertine ma rble. In Braz il nature has been very generous with the
variety of available gra nites. About 130 types of granites and 11 types of marbl es have
been classified at the Web site www.marble.com.br. Italy has an even greater available
variety of marbles, involving approximately 190 types of marbles and 36 types of gra nites
classified a t www.marble.com.br..

To provide some idea of the beauty of Brazi lian granites, some prod ucts are shown
in Figure 3.
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~eloCe-cila
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Figure3: Examplv» of till' bC'lWly lif Brazilian Xra"itt'Stunvuirnarble.cosnbrl.

4. CO NCLUS IO S

Technica lly, porcela in tile exhibits simila r or su pe rio r properties 10 the g ranites.
Mechanical s treng th is grea ter, ab rasion resistan ce is sim ilar, che mica l s tability is ve ry
good and it is lighter than the granites. The technica l points that shou ld be im p roved in
porcelain tile in order to increase its compe titive ness aga ins t granites are: stai n and scra tch
resistan ce. Gra nites also sta in, but as they a re na tu ral materi als th is behaviour canno t be
altered. With rega rd to scra tch ing. as cry sta ls of varying nature, size a nd hard ness a re
present in the gra nites, the visua lisa tion of the lines is less, making th is a significant
advantage compared with porcelain tile .

With regard to aesthet ics, s tone s have an incomparable bea u ty made by nature. The
ceramic ind ustry needs to develop more decoration techniques, see king the perfect beau ty
of natural s tones.
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