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INFLUENCE OF PHASE COMPOSITION AND
POROSITY ON RESISTANCE TO DEEP ABRASION

OF PORCELAIN STONEWARE TILES

V. Biasini, M. Dond i, G . G ua rin i, M . Ra im ondo y C. Za nelli

IRTEe-CN R, via C ra na rolo, 64 - 48018 Faenza (Ita ly)

1. INT RODUCTION

Porce lain s tonewa re tiles ar e low-porosity p ro d u ct s w ith hi gh tech ni cal
pe rformances, es pecia lly regarding mod ul us of rupture and res ista nce to d eep abrasion.
Th e d istincti ve characte ristics of the product arise from the com pactness of the ce ramic
st ruc ture and, particularly, from the w ate r abso rptio n value, w hich is, in mo st commer cia l
ti les, arou nd O.I )'i, and well below the s tand ard limit « O.S% class BI o f ISO 13006)..,
Among the va rio us technical propert ies, wear resistance s ta nds o u t beca use of its
im portan ce in d efining produ ct appl ica tions and performan ces . The ava ilable studies on
wear performance of ti les concern sur face abrasion, scra tch or pin-on-di sk tests. Porosit y
is certa in ly lin ked to resi stance to deep ab rasion: the g rea ter the bo dy co m pactness, the
lower the po ros ity and the high er the wear performan ce, bu t it would be meaningful to
a lso exami ne thoroughly the role played by the o ther com pos it iona l and microst ru ctura l
param eter s (e.g. d ifferent hardness of com po ne nts , bo unda ry bet ween g ra ins and
a morphous phase or so me o ther textural inhomogeneit ies).

Th e present w ork is design ed as an exploratory as sessme nt of the resistance to d eep
ab ras ion of porcela in stonewa re tiles and its dependence on ph ase com pos itio n and
m icros tructu re.
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2. MATE RIALS AND METHODS
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26 samples of porcelain stoneware tiles were conside red; most of them were
comme rcial prod ucts, the others being laborat ory prod uc ts. Resistan ce to deep ab rasion
was measured accord ing to ISO 10545-6. The mineralogical ana lyses were performed with
a Rigaku Miniflex X-ray powder diffractom eter wi th Ni filtered Cu Ka rad iati on in the 10
- 50° 2q ran ge and the qu antitati ve interp retation of X-ray patterns was performed with
the RIR method, us ing Ca F, as internal standa rd . The relat ive an alytical erro r is w ithin 5%
relative. Water absorption, bu lk den si ty and open po rosity were measu red accord ing to
ISO 10545-3. Tota l and closed porosity were calcu lated on the basis of bulk dens ity and
specific we ight (ASTM C-329) of ceram ic m aterials.

3. RESULTS AND D ISCUSSION

The resistance to d eep abrasion, exp resse d as th e quan tity of material removed,
exhibits values between 110 and 160 rnrn', always within the standa rd requ irement for
porcelain stone ware tiles (max imu m 175 111m', ISO 13006). The ph ase com position consists
of ph ases formed du ring firing (mullite and glass ) and resid ual phases (quartz, zircon,
coru nd um and so me plagioclase). The mo st abund ant compo nent is the glass y ph ase,
whose amount is in the 52-66 w t% ran ge. As far as the mi crostructural cha rac teriza tion is
conce rned, all products show wa ter absorption £ 0.1%, wh ile open porosity is in the
0.04-0.64 % ran ge. Most porosity is closed and the va lues are between 2 and 8 ';;,
app roximately. Bulk den sity is quite similar (abo ut 2.4 g / cm') for all samples .

The results obta ined exhibit a comple x p icture of the possible correla tions among
phase composition, porosity and resistan ce to deep abrasion . With a view to clarifying
these points, we first focused our attention on the correlation between the porosity of the
ceramic body and its resistan ce to deep abras ion. No clea r rela tionship arose on p lotting
to tal porosity aga inst the volume of materia l removed (Figu re 1).
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Th e rela tions h ips bet ween the resistance to deep abras ion on the one hand, an d the
con ten t of m ull ite, qu artz, p lagioclase and amorph ous phase on the othe r, a re reported in
Figu re 2. The increase of mu llite, as well o f quartz, appe~rs to involve an improvemen t of
wear resist ance, w hile the amorphous phase seems to work in the opposi te wa y. Perhaps
a more significant positive correla tion exists between the plagioclase content and the
amount o f material removed.
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A sta tis tica l analys is of the main components made it possibl e to co llect the variables
(res istance to deep ab rasion, open and tot a l porosity, bulk density and mineralogical
compone nts) into two factors su mming abou t 60% of the tot al varian ce. Th ese results
confirm the qua litati ve observati ons on binary correlations; in parti cul ar, mullite is
located on the op posite side with respect to resistance to deep ab rasio n, which means that
it imp roves wear performan ce. In contrast, tota l po rosity and amo rphous phase,
p lagioclase and cristobalite a re more 0 less close to th e resistance to d eep abrasion and
the refore tend to decrease product durabil ity (Figure 3).
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4. CONCLUSION

Th e da ta on resist an ce to deep abrasion of 26 samp les of tiles sho wed tha t lower
porosity d oes not necessarily bring abo ut a better wea r perform ance. In real ity, the re a re
ot her relevant fac to rs, such as phase co m position, w hich affect the wea r res istance of tiles.
However, the resu lts ob tained w ith a p reliminary stat istica l app roac h indicate just some
trends and no relia ble prediction o f tile beh aviour u nder service co nd itions has been
develo ped ye t. Th erefo re a more detailed st u dy on the microstructu re of porcela in
sto neware tiles is req uired, in ord er to assess the role, for example, of po re size and shape,
as well as s tru ctu ra l defects and gra in bo u ndary.
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