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ABSTRACT

Thejros! res istance of ceramicfloor tiles in Poland is determined ill accordance with the 150
10545-12 standard, for testing floor tile behaniour over 100 freeze-thaw cycles ill a temperature
rallge of-5 to +5 °C. The present paper present» the illjl l/ellce of the 1I11111ber ofjreeze-thau- cycles
0 ' 1 the properties of tiles (porosity, abrnsion res istance) III addition, the auihor« discus» the defect
Sl/scei't ibility of tiles under Polish climatic conditions.
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INTRO D UCTION
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Ma terials used for floor coverIngs must meet very stringent requ ire ments In

terms of :

- physical pro pert ies (bCllding strength, compression strength, scratch resistance, abrasion
resis tance and impact strength);

- che m ical pro perties (chemical res istance to: acids salts used in swimming pools and
household chemical agents as well as stahl resis tance and discolouraiion resistance).

In the case of outdoor applications of covering materials, ad ditional req uirement s
are obl iga to ry, especiall y resistance to weather con d itio ns (water, sunlight, variable
temperatures and rapid changes in temperature). In its life cycle, the floor covering sho u ld not
be d amaged in any way by changes in its appearance or gaps in its surface. Obviously, the
same requirements apply to cera mic floor tiles.

TESTING METHODOLOGY

The most recent modificat ion of the frost resistance standa rd (Po lish Standa rd iza tion
Co m mittee int rodu ced the standard PN ISO 10545-12 fro m 1999) adjusted it to
international s tandards. The present standard describ es in detail testing cond itions,
se tting the number of temperature changes at 100 cycles and the temperature ra nge
between +5 an d -5°C. The standard also comp rehe nsively presents the ap pearance of tiles
after the comp letion of test ing and detail s wh ich changes sho uld not occu r.

In thi s paper samp les (glazed floor tiles of tile 3rd abrasion resistance class according to
PN ISO 10545-7 of tile average absorption capallility 3.95 %, mechanical bending strength abol'e
40 MPa and rated f rost resistant in accordance with the standard's requirements) were tested for
their frost resistan ce:

1) accord ing to require ments of the standard PN ISO 10545-12;

2) by cha ng ing testin g parameters, i.e. in trod uction of extra heat ing of the tile
surface in the thaw cycle and cyclic extra soaking w ith water;

3) the measurement was carried ou t for a different number of freeze-thaw cycles, i.e.
50, 100, 200, 500 and 1000 cycles.

After testing the frost resistance, the tiles were inspected by means of a stereoscopic
m icroscope and an ana lysis of basic p hysicochemical p ro perties was performed,
including their absorption capability, ab rasion resistance, bending strength and inspection
of frac tures of tile sam ples and su rfaces w ith the use of a scanning electron microscope.
The follow ing figures present selected results of tes ts.

SUMMARY OF RESULTS

On observing the changes reg istered by mean s o f a microscope, it may be no ticed
tha t with the increasing number of freeze-thaw cycles of the tile, its abrasion resistan ce
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de teri orat es; it can be also observed that pores exposed du rin g abrad ing become larger
d uring the testing of fro st resistance . The in teraction of these tw o destr uctive factors lea d s
to a significa n t decline in both abrasion resistan ce and frost resi stan ce of ce ra mic tiles as
w ell reduction of other mechanical properties.

The phot os presenting fractu res surface of sa m ples show effects of repea ted freez ing
and th awing on the material m icro structure - en la rge d pores and their higher number a re
p roportional to the number of free ze-thaw cycles . Increased porosity resu lts in a faste r
d estructi ve p rocess of th e mate rial, thus significa n tly de teriora ting its se rvice
performa nce.
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Fig_1.. Rvlatn-c elf/mgt's ill ubm sion classes l~f tiles.
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Fig. 3. Image of the surface of gla::ed tiles after h·stillg their abrasion resistance (2100 abrasioll cycles):

a. tile not tested fo r f rost rcsistnncc.

b. tile atter 100 [r ecze-tlunr cycles.

c. tile a.f1cr 500 [reeze-thnu:cycles.

d. tile attcr 1000 [teeze-ttunc cycit's.

The nu mber of freeze-thaw cycles requ ired by this standard (l00 cycles) has no
sign ificant im pact on the properties of tiles. Increasing (adequa te for climatic cond itions
in Po land) the numbe r of these cycles, above 500, lead s to a marked decrease in ceram ic
floor tile technica l parameters.
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