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ABST RACT

Tire craluation of obrasioll res is lo/lce for ccnnnic tiles of tire glazed II/pc is accomplished
ihroug]: lire PEl abrnsion test. Tire PEl method hoircoer, prcscnt« sotne problctn« due to ils
subjectivily, since it is strollSly depen dent 011 tire risunl accuracy of tire eraluntor. Besides, lire
results lIIalf be inilucnccd by tire colour and pattern» applied to tire ceramics. Tire result s of lire PEl
abrasion test applied to fire ceramic sa/ll ples showed 110 diffcrcnc« t1111 01 1S thcs« pieces, hmrcrcr
l1'lr CII lire II licroabrasioll lest was conducted 0 11 lire sallie ceramic samples, tire results shotocd that
a di(ferCllce existed alllollg them. Tire res ults were peljimlled u-ith tire nhrasire« silic,»: carbide atu!
alumina.
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INTRO D UCTI O N

The evalua tion of the wear resistan ce of coated cera m ics is performed by the PEl
method!'! Th e PEl method however shows s tro ng subjectiv ity, as it depends of the visua l
accu racy of the obse rver and is influenced by the colour and patterns of the tile. That fact
is used by industry to give their products hi gh PEl classificati ons.

Some attem pts ha ve been mad e to subs titu te the PEl method, but w itho ut success.

Barbe ra et alP I sugges t a method based on measurement of the acce pted lim it of
varia tion of the surface properties after the material h as begun to show signs of surface
deteri oration as result of the ab ras ion. Thi s method, however, also raises the issu e of
subjec tivity by vir tue of the acce p ted limi t a lso being subjecti ve.

Esca rd ino et al.!" in turn found a linear relation am ong parameters of the variation
of the gloss cu rves and Ra rou ghness parameter as a fun ction of th e cycles of the PEl
abrasion test. The results were obtained on homogeneou s glazes. Conca lves R.A. e t al.PI

ap plying the sa me expe rimenta l proced ures on commercial ceramics did not find any
corre la tion among the same parameters.

OBJECTI VE

The objecti ve of thi s work is to present a curve of the wear coe fficients of the Mohs
standa rd minera ls as a function of their hardness. Through th is curve , the Mo hs sta nda rd
minerals equ ivalent wear resistan ce can be obtaine d, allowing an index to be fou nd that
ca n co ntribu te to classifyi ng ce ra mic tile wear resist ance w itho u t su bjec tive
mea su rement s.

EXPERIMENTAL PROCED URE

Slabs of the Mohs standards minerals (gy ps u m, calc ite, fluo rite, apa tite, o rthoclase,
qu artz, topaz, and corund u m) we re subjected to microabrasion tests using a Ca lowear
rnicroabrasion teste r! ". The Ca lowear microabrasion test cons ists of makin g a ball roll,
under a falling watery di spersion of abrasive, over the surface of the object being stud ied,
as can be seen sche ma tica lly in Figure 1.

Abrasive + water

~-----,A,-"x Ie motor

Sample

Fi,l\urc 1. Schematic rcprv-cntotion ( ~. tift' e a/mecar vn icrvabmsion test,

Po.;, · 211'1



CASTEU 6:-.: ISml" )
l1l'i•• ""IAIGli _I 2002

A cap is ge nera ted on the surface of the sam ple. Th e coefficient of wear K, can be
found from equation I, where b is the diameter of the ca p, L the slide distance, F" the
normal force applied and d the d iameter of the ball. An ASTM 32100 stee l ba ll wa s used,
with d iameter of 20 mrn The configura tion was ad justed to a normal force of 0.16N and
the abrasives used were silicon carbid e and alu mina w ith a grain size of 1000 mesh and
5,lIm respectively and conce ntrat ion of 0.75 gl m l (watery dispersion). Th e generated caps
of wear we re measu red using an image ana lyze r coupled to a metallographic ba nk

[I J

RESULTS AND DISCUSSIO N

With the value s fou nd o f the we ar coefficients of the Mohs scale stand ard minerals,
plots were mad e of the we a r coefficients as a function of Mohs hardness, for the silicon
carbide an d alumina, as shown in Figure 2.
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The tran sformation of these cu rves in stra igh t lines, Figure 3, gave Equations 2 (for
silicon carbide ) and 3 (for alu mina), whi ch ena ble obtaining the equiva lent coefficient of
wear for the Moh s standard mineral s (K,) for any materia ls wh en the respective Kc are
known.
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K _ - [ In(Kc ) + 19.57]
E - 0.73

(for SiC) [2J

K _ - [In(Kc ) + 19.75]
E - 0,93

(for AI,O,) [31
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In order to d emonstr a te the applica tion of thi s process , the wear coefficients of five
ceram ic tiles were measured . With th ese va lues, us ing Equa tions 2 and 3, th e respective
equ iva len t wea r coefficien ts were fou nd . These results a re sho w n on Table 1. Each resu lt
represents th e average of n ine va lues. The table also shows their respective PEl
classification and Mohs ha rd ness.

Sa mples A B C D E

Class. PEl III 1I1 III III III

Mo hs hardn ess 5 4 5 4 6

KE (m' I:'I)
16.55 ± 0.06 6.66 ± 0.1I 6.76 ± 0.1 4 6.72 = 0.12 6.5 ~ ± 0.20

SiC
Kr. (m' I:'I) ,

, 6 . ~4 ± o.10 6.76 ± O.10 6 . ~ ~ ± o.12 6.82 = 0.27 6.7~ ± 0 . 1 I
AI,O, ,

Th e coe fficien ts o f rela tive wear o f th e ce ram ics A , 5, C, D and E p resen t a be tte r
wear performance when com pared w ith th e s tan da rd mine ra ls w ith th e sa me Mohs
hardness. With the Calowear m icroabrasion tes ts, the nu merica l va lues show tha t these
ce ram ics have performance equ iva len ts to the minera ls o f ha rdness 6.55, 6.66, 6.76, 6.72
and 6.58 w hen tes ted w ith s ilico n ca rbide and eq uivalen t to th e m ineral s o f ha rdness 6.84,
6.76, 6.88, 6.82 and 6.78 w hen tested with a lumi na . O n th e o rder hand, w hen a lu m ina is
used, th e va lues a re hi gher th an th ose obtained w ith silicon ca rb ide. This occurs beca use
th e abrasive power of a lumina is lower tha n tha t o f s ilicon ca rbide.

It is a lso observed tha t th e resu lts show no rel ati on w ith th e respective PEl
cla ssifi ca tion and Mohs ha rdness.

CONCLUSIONS

1 - The PEl abras ion tes t did no t sho w an y se nsitiv ity for d ist ing uish ing th e ab ras ive
behav iour o f the ce rami c sam p les subjected to testing .

2 - The PEl classifica tions d id not show an y rela tio n to the Mohs hardness.

3 - Th e eva luation methods for the abra sion resista nce th rough the eq u ival ent wea r
coefficien t obtained by mea ns of th e m icroab rasion test have proven to be more
effective in d istingu ish ing the wear resistance of th e sa m ples tested .

4 - The eq uiva len t wea r coefficien t m ay be used as an ind icator of the res istance to
wear, w ith the ad vantage that it is not subjective and, in add ition, to re present a
refe rence to the wear res is tance for th e Mo hs ha rdness s tanda rd .
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