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1. INTRODUCTI O N

Ceramic ro lle rs a re refractory mate ria ls that a re subjected d uring use to high
temperat ures and an a tmosphe re con ta ining vo la tile com pounds!" re leased du ring
ceram ic tile fir ing . Becau se the rollers ge t d irty, it is com mon p ractice to w ithdraw them
for cleaning whi le the kiln is ru nnin g, and then pu t them ba ck. This (act makes ro ller
res is ta nce to thermal shock one of its most imp ortant ch aracteris tics?', An d th is depends
on rolle r com posi tion and poros ity. Inside the kiln the rolle r is exposed to a se ries o f
aggress ions by the gases an d pieces being fired , w hich, w ith time and temperature,
modi fy roll er m icrost ructure and properties. As conseq uence of these transfo rmatio ns, the
roll e r coefficient of the rmal expa ns ion changes!",

The present work s tu d ied the evolu tion of the com pos it ion and micro structure of
cera mic rollers instal led in the heating and firing zones of ind ustria l floor tile kiln s. It
shows tha t one of the main agen ts responsible for these ch anges is the ca lcium conta ined
in some engobes !" used on the back of ce ra mic tiles.

2. EXPE RIMENTAL

The kiln modules from w hich the roll er s were w ithd rawn, and thei r ave rilge
operat ing tempera tures were: hea ting I (800"C), hea tin g II (950"C), pre-fir ing (1120"C) and
firi ng (l200"C). Fou r withd rawals were effected a fte r 2, 3.3, 6 and 12 m onths' time inside
the kiln.
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To examine the microstructure, the centra l areas of the rollers were selected (loca ted
in the middle of the kiln) . The test speci me ns, cross-sectiona lly sliced, were embed d ed in
an epoxy resin and polished to 3 urn. In some cases the polished test specime ns we re
etched wit h aqueous so lu tion of HF to ma ke the crysta lline ph ases present stand out.

All the tes t specime ns were observed with an optical microscope and a sca nning
electron m icroscope wi th the second ary and back-sca ttered electro n signals an d analysed
wi th an energy-d ispersive X-ray spec tro meter system (EDXA) . For observa tion with the
seco ndary electron detector, the sample surface was coa ted with cond uctive gold film.

3. RESULTS

Figu re 1 corresponds to the cross sectio n of a rolle r insta lled for 6 months in the
heating zone II. A porous layer is obse rve d (a), which consists of engobe stuck to the
rolle r ou ter surface; and an area (b ) in which the calciu m and magnesium have d iffused
inward in to th e roller, with a clea rer colour, w itho u t any pores. The corund u m grains of
the rolle r (c) remain unchan ged, as are the zirco nium silicate (d) and m ullite of the rest
of the ro ller (e) .

The roller in Figure 2 spent 6 months in the pre-firing zone. An ou ter, more sintered
engobe layer can be ob served (a), w hic h co nta ins magnesiu m and calc iu m
alu minosilica tes; there is also a clearer region in the in terface be tween the roller and the
layer (b ), marked with a dashed white line, produced by di ffusion of calciu m and
ma gnesium inward in to the roller. The Corund um pa rticles (c) at the surface of the roller,
just in con tact with the region (b), have converted partl y to spinels by inwa rd diffusion of
ma gnesium; whi le in the innermost areas (d ) the corund um remain s unal tered , wit hout
transformi ng. In area (e) calci um is detected , which ind icates that this ele ment d iffuses to
a greater depth tha n magnesium.

Figu re 3 shows the cross section of a rolle r installed for 3.5 months in the firing zone .
The outer pa rt of the roller has sin tered , elimi nati ng the pores . In the surface reg ion of the
roller, w h ich correspo nds to the en gobe layers, calciu m has crystallised as anorthite (a),
and magn esium as magnes iu m silica te (b ). Under the engobe layer, m agnesiu m has
reacted wit h the corundum in the roller, producing a spine l (c); also in thi s area, in whi ch
the proportion of calc ium is very high, zircon has converted to zirconiu m oxide and the
ini tial mu llite has reacted wi th calcium to p roduce anorthi te.

Fig ll r t' 1. Roller[nnn lI('othlg :01/(' 11.

Pe s - Ill-l



CASTELLO" (SI'AIt')

4. CONCLUS IONS
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Figure 2. l\ llllcr f rolll the pre-firill::': :Ollt',

F(<;;lIrc 3. R l)// t'1'.f1"jlJ1/ tilefiring :(I/IC.

The studv shows that inside the ki ln, rollers un dergo attack by two d ifferen t
mechanisms: ~

- In the ga s phase, by condensation of vo la tile elements which acc umula te in the kil n
a tmosphere

- In the liqu id phase, by e lements cons ist ing of mate ria ls stuck to the rollers, such as:
tile base engobc. tile support or dirt from the g laze .

Attac k by volatile ele me nts funda mentally affe cts the firs t heating zone. Th e
detected e lemen ts were su lp hur an d po tass iu m . Sulp hur is deposited as ca lcium su lp hate,
for ming a porous crysta l laye r on the ro ller, w hich comes off easily. The calcium that for ms
the su lp hatcs ba sically co mes from the engobe app lied to the back of the tiles, which has
adhe red to the rolle rs.

At tack by d iffu sion in the liquid phase and the reaction are esse ntially d ue to the
compone nts of the eng obe appl ied to the ba ck of the tiles, namely calcium and
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ma gn esium, with calcium bein g the ma in agent respon sible for the degradation of the
original microstructure of the roller. Thi s attack leads to the formation of d ense layers on
the roller surface, which are of importan ce in the p re-firing and firin g zones.
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