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INTRO DUCTI O N

The raw ma teria ls mi xtu re used in ma nufacturing ceram ic wall t i le bod y conta in s
calcite, a m inera l that provides the ca lciu m oxide needed to produce the cryst all ine
phases in firing, w hich g ive suc h tiles th e ir ch a racte ristic properti es (hi gh po rosi ty,
mech ani cal s treng th, !(H \, m ois tu re ex pans ion, et c.)"!

Calcium ca rbonate breaks down ill fir ing , releasing ca rbon d iox ide acco rd ing to the
following reaction!";

C"CO, =- C" O + COo' i

When the ca lciu m carbona te parti cles Me sm all and body perrncabi litv su fficien tlv
h igh, the reactio n usu al ends at tem pe ratu res be low glaze sea ling tem perat u re. Howeve r,
as ca rbonate particle size inc reases, lo nger times a re req uired to complete the
decompos it ion . If th e firing cycle is no t su itab ly designed, suc h breakdown can occu r at
temperatu res clo se to g l<lze sea ling te mpera ture . When th is happens, th e carbon d iox id e
tha t is released re ma ins trapped in the g l<lze layer as sm all bu bbles. These bubb les can,
depend ing on g i<lze viscos ity, reach the g l<lze su rface and prod uce a se ries of defects,
amo ng w hi ch pinholes pa rt icu larly stand o u t!".
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In this study, carbonate breakdown has been correlated with the appearance of
pinh oling, and the minimum degree of carbonate breakdown has been determined which
need s to be achieved before the glaze seals in order to keep such de fects from arising ,

EXPERIMENTAL

The calcium carbona te breakdown reaction on firing ceramic tile can be monitored
by measuring tile weight loss during heat treatment in a laboratory electric furnace. The
resulting measurements allow defining the degree of conversion (X) of the ari sing
decomposition reactions, from the equation:

/').\1
X = - ' ­/'). u ,

where DM is mass loss at a given moment, and /').M x mass loss at infinite time.
Besides carbonate breakdown, the degree-of-conversion concept also includ es oth er
transformations such as th e physica l loss of absorbed water and clay mineral
dehydroxylation reactions.

In order to de termine the min imum pe rcen tage of non-decomposed carbonates that
could give rise to pinholi ng, pri sm-sh aped test spec imens we re formed by pressing from
a typical ind us trial spray-d ried powder used for wa ll tile bod ies. The test specimens were
sized 70mm x 50mm and were of varying th ickness. Pressing mo isture content was 0.055
kg water /kg dry solid, and pressing pressure wa s 250 kg /cm' . First, the curves of the
degree of conversion versus time were determined for these specimens at 850 and 950 °C.
The specimens were subsequently fired at 850 and 950cC with diffe rent dwell times in the
kiln, followed by fast cooling on withdrawi ng the specimens from the kiln to freeze the
calcium carbona te breakdown reaction and obtain specimens with d ifferent calcium
carbona te contents. A glaze with a low sealing temperature was then applied to these test
specimens, which were subsequently heat treated at 950°C for 6 min , to complete the
carbonate decomposition . This second heat treatment had to be shor t in orde r to have
some non -decomposed calcium carbonate left when the glaze started fus ing ,

RESULTS

The Table details the required dwell time (tp) in the kiln for test specime ns of a given
th ickness (e) to reach a specific degree of conversion (X). It can be observed that as heat­
trea tment temperature rose and test specimen thickness decreased, shor te r dwell times
(tr) were required.

The images show the appearance of 7 mm thick test specimens, in which a
preliminary heat treatment at 950"C had eliminated 95 to 100% of the carbonates and
constitu ents susceptible of decomposing at lower temperatures. It can be observed that
pinholi ng appeared in every case in which X<1.0, The same result was found for the other
tested specimens, The magnitude of the defect therefore de pende d on the non-reacted
calcium carbonate (residual) p ropor tion, which was related to the thickness of the
specimen, carbonate particle-size dis tribu tion and specimen p reliminary heat treatment.
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X e (mm) T=850 · C T=950 · C

t,. (mi n) t, (mi n )

0.95 5.5 13.54 4. 11

0.97 \4 .77 4.39

0.99 \6.3 \ 4.83

0.9 5 7.0 \6.77 5.22

0.97 \8.46 5.55

0.99 20.77 6. 11

0.95 8.5 20.92 6. \4

0.97 22.90 6.5 6

0.99 25.84 7.44
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These resul ts indicate tha t the appeara nce of pinholes is due to the prese nce of even
very small amoun ts of residual carbonates. Thus, to obtain wa ll tiles free of pinholes, it is
essentia l tha t all the calcium carbona te particles present should decompose prio r to glaze
sea ling
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