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1. l i'o.'TROD UCrIO:-\

During the firing of ceramic tile all kinds of reactions ca n ar ise (clay mi neraldohydroxylation . oxidation of orga nic matter, carbonate breakdown. elc .). It is also in firin gtile that the greatest firing shrinkage. decrease in porosity a nd wa ter absorpt ion OCC llI'S in thecase of prod ncts with low wat er absorption.

All these pheno me na depend on temperature: however. exac tly how this magnitude varieswi th temperature often remains u nd eterm ined. for various reaso ns :

On ma ny occasions. the experi ments perform ed with a view to determining givenmaterials pro perties (such as line al' shrinkage or water absorption) are ru n on tes tspecime ns that unde rgo standard heat treatment. On ending the expe rime n t. themeasu red property depends on the whole heat-treat men t cycle used. and a di rectre lat io nship canno t be established be tween the property an d a specific tem perat ure.

The va riatio n of tempera ture as a func tion of time gives rise to tempera ture gradien tswi th in the tile. during heating as well as during cooling.

It is co mmon practi ce to use kiln tempera ture as the ac tual tile tempera ture. Ambienttemperature may be orientational, but it is at time s qui te diffe rent from tile surfacetemperature and may be even furt her removed from the act ua l temperature inside thetile.

It is moreover known that therma l gradients are di rectly responsible for th e np pearunce ofce rtain phenomena such as different ial shrinkage in ceramic materials. which e ntai lsdimensional defects and cur vatures and cause mlc rostruct ural heterogeneities generally.

2. ilEAl' TRANSl\IISSIO;'l.' :\IODEL

In order to assess temperature di stribu tion within tile. a simple mode l has bee n used. w hichmakes a series of sim plifying assu m ptions:

Heat tra nsmiss ion basically takes place in two dimen sio ns: in the directi on of thethickness of the material. and in the direc tion mar ked by tile advance inside the kiln .

Energy excha nge as a resu lt of the variation in entha lpy associated with che micalreactio ns is not ta ken into account.
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Th ermal conductivity rema ins unaffected by microstructural. compositional or

tempera ture changes,

The fact tha t tile surface tem perat ure var ies with time makes it impossible to obta in an

analytical solution to the problem, wh ich is why a numerical technique was ado pted to solve

it (finite element method) .

Temperature at the bottom of the tile was determined usin g a sensing roller, while

temperatu re at the top was calculated by assuming that the temperature difference (ambient

tile surface) wou ld be alike at both the top and bottom of the tile.

3. RESU\:rS OF THES\MULATIO~ AND DISCUSSIO:'oJ

Using a stan dard heat-treatment cycle (Fig. 1). the evolution of the temperature profil es was

determined as a function of time inside an 8 rum-thick tile.

Fig. 2 shows a plot of:

Th e difference between top and bottom tile temp eratures (61').

The difference (average between top an d bottom surface temperuturel-Itile centre

temperature) [Il' T). This parameter provides an indi cation of the extent to which the

tem pera ture profile deviates from linearity and is related to the intern al stresses that

arise in the tile.

It can be observed during heating, that the arising temperature differences between the inn er

par t and the sur face of the tile are highly significant, but that the difference between the top

and bottom sur face is even more important (Fig. 3). Ill' is greater than 6 2'1' because one side is

being heated more than the other.

During firing, both sr and Il'T are vir tually brought back to zero , wh ereas in cooling (Fig. 4).

Ill' is smaller tha nIl'T: both sides of the tile cool much faster than the centre. and the arising

inner stresses can be quit e important.

I:!(O -

""'t
~m ~

~ (..on
f-

4m ~

tl -+-- ~--------I---I I

0.00 5.0) 10.00 I~ .l lli :!O,IK) 25.00 ." 1.00 ., 5.111. ) 4(1.00 4S.01.1

t tmm)

Figure 1. Ji!mjlmu lure CUfH? usud.

· 746 -



C\STELLO:-; (SI''' I1\)

\- - - - - .- -

10.00 1:'i.OO 20.lHl ~5 .W ., 0.00 .~ :' .(M) ro.oo -I5.m

r rrmnt

S.W

-20

·..HI

·'0 +-- - - --J>-..- - - -.l- - "-- - - - 
0,00

I
I --- \T

W 1 '-1_ ~'TJ-.
«, - 1-1 - ------7-- - - I - -r-t

2l' (1\\----1::\.---:,:,----
_ 0

I

Figure. 2. Tile inner temperatu re difierencu.
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Figure 3 . T emperature pmfile in healing. figure -1:. Tt'mpcrolurc proJUcin cnoling ..
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Corrigen d um
On page 92. in Fig. 10 . Temperature !,C) should read Dwe ll Time lmin .l
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