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ABSTRA CT

Producing quality also mean s knowing and co ntrolling techn ological processes and the machines
invo lved. The roller kiln is in current technology. the machine that has had the greatest influence on the
quanti ty and quality of ceramic tile manufacture.

The planar ity of the ware is also a function of the kiln used and its correct regu lat ion .

Starti ng fro m ele mentary cons ideratiuns of a theoretical nature. this study establi shes an ideal path.
leading from the need 10 fire a simple tile to modem industrial kilns. The different thermal . mechanical and
dila tometric stresses are described together with their influence on the planarity of the final product.
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1. INTRODUCTIO N

The subject of the Qualicer 94 Congress , ceramic product qualit y, is always of topical interest, and
is cu rrently of great importance for all produce rs of no mailer what size, kind, or place,

The technical and technological revolution in the processes and machin es used, wide ly confirmed
in their fund amental principles and concepts, have allowed evergrea terquantiti es to be manufactured , with
high specific productivity in all the industrial centres . Rather than allowing this, it might be said that this
has obliged the manufacturer to produce these quantities in order to fully ex ploit the production capacity
of the facilities involved in the technological process.

Quality and quanti ty are, however , two quite different variables . Both modem and upgraded
technologies and machines can be directly purchased , and they allow potential production yields
resembling those of the best competitors to be obtained in a very short time, by using the ex perience of
others. However, the oppos ite is usually the ca se when it comes to production effic iency , especially with
regard to the constant quality of the final produ ct. A great number of enterprises throu ghout the world are
at present able to increase efficiencies and quality at their ow n new, well planned , but not such well run
facilities (quantitative factor), at which process and technological variables (qualitative factor) are not
suitab ly used.

We therefore propose to devote special attention to product quality, particularly with regard to one
of the most important fac ilities involved in the cycle : the roller kiln.

Thi s machine has undoubtedly been of the greatest influence in current production .Other unit s, have
progress ive ly been improved and upgraded in all aspects in function of their importance, but their
conce ptual charac ter istics have remained the same. The roller kiln, however, has comp letely changed the
«fi ring concept», eliminat ing the typical defects inherent to the old fir ing systems and introducing a
different sys tem, which is however no simpler.

We shall deal with the roller kiln and the tiles that use it. We shall furthermore refer in detail to the ir
flatness, a typical, spec ific characteristic of these heat-treatment fac ilities.

«Flat fir ing» a single piece involves takin g into account the possibility of each square centimetre
of surface area giving off and receiving heat, fast and con veniently.

However, it also means performing greater control ove r the geometric deforma tions that the single
piece, without any further connections to a support, or involvement with any rec iprocal influence of the
setting , ends up develop ing more freely. .

We shall attempt to do this using the simplest possible language, attaching more import ance to the
conceptual issues involved, rather than quantitat ive assessments, unless these are indi spen sable to the
recip rocal comparison of the varying aspects that are being considered.

Thi s is necessary because one of the main problems in our industry is certainly the ex isting gap
betwee n a highly detai led , basic, theoret ical literature at higher education level (Spain being the main
author) , and an ope rational reality in most cases in countries far removed from the major centres, with
clearly less preparation, and an em pirical basis, directly oriented by local market situations to obtaining
quick and easy , immediate eco nomic results. Variations in these situations, a temporary excess in supply
and the need for more exports even tua lly end up by considerably changing ap parently co rrectly
implemented production processes, show ing basic approaches to be insuffic iently oriented to an intrinsically
better product quality.
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The concept o f qu al ity does not represent, the refore , an absolute va lue , but is the ex pression of a
relationship between the commodity bei ng o ffered and its relative pr ice.

use of what is offe red

Qualit y = K
price of the purchase

At a ce rtain time, in a new marketplace , a certain production , based onl y on pr ice, m ay represent

the rig ht quality .

It suffice s 10 recall the concept o f unpaid qu alit y, expressi ng an absolute, unnecessary and therefore
unpayable. qu alit ative valu e in these particular situations. At present. suc h comme rcial sit ua tions are
subject to fast changes, especia lly in recently indu stri al ized countries . ofte n at speeds that exceed the
companyis own ability to transform itse lf and perform differently. in function of the be tte r qualities

demanded.

Some years ago, an important car manufacturer so ld ca rs of a cert ain val ue in Spain, and the
corresponding service booklet had the following slogan written on the fir st page:

Quality is no accident

It is, on the contrary, a highl y peculiar way of bein g, o f «see ing» and caring for one fs own
production.

2, DEVELOI' I\IENT

Taking this as our premise, lei us sta rt by looking at Figure I . It shows an un glazed tile . made of a
uniform material , thermally inert and ponderally stable. We sha ll imagine it is suspended in space and
subjected to heating at t.t ->;)Ze ro (time = oc ) .

The same temperature is found everywhere in it. Perfect and per fectl y free of any stresses. It is,
unfortunately, a rarely observed situation. Firin g means destroyi ng so me balances and creating others. Lei
us examine some of these:

Figures 2a and 2b show the sa me tile on heat ing it on ly by convection, however no longer at tZe ro
bUI at t whic h is finite and control led. Firing has commenced.

In this case. making the above assumption s. the temperature at ea ch point o f the tiIe is a fun cti on
of the heat received from the exterior through the interface. and the heat tran sm itted to its interior. in thi s
case by thermal conductivit y.

In a specific case . where:

A = I kcal /m.h.oC

a = 15 kcal /m '.h.oC

Specific heat = 0 .25 kcallkg °C

Fo r size 30em X 30cm hav ing a thickness of 10 IIl1n this y ields :

comer temperature 294 °C
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surface temperature. at centre 254°C

temperature at tile centre 213°C

That is:

between surface and centre 41°C

between comers and centre 81°C

It is only an otherw ise highly reductive examp le. because it assumes to be constant (which it is not),
but it suffices to demonstrate how at finite t, temperature differences are bound to arise. owi ng to thickness
and shape of the piece, that is, the fact of being a slab or part of a slab.

The thermodilatometric diagram in Figure 3 also shows how a specific geometric magnitud e
corresponds to each temperat ure. that is. a deformati on (change) with regard to a nominal measurement.
and it is well know n that a hindered deformation involves a corresponding stress. where:

a =(stress) =(f) 15 =deformation

(f) Highly complex function for ceramic produc ts, which is linear for products fired at ambient
temperature. as well as for metals in an elastic field.

What we are saying is: Either the tile defo rms or it is temporarily stressed.

In our case (drying). the tile is under stress. The edges . which are hotter, tend to lengthen, the central
body hinders this to a certai n extent, and compression of the edges arises. The grea ter resistance of the
material to compression. rather than tensile strength, exp lains why tiles do not break all that eas ily durin g
preheating.

However, a finite t. t demonstrates the form factor of the object to be heated with the
corresponding arising stresses.

Figures 4a and 4b show a top view and a cross section of the same piece. heated this time only by
radiation from above and below.

It is anot her purely theoretical case. It differs from the foregoing one in that only interface stresses
are obse rved, which are functions solely of thickness and not of the form factor. Thecalculated differences,
with the above assumptions arc of the order of 40+50°C.

These are indicative examples.

They aim to show the different ways of heating the same object. In practice there will not only be
convec tion or radiation, but mixed heating, with either being predominant in function of the machine used
and the targeted temperatures.

There will in rea lity also be noticeably higher temperature differences than the ones ca lculated
previou sly.

All the computer programmes of this kind yield lower values than those obse rved directly.

The reason lies in having assumed that our tile had:
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- uniform material

- was thermall y inert

- ponderally stable

which repre sent s a nice mathematics exercise. but is far removed from reality.

QUAUCt2V94

Figures 5 and 6 depictthese consi derations. reflecting thermal ene rgy exchanges in the material and
material loss of a certa in interest in function. as already mentioned. of the different materials considered.
These are well-known analyses .

Moreover. these new thermal equilibria will in these cases be determined by the heat the bod y
receives throu gh its own surface . and the heat it transfers into its inte rior not by conductivi ty but by
diffusion.

The term th ermal diffusion is found in an art icle by W.I/ .Holmes in 1969. where the author asked
himself why fast firing was possible.

He considers the joint effect of condu ctivity. density and spec ific heat of the material not as a
cons tant but as the expression of a ponderal and energy equilibrium. function of the material and the
reactions takin g place at each moment.

The value can beexperimentally determined and this explains why practical temperature differences
are not easy to calc ulate.

Figu res 7-8-9-10-1 1-1 2-13 . corresponding to different materials. show the thennodi fferential and
ponde ral diagrams in the upper part. and the indicati ve variations in the differences in the lower part .

The values are self-explanatory, Notice in each case. the influence of calci um carbonate and
kaolini te with regard to thermally more inert materials. whic h do not undergo significant we ight loss.

We rep eat, these a re on ly indica tive di agrams, without an)' quantitative pretensions a t all.

We may. therefore. say in concl uding that the simple fact of using real raw materials and trying to
heat them gives rise to high ly varying equilibrium situatio ns that can on ly sometimes. not a lways. be
achieved at the end of the whole heat-treatment cycle.

We are still far from the kiln that interests us, We have at present got a tile under stress . at diffe rent
temperatures. but it is suspended in an ideal space.

It isin any case quite nat; if we wish todeform it. making itconcave orconvex, withalmos t uniform
curvature. we only need to heat its top or bottom surfaces differently. When there is no plastic deformation.
alternating different heating of the two surfaces would on ly entail transitory. recoverable deformat ions.
Up to this point. planarity has not been a prob lem,

But we must al so learn how to suppor t it a nd transp ort it. Anyone that has had the opportunity
of following the industryfs evolution in recent years knows that the roller has been adopted as the mean s
of transport a fter man y experiences relating to other kilns and varying means of support.

Figure 14 (the drawi ng shows a motionless tile. undergoing cooling), shows our slab (because it is
not yet a tile). without roller support. It lies close to them, but does not touch them .

Tbis allows us to confirm the GRID EFFECT of tbe rollers on the slab. without considering the
slabfs weight. The W EI GHT EFFECT will subsequently be dealt with,

121



CASTELLON (SPAIN)

Figure 15 is only a schematic. An element of dissymmetry is now obse rved for the first time. The
presence of the rollers introduces a highly disturbing, orienting facto r.

They represent an obstacle for radiation and for the air streams as well, which are respo ns ible for
convection heating.

In other words, if they were not so indispensable, we would never usc them.

Now let us exa mine what they do.

The schematic shows a slab «resting» on three little bars , of length L, height S, and width X. These
are shown in red . The same can be imagined in the other direction; they are coloured green.

The slab is now heated from above and below, As far as the top is conce rned, the situation resembles
those described previously. Under the piece, howeve r, lie the rollers, the first dissymmetry

The slab is no longer the same at both surfaces. Let us exami ne one sole bar, L.S.X. In this case,
whether the bar promotes or hinders heating docs not concern us. The bar tend s to change in length to L
± L 1-2 and its thickness changes as shown in the figure. which are small values but nevertheless always
present.

We should remember that the slab is not touching the rollers. The differenti ated deformation in
length L ± L1-2 is mostly hindered by the remaining central part of the body, while the defo rmation arising
in thickness can freely deve lop.

The same contrast, in length, affects the lengthwise defo rmations of the bars along their points «on»
the rollers.

The resu lt of all this is that the slab, whether diffe rently heated or not at the two surfaces, deforms
more easily in the advancing than in the transversedirectiou. The presence of the rollers therefore gives
rise to dissymmetry in edge curva ture, forming equa l pairs of values for the sides , and the front and rear
of the piece,

Figu re 15 schematically shows these different defo rmations. Having the same dimensions, the sides
will be more deformed than the front and rear of the slab.

We shall now let the rollers support the piece to see what happens. The actual kiln situation is thus
approached eve r more closely. To exp lain this further requires renouncing, in part, what the highest
technical rigour would demand. and adopting simpler illustrative examples.

We shall not consider the slab as a small flat or curved piece, but as being almost rectilinear. Only
a few slab-rolle r reciprocal positions will be examined. As stated in the forego ing. the important thing is
to set out concepts.

The weight factor is taken into consideration.

Figure 16 illustrates, in this general case , that 0 0 sooner docs the piece tend to deform for thermal
reasons in a concave direction, do stresses appea r that arc capable of a certain self-stra ightening effect at
those poin ts where the stresses exceed the ones required to plastically deform the material.

The simplest case is that of the concave slab resting on the roller in its lengthwise direction. The
induced stress and momen t arc greates t at the centre point. The value of the stress is - K WS. It increases
with length squared and is inversely pruportiunalto thickness.
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Please note the term : LoiS, we shall be coming across it on several occas ions.

Observe that for a tile of 15cm X 15cm X 0.5cm a relative value of 450 is found, whereas for a tile
of 30cm X 30cm X 0.8cm the value obtained is 11 25. The same figure also shows that the same curvature
considered at the rollers, in the lengthwise direction of the kiln, arranged with a spacing p. yields two main
values:

At the roller:

At the central position:

- KlS (L - p)'

K U S (2p - L)

(A)

(B)

As P is always positive. the value (A) will always be smallert han the foregoing case , while the stress
at the central point will be proportional to (2p - L).

Tha t is: when p = 0.5 L. the moment and the stress at the central point arc null.The self-straightening
effect is null. When L increases, with constant p, the value (2p - L) becomes negat ive and the effect is
enhanced.

We can therefore say tha t th e effect or capacity of self-correction is greater for the advancing
sides th an th e other sides.

Remember too, that we have always been assuming a slab of equal sides.

It is quite inleres ting 10 see what ha ppens in rectangula r formats.

Let us look at a tile of 15cm X 20cm X 0.5cm. We will have:

From - rear: 450k (Side 15)

At rollers: 450k (Side 20)

At rollers - centre: 400k (Side 20)
quite similar values.

Wherea s a size 20 cm X 30 ern X 0.7 ern gives:

Front - rear: 571k (Side 20)

AI rollers: 892k (Side 30)

At rollers - centre: 857 (Side 30).

The ph enomenon is inve r ted. The correcting effecl is now greater in the lengthwise direction of
the kiln, as a consequence of considering a size with different side lengths.

On the other hand 2011 5 =1.33 and 30/20 =1.5. The rectangular sizes. with a side ratio exceeding
1.33 are in fact those requ iring most attention.

Figure 16 also shows the opposite case, when the slab, always forthenna l reasons, lends to defonn
convexly.

Just as before, th e cor recti ng effect, with sa me side lengt hs, is greater in the advancing sides
(front-rear) .

123



.QUAIJ~94 CASTELL6N (SPAIN)

The schematic in the figure exhibits a constant configuration for the advancing sides, always the
same at eac h mome nt. while the draw ing corresponding to the other sides shows one sole, very particular.
position . The resu lt is qu ite graphic .

A fir st conclus ion is ohliga to ry. (Alwa ys with same side lengths).

Whet her it is because of the G RID EFFECT (as we have termed it) of the rollers, or as a result of
the combined weight-induced thermal deformation , the sides parallel to the kiln are always more
deformable than the transverse sides. However. it should be taken into account that the correcting effect .
when it ar ises , because it may not occur when L is small . S large. and in materials with high porosi ty. a lways
gives ri se to d eformations having a different curvature radius. The worst ones.

T his is a prime reas on for not exagge rating the usc of different firi ng conditio ns above a nd
below th e sett ing plane.

We have rollers because we cannot do wit hout them, so that the conditions shou ld therefore be
different but on ly to reduce to the utmost the unwanted presence of the required supports.

In the op posite case, the operational flexibility of the kiln (in the sense that it could be co nsidered
as two heat-treatment machines. one on top of the other). will end up by reducing. though never completely
eli minating, defects that can be removed by other means. An erro r should not be corrected with another
error.

We shall be coming back to this point later on.

Let us now exa mine cooling. Let us assume our slab has been suitably. uniformly fired, and has
the targe ted mechanical propert ies. Cooling takes place using the most common method. air-quenching.
Quite easy . Is this really so? Let us have a closer look.

Figure 17 gives us the points of reference used in this new example. using the initial computer.

Figures 18and 19show the temperatures at each point in function of elapsed time (in seconds) for
two slabs measu ring 30em X 30em X Iern and 30em X 30cm X 1.5cm.

The condit ions were as follows:

Density: 2 I00 kg/m '

Spec ific heat : 0.25 kcal/KoC

A= I kcal/rn h °C at 600°C

A = 1.5 kcal/rn h °C at 12oo°C

a = 40kcallm~ h °C

And in this case without the previous ass umptions, the suita bly fired mate rial is:

Uniform

Thcnnally inert

Ponderall y stable
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and it is the calculation method that lies closest to the actual situatio n, Let us exa mine a slab of 30cm X
30cm X Icm (F ig. 18). The temperature difference between body centre and surface centre is about
40-50°C and keeps sufficiently constant.

The diffe rence with rega rd to the edge is, however. already 140-1 50°C just after 45 seconds. and
remains like this at temperat ures lying at half the initial temperatures.

These differences are quite striking.and it iseasy to understand.onobse rving them. why tiles ex hibit
dark edges. like the frame ofan imaginary painting, in the first step of the cooling stage. It is also c lear why
it is not di fficult to break tiles duri ng coo ling. Co ntrary to the first example, in this case hinde red edge
deformat ion in respec t of the centre. arises as a result of these same tensile stresses. Notice furthermore
what the fo llowing expression means : when the piece is at 573°C cooling must be performed more
carefully, 573°C'? Where'?

It should be mentioned that this slab has still been coo led alone. Wc have up to Ihis point been
studying a single slab. Why'?

To more clearly demonstrate the great adva ntages to be had in preheat ing. firing, and espec ially in
cooling. by placing the slabs next to each other. As closely as possibl e.

This is of much greater importance than might be imagined. Man y many defects are amplified as
a result of «carpets» of imperfect tiles that lack uniformit y. On the other hand they are not easy to obtain.
unless usc is made of suitable roller movement. and extreme manoeu vrabi lity. By doing this. the
differences at the edges will decrease, exce pt for the side edges at the ends of the selling.

The vertical air streams are only ca used on these by the different co nditions that have already been
menti oned and criticised . It also happens because not only have we ideally arranged one slab next to
ano ther one, but a lso because we have closed it within a physical space. O ur kiln. We have followed this
imag inary route. in order to remind ourselves, whenever regulating an industrial kiln. of how we would
do it in function of the e lementary demands of the materials 10 be treated .

Until now. in one way or another. we have only fired biscuit or poree lain tile. Wc must now glaze
our slab. on one surface only . the top.

Anot her dissymmetry is thus introduced; heating thc top surface of ou r tile. (now it is a tile). is also
conditioncd bya part of this new c1cmcnt: Ihc glaze.

And we all know how right and necessary it has been.

Th is has certain ly been the case to date - whether it still is doubtful . at least to a certa in ex tent, As
we were saying: it is necessary to heat, above all , below the selling plane in order to reduce and/o r contain
thc effec ts aris ing from the gases produced by firing. through the top surface of the tile and the glaze. Thi s
because the glaze sta rts fusing. tha t is. loses permeabi lity. befo re these gas outflows cease.

We had agreed to stic k to simple language. Nowadays. bodies arc more or less the same. but glazes
are however. quit e different. Current glazes (and we are inacountry that produces them). have initial fusion
starting temperatures that are much higher. and the glazes remain porou s and permeable up to these same
values. Their correct use. accurate funct ioni ng of the body and firing cycle, redu ce the need described
above in its minimum terms. to the full advantage of firing uniformity. which is real and not fictiti ous, and
final planarity. (Besides any considerations on the absolute value of maximum temperature).

Let us go back just a moment 10 Figure 9.
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It is easy to imagine where any remainder of this material, which has not yet broken down, may be
hidden in the thickness of the tile, preheated as described previously.

(We do not have enough time unfortunately to go into this interesting subject, since our main
objective is to deal with the dilatometric aspects of this new glaze-body bilaminate .)

We said bilaminate. Our original slab has become more complex. To this body, which provides
mechanical strength, has been applied a second layer of different material that contributes aesthetic
characteristics and compactib ility.

Each material, body and glaze, has its own dilatometric characteristics and temperature-time
diagrams. Which a rc not the sa me. Because they cannot be, and if they were, it would not be correct.

Let us examine what happens in these bilaminates, keeping in mind that the objective is the final
geometrical result.

Stud ies on the stresses and reciprocal intluences of the two parts in firing and cooling have been
developed in considera ble detail on other occasions, even in former editions of this meeting. We refer any
interested people to these for further information. We will examine what happens in our machine, the kiln,
always in function of the planarity of the product.

Figure 20 shows the dilatometric aspects of a body (C) and a glaze (E) . Point Ts represent s the
temperat ure at which the two parts of the bilaminate become one sole piece, which has been called the point
of fit. It simply means that the two different materials arc bonded together. The figure shows a final
tile that would be perfec tly tlat. This is because independently of the form of the two expansion curves,
the two points Ts and the absc issa-ordinate origin coincide. The theory says in this respect, that the
deviation in a deformed tile (concave-convex), as a result of glaze-body fit, obeys the equation:

F= L'/S Kr AC

Where Kr is a functi on of the thickness of the two components and the corresponding modul i of
elast icity, AC is the difference between their free shrinkages until reachin g ambient temperature. One
could write:

F= KL'/S AC

In the case shown, AC = Zero and therefore F = O. Flat tile. Note that in this case as well , the term
LgS appears. It is to be recalled that we are now talking about deviations whereas we were previously
dealing with stresses .

Figure 2 1exhihits the most common case. At temperature Ts, both parts have the same length, but
at ambient temperature, the glaze would be longer than the AC value, the body being smaller than this
value. Th is means a convex tile, which is obviously under stress and with a deviation eva luated by the
above formu la:

F = K·L'/S ·AC.

Figure 22 shows a different case . The two expansion curves are the same as in Figure 20, hut the
point of fit or bondin g are obtained when the glaze and its interface are at temperature Ts, wh ile the body
has a higher temperature . Thi s is a typical case resu lting from fast coo ling.
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We can see how. for one reason or another, we have been examining fiat or co nvex final products
(not concave products for obvious reasons). with a devia tion = K·L'/S·AC hut with constant curvature.
With a single radius.

However. actual industrial practice tells us that more com plex deformations are ofte n encountered.
not having a single radius. but with composite curvatures . even contrary ones. A typical case is that of a
tile with co nvex central curvature. and concave edges . A classic and quite common case.

LWhat is the cause? The prlnclpal cause is not the grid effect of the rollers. or di ffering AC
expansion of body and glaze. These two factors give rise to pieces with almost unifonn curvature . The
origin of differentiated curvature lies in th e self-cor rect ing effect de scribed previously and ... the
cooling of Figs. 18-1'I. or the effect of both these causes.

Looki ng at Figs. 18-19 again. let us imagine what happens from the point of view of temperature
of fit Ts, taking into account the case of Figure 22. Obviously. very fast cooling. with large . rectangu lar
tile sizes and limited thicknesses can give rise to. or increase deformations like those mentioned .

The conditio ns of fit are clearly different at the edges. near them. and at the cen tre of the body.

Gell ing back to the self-correcting effect. ls there any relationship with the glaze -body coeffic ients
of expansion?

Quite likely. With the glaze, cer ta inly.

Because without the glaze. without its «permeability type» needs. and di latometric differences with
regard to the body. th ere would be no reason for it. The re would be no reason for such different heat­
treatm ent condi tions in firing under and above the setting plane.

What really happens. is that generally. it is attempte d to control or reduce a defect caused by an AC
giv ing rise to too much convexity. with a firing curve whose aim is to obtain more or less concave tiles.
in the fina l firing stage. before cooli ng.

Th is is like saying: co ncave + convex = fiat.
What happens however. if by:
Concave we mean: concave + self-correcting effect. and by
Convex we mean: convex with di fferent curvatures ow ing to excessive cooling.

The result can easi ly be imagined.

There is now j ust one question we must ask ourselves . How can we decrease this kind of
deformation?

By working in two directi ons. TI,e manufacturer should use current facilities better. and the
mach inery producers shou ld try to improve the machines even further.

The manufacturer should try to remember the imaginary route we have followed. and try to keep
to it as closely as possible. according to the following guidelines:

- A set of tiles. forming the so-called «carpet of tile» must be formed. which are perfectly a ligned.
It is much more important than might be imagined. Figure 23 is quite indicative. It represents a
tile in a row.

- The glaze-body tit must be studied in detail. and not just the dila tometric fit but the genera l fit. This
is so as to allow the two surfaces of the tile to be heated. without any other effects than those arising
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as a resu lt of the ro lle rs. It is use less to refer here to the point o f fit, as the fac tories o nly have
ava ilable the coe fficient 3 bet ween 30°C and 300°e, and at tim es even this is not available. It is

perfectly useless, even conceptually.

- Attention mus t be paid to size - th ickness - rolle r spac ing, product typology, remembering the
express ions used and attempting to «reconstruct». mo me nt by moment, the planarity of the glazed

or un g lazed tiles.

- A fir ing cycle must be chosen, which enables a ll Ihe material to be perfectly fired , taking into
accou nt the effect s of the different raw materials, and cooling, attempting not to g ive rise to stresses
that will, soone r or late r, tend to dec rease by them sel ves, outs ide and/or ins ide the packing box es,

addi ng one defect to another. A 25 min cycle may be much more su itable than a 35 min one . It all

depends on the mate ria ls invo lved .

- T here should be a greater knowledge of the kiln, in all its deta ils and possibilit ies. And one should
not he afraid of it . This happens '111100 fr equently,

- The ma chinery produ cers must , in tum , devote more attent ion to some po ints, which were referred
to indirectly above.

- Symmetrica l preheating must be provided, above and below the se tting plane, except for certa in
speci fic cases. M inor differences arc pe rmitted, but so met imes these are e xaggerated .

- The ki ln mu st be fitt ed out with special burners, of one kind or anot her, capable of furthe r improving
temperature constancy in the relevant sect ion. Kilns a rc becoming wide r and wider. Probab ly
already too much so for some typo log ies .

- Th e fir st stre tch of the cooling sec tion must be mod ified and/or reconsidered . My own o pinion is
that a conce ptual revision in this respect would be required .

- And fina lly, we must all try and br idge that enormous (this is no exaggeration) gap, between what
is sa id at meeti ngs like Q UALICER , and what is in fac t found much too often at the actual factories.

It had been my intenti on to g ive an examp le co nce rn ing sing le-fired wa ll tile, but time does
un fortunate ly not allow this. We sha ll leave it for anothe r occasion. Howeve r, eve ryo ne can do thi s on his
own. It is possihle to do so by starting at Figure 3, payin g part icu lar atte ntion to the last part of the d iagram.
Th ank you for yo ur atte ntion.
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