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The g row ing interest in the production and sa le of porcelain tiles has sparked off a
tremendous increase in resea rch act ivities, confe rences, ar ticles and publications on the
subject. All the man y as pec ts of thi s p roduct, from raw materials to technology, from
physical p roperties to design, from sectors of use to tile layin g systems, have bee n, an d
are, continuously u pd ated an d ana lyse d.

Each of these points deserves a grea t deal of space for d iscussion, book af ter book
wou ld be required , in fact. No ne the less, the combina tion of the nu merou s results and
parameters wi th the free and ope n excha nge of ideas and da ta has alrea dy enriched and
st imu lated all those who are involved in th is field of research and thi s is a good ome n for
furthe r and inevit able progress in the whole sec tor. With out goi ng into too mu ch detail
abou t wh o invented it and when, it so happen s th at po rcelain tile, as an industrially
relevant p roduct category, has celebra ted its twenty-fifth bi rthday.

From the technological po in t of view in the ceram ics sec tor, this period does not just
involve a w ho le genera tion of plants and machinery, bu t a real an d proper leap forward
as regards qua lity and me thods of tile prod uction. Prim itive man adored stone, he ofte n
lived in caves among the rocks, he used the strongest kinds of stone to shape ar ms or
too ls, and he adorned himsel f with fragments of the more colourfu l and rarer stones.

Aware of the compactness, hardness an d inalterabili ty of stone and marve lled by it,
he gave it deeply symbolic qua lities an d used it to record the traces o f his presence for
fut ure eras.

Every cu lture has had significant stone ages, as anthropologists ca ll them, and they
still s trike us wi th their di squieting sy mbols and mystica l relics: ritual stones, magic
stones, mysteriou s stones th at tran smit messages and emotions from the past.

Stone monumen ts tell us abo ut the power of man and gods, and the ma jestic
kingdoms tha t, thanks to the immortality of stone, atte mpted to conq uer the cent u ries.

A t the sa me time, ma n, an accom plished and curious observer of natural
phe nomena began to shape simple clay, ha rden it by firing, makin g it become similar to
stone .

Scholars have never talked about a ceramics age, however, an d right ly so, because
ceram ics have been produced and developed in all civ ilisations and have accom panied
ma nk ind righ t from the start up to the present, in an uninterrupted itinerary o f technology
and art.

Ceramics, even if several of its physical properties have caused sto ne to be used as
a model and standard, has never suffered from an inferior ity com plex.

The ceram ist, aware of the di fferent qua lities of the two materials and with the
pa tience and skill that disting uishes him, managed to produce bo d ies that, even thou gh
they we re insp ired by certai n min erals, equa lled them as regard s their prope rties an d
appearance .

Take the examples of the Etruscan "b ucchero", black and tra ns lucen t like obs id ian;
Chinese porcel ain with its reflections of alabaster; medieval Oriental and Eu ropean
stoneware th at is tougher than basalt.
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At thi s point the meaning of the tit le to this chap te r becomes clear.

Ceramic s tone is not a contrad iction in terms but the common root of the ancien t
his tory of cu lture and technique and of the modern ind ustrial model ; during recent
decades the ceramic tile ha s caugh t up w ith, and surpassed, many of the physical
properties of stone .

We a re ta lking abou t por celain tile and this is how we will ca ll it from now on; we
w ill ex p lain the meaning of thi s double word, its his tor y and its sy nony ms late r on.

Ce ramic articles obta ine d from clay or natural com position, among othe rs, have
been produced in Europe ever since the High Middle Ages.

Th ese were eve ryday objects such as bowls, jugs and vases th at, fired at the hig hest
temperatures that co uld be achieved in those times, had a com pact, imperviou s s truc tu re
of excep tio na l hardness and mechan ical st rength, w hile the metalli c sound they made
w hen they were hi t, their clean fractu re and transl ucency, were ne w to ce ramics.

Up till then, on ly pieces of earthenw are and stonewa re that had been ru ined by fire
an d parti all y molten had had these properties, but they were warped, greenish rejects.

This innovati ve type of ce ramics had grea t ad vant ages in that the sha pe, co lour and
size of the articles co uld be controlled eve n under the most ex tre me firing cond itions.

It was know n as s toneware, the same word as the raw material used to produce it.
In fact, these "gres silicieux" as they were known in France, were ve ry com pact, rock- like
clays with a la rge amount of free crysta lline silica .

With a high conten t of iron ox ide, the material ex trac ted had no pota ssium and
magnesium ca rbonates bu t conta ined large qu antities of fe ldspathic m aterial : a successfu l
natu ra l recipe where the correct ba lance between clay, s ilica and flu xes co uld be
appreciated after fir ing as the final result embo d ied a ll the p reviously-mentione d
adva ntages .

The compos itions were fired in numerous colou rs rangi ng from brown to red
depending on the nature of the iron , if p resent, otherwise grey or even crea m co u ld be
obtained .

We still know tha t a specia l French material called 'gres de Th ivier s' develops such
a br ight sha de of red as to make it indi spen sab le as a basic colouring agent for formu lati on
or in red granu lations for tiles.

The cra ftsmen w ho called their vases, of a co lour and hardness simila r to tha t of
rocks, s tone ware, were ce rta inly un ab le to im agine the fortune that the term would have,
not only in commercia lly terms.

The refined art icles im ported into Eu ro pe from Ch ina and Korea were a lso made
from stoneware (the ex treme ly w hit e objects with a mu ch more melted bod y w ere to be
ca lled porcelain ).

Sin te ring, vitr ification s tart, du rati on and range arc now com monly used technical
terms that ind ica te a parti cular physical sta te d uring firin g in which jus t so me of the
components reach the liquid phase withou t causing the melt to collapse.
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Th is vitreous flux surrounds and covers the struc ture of the crystalline silica an d
modifies the final resu lt.

For over a centu ry, extrude d stoneware has produced the best pipes for agricultu ral
use, cor ros ive d ischarges, sewers; plastic moulded or turned stone ware makes the best
containe rs for acid or oil.

Grea t industrial and arti st ic traditions sp rang up in many European countr ies, in
England, Italy and Sweden, as well as, naturally, France, whe re the nam e of the p roduct
was bo rn, if not the product itself .

Effects of combus tion in reduction an d sa lt g lazing during firing enriched and
disting u ished the appearance of the articles .

The stone wa re tile obta ined from pressing is mu ch more recent; it was the
foreru nne r of that prod uc t type that was dest ined to radically tran sform the field of
ceram ic techniques an d production in the las t two decad es. It was the developmen t of
p ressed stone wa re th at gave us this new ge ne ra tion of tiles .

FROM RED ST ONEWARE TO POR CELAI N TIL E

Since the fifties, un glazed tiles wi th very low levels of porosity were p rod uced
ind us tria lly using specia l " lenses" of carbona te-free, ferrou s clays that vitrified during
firing .

The raw ma terial was dry mill ed, low tonnage friction presses were used for
moulding; firing was done in tunnel kilns with long cycles of over 70 hours and at
temperatures of around 1200 Co.

The most commo n technological limits at that time were the insufficient control of
the par am eters of milling, inad equate va lues of speci fic p ressure, une ve n firin g in the
cha rging sec tion in piles or saggars and the rudimentary instruments ava ilab le.

The product was correc tly mad e, resistant to acids but of low va lue ap pea rance-w ise
and, give n that it was not easy to optimise po rosity and shrinkage, the form ats we re
conseque ntly fairl y sma ll.

In Italy, this was the famou s " red stoneware" (7.5x15 ern - IOxlO ern - I5x15 em ­
sma ll hexagon forma ts) that was use d in schools, worksh ops, kitche ns, hospitals and
pu blic offices . Other colours were also produ ced in Europe depending on w he ther clear
clays or colou red compositio n were used.

O nly sta rting from the end of the seventies cou ld one spea k of the beginning of a rea l
and proper porcela in tile industry: overall production vo lumes were to grow as never
before in the whole history of tile makin g. In our qu est for the explana tion of th is
continuo us trend, which in twenty-five yea rs has led to a growth of ove r 2000% and lead s
us to bel ieve that further expans ion wi ll continue to take place, th ree fund am ental po ints
mu st be ana lysed in order to better understand this ph en omenon.

A). TH E PH YSICAL PROPERTIES OF THE PRO DUCT

The struc tu re beco mes extreme ly vi trified and this easily lead s to porosity va lues of
less than 0.1%; this is an essential factor for compactness, surface hardness, res ista nce to
all mechanical stress and inertness in the face of che mica l attack .
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With out eve n con sidering the subject of the sectors of use, the above is su fficient to
set the performan ce of the porcela in till' abo ve that of all the other tile ty pes.

B) TEC HNO LOGY

j ot by cha nce did the end of the se venties coincide with a real and proper period of
techno logical transition: a new ge ne ra tion of plants and mach inery was born and bred .
The commonly used methods of we t mill ing, even with con tinuous m ills; h igh tonnage
hydraulic pressing; the roller kiln, a t last, for rapid sing le-layer firing; a more refined type
of control instru men ts and, above all, the coh erent and g loba l aggreg ation of prod uction
expe riences, have cha nged the "way" tiles are mad e.

As regard s po rcelain tile, wh ere the ph ysical and che m ical su rface properties are
fu nda me ntal, given the size di st ribution and nature of the powders, the above positive
developments have been put to good use, unlike any thing seen be fore in the sec tor.

For com positions su itable for 60 m inute firing cycles, wit h sufficient ava ilable raw
materials, the resu lt of milling is a 230 mesh resid ue of less than 0.5 % with an ave rage
part icle size of less than 20 micron s.

The presses, even though they compact heterogen eous po wders for aesthe tic
reason s, gua rantee up to 500 kg / cm' eve n on very large formats.

The kilns, w ith a wor king wi d th of over 200 ern, make the fina l contrib ution w ith
60-70 min cycles at tem peratures of 1200-1 250 Cow ith automa tic con trol of all parameters .

C) APPEA RANCE

Taking for granted the int rinsic physical va lue of porcelain tile and the technological
contribut ion that has made reliable and repeata ble complica ted processes possible on large
formats as well, we believe that only mod ernisation, d iversification and design orig inality
have been, and are, the decisive factors for the success and development of the products,

The use of d ifferent coloured powders, rcgranulatcd to different degrees, stra tified,
co rrec tly d ist ributed in the mo u ld s with ex tremely soph is tica ted syste ms, wi th
pressing-lid textu red su rfaces, have w idened the area s of research and expe rime nta tion.

In the tile ind ustry, "design" in te rms of colours, shapes, surfaces and e ffects, has
d eterm ined tren ds and crea ted areas of taste and fashion connected w ith style and the
standa rd of livin g that were un th inkab le only a few years ag o.

It cou ld not ha ve been otherwise for the porcela in till' wh ere, no rm ally, the lack of
glaze on wh ich and with which to design has most grea tly stimu lated new so lutions and
led to a n increasingly more refined final appe arance.

The recovery of the taste for tradition, the app recia tion of natu ralness and the
intimate affinity with stone, have give n rise to fur ther oppor tunities and new spaces for
porcelain tile: marble and stone have found a fearsome compe titor.

Raw and fired p roduct po lish ing and man y other d ecorat ive techniques have
enhanced the carefu lly m ixed batches of grains, colou rs, powders and, sometimes, eve n
glazes.

The porcela in tile has branch ed out from its specific technical use, whe re it is
irrep lacea ble, to public bui ld ing work in the wid est sense; from street furnish ing and
monumen ts to the floors and walls o f private homes.
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It would be wonderful to lis t the prestigious a nd inf initely varying situa tions in
which porcelain tile has imposed itself as a distinguishing e leme nt.

T HE PROD UCERS

The excl usive "cl ub" of porcelain tile manufacturers, which until a few yea rs ago
had been reserved to soli ta ry com pan ies in Emi lia, has ope ned its doors to man y new and
enthusiastic p roducers in Italy and abroad .

Moreover, the recent market lau nch of pre-milled, read y-to-use basic powders, also
colou red, offers those companies who do not have a milling facility, o r those who ha ve
one but that is not available or su itable for the prod uc t. the opportunity to sta rt or d evelop
prod uction of thi s typ e of tile.

Gene ra lly speaking, the produ ction flexibi lity of many compa nies, the collective
diffusion of the technology of the sec tor and the level of profession ali sm o f those who
work in the sec to r are increasing.

Th e sec to r has now reached a critica l size that can influence the whole ceramic tile
market : it is 11 0\V able to create an "archive" of experience and data, which is nccessnry for
the persona lised optimisation of basic mach inery and technology that had previously
occu rred in the sing le-fired tile sector.

Moreover, there is no better wa y of bringing ab out the fu ture and un foreseeable
aes the tic developments than a Widespread and continuous discussion, a deep and
passionate study to di scover the new, extended limits of the product.

It is impossible to foresee and quan tify the positive effects of this grow th, bu t it is
certa in, however, that they w ill be nu merous and such as to arouse interest and ens u re long
life in a sector that some ha ve already defined as "mature", perhap s a little too quickly.

We refer to the cera mics sec tor in general, the in ternationa l growth trend of which
has no t yet finish ed, in spite of freq ue nt d ifficu lt s itua tions, local wa rs and negative
politica l situa tions .

The increase in the popula tion , the generalised increase in the standard o f livi ng
above the poverty threshold an d the cu rre ntly avai lab le technology, can only con tribute
towards maintain ing the prese nt con d itions an d prospects of development. The only
comments to be ma de about these remarkable figures are tha t ne ver before in the histo ry
of tile has a produc t type grown as fast as the porcelai n tile and tha t this product type is
taking its ma rket share from tha t of sing le-fired floo r tiles.

Rightly so, it sho uld be sa id, as thi s p rocess maintains and increases the qua lity of
traditional glazed tiles, since it ex tends the aesthetic possibi lities of the p roduct, increases
the a reas of use and presents grea ter econo mic ad vantages for the ind ustry.

It can also cont ribu te towards grea ter production flexibility in an indust ry that is by
natu re particul arl y rigid, at least up till now.

In fact, the positive implications of a formul at ion with a "unive rsal" base su itable for
differentiated ceramic proper ties through the modification of some of the production
parameters, such as pressing and firing, iHC now being discov ered and evaluated .
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By contro lling mechani cal streng th, thickness and porosity, the idea of obta ining
interior and exter ior tiles, floo rs, decorated wall coverings, objects and purely tech nical or
multipurpose materials from the sa me "multip urpose" body shou ld not sca ndalise us in
the least.

D EVELOPMEI TS IN PLANTS AND MACHIN ERY

The main stages in the growth of ceram ic g ranite during the last twenty-five yea rs
have gone han d in hand with plant d evelopmen t. Plant en gineers hav e worked hard to
keep pace with the rhythms set by the product.

Th is publicati on does not intend to ana lyse the phases of p lan t dev elopment. We
wi ll limit ourselves to giving a brief summary of the heart of the factories in the nin eties
a nd then we will deal with the ma chines tha t su rround it. The objective of the plant
en gineering projects wa s to develop a so-ca lled "end of line" sta tion. Thi s obtains the
powders from a silo "source" and continuously carries out all pre-pressing processes:
bat ching, granu lation, rolling, micronisati on a nd mixing etc.

Unlike previo us plants, it is now the press that takes the powders from a nu mber of
sto rage silos.

Thi s so lu tion has ma ny ad van tages:

1)Rapid cha nges in productio n

2) Possibility of modifyin g prod uction programmes at any time

3) Work programme and, conseque ntly, product programme di rect ly managed from
the press, that is, acco rd ing to the rea l requirements of the finished products
wareh ouse

.. ) Improved se para tion of overall p rocess man agement tasks

5) Ded ica ted lines, therefore low risk of pollution

6) Improved product qu ality due to the elim ina tion of the harmful and inev itable
demi xing process deriving from ba tch storage

Those w ho arc involved in prod uc tion will certa inly appreciate these ad va ntages.

SPECIAL EFFECTS

As regard s fun ctionalit y and flexib ility, p lants have dev eloped hand in hand with
the principal ma chines and have acted as referen ce poin ts for the technical and
comme rcial policies of man y producers.

It is not easy, therefore, to kn ow whether to attach more im portance to the pla nt, and
plant managemen t, o r to the pri nciple mac hi nes that have been d eveloped in recent yea rs.

It is fur ther necessary never to lose sight of the need to compe te with na tura l stone
by creating real and proper "s pecia l" effects. These plant fi xtures contribu te to feed ing the
ma chines surround ing the press.
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The heart of the plant has bee n created here, with person alised layouts and the use
of mod ern and flexible machines w hereve r possibl e. These modular ma chines that can be
combined in man y layouts have contribu ted to the growth of all the most important
porcelain tile factories.

The crea tion of the correct "co ndi tions" for press feeding has bee n, w itho ut d oubt,
of primary importance for the deve lop men t of the va rious ranges of ceramic materials.

Drawing on its experience in the trea tment, batch ing an d mixing of dry powders has
enabled the ind ustry to exp lore new horizons in clay colouring w ith a process tha t is as
innovative as it is simple to l11t1nage.

With thi s techno logy, the sp ray d ryer always wo rks in the sa me opera ting
cond itions becau se it on ly has to trea t one kind of powder.

Wh en required , powdered colo ured pigments are added in sui table proportion s to
the standa rd (ne utral) spray d ried bo dy and then m ixed together ins ide a machine that
se rves to combine the colour ing particles with the granules o f spray dried p rod uc t: this is
the p resen t colouring stage.

DRY CO LOURING WITH T HE FOU R-CO LOUR PROCESS

Dry colouring has opened up new horizons for compa nies opera ting in th e
porcelai n tile sector. Th is tech nique strea m lines all the opera t ions of man aging th e
spray-dried bo dy store, making it possible to crea te th e colours need ed for p rod uction
in th e requ ired qu a ntities and to nes di rectly a t th e press, elim ina ting a ll th e
time-consum ing an d space-wasting storage opera tio ns .
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After des ignin g and developing a simp le yet effective colouring system, the next
step was to enha nce the p rocess to create new solutions and new effects.

This was first don e by colouring using the fou r-colou r process, wh ich involves
colouring a neutral base with a combination of fou r colouring ox ides .

These four colou ring oxides can then be used to create an u nlimi ted range of colou rs
wi th a ll intermed iate shades.

The se lected ox ides can be the sta nda rd colours of the CMYK system (cya n,
ma genta, ye llow and black) or four colours chosen specifically fo r the req u ired colou r
range.

Altern atively the RGB (red, green , blue) system can be used for a three, ra ther than
fou r-colour p rocess.

The next step is to perform dry colouring on bases w hich have already been
coloured using the traditional method .

Research cond uc ted at the laboratori es has sho wn that w ith just four sp ray d ried
colours it is possible to create an in finite ran ge of colours with all intermed iate tones and
halfton es, similarly to the colours crea ted using the classic method.

If the four spray d ried bodies are treated and coloured using the three or fou r colour
process, th is extends the ran ge of possible colou rs w itho ut lim its, offering end users a
practically infinite array of colou r ton es.

fis ure 2.

TECNOSLATE

The increasing need to crea te a p leas ing aesthe tic effect at the p ress has led to the
dev elopmen t of a wide ran ge of loading sys tems, posit ion ed behind and in fron t of the
press and all based on the lon g itudinal movem ent of the material.
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In this way the mul ticoloured tiles exiting from the press have su rface stripes or
veins or iented in the di rection of moveme nt of the material:

PRESS EXIT

By improving the loading systems and working wit h the fair face of the tile
underneath, the effect was improved to create coloured areas ra the r tha n stripes.

Howeve r, it was sti ll not possible to identi fy a mo vem ent or p recise design even
wi th the sha p ing elements which we re used to load the mo u ld cavi ty.

EXAMPLE Or: SHAPING ELEMENTS

Only by po lishing the tiles to rem ove the topmost por tion of surface materi al was it
possible to reveal the design created using the sha ping eleme nts. However, th is inv olved
an ad d itiona l processing ope ra tion ou tside the press.

At th is point it was no lon ger su fficient to crea te a produc t with the same appea rance
on bo th sides using colo u red bodi es, which were resistant to acids and had extreme ly low
water abso rp tion. It was imperative to be able to di st ingu ish the design created directly at
the press, without any o the r opera tion after shaping.

OPERATING PRI NCIP LES OF TECNOS LATE

In order to reveal the design du ring sha p ing at the press, it wo u ld theoretically be
necessary to polish the tile before pressing it. Taking this obse rva tion as a sta rting point,
the laboratori es embarked on a pai nstaking research project to dev elop a suitable
technique for d oin g this. The technique essent ially involves directin g a ir from close range
insid e the mould cavi ty bet ween the bod y loading and p ressing stages.

figllrt' 3.
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Th is prod uces very sim ilar results to the removal of material after pressing. The
pressurised air is d irected through an aperture (whose len gth depends on the di mensio ns
of the tile) in a steel bar fille d on one of the press feedi ng devices.

Because of its sha pe, this bar is referred to as a blade. As the blade moves ove r the
loaded mould ca vity, it removes a variable th ickness of mat eri al so as to bring out the
design inside the tile. Three types of tile with the sa me aesthetic effec t can be obtained:

a) textured

b) smo oth

c) mirror po lished (wi th fur ther polishi ng af ter fir ing).

The process cons ists of th ree stages:

1) load ing of the mo uld cav ity

2) pa ssage of the air blade and p ressin g

3) pressing

VARIAllL E

I) a ir pressu re in the blad e circu it: the higher this value, th e grea te r the quantity of
ma teria l rem oved and the refore the clearer the design on the tile;

2) inclination of the blad e relat ive to the plane of the mo uld : the greater th is
incli nati on, the less effect the bla de has on the so ft ma teria l deposited in the ca vity;

3) speed of movement of the blad e over the surface: the higher the speed, the shorter
the transit lim e over the tile and conseq uently the smaller the qu anti ty of material
removed.

The material removed by the blade is recovered and reu sed in vari ous ways
depending on the type of product.

Tecnoslate ena bles ma king the effect visible immediately after pressing without it
being necessary to polish the tile either before or after firin g.

Micron ised powders can be used as part o f a doubl e loading procedure. The
combinat ion with Tecnoslate ensures that the design created on the tile by a sha ping
scree n or by other devices normally used in the production processing is visible without
the need for further polishing.

In eithe r case, textured p unches can be used .

This way a texture can be associated with the d esign to create a tile wi th an
extreme ly natu ral ap pea rance .

It is evident that the mission of who works in this field is " research", in order to
make useful objects or star ting platforms for further developments. An d th is is exac tly the
phi losophy of wh o has been read ing this report.
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