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The continuous improvement of tile machinery
techrology and the increasing of firing cycle speed

require always more attention to evaluate in the cor-
rect way the raw materials used in body compositions.

Today in many cases producers dedicate moîe at-

tention to the quality of the machinery and less to the

body composition uséd in production. A beautiful and
updated tile plant produces very good tiles only ilwe
take care to the raw materials we use.

From a technical point ofview it's imporlant to un-
derline that the first and the main feature for a good
body composition is the constancy of the characieris-
tics ofraw materials used in production. For this first
it's impoftant to select good and serious suppliers but
also have the possibility to control directly raw mate-
rials is necessary to foresee possible changing before
entering in production cycle.

A tile body composition is a mixture of various in-
organic substances originating from minerals present
in raw materìals.

According to commercial classification, we can dis-
tinguish between whìte and red-buming bodies for
making wall and floor tiles.

In both cases, the main raw materìals used can be

dìr ided in the lollor.r ing categories :

a) Plastic raw materials:
Clays , Kaolins
they help ceramic products shaping and give enough

cohesion of the body during production.

b) .F-lux raw materials:
Feldspars, Feldspathic sands, Feldspathoids
they permit glass phase formation and accelerate

chemical and physical îransfomations during firing
process. At lower temperatures they act as inelt struc-
tural materials.

c) Inert ralv materials:

Quarlz, Silica sands

they help to reduce body plasticity and help to con-
trol shrinkage of the products, during firing together
with clays, give structure to the ceramic body.

d) Other raw materials
Calcite, Dolomite, Talc
they work as conective components to reach body

specific characteristics.

Kaolinitic plastic clays (Ball clays)
These are fine-grained sedimentary plastic clays in

which the clay mineral kaolinite is predominant.
The name "Ball Clay" dates back to the early meth-

ods of mining, when clay was dug using specialised
hand tools, which extracted the clay in rough cube
shapes of about 25 cm each side. As the corners were
knocked through handling and storage, the clay cubes

became rounded and "ball" shaped.

These clays are usually dark grey until black in the

unfired state because of organic impurities, but burn
white or light coloured. They have a large proportion
olkaolinite but also contain a little illite content and a

variety of impurities.
Ball clays are sedimentary c1ays, originated by ero-

sion of pre-existing kaolinized rocks. They derived
ftom transpofiation and deposition of these sedi-
ments, mixed with other clay minerals, sands, gravels
and organic material, in lake or delta basins.

In typical ball c1ays, there are usually three domi-
nant minerals: lrom 35-50% kaolinite, 25-35% tllitel
mica, and I5-35o4 quarrz.

In addition, there are other accessory minerals and

some carbonaceous material (derived from previous
vegetation). The wide variation in mineral composi-
tion, and in the size of the clay particles shows dif-
ferent characteristics for each individual ball clay de-
posit. The particle size distribution is generally fine,
so interesting plastic behaviour can be expected. Ball
clays are used in whiteware production to make the
body more plastic and workable.

Light-burning plastic clays

They consìst of white-buming illitic-ka-
olinitic clays. They are similar to the ball
clays but with a lower kaolinite content.
The considerable pîesence of illite or mixed
layer (illite-smectite) clay minerals gets

l"

l"

i.À\.- \ì-r\

%,(É'("'(_ \,/



Photo 2: Light-burning plastic clay (Ukraine)Photo 1 : Ball clay level (lndia)

Plastic clays (lllitic.kaoliniîic clays ) Medium plasticity clays { Kaolinitic. illitic clays ) Low plasticity clays ( Kaolinitic - illitic clays )

Quantitalve chemical analysis

SiOz 72.74

Ahor 16.18

Fe203 1.0 "'1,5

Tioz 0.5 - 1.5

CaO 0.0 - 0.2

MgO 0.3 .0.5

Na20 0.1 .0,5

KrO 1.5'30

so, < 0.1

c < 0.2

L.o.l. 8.0 - 9.0

lMS0 0,3.0.5

Naro 0,1 .0.5

1,5.3.0

< 0.1

0ualilatrve mineralogical analys s

Kaolinite .lllite .Quartz - Feldspar

Photo 3 : light-burning mediumJow plasticiti cla"Y (Ger-
man!)

worse clay characteristics in aqueous suspen-

sion (rheology) but at the same tirllc it in-rprove

their pìasticity and melting properties.

In these clays, tliere are usually the tbllowing

l].ìineral composition: 30-50 % kaolinite, 25-40 % tl-
lite/mica, and l0-25% quartz. Colour after firing is

light when Fe.O. and TiO. content is lower than I .5

Light-bu rning mcdiunt-lorv plasticitl clals
These raw materials arc non-carbonaceous. silì-

ceous clays u'ith mediunr-lo\\' plasticity showing
good bending strength values after pressing. These

clays usually have the following mineral cotnposi-
tion : 20-40 % illite/rnica, 15-30 % kaolinite, and

35 55 % quartz. They bum with light colour when
Fe,O. + TiO. < 1,5-2 Yo.

ln the table are synthcsizes chemical analysis ol
standard light firing clays uses in porcelain tile pro-
duction.

Ab 0r 20'22

Fe20j 1,0 - 1.5

TiOz 0.5 - 1.5

L.o.l. 6.0 .7.0

0ualitatve mineralogica analys s

Kaolinite - Quartz 'lllìte . Feldspar

0uahtatrve mineralog calanalys s

Kaolinite' Quartz - lllite. Feldspar
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Photo,l: Kaolinizcd rccli crploitation (Unitcd Kingdonl)

L-.i aolin s 1[ìh iol:r lirr r1

Kaolin is a pulilìed u,hite plastic clay primarily conr
poscd oî kaolinite in assOciation with small quantities
olother nrinerals such as fèldspar. mica and quafiz. It
is called C'hina Clay as it rvas usecl jn China and later'

elseu'helc to proclucc vcry rvhite \vare. The r.vord kao-
lin is dern ccl fronr Kao Ling nreaning in Chinese high
ridge. presumably r,r'here this clay u'as nrined. lt is

rnade up of a loose aggregaljon o1'r'andonrllr oriented
stacks of kaolinitc flakcs. Kaolin dcposits arc lbrmcd
through thc altcration. or kaolinisation of fclclspar.
rich rocks such as granitc or guciss by hydrothclmal
and,lor u cathcring proccsscs. Thc rrincralogical and
chcrrical con'rposition oî thc kaolin .lcpends on the

naturc of thc parcnt rock and thc typc and clcgr-ce of
alteration. Thìs clay is u'hite firing undcl oridising
cond ition s.

The chcmical and nrineraìogical composition oî
krr,'lin dcnusit. drrcr ttrrl itl\Àit): rìlc(t Urcr: lcqtlir'\'
rrenls and therelòre requircs rcfining trcatrÌrcnts bc-
lòre being conrnrelcialized. Lr both proccsscs. thc rc-

fining tr-catnrcnts hiìve the purpose ol incrcasing thc
rratclial's kaolinite contenl by reclucirr,g as fil as pos

siblc acccssory Mincr-aìs such:rs qLraltz and lèldspars
ancl othcr irnpr-rr-ities. Kaolin is the basic rau natelial
to ìnclease the percerìtage of aluurina in thc ccranric
bodics. lt is coarscr glainccl ancl lcss plastic than ball
clavs, anyrl,:r1,rt helps to pror,itlcs strcngth and plas-

1ìcitv ir'r the shaping of'the ceram jcs products and re-
duccs the amotrnt r:f p1'r-oplaslic delòr-nration in the
proccss oîfiring. It convcrts to nrulìite ancl glass *'hen
firccl to tcnrpcr-atules crceeding 1000'C. It is essential
to tlre achicl'cment o1'high fìr'ed whiteness. This is bc
cause il nor-maìly contains zÌ lo\\er conterì1 oÎ colour-
ing eìenrcnls than other-cìaye1' r'au rnaterials.

r ll':rL-ll'-: r"l1i r g ttlrs í it,:::r.,,, i i:4.r,, ih r'', ú {], Í.rr\ ir 1' Ì

Photo 5: Rcd burning plastic clal (ltrly)

Tìrcy are se nr i-rcfractor-y clays u'hich contain
crrough flur to fìrc at comparativcly lou' telnperature
(about 1100-1150 'C). The-v ale con'rparaliveìy pìas-
tic rvitl.rout shou'ing too rnuch shrinka-te al1er fir-ing.
These rar.r' materials sbor.r' redr'blou'n colour- alier' fir-
ing and thcy are alnrost entircly carbonate-1iee. Thc
claycy nrinerals can bc associatcd to illitc-chlorite
typcs. They givc plasticity to thc bocl.v cornposition
r.r'ith good bcrrding stlcngth valucs aftcr prcssir.rg, al'-

ter drying and atìer firing.

l?rri-brniing inidrnlr-lall lliusticitr clrr s rl inlr carboulr{ :r
Thcìr corn pos ition shon'rlincralogical associations

of illitc-ch lor-itc ancl somctillrcs illitc-kaoljnitc (in
lowcr cluantìt1') u ith also prcscncc of montmorjllon-
ite. Carbonatcs content ir.r thc rau' matcrial is valiable
and it can also reach very high valucs. These clays
help to gir.'e plasticit-v to the bod1. Usually after fir'ing
thcv prcscnl a orangc-hazcl colorrr duc to thc prcscnce

of iron niner-als.

Photo 6: Rcd burning middlc-lorl plasticit\ cla\
r\ itlt ctt lronirt(\ { \lget ia l
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F(.1{l\prr'\ aI(l fcl(l\l}îr' rîD(lt
Feldspar minerals arc csscntial components itt ig

ncous. trletamorphic and sedirnentary rocks.
Thc mincralogìcal composition of r.r.rost feldspars

can bc cxprcsscd in terms of'tlre temary system Or-
thoclase (LAlSirO"), Albitc (NaAlSi.O.) and Anor
thite (CaAl.Si,O.).

Chemically, the fèldspars arc silicates of alumin-
ium, containing sodium. potassinm, calciutn, iron,
bariunr or cornbinations ofthcsc elerreuts.

Ilre nrinerlì. ot rvhiclr tlìc eolnpù.'ition is con)-
plised betwccn Albite and Anorthitc are known as

the plagioclase îcldspals, rvl,ile thosc cornprised
betu'een Albite and Orthoclase are called thc alkali
îcldspar-s.

The latler categor';, is olparticular interest in lenrs
of indush'ial use ol fèldspars. Amongsl the nul.ì.ìer

ous rocks in whiclr they are prcscnt, fclclspars are

particuìarìy abundant in igneous rocks likc graniie,
rvliich contains up to 50 or 709/u ol alltalinc 1-elclspar.

Glanite is hon'evcr rarely r.rsecl as Èldspar for its iron
content (biotite). Rather a rvhole range ofrocks geo-

logically conncctcd to granite are cotnnonly uscd in

cer amic production.
Cornmercial fìldspar is usually exploited from

pegrnatite or' îeldspatic sand deposits. Aplite. u'hich
is a finegrained igneous rock u'ith the same mineral-
ogical cor.r.rposition as granìtc is also fiequently usccl

1or itsfèldspar contcnt. Rasically, the t\\'o propcrtics

rvhich rnake fèldspars vcry uselul Íòr ceramic inclus-

try are their alkalj and alumina content. On those el

encnts $,c can drstinguish threc families: Feldspar

sand, Pcgrnatitc and Feldspar. A furlher distirtction
can be lnaclc bctr'r'een sodiutn, potassium and rnired
fèldspars, dcpcnding on the typc oî alkali content.

The fcldspars ìrelp the fbmation ol'the vitreous
phase and accclcrate the chetnical and physic:rl trans-

l'ormations olthc parlicles during thc firing process.

The fèldspars at lou'cr ten'ìperaturcs (as in r'vaìl tile
pfoducts) rìct as intfi structrÌral tllatcrial structural
and fìcilitate the elfusion of thc volatile compouuds
which arise during fir'ing.

In rcd body tbrnrulation acid volcanic rocks as rhy-
olite and porphyrcs ate used as feldspar source fbr is

high content olpotassiurn fèldspar and quartz.

The use o1'fèldspars also helps to reducc ancl con-
trol the thermal cxpansiorr coefîcicnt oî a ceramic

Photo 7: I'otassium fètdspar deposit (lndia)

Qulrlz a rtd silica sand

Quartz andior srlica sand quarlz is introduced into
the con-rposition as fillcr rn order to {acilrtate tlre eÍ'-

lìsion of the volatile compouncls u4rich arise during
firing. Quartz is a basic rraterial lbl adjusting the ther-
mal expansion coeflìcient, rvhich increasc proportion-
ally to thc quantity present. Reactivitl, of frcc silica
against alkaline-eartìr oxides (CaO e N4gO) rnust bc
lirlited and controllcd.

*1?ry''&
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Calcite anclr'or- clololnite are Iìndamental rnatcrials
1òr u'all tile bociies. thc permit to control shrinkagc of

poÍous products. I:specially important is tJrcir par-tì-

cle size tlisttibution befòre ancl atÌcr grinding. ln lact,
vcqr finc parlicle size distributions favoulbo1h decar-

bonation rcactiorls ànd, at a later stagc. tlìc synthesis

reactions r,r'ith "rcsidues" ol onginal clayey mincr
a ls.

body.



Photo 9: dollmite quarry (Italy)

Very impoftant are decarbonation kinetics and es-

pecially the complete ejection of the gas (CO, ), be-

fore the "softening" of the surface glass (glaze). The
evolution and completion of slmthesis reactions be-

tween silica, alkaline-earth oxides and alumina, play
a leading role in defining the physical and mechanical
features ofthe ceramic pieces after firing (mechanical

stlength, thermal expansion coefficient, etc.).

In low water absorption bodies fired at higher tem-
peratmes, carbonates added in lower percentage (max
J-4 ob) acl as energetic fl uxes.

Talc
Talc is a hydrated magnesium sheet silicate with the

chemical formula MgrSi,O,o(OH)r.
At temperatures above 900'C, talc progressively

loses its hydroxyl groups and above 1050'C, it re-

crystallises into different forms of enstatite (anhy-

drous magnesium silicate). Talc's melting point is at

1500'c.
Talc added in limited percentage in the body com-

position (< 5%), lavors the eutectic reactions of the

body acting as energetic flux il low water absorption

bodies fired at high temperature.

Other special materiais added in body compositions

aJe :

Zirconium silicate or alumina for improve whitness

of the body in superwhite porcelain tiles or special

frits to give special characteristics to the body com-
position.

where are índicated the main characteristics of the

material.
Chemical composition is always indicated and in

many cases is also indicated mineralogical composi-
tion and physical characteristics.

Considering that few tile factories could permit to
install in their laboratory the very expensive X-ray
equipment for the analysis, some simple laboratory
controls must be organized to periodically check raw-
material quality.

The first suggestion is to save a 50-100 kg quantity
considered as standard to compare with every new at-
rival of the raw material in the factory.

The simplest method to control is to compare sma1l

samples of the raw material with the standard quality
firing them in industrial kiln or ifavailable in a muf-

fle ki1n.

Physical-ceramic surveys after firing
The following characteristics will be determined af-

ter firing:
- water absorption
- shrintage
- colour
- loss on ignition
The resulting data must be compared with the stand-

ard sample of the same material; In case of big differ-
ences, the body composition must be changed. The

same tests can be run with non-plastic raw materials

where, if necessary, some plastic materials can be

added (always the same) to prepare the samples. The
laboratory manager must always examine the results

and has to suggest the changes in the composition if
necessary. Obviously the production manager must be

informed about the changes to be made and decide
when to start a modified composition. Practically the

s

How to control the quality of a rarv material
and to select it for a body composition

Usually a cetamic raw material is proposed

by the supplier with a teclrrlical data sheet

Photo 10 : talc exploitation (India)



most vadable raw materials are clays, so they have to
be checked well and more frequently.

Water absorption
Boiling method
The tiles are weighed, immersed into water and

boiled for a two hour time; afterwards they remain in
the water for filther four hours and are successively
wiped with a damp cloth and weighed again. The for-
mula to calculate the percentage of water absorption
is:

E[%]:100*(P,-P,)/P1

where:
P, - final weight of the tile (after absorption),
P, : stafting weight of the tile (before absorytion).
Another way to measurc water absorption is accord-

ing to the merhod of the sample water impregnation in

immersion under vacuum (<deprimometeu)
Linear shrinkage The samples arc measured only af-

ter being fired and the shrinkage ìs calculated on the

difference in dimension in relation to the die cavity.
The formula for the calculation of the percentage of
linear shrinkage is:

s[%]-100+(D,-DryDr

where:
D,: die cavity dimensions,
Dr: dimensions of the tile after firing

Colour
Although there are special laboratory equipment to

evaluate the colour and the ton of the fired material.
the simplest way is to compare the colour olthe sam-

ple wìth the standard one. A darker colour with the

same shrinkage and water absorption means tha t iron
and titanium content is higher than the standard.

Loss of ignition
l0-20 g of the sample arc weighed, properly milled

and dryed and then fired in a rnuffle kiln at 1l 00 'C
with t hour at the maximum temperature.

The weight difference before and after firing (P2)

divided for the initial weight (P1) and multiplied for
100 give the loss olignition:

L.O.r.[%]:1 00*(PÌ-P,yPÌ

If a muffle kiln is not available, it's possible to
measure the difference of weight of the same samples

before and after firing industrial kiln.
Imporlant controls to do pcriodically are also the

following ones:

Nfoistu re c0ntcnt
Carefully weigh out thc amount of powder to be

checked to the nearest 0,1g (A). Dry the sar-nple in a

drying oven for at least 4 hours until a constant weigh
is reached, then weigh it again as quickly as possible,
to the nearest 0,1g (B). Calculate the percentage of
free moisture, on the dry-mass weight and to the near-

est 0,1 percent, as lollows:
Free moisture % _ t(A _ B) / Al f 100

Residue control
A representative weighed sample of each dried raw

material is dissolved in water by stirring. Afterwards
the obtained slip is screened through a 0,080 micron
sieve and the residue is then dried and weighed. The
percentage ofresidue is given by the flormula:

Residue % : A/B* 100

Where:
A : residual weight [g]
Another impofiant control to do is the evaluation

of carbonates present in the raw materials calculated
with simple equipment (Calcrmeter) that measure the

reaction with HCI and measure the emission of CO2.

All these data must be collected in a laboratory da-

tabase to be ready to verify them when production
problems arise.

If a new raw material has to be tested in a produc-
tion body composition, the best way to operate is to
prepare a small laboratory quantity of the standard

body composition (with standard of each raw matcrial
present in the body) and add an increasing percentage

ofthe new raw material changing step by step the one

to substitute in the composition.
When the results are acceptablc a sen-ri-industrial

test in the plant can be done, prepared in a small mill
(example a glaze mill not in production) firstly with
few tiles (well identified from the production ones)

and step by step increasing the quantity until results
are confi.rmed.

Regarding the study of a new body formulation it's
impoftant to start with accurate chemical analyses and

after studying a correct balancing of the main oxides
of the formulation physical and technological param-

eters must be studied.
The most impotant parameters are the following

ones:

- Plasticity (M.o.R. )
- Rheology (Viscosity, Thyxotrophy)
- Evaluation of carbonates (Calcimetry)
- Evaluation of soluble salts

l"
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- Expansion afìer prcssing (clays
and kaolins)

- Apparent densitlr
- M.O.R. (Bending strengtlr rrccn,

drjed arrcl after firing)
- Watcr absorption
- Shrikage
- Thermal expansion
- Clolour evaluation

Regardìng diîfcrcnt qualities oî
body cornpositions. an extract liom
the articlc "On the tiles. Material
choicc for ceranic bodies" (Mar-
tin Stenlilbrd. lndustiial Minerals.
2003 ) is attaclrcd:

A tile bod), is a laycr -5 to 20 mm
thick that act as structural substrate.
except iri thc case ol unglazed tiles
rvlrerc thc fàce also provicles thc
decorativc eflèct. The bocly brings
nrechanical streugth. dinrensional
stabilitl, and durability.

-l he bod1, docs not generally con-
stitutc a marketing lèature of the
finishcd picce but is essential to thc
5 ( ee\\ uf tlre nlodlr(t. lt's irnpur--

tant to cnsure that rvhile it is fit for
ilr ptttptrsi production L,ì\l\ rcrììaiIl
corrtrollcd and competitive. Such

consideratjons figur-e strongly in thc
choice o1'the r-ar.v rnatcrials fbr body
preparation.

Bicoritr! r'l ll('!'ou\" tìliaf;-fr!'ed tiIcs

BicoltLu-a tilcs" u'hiìc bccoming lcss comrnon in
ErLtope due to thc cost oî the double firing process,
are siill widcl.v produccd. They har.'e low transverse
bleaking strcngths ancl cannot be used in llooring ap-
plications but arc used extensively in u all tiling.

The type oî body pr-efìn-cd is knou,n as calcaLeous

calthcnrvare. meaning a porous bocly in r,vhich one oî
thc r.najol corìrponents is calcium carbonate. This is

usually ìnlroducctl as millecl limestone (rvhiting) but
groLrncl chalk, marble and dolonrite can also bc usccl

r.vhcn thcv are economicalll, advantageous ancl tcclr
rrically acccptable.

A typical composition can be :

- plastic clays :10 %
- kaolins l0 9ó

- limestone l5 9ir

Edilcuoghi Design from Kale Tile company

..t--

- quartz sand 3 5 9/o

Formulation control is iurpor'lant as thcsc tiles cle-

rnand that ccr-tain physical parat.ìletels are achicvccl ju

the fì:ra1 bodl'.
Onc such pararneter is the thermal cxparrsion of the

tilc rvhich urust be nratched to that ol thc glnze so
that the glaze is rnaintainccl in slight colrpression at
thc cnd of tlie process. This reduccs thc tcndency fbr-

thcrmal crazing and elirninates othcr potcntial delèc1s

such as peeling.
Tiles produced li'om such forrnulalions r.r,oulcl nor

r.r.rally be biscLrit (fìrst) firccl at a terlper-atur-e of 9E0-
I 100'C (slightll, highcr in last fire ltilns), lollori,ccl bv
a glost (second) fir'ing at 9ó0-1080'Ci (slightll, lorvcr-
tlran tl.rc first firing).

Bodies of this type alc lìot rcconlllendcd f-or thst.
single fir'ìng becausc thc high volumes ol'gas releascd
c:ìn create problenrs in thc final surlace 1ìnisìr of the
decoratìr'c glaze. Horver,er, they have a numbcr oî

;t
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techniciìl lnerits \\,hich arc valucd by
rla n trlìcturers:

the\ can bc vcr-v light lìring (u'ith
correctly sclcctccl lnateliaìs) nùich
obviates thc ncccl fòr an enqobe laycr.

- cetamic bodies ol hiclr calciutn
contcnt have a lon,fìr-ins sl.rrinkage

which is quile inserrsìtivc to lelative-
11,

lalgc chanees in thc pcak 1ìring
tclnpcratr-lre. This nrakcs control oî
the trle size rruch casicr.

- ìrigìr calcium bodies. particr.rlarlv
in the pr-esc:rcc ol surall qLrantities of
rn.l!r ìe : iu rì ì- lrrr c r cn 'lou rttoi'lrrrc
crpansions. This malkcdlv rcduces
tlr,. t.n..lcIcr jì't t l/ tìu ill sr..r'r ire.
palticulally jn u ct aleas such as

bathroor.ns.
(lare r.nrLst bc cxelcised o\er ta\\'

rnater-ial sclcction to achieve thc rc-
qu ir-ed pert-ornrance. Cìeuerallr'" thc
plelèrred plastic cla,vs at'e kaolinitic
arìd nlust 1ìrc to a clcan, light coloLrr-

u hile dcl'locculating easrly. Kaolins
ar-e r-c ìativcl_v coarse-grainccl and
u hile-fìr-ing; the lintesloncs atc clcan
and non-carbonifèr'ous: ancl cpraltz
sancl o1'lo*' ìntpurit.v content (llrough
llot ol {llass srade).

OfÌcn. a ra\\' (urlprocrssccl) kaolin
\'.rtì lìr' lts((l \\ lìi( lì r'ultl.lilli ihr' lrCc-

essary kaolin ancl a part olthc quartz
in a single ran matcrial. thus sar'-

ins tnatelial costs. and it is conrruorr

Edge Design from Keope iile company
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practice thal palt oî thc sancl is substitutcd bl up to
l0'Ì1 ol"pitchcr'' (crushccì. r'c-jcctcd biscLrit tile which
arises fì'onr thc proccss itsclf).

ì\'loncpolosa tilcs satistìi a lalgc part oî or er:rll rnar--

kel clerrantl in the porous u,all tilc scctor'. The ntain
r-cason 1-or this js cost: thc singlc 1ìr'ing process uses

lcss enersl ancl laboul ancl. through the adclition ol
an engobc lalcr'. a u'idcÍ seìection ol chcapcr |au
matcrials is avaiÌable. IIouerer'. thc langc ol rlcco-

t'alivcoptions n'hich can be successlìrìì1' carricd
bv nronopolosa tilcs is morc restricted th:rn 1òr'

tu'ice-fir-cd tilcs ancl it is tliflcLLlt to attain tìre
hì-rhcst qr.ralit,v glazc fìnish on these ploducts.

irr a singlc. fist 1ìring process, thc chcnrical

and phl,sical changcs that occur cluÍing the conVc|sioÍt
olti.rc law clavrvale to thc finishctl article are accorr-
plisliecl at the sarne tirrc.

To ensule lhrìt this nlns sntoothìv. thc bocll'must be
carelìrlìy dcsigncd in ot'der to reducc likcl_v losses. O1'

critical impoltancc js the ar.t.toLrnl ol gas ct olt ccl dr:r--

rng thc fìr'irr-u and u'hich lt.tust be vcntccl through tlte
cnqobe antl slazc lavels belbrc thcsc bccontc itnper--
rure:rbìe. Failur-e to achier e this u ill rcsult in delècts
in eithcr thc boclv ol thc !.lazc in thc Iìnished piccc
u hich u,oulcl rcsult in its rc-jcction or dou,ngr':rdìng ac-
conling to thc scvelilv of thc lìrult.

Cìear-ly, onc approach to this is to rcclucc the total
an.roLrrt o1'{Ìas er,olved and to cltoosc body conpo-
rrents li-onr u'hich gaseous parls arc clinrinated botìr
lapidl,v and at tcrì.ìlreraturcs q cll bclorv the 1ìrsion

points olthe glaze or crrqobc.



'fhis restricts thc use of calcium
or nragnesium carbonates and clays
with a high content of organic mattcr.

The resultant body ll.rust also sat-
isfy thc other lechnical denrands of
the process:

- it must bc rcadily deflocculated
- provide adequate plasticity and

strength 1òr' the fomring proccss
- yield a stable, predictable n.re-

chanical basc after its ceramic trans-
lormation

- meet the dernands of the relevant
standards.

A typical composiiion that satisfies
thcse criter-ia could he:

- plastic clays 45 %
- lean clays 15 -nl,,

- fèldspar 20 %
- quartz sand 20 -9lo

The clay materials in sucir bodics
rrral bc light lìrinp or fire ro lire r
prnk to tcd colour'. This increases tlre
options available to a tile manulac-
tr-rrer as deposits ofred burnìng clays
arc much rrìorc commoll than the
lightcr burning clays.

Kaolinitic cìa1rs are genet-alìy prc-
f'el|ccl to illitic oncs as tlre rates ol
shr inkage and thc lìr.ral levels ofporosity are easicr to
contlol. Sornc rarv rraterials can be conrbinccl u'hen
suitable altematives arc available, most colnmoltly
pegmatitic sands which can be considercd as a nalLr-

rally occurring mixturc ol tildspar and quartz. or si-
liceous clays. considerecl as a nrixture of plastic clay
and quartz sand.

Commonly, 'pitcher' will also be introduced to
these bodies a1 levels up to lirreslone rnay bc intro-
ducecl (aboLrt 591,) to rcduce the troisturc expansion
of the body. Horvevcr, suflìcient calcite rmpurity will
already bc present in sonrc of thc red bunring clays.

Tiles in this category u'iìl rrormally be fired to tern-
peratures ol 1040-llzl0'C, rvith a total fìring cycle
tune of less than 50 minutes. As the engobe and glaze
have bccn applied to thc tilc before firìng" thc three re-
gions oî the tile maturc togcther. Tliis has advantages
and disaclvantages:

- care[ìr] control of the tempcraturc cycle is neccs-
sary to ensurc that all the volatilcs cscape bef'orc thc
glaze

and engobe seal ovcr to reduce the incidcncc oî sur-

TIENDA HEXAGC)NAL Design liom

lacc clefects.

- the boundarics betù'een engobc and glazc are less
clistinct and bettcr bondìng lesults. The finishcd tile

shor.r's less tendency to crazc or peel in subsequent
scn'ice.

rl1: i"";ri i", '. i:-rì:".1t,i ,.. ilxrl,,-ii:itr Iiirt-

Vitreous (or stonervale) monocottrÌra tiles satisfy
the bulk oî lnarket demand lbr flooring applications.

although they can bc used as wall tilcs. The ma.jority
oftjlcs in this class ale based upon coloured bodics,

which range fionr palc to terra cotta reds and dark
bror.ns, and most basc their body contpositions
around

locally availablc red burning clays.
These tjles rnay be glazcd or unglazed but both rvill

nornrally come from thc once fìred r-outc.

Typicaì body conrpositions ibl this t1'pc oî
\vare are;

- plastic clal's 65%
- 1èìdspar- 1 09/o

- quar-tz 25%
Morc than one gradc of plastic clay is ust-r-
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ally used and the preferred qualities are kaolinitic
clays with illite andlor chlorite and,/or montmorillon-
ite. Such clays have the high strength and plasticity
required by the fabrication process but also ensure

rapid and homogeneous vitdfication. Part ofthe com-

bination of feldspar and quarlz can be substituted by
feldspathic sands where they are available.

The preparation of the body is by the wet route, so

it is important that the composition can be dispersed

and deffocculated reliably. Firing is accomplished in
a single stage, typically with a peak temperature of
1120 - 1200'C and a cycle time of 40 to 60 minutes.

As these tiles are designed to be of low porosity, it
is essential that the presence of carbonates, organic
carbon and :ulphates is kept to a mìnimunt or serious

flaws result.
Porcellanato vitreous,porcelain, once-firedtiles
This style ofproduction represents the zenith of the

modem tile maker's art and technology; with its great

aesthetic appeal, high technical specification, range

of available sizes (linear dimensions of more than 1

metre) and variety of surface finishes.
However, body compositions are not particularly

unusual. They are very similar to those traditionally
employed for the manufacture of chemical or electri-
cal porcelain.

A typical example is:
- Plastic clays 35%
- Kaolins 15%
- Feldspar 30%
- Qtartz l7o/o

- Talc 3%o

It is usual that more than one grade of plastic clay
is used and the preferred qualities would be kaolin-
itic clays with illite and/or montmorillonite but with
low contents of colouring oxides. Such clays have the

high strengths and plasticities required by the fabrica-
tion process and ensure rapid and homogeneous vit-
rification.

Part of the combination of feldspar and quaúz can

also be substituted by feldspathic sands where these

are available. Likewise, raw kaolins can be used in
part replacement ofthe kaolin and quartz.

Talc is often added to lower the vitrification tem-
perature and to increase the rate of vitrification. Oc-

casionally, zircon has been substituted lor some of
the quarlz where very white bodies are demanded,

however, this is expensive and brings other technical
problems.

As with vitreous monocottura tiles, it is essential

to ensure the content of carbonates, sulphates and or-
ganic carbon is very low, but stdngent control ol col-
ouring oxides is also required so that the body colour
after firing remains as white as possible.

Porcellanato tiles are produced with a very wide
range offinishes - glazed and unglazed which can

be polìshed or unpolìshed with the 'natural' (white)
body or with body randomly flecked throughout with
other colours (granito). Firing is achieved in a sin-
gle stage, rypically with a peak temperature of 1140-

1230"C and a cycle time of 40 minutes to 2.5 hours.
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