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INTRODUCTION

Homogeneou s Vitrified Tiles, better known as Gres Porcellanato, hav e gained vast
popu larity in recent yea rs. This, pri marily is due to thei r excellant mechanical and
technical qua lities, i.e. low wa ter absorption, high wear resistance, high breaking streng th,
high compressive strength, and ab ility to withs tand chemical attack and frost. These tiles
are normally fast fired in roller hearth kilns up to a peak temperature of about 1220°C at a
cycle of about 60 minutes. The production of these bod ies depend consid erab ly on the
comb ination of the properties of the raw materials used and the technology employed in
the production processes to ensure and maintain a consistently high product qua lity. The
world -wide increase in demand for these tiles has prompted considerable research stud ies
into the use of new raw materi als, improvem ents in the manufacturing processes, their
physico-mechan ical properties and the aesthetic qualities of the product. Th is resea rch
paper stud ies the vitrification of these tile bod ies with and withou t spodumene.

Studies at Staffordshi re University have shown that, at 900°C there is perceptab le
melting in the ma tr ix of the body, shown by detection of meniscus curves whe re platy
gra ins in the ma trix touch, and by the sta rt of firing shrinkage. At these temperatures,
felds pa r grains are unmelted, so their alkali is locked with in the crystal structure an d is
not av aila ble to di ffuse in to the matrix to cont ribute to melting the re. lt is tho ug ht that thi s
starts at about 1100°C.

Meanwhile, as the tem perature rises, there is evidence of increasing melting
th rough out the matrix, mod ifying the particle shapes and the porosity, and providing
increasing firing sh rinkage and reducing water absorption. lt is mostly illite in clays which
provid es th is melting. Contrib ut ion of alkali from felds par to the matrix is shown by
growth of mullite needles in the poo ls of liqu id (glass after cooling) produced in the
feldspar g rains. As alkali d iffuses away, the liquid composition reaches the field of p rimary
crvsta llisation of mullite and more di ffusion leads to more mullite forma tion. This is
g~nerally associated wi th higher temperatures and longer times spent over about 1100°C.
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Acceptance of alkaline ions into the ma trix will be faster when the re is more liqu id
present in the matrix. This mod el is a simple one, complicated by feldspar relicts in
vit rous bod ies, some of which do, while others do not, contain rnu llite. This mav reflect
faster d iffusion of (smaller) sod ium than potassium ions. The importance of di ffusion is
cons istent with we ll establi shed effects of feldspar compositions, amounts and particle
size ran ges in classical ceram ic bodies.

The present study involved compa ring vitrified tile bodies without and with
spod ume ne (LiAlSiO,) as a supplemen tary flux. In th is study, the control body of a typical
Ma laysian vitrified tile contains more soda than potash feldspar, and also contains
pott ery stones which are essentially mixtures o f fine qu artz and se ricite. As spodumen e
enco urages vitrifica tion, there is considera ble potential for a reduction in firi ng
temperatu re. More interest ingly is the reduction in the fired sh rinkage giving the
possibili ty of a prod uct with a high level of sinter ing witho ut a correspond ing large
di mensiona l va riation.

EXPERIMENTAL

Laboratory scale tria ls were first carried ou t to investigate the different bod y mixes
an d the effects of diffe rent fineness of grinding of spod umene. Two different bod y
formulae wi th spodumene. SPI'Ol and SPP03 we re tested and compared aga ins t a control,
wh ich is a typical South East Asian vitr ified body, coded as M3. The raw materials were
ground in the usu al wa y to obtain the required particle size . The bod y slips we re then
dried and made into test pieces. The pieces were pressed at a spec ific p ressure of 400
kg / em- in a laboratory hyd raulic press. The samples were fired in an electric mufffle kiln
at pea k temperatu res of 11300 ,11500 ,11 700 and 11 90°C.

The wa ter absorption and fired sh rinkage we re then deter mined. Graph 1 shows the
vitrification curve for the three bodies. The effects of spod umene in the SP POI and SPP03
bodies clearl y sho ws the potential for a reduction in the peak firing temperature.

The bod ies were examined initially using reflected light to investigate porosity,
using polish ed sections . These ima ges disti nguished only between holes (pores) and solid
body and offers no information on the crysta lline an d glassy phases in the bodies. This
information was available with Scanning Electron Microscopical (SEM) images which
provide greate r resol utions. The specimens were polished and etched using 4%
hydrofluoric acid for 90 to 120 seconds to attack the glass phase to develop topogr aphy
between crystals and glass giving constrast in the SEM images.

MICROSCOPICAL RESULTS AN D DISCUSSION

Significant features include:-

(i) the development of so lu tion rims round quartz grains . These are of the order
of 1 urn wide and the width increases with increasing firing times and
tempera tu res, and increasing melting of matrix surround ing them. It gives an
ind ication of the effects of firing.

(ii) the develop ment of mulli te need les in feldspar relicts. Again, there is a gene ral
increase in development of these in feldspar relicts with longer times and
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higher temperatures, and d ifferences which are att ribu ted to soda or potash
feldspa r. It is thought, but has no t yet been comfi rm ed , that th ere is greater
development w ithin soda than potash feld spar relicts.

(iii) a simila r development in spodumene relicts, w ith much grea ter development,
in a give n firing, in spo d umene than in feldspar. Thi s is taken to indicate
greater diffusion of lith ium out of the spo d u me ne relicts th an alkali from the
feldspar relicts, and to explain the grea ter tlux ing power of spodumene.

The potentia l d ifficulty of the high mel ting point of spo dumene may be countered
by the observation that , in these bo d ies, the spodu me ne is not on its ow n, as it is for
meltin g po in t determinati on s, and heatin g rates are fas t eno ugh to prevent equil ibriu m
condition s from being met. The ev idence is clearly of me ltin g of spod u rnene and
diffusion of lithium out of the liquid, and reference ma y be made to Figure 1.

CO NCLUSION

(i ) spodu mene, on its own, an d particularly together with talc, is effec tive in
reducing tem peratures required to vit rify the tile bodies used in th is study.
These are typical of vitrified tile bodies mad e in South-Eas t Asia , so the results
ha ve commercial poten tial.

(i i ) the mech anism of tlu xing using spod urnene appears to be clos ely similar to
tha t of feldspars, i.e., melting to liberate the alkaline ions and migrati on into
the su rrounding matrix to encou rage melting and densi fication there.

The conventional variables of tlu x composition amount and pa rticle size ran ge
see m to apply.

(iii) the evide nce is, from mullite grow th in relicts, that lith iu m is liberat ed in an d
diffuses out of spodumene relicts at lower temperatures th an alkaline ions do
from feldspar.

(iv) the mic rostructures of spodu me ne bodies resemble those of non-spodumene
bo d ies w hich have been fired hotter, or longer, or both. There are no
uncomfortabl v different microstructures.

(v) there are ind icatio ns of improvements of streng th and of depth of colour with
spodu me ne incorp oration in bodies. These, together with ene rgy savings,
counteract cost d isadvantages of spod umene compared with feld spar tlu xes .

(vi) there is ev idence of feldspar surviving some commercial firings. Th is is to be
expected in the largest grains in short firings. This indicates that conventional
tlu xing rul es ma y not apply to today's fas ter firings .
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Graph 1. Vitrification C II 'l'(' Of Yitrified Tile Bodies With Water Al,~vrpthm vs Firillg Temp.

SPODUMENE AND FELDSPAR RELICTS

Figure 1. SEA1Micrograph of a i.l ; t r ~fird body with spcdumene showi ng a greater d""s ity of /1/1111ift' crys tals in flu'
spodumene relict compared with the feldspar 0 1lt' .
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TYPICAL FEATURES OF VITRIFIED BODY

98

figure 2. 5E.M MicnJpmph lJf the typical ft'lltlm)~ of 11 ;.'itr~fit'd btldy :,hciicins tT't' quart: grail, ,dtll it :' :,olllt;ml " m, the p(llll~

{~fSlll:' ~ n1In'~"lti Jlsft'ld~pl1r relicts end the dt'lI :,(' matrix, "1ll::.t1.u nudlite (r rigilfa area;:. } 'w ith ~l/I Il' gill:':' (darker I1ft'a:,)

PORCELAIN BODY FIRED AT 900°C

Figure 3. 5£.\1 ;\·Jia ogmpI1of a porceluin [JodYfired at 9000e :>hcr.cil1S Z't'ry little melting_
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PORCELAIN BODY FIRED AT 1400°C

C;\S TELL6:-.J (SI';\II\:)

Figure .1. SEAt Micros ral'1r ofa porcelain body fired at 14000C ~hoil'i"g a hiSJr degrt't' of ritrificotion.
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