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1. INTRODUCTION

Spodumen e is a lith ium alu minosilica te, w hich belongs to the pyroxene grou p and
is wi delv used in th e ceramic industrv as a flux (ceram ic tiles, san ita rv wa re, e tc.). The
largest depos its of th is mineral are loc~ted in Western Au stral ia, where th ey are mined by
the firm Sons of Gw alia LTD.

This stu dy addressed the use of spod umene for producing porcelain tile bod ies
commonly kn own as "superwhites" . In general, these bod ies are form u lated wi th
appreciable percentage s of kaolin in order to achieve a very white colour in firing;
however, the use of these raw materi a ls usuall y entails certa in drawbacks:

- The refra ctoriness of the body increases. In fact, bod ies of high wh itene ss usu all y
have a firing temperature 5-10 "C h igher than that of the base bod ies formu la ted
wi thout kaol in .

- Tile lin ear shrin ka ge increases during fir ing. Thi s is due to p oor com paction and
hi gh loss on ignition of the kaolins.

- Bod y opaci ty increases, as these ra w materials contribu te a high alu m ina content,
wi th the ens ui ng reduction in co lour development capacity.

The u se of spodumene was therefore studied in the present work wi th a view to
producing bodies of high whiteness w ithou t requiring the use of kaolins. These bodies
wou ld need to have a similar fir ing temperature and lin ear shrinkage to those of the base
bodies; furthermore, due to thei r low alumina content, they woul d need to allow easy
pigmentation.
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2. MATERIALS AND EXPERIMENTAL DEVELOPMENT

Two typical porcelain tile bodies were p repared: a base (Cl) and a supenohite (C2). A
porcelain tile bo dy (C3) was also developed and p repared of a similar whiteness to th at of
body C2, but whose behaviour in pressing (bulk density ), optimum fir ing te mpera ture
and linear shri nkage at this temperature more closely resembled that of body C1. The C3
composition was formu lated witho u t kaolin , using u.G.5. spod umene, which con tained
abou t 6% Lip .Table 1 presents the compositions and chemical analysis of th ese bodies.

C I C2 C3
Clay 42.5 20 30

Feldspar 47.5 50 40
Kaolin - 20 -
Sand 10 10 27

Spodumene - ,
- ~

sio, 70.2 67.3 73.5
Al103 19.2 2 \.4 17.0
Fe103 0.47 0.31 0.30
Ti 0 1 0.59 0.39 0.48
Na10 4.7 5.1 3.9
KlO 1.4 \. 0 1.2
LizO - - 0.18

Table 1. Comvoeition and chemical arwlysis of the studied l'odj{':; .

Disk-shaped test specimens were made from the bodi es at 400 kg ! em- and a
moisture con tent of 5.5% (dry base). Afte r drying, the test spe cimens w ere fired at
maximum firing temperatures (1190, 1200, 1210 and 1220 °C) for 6 minu tes, then
determining linear sh rinkage, w ater absorption, bulk density on firi ng and ch rom atic co
ordinates of the specimens. These d ata were used to estimate the optimum maximum
firin g temperature for each body (temperatu re slightly exceed ing maximum densification
temperature), as we ll as the propert ies of the p roduct fired at th is temperature.

Moreo ver, in order to determ ine the effec t of the composition on the colou r
development capacity, 5% zirconium silicate and 1% blue pigment were added to the
three test bod ies. These were then pressed according to the procedure set ou t above, the
resu lting tes t spe cimens were fired at the op tim um firing temperature, and finally, their
chromatic co-ordinates were determined.

3. RES ULTS AND DISCUSSION

Table 2 sum marises the ou tcomes.

Analysis of th ese res u lts sh ows that body C3 exhib its bu lk densi ty, firi ng
temperature and linear shrinkage data on firing very similar to tho se of base body C1, so
that its beh aviour du ring the d ifferent manu factu ring process stages will resemb le that of
th is las t type of body.
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In contrast, the whiteness of thi s body and its colour de velopment capacity are
similar and even hi gher than those of high whiteness body, C2. Thus, the ad dition of 1%
blue pi gment yields more negati ve co-ordinate b* va lues for body C3, indicating grea ter
d evelopment of thi s colour. As far as whiteness is concerned, the co-ordinate L* valu e
corresponding to body C3 is ligh tly hi gh er than that of body C2, both before and aft er
adding zirconiu m silica te.

Properly I Body C l Body C2 Bodv C3
Drv bulk density I 1.85 I 1.82 1.84

Firing temoerature I 1205 1215 1204
Linear shrinkage 8.9 9.3 8.8
Co-ordinate L* 73.5 80.0 80.1
Co -ordinate a* 2.5 2.0 1.6
Co-ordinate b* 12.4 11.0 11.2

Co-ordinate L* (+ 5% zirconium ) 79.5 85.0 85.2
Co-ordinate b* (-t-l% blue nigmcnt) -8.7 -16.5 - 17.0

Table 2. Res ll l t~ .

4. CONCLUSIONS

Th e present study ad d ressed the use of spodu mene in producing bodies of hi gh
whiteness w itho u t us ing raw materials w ith a hi gh alum ina content.

Th e increased refrac to riness stem ming form the use of a very high percentage of
feldspathic sa nd, w hich is the ingredient w ith least alumina in the com position, was
compensated bv the add ition of a small percentage of D.GS spodumen e.

Th e results show that th e developed body behaves sim ila rly to th e ba se body during
the d ifferen t manufacturing p rocess stages . In contrast, the developed body's whiteness
and colour deve lopment capacity more closely resemble and even exceed those of the
com mon supen chite body.

Th e ch arac teristics of the proposed body, unlike those of current bodies which are
usu ally designed for one or more concrete ap plica tions, are therefore su itable for
achieving the different surface effects and decorations sough t in the production of
technical porcelain tile.
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