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1. INTRODUCTION

Severa l rare-earth oxid es and tran sition metals present variab le ox id ation sta tes,
d eve loping sesq uioxides and non-stoich iometric ox ides; this is the case of th e
development of Co,O, spine ls, w ith the presen ce of Co" and Co" in pigments tha t use
cobalt in their composition [ II and more recently in the use of ceriani te-ba sed pigments
doped with o the r ra re earths ['I .

CeO, is the on ly oxide w ith a fluorite LnO, structure that can be produced in a
sto ich iometric w ay by reaction between molecul ar oxygen and ceri um (Ill ) oxid e. The
ot her two well-known oxides with this stoichiometrv, PrO, and ThO" are onlv obtained
ei ther under p ressure w ith oxygen (PrO,) or wi th ; tomic 'oxygen (ThO,) (3): The th ree
ox ide systems p resent a complex phase di agram, w ith the form ati on of different
intermediate com pou nds of cong ru ous or incongruou s fusion LnnO' n.' (n=-I,7,10, 11 ,12,::< ):
the two end s of the se ries Ln,O,(n=-I) and LnO,(n= ::< ) respectively present C-type and
fluorite s tructures. In both, the Ln coord ination is six but in the form er it is no t exactlv an
octahed ron, but involves a d isto rted fluorite s tru ctu re w ith the d isappeara nce of
te trahedral oxygen for ev ery four. The othe r int ermediate oxides p resent variable
coord ina tion n umbe rs: thus, the Pr,O ,,(n=7) crystals can be visual ised as rows of LnO,
grou ps , w hich ge nera te pa ra lle l she ath-like LnO, groups. The resulting rods are pa ra llel
to ea ch othe r in the direction < I l l >.

O n heat ing the LnO, p hase, oxygen ou tgassing takes p lace on establishing
non-stoich iom etric equilibriu m LnnO' n.' (n=-I,7,10,11,12, ::< ): th is ou tgassi ng depends on the
firing temperature as well as on the glaze di ssolution capacity and the microstru ctu re of
the colouring particle. The perm an ency of the defect in the glazes depend s on glaze
se aling temperature.
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2. OBJECTI VES

This study analyses the ou tgass ing phenomenon of a Pr-CeO, colourant obtained
with d ifferent microstructures (cera mic colourant produced by calcina tion at 1400"C and
coprecipita ted colourant produced at 1150"C) in three typical types of ceramic tile
matri ces (twice-fire glaze, porou s single-fire glaze and porcelain tile body). The results
allow establishing the reaction mechanism and parameters that control ou tgassing,
enabling appropriate matrix colouring.

3. EXPERIMENTAL

Samples were prepared of compos ition 0.05Pr,orCeO" mineralised with 10 %
fluorides, following two synthesi s rou tes: (a) ceramic sample RC produced by mixing in
a ball mill in acetone medium of Pr.O Il and CeO, supplied by J.J. Nava rrro S.A. The dry
powder wa s calcined at 1400"C /2h, (b) coprecip itated ge l sample RG obtained from
cerium chloride (Ill ) and Pr,O Il supplied by Panrea c for analys is, d isso lved in excess
concen trated HC!, ge lling the solution with concentra ted ammonia and drying it. The dry
powder was mixed with the rnineraliser and calcined at 1150"C / 2h.

Figure 1 presents the microst ructu res prod uced with bo th meth od s. It shows the
aggrega ted microstructure with large particles in the cera mic sample, with a smaller
disaggregated particulate in the precipita ted sample. The powders were glazed at 2% in
th ree matrices: (a) twice-fire glaze fired in a twice-fire cycle of 11 0 minutes and 1000"C
peak temperature, (b) monoporosa frit wit h a monoporosa of cycle of 60 minutes at 1080"C
and (c) a porcelain tile matrix fired for 55 minu tes at 1180"C. In general, as Fig. 2 shows,
trapped gas is found in the case of the tw ice-fire matrix without cau sing any surface
defects, the porous sing le-fire matrix presents profuse gaseous occlus ion, making the
materi al unusab le, whil e no importan t defects occu r in the porcelain tile. The L*a*b *
colours a re as follows: for RC: 44 /5 /1 9 / 15 (tw ice-fire), 90 / 15 /8 (rno no po rosa),
96/2 / -2(porcelain tile) and RG: 62/ 21/ 25 (twice-fire), 84 / 17/ 15 (mo no po rosa), 87/18 / 13
(porcelain tile ), i.e., the ceramic sa mple tends to develop more intense, brownish colours,
and the coprecipitated sa mple orange reds; the ge l sa mple also colours the porcelain tile
but the ceramic sample fails to do so. On the othe r hand, micron ising the samples
increases the outgassing defect (Fig. 2. b an d c).

Figure 1: .\ -fi ao:- trllct llrt' (~. calcined :o:.allll'lt's RC nl1d RG.
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Fig. 2. Cro~~ ~t'c t ioll~ t!r diHcrcnf glll: illg:-o : (/I) RG noicc-jirc. (bJ RC /IItl llil}'Oro::' f1, (c) RC Ill icnllli:,;('d 11l01/('110rMII, (e l f~G

porn 'faill tilt, .

CeO, d ecom poses acco rdi ng to the rea ction 2CeO, ~Ce,O, + 1/ 20 " which is the
basis for the use of cerianite as a th ree-way catalytic substra te in automobiles, cleaning
HC, CO an d 0 , emissions. The extent of this reac tion determ ines the oxygen storage
capacity (OSC ) o f the catalytic converter and depend s on the crysta lline st ruc ture and
spec ific surface area of the material. The decomposition of cerianite takes place be tween
600 and llOO"C in a proportion, in the prepared sa mples, of around 0.3% for RG and of a
little more than 0.1'fr, for RC measuring weight loss by thermogravi me tric analysis.

The decom position tempe rature ran ge makes it clear that the tw ice-fire glaze w hich
mat ures at 750-S00"C allows out gassin g wi thout problems, the porcelain tile body w hich
matures at 11 60-1 240"C still has quite a po rou s struc tu re in the out gassing ph ase an d has
no p rob lems either. However. the mon oporosa glaze w hich matures at 1050-1120"C and
sea ls at 960-9S0"C traps the gas, wit h high melt viscosity hindering efficient outgassing .
As a result, the p igment is not suitable for these mat rices . On the othe r hand , the effec t of
spe cific surface area on the oxy gen storage capacity can be observed : the ma teria l RG with
the larges t specific surface area associated with its smaller particle size exhibits grea ter
oxyge n losses in TG than ceramic sample RC w hile micronising the samples raises the
ou tgass ing problem.

4. CONCLUS IONS

Red praseod vmi um-cerian ite pi gments prod uce interestin g colou rings for ceram ic
tw ice-fire matrices and porcelain tile body colouring. However the decomposition process
2CeO, ~Ce,O, + 1/ 20 , make these pigment s un su itabl e for monoporosa glazes. This
problem is fu rther aggrava ted if the pigment s are micronised. when the decomposition
activated .
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