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Th e tendencv of manufacturers to exclude hea vv metals from th eir form u latio ns has
alte red the usabl~ ty pes o f pigments, which h ave partly been substitu ted by modified
(enca ps u lated) or com pletely new products th at a re s ta ble in cera m ic frits . The transition
met al oxides of the lant ha n ide se ries, such as ce riu m and praseodymium, in th e presence
of iro n oxide, presen t red co lourings of d ifferent sha des, depending on the co m pos ition.

The objective of thi s st udy w as to obtain ce ra m ic pigments based on ce riu m ox ide
wi th stab le red shades in cera m ic frits. To p roduce th ese pigments, ceriu m ox ide was
sy n thesise d chem ica lly, add ing iron and praseodymium.

The ad op ted chemica l sy n the sis method was the Pech ini method. The re a re two
basic reactions invo lved in thi s method for precurso r synthesis: (1) chela tion bet ween th e
metal cationes and the citric ac id and (2) polyester ificati on w ith the ethylene g lycol in a
ligh tly aci d ified so lu tion . The met al ions a re che lated by th e carboxyl groups and th ey
remain homogeneously di stribu ted in the polymer net work. Th e solu tion is deposit ed on
a su bs tra te and subseq uent ly heat treat ed to p rod uce the des ired oxid e. The Pechini
p rocess o ffers several advan tages over other ce ram ic powder p rocessing tech niques,
includ ing low cost, good co m positiona l homogeneity, hi gh puri ty and low p roces sing
tem pe ra tu re .
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PI P2 P3 P4
CeO, 80 80 40
Fe,o, 20 15 55 95
PrO, 5 5 5

Table 1 - COlllpositiol1s ill mol % of flu' compositiol1s 5.tllltllcsisl'd at 800 C.

The effec t of these metals on the formation and stabilisation of the d ifferent
mineralogical pha ses and colours was determined by su rface area measurement and
X-ray diffract ion of the powders.
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Figllre 1 - X-ray d~ffrnct io of f il e p ig lll f'lI tS SYlitI/t'si:"cd at BOne (Pl , P2, P3 and 1'4 accordilrx to Table 1) .

As Figure 1 shows, the praseodym iu m causes the ceri um and iron to form a solid
solu tion (Pl ~P2) . Pigment P3 is a blend of iron and cerium, and P4 only contains iron.

These di fferent cera mic p igme nts were appl ied in ceramic frits, evaluating the ir
stability. The colour of each pigment was determined after applica tion in crystalline frits
by mean s of the chromatic co-ordinates, as se t out in Table 2.

PI PIe· P2 P3 P4
L 64.79 68.40 68.56 39.68 3 1.18
a 10.20 18.06 16.64 17.90 13.63
b 7.50 16.36 24.01 13.67 15.40

' Pigmen t Pl , encapsulated w ith silica.

The da ta detailed in Table 2 were used to make the graph depi cted 111 Figure 2.
Pigment Pl kept a weak colour and was thus encaps ula ted .
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Figu re 2 - Chromatic co-ordinate:' {~f the ::>}l llt lrt':,i :-cd l'iSl1lt'l l t ~ .

The resu lts d emonstrat e the feas ib ility oi us ing these pigments, w ithout
praseo dym ium and encapsula ted as red ceramic pigments . Fu rthermore, pigmen t P2,
wi th praseodymi um but not encapsu la ted , presents good colour resul ts. The refore,
praseodym ium can be considered to contr ibu te to the stability oi the pigment crys talline
la ttice and he lp ma int ain the colour after glaz ing.
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