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INTRO DUCTI O N

Ce ram ic eng obes need to exh ibit high whi teness and opacity to allow optim um
development of subsequent glaze applica tion s. This is achieved by includ ing zirconiu m
silica te or zircon in the engobe composit ion , a raw material tha t is wi d ely used as an
opacifier in the fie ld of ceramic frits and glazes'", Recent hikes in zircon prices have led to
a se arch for alternative materials that yield simi la r p rod uc ts. Th e prel im inary step,
however, to seek ing new raw materials is understan d ing the mechan ism w he reby
zirconiu m silica te acts as an opacifie r in glazes an d engobes .

EXPERIM ENTA L, RESULTS A D DI SCUSSI O N

Firs tly, the rela tionship that ex ists be tw een engobe opacity and zirconium silicate
content was determined . Th is wa s done by selecting a sta nda rd ind ustria l engobe (A),
conta ining 16% zirconium silicate, and preparing an other engobe (B), which contained the
same const itu en ts (in identical proportions) as the forme r, however w ithout an y zircon.

The se two engobes were applied to ceramic bod ies that were then fired at di fferent
peak tempera tures. The fired, zircon-free eng obe layer was observe d to be less opaque,
y ield ing a lower w hiteness index at all the tested temperatures. Thus for insta nce at
1140"C engobe A exhibited va lues of 90.05 and 77.5 respectively for ch romatic coord inate
L' and I, (whi teness index), whereas zircon-free engobe B yielded 78.02 and 72.2 for the
same param eters.

I I I· P..' ''M U .H , c.w. Ceravuc sl(J ;:t'~. 3rd cd. Boston: Cohncrs Boo ks, 19i 3.

Pa s · 29



• QUALlCQk.98 CASTELLON (SPAIN)

Having estab lished a relation between zircon prop ortion and engobe opacity, a
study was un dertaken of the mechan ism that gave rise to this effect.

From a genera l point of view, engobe opacification by add ing zircon might be due
to different mechani sms. It might ar ise if the added zirconium silicate pa rti cles
themselves we re to be inso luble in the glassy phase that is produced in firing, and then
rem ain dispersed in this glassy phase. Opaci fication might on the other hand be due to
the devitrifi cat ion in the firing cycle cooling step, of zirconium silica te that had
previou sly dissolved in the glassy ph ase'"!",

Engobe composition A was used to determine which of these two mechani sms
produced opacifica tion. The experime nts described below we re run on three test
spec imens mad e from this composition. One was kept unfired and refe renced A-C. Of the
other tw o test specime ns, one was subjec ted to a firing cycle wi th a peak temperature of
1140"C and conven tional cooling (A-1140), whe reas the othe r underwent the same heat
treatm ent and Tm." followed by quenching (A-1140-S). These last two tes t specime ns were
intended to allow studying the possible effect of the cooling cycle on zirconium silicate
devit rification, as cooling by quenching wo uld impede such devitrification (if th is were
to take place during the cooling step).

X-ray di ffraction (XRD) and scanning electron microscop y (SEM) were run on these
specimens, yielding the results detailed below!".

In tes t specimen A-C, the crys talline ph ases ide ntified by XRD were kao linite, illite,
quartz, feldspars and zirconium silicate. In specimen A-1140, the following crys talline
phases were ide ntified: quartz, feldspars, and zirconium silicate. A compa rison of these
findings revealed tha t in firing, the clay mineral (kaolinite and illite) d isappeared, the
felds pa rs and qua rtz pa rtially dissolved (the peak intensities correspondi ng to these
phases in the fired specimen di ffractogram s decreased), while the zirconium silicate peak
exhibited a sligh t increase. In orde r to better examine zirconium silicate behaviour, the
test speci mens were stud ied by XRD in the di ffractogram range in which the zirconium
silicate maximum intensity peak was located, subsequently determining peak area . The
data obtained are rep orted in Table 1.

A-C

A-1140

A-1140-S

2187

2661

2711

Table 1. Silicate zirconium peak area.

It can be observed that the number of counts found for test specimens A-1140 and
A-1140-S are practically identical, since the di fference between both lies within the
method's margin of sta tistical error. Th is allows inferring that zirconium silicate d id not
devitrify in cooling, and hence that the adde d zircon remained undissolved in the glassy
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phase. These da ta ag ree mo reover wit h the resul ts obtai ned in the engobed specimens, in
which the cooling cycle was observe d not to affect the whiteness of the engobe layer.
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Figure 1. Zircollilill1 silicate pt'ak in :,pt'cimelz:, A-C and A-11·lD.

It can be obse rved in Fig. 1, in which the di ffractogram s correspond ing to fired
specimens A-C and A-1140 have been superimposed, and from the values detailed in Table
I, that zirconium silicate peak intensity increased in firing. This rise occurred because in
the unfired specime n, zirconium silicate was only detected in the sta rting composition as
a crys talline agg rega te, whereas in the fired specimen, the zirconium silicate was also
measured which devitrified from the dissolved zircon (2.47%) contained in the sta rting frit.

Finally, spec imens A-C and A-1140 were examined by scanning electron microscopy.
In specimen A-C, zircon particles correspo nd ing to the added zirconium silicate we re
detected as crysta lline aggrega tes which rem ained as such in the fired sample, keeping
thei r sha rp edges, thu s indicating that they under went no cha nges during firing . In the
fired specimen, needle-like zirconium silica te crystals we re also obse rved, which
stemmed from the devitrification of the frit contained in the sta rting engobe.

CONCLUSION

The opacity and whi teness of the stud ied engobe we re funda mentally due to the
presen ce of unmelted zircon crysta lline aggregates and to the presence (in minor
proportions) of zirconium silicate crystal s that devitrified in firing.
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