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1. INTRODUCTI ON

X-ray diffraction (XRD) is the most su itable tech n ique fo r studying the
transformations involving crystalline phases which ar ise at h igh temperatu res, . The
trad itiona l method consists of allowing transformation to proceed to a certain degree
(a t a gi ven temperature and tim e ). subsequentl y quenchi ng and anal ys ing by
XRD.

X-ray diffraction in a h igh -tem pe rature cha mber is a mod ification of the
te chn ique that a ll ows in situ analysis o f these transformations . It ha s been
sh ow n to be ve ry su itable for studying reacti on s betwee n so lid s, especiall y when
phases are formed in the reaction, wh ich a re o nl y stab le at high temperat ures,
and can be used for the st u d y of crys ta llisation in melts!".

In th is work, the sequence was st udied of the phases that devitrify on
subjecting a so -ca lle d "zircon iu m whi te" frit to non -iso th e rm al heat treatme nt at
a constant heating rate . The resulti ng da ta were compared with the findings from a
previous study!'! in which the conventional heat treatment method was used, followed by
qu enching and XRD analysi s of the sample at room temperatu re.

2. MATERI ALS AND PROCEDUR E

(1]. D.D.L. CHV\ G, c t al . X -ray d~ffracli(J !I at derated tem perature::,: II method for ill situ proct's;; iTlla l.lJsi s. Ne w York: \ 'CH, 1993.
[2J. ESCARDI"-O, A; \1 0 RE:"O, A; Avro eos, J.L, e t al Stlldy (~f cruetalt ine-pnaee [orntotion ill u-nite zi rconium gla=e... In : IV World Tile
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A stand ard "zirconium white" frit was used, which was subjected to non-isothermal
heat treatments at a cons tan t heating rate in the high-temperature chamber of an XRD
instrument.

3. RESULTS AND DISCUSSION.

Figs. 1 and 2 plot the va ria tion with temperature of peak intensities d =3.164 A of
monoclinic ZrO" d =2.960 Aof tetragonal ZrO, and d =3.300 A of zircon, obtained in the
high-temperature chambe r (Fig. 1) and by the traditional method (Fig. 2).

It can be ob served that for the zirconiu m oxides, the curves obtained by the two
methods exhibited similar trends. The results did not fully coincide as in 'the hi gh
temperature study, a smaller sam ple mass was analysed, so that lower values were foun d
for the diffracted intensity. The resu lts also exhibited a shift to slightly lower tem pe ra tu res
for the high-tempe ra ture cha mber ana lysis.

However, zircon evolu tion only obeyed thi s trend at temperatures below 1100°e,
whereas bevond this va lue the results were inverted. While trad itional XRD revealed
d issol u tion 'of thi s crystalline phase (reduction in peak intensity ), peak intensity was
observed to rise in high-temperature an alysi s, wh ich might in a first approximation be
associated wi th a rise in the content of thi s crysta lline phase.

Previous pa pers!'!' !3! ha ve shown that at high temperatures, the crystals partially
di ssolve in th e melt. A series of experiments was therefore cond ucted to justify the above
results.

A consolidated layer of ir it was applied to an inert body and fired in a traditional
kiln at tem pe ratu res of 1100 and B OO°e. The fired specime ns we re ana lysed by XRD from
the glazed surface (sample resembling the one in the h igh-temperature chamber), and
after mi lling (conventiona l method).

The following tabl e sets ou t the zircon peak inten sity values ob tai ned:

Intensity of ,;reon peak d ,oo- 3.300 A (counts)

Sample treated at HOOoe Sample treated at 13000 e
surface I powder surface I powder

3-14 I 413 452 I 322

Zi rconium silicate disso lu tion was only detec ted in th e m illed samples. Electron
microscopy revealed that at BOO°e, the su rface area covered by zircon crystals had
d ecreased with regard to the sa m ple at 1100°e. However, the crystals were needle-li ke
an d their longest axis was oriented paralle l to the glazed surface, thus favouring
diffrac tio n in some planes com pa red to others, w hich th e peak correspond ing to th ese
pla nes (d,,,,= 3.300 A) recorded as a rise in inten sity.

[2 ). ESC.-\RDIV1, A; \ 10 RF'\ O, A; A \1 ()Rl)s, }.L, 12t al Study L~r cry~ fa lljllt'-JlrUl ";t' formation ill whi t.' zirconium slf1=t'~ . In: IV World Ti ll'
Congress on Cera mic Tile Q ua lity (QUALlCE R). Castellon, 1996

[3). M o er rco, A . E,;tl/div de fa {orl'lnd 6" de rl1 ~ t's crista /ilia.. I'll i'idr indll<; bla ll c{l~ de circouio: tactorcs 'lIlt' inflllYl'1l -otrc ,;// { IUtiCt' de
blancura. Castellon: l'ni \'ersita t [a urne I. De pa rtm ent of Chemica l Enginee ring, 199-1 . Docto ra l d isserta tion .
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On m illing the sample, the or ienta tion stemming from crystal growth in the melt
was broken up, which then yielded the most representative intensi ty values of the
re levant phase proportion. The crystalline phases of ot her systems in w hich no
preferen tial orientat ions occur h ave been shown to yield equiva lent res u lts on using high
temperature and conv ent ional XRD techniques .
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Figure 1. Variatioll (:fflit' : i,.([1I1 /1II11 <ilicute,
monoclinic zivconiu and tetmgmU11zirconia content.

Method: Hioh-tempemture chamber.
flcatill S raft' = 2.5"Clmill .

Figure 2. Varint jllli (~f the zirconium <ilicnte,
monoclinic zirconia nnd tetragonal zirconia content.

Met/lOd: Pou-dcr chamber.
Hen/lug rate = 23:C/mill .
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