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The TeO2-WO3 pseudo-binary system was investigated by temperature programmed X-ray
diffraction and differential scanning calorimetry (DSC). The investigated samples were
prepared by air quenching of totally or partially melted mixes of TeO2 and WO3. Glass
forming compositions were identified by X-ray diffraction on quenched samples. Glass
transition and crystallization temperatures were measured by DSC. The identification of
the compounds appearing during glass crystallization revealed two new metastable
compounds. The first one, which appears both for low WO3 content and pure TeO2 glasses,
was attributed unambiguously to a new TeO2 polymorph called γ . This one irreversibly
transforms into the stable α-TeO2 form, at about 510 ◦C. It crystallizes with the orthorhombic
symmetry and unit cell parameters a=0.8453(3) nm, b=0.4994(2) nm, c=0.4302(2) nm,
Z =4. The second compound was detected for samples containing about 5 to 10
WO3 mol %. It is cubic (F mode, a=0.569 nm, Z =4) and seems to have a fluorite-like
structure. In addition, phase equilibrium diagram was determined. This binary system
appears to be a true binary eutectic one. C© 1999 Kluwer Academic Publishers

1. Introduction
Tellurite systems including heavy element oxides, such
as Tl2O, Bi2O3 or WO3, are interesting for optical glass
formation. Glasses based on them are not hygroscopic
and can be easily obtained transparent in the visible and
near infrared regions (up to 5.5µm). They exhibit low
melting point (≤800◦C), low glass transition temper-
ature (≤400◦C), high dielectric constant and interest-
ing non-linear properties. They are therefore promising
materials for optoelectronic devices and have been the
subject, during the last few years, of numerous stud-
ies [1–10]. These investigations mainly concern their
formation and some of their physical properties, but
rarely take into account the chemical and equilibrium
phase interaction of the components, which is never-
theless of primordial importance for the understand-
ing of their thermal stability. In the case of the TeO2-
WO3 glasses for example, their formation range [1–5],
structure [11–15] and optical properties [2, 4, 6, 16–19]
have been extensively investigated, whereas very little
is available concerning their thermal stability and the
corresponding phase equilibrium diagram. Published
results report that the equilibrium diagram [20, 21] is
of pure eutectic type (630◦C, 16.7 WO3 mol %) and
that the crystallization behaviour of glasses is com-

plex, with several thermal events corresponding to the
formation of unidentified compounds [15, 18, 22]. As
part of a systematic study of optical glasses within the
Bi2O3-TeO2-WO3 system, we therefore decided to re-
examine the phase relation and the thermal stability of
glasses within the TeO2-WO3 pseudo binary system.
The present paper reports the results of this study.

2. Experimental
2.1. Samples preparation
All the crystallized samples were prepared by heating
at 750◦C for 12 h and then 480◦C for 24 h, in gold
crucibles, various intimate mixtures of reagent grade
TeO2 and WO3 (purity higher than 99%).

For the glassy samples, the same mixtures were heat-
ed for half an hour at 850◦C in platinum crucibles. The
melt was quickly cast onto a brass mould heated at about
60◦C, and quenched by pressing into thin sheets about
1.5 mm thick.

In order to increase the glass forming range towards
TeO2 and to check if pure TeO2 glass can be obtained,
as claimed by various authors [8, 11, 14, 15], samples
containing 0 to 10 WO3 mol % were quenched using
the method proposed by Kimet al. [8]. The bottom of
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the platinium crucible was quickly dipped in a freezing
mixture, consisting of ice, ethanol and NaCl kept at
−10◦C.

2.2. Samples characterization
Glass formation domain and identification of the crys-
tallized phases were determined by X-ray diffraction
(XRD) techniques using a Guinier De Wolff camera or
a Siemens D5000 diffractometer (CuKα radiation). The
structural evolution with temperature of the glasses and
crystallized compounds was followed byin situ XRD
with a Siemens D5000 diffractometer (θ/θ , CuKα radi-
ation). This one was fitted out with a high temperature
furnace (Anton Parr HTK 10), a platinum heating sam-
ple holder and an Elphyse sensitive position detector
(14◦ aperture) allowing a quick data acquisition. The
heating rate was 10◦C ·min−1, and each XRD pattern
was recorded after an annealing time of 10 min at the
choosen temperature.

Differential scanning calorimetry (DSC) experi-
ments were carried out using a Netzsch STA 409 system
(heat flux DSC). The experiments were performed in
covered gold crucibles, using 5◦C ·min−1 heating and
cooling rate, with carefully ground samples of about
30 mg. Crystallization (Tc) and melting (Tm) tempera-
tures are onset temperatures determined at the intersec-
tion of the extrapolated baseline and the extrapolation
of the linear part of the peaks. The glass transition tem-
peratures (Tg) were taken as the inflection point of the
step change of the calorimetric signal. The uncertainty
of these temperatures is±5 ◦C when DSC peaks are
distinct but can be more important. The heats of crys-
tallization δH were obtained from the area under the
crystallization peak after heat flow rate calibration (cal-
ibration substance= sapphire).

The refractive indices of the glassy samples were
determined with an optical microscope by successive
focusing on the two parallel faces of polished sam-
ples. The densities were measured by helium pycnom-
etry (Micromeritics Accupic 1330) on 30 mg powdered
samples.

3. Results
3.1. Phase equilibrium diagram
The DSC and high-temperatue XRD results are consis-
tent with the phase diagram shown in Fig. 1a. Because
of the high TeO2 losses for temperatures higher than
900◦C, the liquidus curve has not been determined for
compositions containing more than 30 WO3 mol %.

Only two invariant equilibrium were detected at
740±5 ◦C and 622±5 ◦C. They correspond respec-
tively to the polymorphic transition: orthorhombic
WO3 ⇔ tetragonal WO3 [23] and to the eutectic re-
action: liquid⇔ α-TeO2 + orthorhombic WO3. The
eutectic composition (22±1 WO3 mol %) was deter-
mined by Tammann construction using the energies
of the eutectic melting peaks (Fig. 1b). Contrary to
the eutectic temperature, this value significantly differs
from the previously proposed one (16.7 WO3 mol %)
[20, 21].

Figure 1 (a) Equilibrium phase diagram for the TeO2-WO3 system.
(b) Tammann construction for this diagram.

The monoclinic WO3⇔ orthorhombic WO3 trans-
formation, which occurs at about 330◦C [23], was not
detected by DSC, even for pure WO3, probably because
it corresponds to a second order phase transition [24].

On the Tammann diagram (Fig. 1b), the intersections
of the melting energy lines with the composition axis
(1.3 and 98.6 WO3 mol %) are sufficiently near the pure
component representation points, with respect to the
estimated errors on composition (±1 WO3 mol %), to
consider the existence of narrow solid solution domains
very improbable. The phase diagram is probably of sim-
ple eutectic type and the only stable crystalline phases to
be expected, after thermal annealing of glassy samples,
areα-TeO2 and monoclinic or orthorhombic WO3.

3.2. Glass formation and physical
properties

Under our quenching conditions, transparent and ho-
mogeneous glasses could be obtained for [(100− x)
TeO2+ xWO3] samples with compositions 10≤ x≤
30. These results are consistent with those previously
reported (8≤ x≤33–44), the limits of the glass domain
strongly depending on the glass preparation tempera-
ture and on quenching conditions [1–5]. By quenching
the melts in a mix of ice, ethanol and NaCl, the glass
forming domain could be extended up to pure TeO2
as previously reported [8]. The color of this glasses
changes from white to yellow and then light green with
increasing WO3 concentration.
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Figure 2 DSC curves of the glassy samples (100− x)TeO2+ xWO3.

The refractive indices are in the range 2.2–2.3 and
the density regularly increases from 5.84, for the pure
TeO2 glass, to 6.04 forx=0.25. These values are in
good agreement with previously reported ones [1–4].

3.3. Thermal behaviour of the glasses
Fig. 2 shows the DSC curves of various glassy sam-
ples with composition 0≤ x≤90. Those for which
0≤ x≤30 were pure glasses whereas those with
30< x≤90 were mixes of a glass with quasi constant
composition (x≈35) and increasing quantities of crys-
talline WO3.

In general, the curves show a step change of the base-
line between 310 and 370◦C, which corresponds to the
glass transition temperatureTg. For higher tempera-
tures, one or several exothermic peaks are observed,
whose significance was unambiguously determined by
the temperature programmed XRD study. For thex=0
and 0.5 samples, no glass transition was detected on
DSC curves, probably because the corresponding ther-
mal event was too close to the crystallization peak.

The thermal parameters (Tg, Tc and transition tem-
peratures) estimated on DSC curves and the various
crystalline phases detected at different temperatures by
XRD are visualised in Fig. 3. Globally it is clear that
the differenceTg− Tc, and so the thermal stability of
glasses, regularly increases with the WO3 content. The
thermal behaviour strongly varies with composition.
Four different domains can be distinguished.

Figure 3 Evolution with composition of the glass transition temperature
Tg (∗), of the various crystallization temperaturesTc (¥: γ - andα-TeO2;
N: δ-phase,•: WO3) and of monotropic transition temperatures (M:
δ→α, ◦: γ→α).

(i) For very low WO3 contents (x≤2.5), only one
sharp and important exothermic peak is observed on the
DSC curves. As shown in Figs 4 and 5, it corresponds
to the simultaneous crystallization ofα-TeO2 and of an
unknown compound. The formation of this unknown
phase from pure TeO2 glass strongly suggests that it
should be a new metastable TeO2 polymorph. So it will
be called hereafterγ -TeO2. It probably corresponds to
the unknown crystalline phase noticed by Sekiyaet al.
in a previous study of the same glasses [15]. It disap-
pears at about 480–500◦C to the benefit of theα-TeO2
form. No thermal event was detected at the dispari-
tion of this phase forx=0 and 0.5 samples, probably
because of, on the one hand the low energy of this poly-
morphic transition, and on the other hand the small pro-
portion of crystals concerned. However the third very
small exotherm observed at 480–490◦C on the DSC
curve of thex=2.5 sample could perhaps account for
it, the second one at about 460◦C corresponding, as we
will see further, to the crystallization of small amounts
of WO3.

(ii) When 5≤ x<15, four exothermic events are ob-
served. The first peak (Tc=355◦C for x=5, Tc=
388◦C for x=10) is associated with the crystallization
of another new compound, with cubic symmetry, that
we will call δ (Fig. 6). The second peak (T ≈400◦C
for x=5) corresponds to the crystallization ofγ -TeO2,
and to the decomposition of theδ phase into the stable
α-TeO2 polymorph. The third one (about 470◦C for
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Figure 4 XRD powder pattern at various temperatures for a pure TeO2

glass (x=0).

Figure 5 XRD powder pattern at various temperatures for a glassy sam-
ple containingx=2.5WO3 mol %.

Figure 6 XRD powder pattern at various temperatures for a glassy sam-
ple containingx=5WO3 mol %.

all the samples) corresponds to the crystallization of
WO3. The last one, less intense, is associated with the
transformation at about 490◦C ofγ -TeO2 intoα-TeO2.

(ii) For the samples withx=15, theδ phase is no
longer formed (see Fig. 7) and so only three peaks are
observed on the DSC curves. They correspond succes-
sively to the crystallization ofγ -TeO2, the crystalliza-
tion of WO3 and the transformationγ→α. This com-
position seems to optimize the crystallization of theγ
phase, the quantity of this phase progressively decreas-
ing with increasing WO3 contentx.

(iv) When x≥20, only α-TeO2 and WO3 are
formed. They crystallize at nearly the same temperature
(T ≈460◦C, see Fig. 8). So, only one distorted exother-
mic peak is observed on the DSC curves.

3.4. Identification and characterization of
the new crystalline phases

TeO2 is known to exist in two polymorphs at ordinary
pressure and temperature:α-TeO2 (paratellurite) and
β-TeO2 (tellurite) which is the natural metastable form
[25–27]. Another polymorph, elaborated at high pres-
sure (100 kbar, 800◦C), has been reported but without
any information about its crystal structure [28]. None of
these phases could be indentified with the newγ andδ
phases by comparison of their respective XRD patterns.
Considering the experimental conditions of the forma-
tion of these new crystalline phases, it was tempting to
consider them as two new metastable polymorphs of
TeO2. In order to check this hypothesis, we have tried
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Figure 7 XRD powder pattern at various temperatures for a glassy sam-
ple containingx=15WO3 mol %.

Figure 8 XRD powder pattern at various temperatures for a glassy sam-
ple containingx=25WO3 mol %.

to obtain them as pure as possible and to structurally
characterize them.

3.4.1. The γ phase
Well crystallizedγ -TeO2 was obtained almost pure
(only small amounts of theα form were detected on
the XRD patterns) by slowly heating up to 390◦C a
pure TeO2 glass and then annealing for 24 h at this
temperature. Its XRD pattern (Fig. 9) could be in-
dexed (Table I) by using the automatic indexing pro-
grams ITO [29] and TREOR [30]. Both programs
proposed an unique solution corresponding to an or-
thorhombic cell (possible space groups: P222, Pmm2
or Pmmm) with the following refined parameters (U-Fit
program [31]):a=0.8453(3) nm,b=0.4994(2) nm,

TABLE I XRD powder data forγ -TeO2

h, k, l dobs (A
◦
) dcalc (A

◦
) I /Imax (%)

110 4.298 4.300 12
200 4.222 4.226 6
101 3.829 3.834 11
11 3.255 3.259 70

210 3.224 3.226 100
111 3.037 3.041 24
201 3.012 3.015 34
211 2.579 2.581 2
20 2.496 2.497 15

120 2.396 2.395 3
301 2.356 2.357 2
002/220 2.149 2.150 3
400 2.111 2.113 1
102 2.084 2.084 6
410 1.945 1.946 2
221 1.922 1.923 15
401 1.897 1.897 1
212 1.788 1.790 4
411 1.772 1.773 14
321 1.714 1.714 4
130/022 1.629 1.630 3
312 1.618 1.617 13
420 1.613 1.613 6
510/122 1.600 1.599 6
31 1.552 1.553 3

Figure 9 XRD powder pattern of theγ -TeO2 polymorph obtained by
annealing of a pure TeO2 glass (•=α-TeO2).
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c=0.4302(2) nm andV =0.1816(2) nm3 (values be-
tween parentheses are estimated standard deviations).
The measured density (dexp=5.80) impliesZ=4TeO2
units per cell (dcalc=5.84). This density is lower than
the value measured for theα form (d=5.97) but very
close to the value reported for theβ form (d=5.75–
5.80) [32].

Since it was prepared from a pure TeO2 glass, the new
compound can, without any doubt, be considered as a
new metastable polymorphic form of tellurium dioxide.
Its obtaining, as the only crystalline phase, for a glass
containing 15 WO3 mol %, and the changes observed in

Figure 10 XRD powder pattern of the cubicδ phase obtained by an-
nealing of a 95% TeO2-5% WO3 glass.

Figure 11 DSC curves of a 95% TeO2-5% WO3 glassy sample annealed 24 h at 350◦C. Contrary to the corresponding curve of Fig. 3, only two
exothermic peaks are observed; they correspond to theδ→α transition (T≈380◦C) and to the crystallization of small quantities of WO3 (T≈480◦C).

the XRD pattern, allow to suppose that some tungsten
oxide could be incorporated into the crystal structure.
More accurate crystallographic studies are needed to
check such an hypothesis.

3.4.2. The cubic δ phase
Various attempts to prepare this phase from pure
TeO2 glassy samples were unsuccessful. It could how-
ever be prepared as the unique crystallized phase,
mixed with some quantity of glass, by annealing for
24 h at 350◦C a glassy sample containing 5 WO3
mol %. The XRD pattern (Fig. 10) could be unambig-
uously indexed (Table II) with a cubic cell (F mode,
a=0.5690(1) nm). The measured density (dexp=5.75)
implies Z=4TeO2 units per cell (dcalc=5.76). This
new compound has surely a fluorite-related structure
of the same type as the cubic phase (a=0.554 nm)
formed by post-heat-treatment of glassy samples
within the 15K2O-15Nb2O5-70TeO2 system [33], as

TABLE I I XRD powder data forδ-TeO2

h, k, l dobs (A
◦
) dcalc (A

◦
) I /Imax (%)

111 3.282 3.285 100
200 2.843 2.845 28
220 2.010 2.012 20
311 1.715 1.716 11
222 1.642 1.643 2
400 1.422 1.422 <1
331 1.305 1.305 1
420 1.271 1.272 <1

4290



P1: FJL/FIX P2: FJM/LMQ P3: FJM KL-938-957-97 June 17, 1999 15:28

Figure 12 XRD powder pattern at various temperatures of a 95% TeO2-
5% WO3 glassy sample annealed 24 h at 350◦C.

the anti-glass phases and other lanthanoid tellu-
rates IV (a=0.570–0.549 nm) reported by Tr¨omel
et al. [34], or as the metastableβ polymorph of
Bi2Te4O11 (a=0.564 nm) [35], part of a cubic nonsto-
ichiometric phase Bi1− xTexO(3+ x)/2 (0.5≤ x≤0.85,
0.562≤a≤0.567 nm) evidenced by El Farissi [36].

Although it was not possible to prepare thisδ phase
from pure TeO2 samples, the identity of its unit cell
parameters with the value (aF=0.570 nm) extrapolated
from various solid solutions (Pb1− xTexF2−2xO2x,
Bi1− xTexO(3+ x)/2 and Cd1− xTexF2−2xO2x) to an hy-
pothetical TeO2 fluorite structure [37] allows to think
that it could be a new fluorite-like metastable TeO2
polymorph. Further experiments are in progress in or-
der to confirm such an assertion.

However that may be, the DSC curve of Fig. 11 and
the XRD patterns of Fig. 12 clearly confirmed that this
metastableδ phase irreversibly transforms into theα
form at about 380◦C.

4. Summary and conclusion
Study of various [(100− x)TeO2+ xWO3] samples
by differential scanning calorimetry and tempera-
ture programmed X-ray diffraction allowed us to
determine the equilibrium phase diagram of the
TeO2-WO3 pseudo-binary system. A binary eutectic
was detected at 622±5 ◦C and x=22 WO3 mol %
(δH =19 kJ·mol−1). The thermal domain of investi-

gation was limited to temperatures less than 900◦C
because of high TeO2 losses observed at higher tem-
peratures.

The existence of a large glass-forming domain,
whose extension strongly depends on quenching tech-
nique, has been confirmed. The thermal stability of
those glasses decreases regularly with increasing TeO2
content. So, TeO2 rich glasses are very difficult to pre-
pare and only very small quantities of pure TeO2 glass
could be obtained. Their thermal behaviour is complex
and changes with composition.

In addition to stableα-TeO2 and monoclinic WO3
phases, two previously unknown compounds have been
shown to crystallize from glasses with high TeO2 con-
tent. The first one, calledγ , has an orthorhombic unit
cell. Since it was prepared from a pure TeO2 glass, it
can be considered as a new metastable form of TeO2.
The second one, calledδ, has a cubic symmetry and is
of fluorite-type. It is also metastable and seems to need
some tungsten oxide to be stabilized.

More extra work are needed in order to master the
precipitation of these two phases within the glassy ma-
trix and to obtain transparent optical samples which
could be efficient non-linear materials.
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