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The phase diagram TeO,—T1,TeO; has been studied under equilibrium and non-equilibrium conditions by differential scanning
calorimetry and temperature programmed X-ray diffraction. Four crystalline phases, three stable (T1,TeOj;, o-T1,Te, 05, T1,Te;0,)
and one metastable (B-T1,Te,O5) have been identified and characterized. The three stable phases decompose peritectically at 377,
315 and 342 °C respectively. B-T1,Te,Os5, which is formed by cooling of a melt, undergoes a monotropic transformation into the
stable o polymorph. This study also confirmed the existence of a large glass-forming domain (15-52 mol% TI1O, 5). The complex
thermal behaviour of these very stable glasses has been studied. The glass transition and crystallization temperatures, and the

nature of crystalline phases formed, have been determined.

The increasing interest for materials with non-linear optical
properties has been induced by the important industrial request
for ‘all-optical’ devices. Glasses are very good potential candi-
dates for such applications because of their malleability, their
homogeneity in a wide range of compositions and their chemi-
cal stability. Tellurium dioxide-based glasses are of special
interest due to their high linear and non-linear refractive
indices and their good visible and infrared light transmit-
tance."'? The stereochemical activity of the Te'V atoms is
certainly at the origin of such properties. It is very often
reinforced when a second lone pair holder is associated with
the Te!V atoms. From this point of view investigations within
the T1,0-TeO, system were of prime importance. Previous
studies concerning this system have revealed the existence of:
(1) four stoichiometric crystalline compounds: T1,TeO;, a- and
B-T1,Te,Os, and TI,Te;O,> (ii) a large glassy domain whose
proposed composition range greatly differed from one author
to the other,"*”7 probably because of different experimental
conditions.

An equilibrium phase diagram has been proposed for com-
positions ranging from TeO, to T1,TeO5.2 However, this is
obviously wrong, since none of the four ternary compounds,
T1,TeO;, a- and B-T1,Te,O5, and Tl,Te;0,, is indicated.

The aim of this study was to accurately determine on the
one hand the phase diagram in equilibrium and non-equilib-
rium conditions for the pseudo-binary T1,TeO;-TeO, system,
and on the other hand the thermal behaviour of the glasses.

Experimental

All the crystallized samples were obtained by heating, at 350 °C
for 18 h then at 250 °C for 24 h, in a gold crucible under pure
flowing nitrogen, various mixtures of high purity TI,CO5; and
TeO,. TI,CO; was a commercial product (Aldrich, 99.9%) and
TeO, was prepared by decomposition, at 550 °C under flowing
oxygen, of commercial HyTeOq (Aldrich).

Glassy samples were prepared by first melting at 800 °C in
sealed gold tubes, and then air-quenching, intimate mixtures
of T1,TeO; and TeO,. Glass formation domain and crystallized
phase compositions were determined by using X-ray diffraction
(Guinier-De Wolff camera, Cu-Ka radiation). The structural
evolution with temperature of the crystallized compounds and
glasses was followed by in situ X-ray powder diffraction
(XRPD) with a Siemens D5000 diffractometer (6/60 mode, Cu-

Ka radiation) fitted with a high temperature furnace (Anton-
Parr HTK10), a platinum heating sample holder (a gold sheet
was added on the platinum sample holder to avoid reactions
between the sample and platinum) and an Elphyse position
sensitive detector (14° aperture). The heating rate was
10°C min~! and each XRPD pattern was recorded after an
annealing time of 10 min at the chosen temperature, in the 20
range 14-90° (step size: 0.029, time range: 15 min). Phase
transformation, glass transition (7y), crystallization (T;) and
melting (T;) temperatures were measured by heat flux differen-
tial scanning calorimetry (DSC; DSC Netzsch STA 409). The
powdered samples (ca. 30 mg) were introduced into covered
gold crucibles and the DSC curves were recorded between 20
and 800°C using a heating rate of 10°C min~! and a pure
nitrogen atmosphere. The glass transition temperature was
taken as the inflection point of the step change of the calori-
metric signal associated with this transition. The crystallization
temperature was taken (when an exothermic peak was observed
which, as we will see, was very rare) as the intersection of the
slope of this exothermic peak with the baseline. As for the
liquidus temperature, 7Tj, it was considered to correspond to
the bottom of the related endothermic peak. The energies of
the different thermal events were obtained from the area
under the corresponding peak after heat-flow rate calibration
(calibration substance: sapphire).

The densities of both crystalline and glassy samples were
measured on finely ground powders by helium pycnometry
(Accupyc 1330 pycnometer).

Results and Discussion
Equilibrium phase diagram

Our investigations confirmed the existence of the four crystal-
line compounds previously reported: three stable phases
(T1,TeO5, a-T1,Te,O5 and T1,Te;O,) and one metastable phase
(B-TL,Te,O5).

The corresponding phase equilibrium diagram is shown in
Fig. 1. It comprises four invariant equilibria: one eutectic and
three peritectic reactions. The eutectic reaction (E =55 mol%
TIOy s, Tz=309+5°C, AHg=106+2kJ mol ') corresponds
to the equilibrium: Ly = T1,TeO5;+ a-T1,Te,O5. The first per-
itectic reaction, P,, corresponds to the incongruent melting, at
377+5°C, of the TI,TeO; compound (AH,=15+2 kJ mol~")
and to the equilibrium: TI,TeO; = L, +unidentified solid
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Fig.1 Equilibrium phase diagram of the TeO,-T1,TeO; system

phase. The second peritectic reaction, P,, corresponds to the
incongruent melting at 315+ 5°C of the stable form o of the
T1,Te,O5 compound, according to the equilibrium:
o-T1,Te,O5 = Lp, + T1,Te;O,. The third one, P, corresponds
to the quasi congruent melting, at 342+ 5°C, of the T1,Te;0,
compound (AH,=53+2kJmol™!) and to the equilibrium:
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T1,Te;0; = Lp, +0-TeO,. The enlarged-scale scheme shown
as an insert in Fig. 1 visualizes the most probable equilibrium
curves, even if thermal effects corresponding to peritectic and
liquidus equilibria could not be experimentally separated.
Contrary to what was previously published,? the B-T1,Te,O5
polymorph cannot be considered as the stable high-tempera-

(a)

+‘*\\ij &_) U&,J \\“X%J\. vtﬂJ.JL

Jlk J 280°C!
— ] § NI W P O

=y 290°C
e
= WU 330°C
- N

*’*M_}' o J20°C
N*“\UMJJ.QJ oL J310°C
M\L\J' b ) \/7 300°G

. ] L 2 sl e o |
%\N\JU il SLCA A . 20°C]
15 20 25 30 35 40 45 55 60 65 70

26/degrees

20°C
+

.
U NSO R L

240°C{
[ ]

+ 2300
- L\_ﬁ M

1
W

intensity

o o
e e Ju |

£300°C

"
e 2o ge T

e LJ 30°C]

————
o
b +
[ \J . ®20°C
15 20 25 30 35 40 45 50 55 60 65 70
26/degrees

Fig. 3 XRD patterns at various temperatures of crystalline a-T1,Te,O5
(a) first heating and cooling, (b) second heating and cooling (@ o-
T1,Te,O5, +B-Tl,Te,O5, M Au; heating and cooling rates of
10°C min~!, annealing time of 10 min at each temperature, Au
diffraction peaks are those of the gold sheet on the Pt sample holder)



ture form of Tl1,Te,O5 but, as is clearly shown by the DSC
curves of Fig.2 and the various XRPD patterns of Fig.3
registered with an initial well crystallized a-T1,Te,O5 sample,
it is a metastable phase which is formed only during cooling
of a liquid or glassy sample and which irreversibly and
exothermically transforms, by heating at temperatures higher
than 250 °C, into the stable a-form.

Formation and thermal behaviour of glasses

Under our experimental conditions, the glass forming domain
ranges from 15 to 52 mol% TI1O, 5. The glasses are all yellow,
the intensity of the colour increasing with TIO, 5 content. The
density increases from about 5.9 to 7.1 with increasing TIO, 5
content. These values are in perfect agreement with previously
published ones.™*~’

The evolution with composition of the glass transition and
crystallization temperatures is shown in Fig. 4. (Since, for
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Fig. 4 Evolution with composition of the glass transition (7,) and
crystallization temperature (7;) of the T1,0-TeO, glasses
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Fig.5 XRD patterns at various temperatures of the 80 mol%

TeO,-20 mol% TIO, 5 glassy sample (* T1,Te;0,, & a-TeO,, W Au;
Au diffraction peaks are those of the gold sheet on the Pt sample holder)
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Fig. 6 XRD patterns at various temperatures of the 55mol% TeO,—
45 mol% TIO, 5 glassy sample (® o-T1,Te,O5, * T, Te;O,, B Au; Au
diffraction peaks are those of the gold sheet on the Pt sample holder)
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Fig. 7 XRD patterns at various temperatures of the 48 mol% TeO,—
52mol% TIO, 5 glassy sample (@ o-Tl,Te,O5, ¢ T1,TeO;, B Au; Au
diffraction peaks are those of the gold sheet on the Pt sample holder)
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nearly all the samples, no clearly defined exothermic peak was
observed on the DSC curves, which confirms the high thermal
stability of these glasses, the crystallization temperatures
reported correspond to the temperatures from which the first
XRD peaks were observed on temperature programmed XRPD
patterns).

T, and 1 decrease linearly with increasing TlO, s content.
For samples containing more than 15 and less than 40 mol%
T10O, s (see for example the XRPD patterns at various tempera-
tures of the sample with 20 mol% TIO, 5 shown in Fig. 5) a-
TeO, and TI,Te;0, crystals are formed simultaneously, the
proportions of the latter increasing with increasing TIlO, s
content. With increasing temperature both crystals disappear:
above 340 °C for the T1,Te;O; crystals, as soon as the liquidus
temperature is reached for the a-TeO, crystals.

For samples in the range 40-50 mol% T1O, s (Fig. 6), we
first observe the crystallization of the stable o-T1,Te,O5 poly-
morph, at temperatures ranging from 220 to 180°C and then
the formation of T1,Te;O- crystals at about 260 °C.

For the composition 50% TeO,—50% T1O, s (composition
corresponding to that of the T1,Te,O5 compound), a-T1,Te,O5
crystals are formed from 180 °C. They disappear by melting
above 315 °C. Small quantities of B-T1,Te,O5 are formed during
the rapid cooling of the melt, confirming that this metastable
phase can only be formed by cooling of melted TI,TeOs
samples.
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When the T1O, 5 content is higher than 50 mol%, a-T1,Te,O5
and T1,TeO; crystals are formed simultaneously from 150 °C.
Their quantity increases until 320 °C, above which temperature
they disappear by melting (Fig. 7).

Apart from the T1,Te,O5 samples, all melted samples remain
vitreous after in situ fast-cooling at room temperature in the
XRD device.

We are grateful to the Conseil Régional du Limousin for
financial support.
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