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Abstract

The purpose of this work is to study the 200-80TeQ glass using the differential scanning calorimetry (DSC) and X-ray diffraction
(XRD) techniques in order to understand the crystallization kinetics on this glass matrix. To study the glass by DSC, screened samples with
different particle sizes to resolve the observed asymmetrical crystallization peak were used. DSC curves for particles smallemtiran 38
size show two distinct crystallization peaks, associated to distinct phase transformation in this glass, leading to activation energies at 301
and 488 kJ moi'. XRD analysis reveals that the first crystallization peak is attributed to Te@talline phase while the second one to the
«-TeG; and an unidentified phase.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction However, structural5—7] and electrical propertie8] have
been investigated in order to understand all aspects of these
TeO,-based glasses were most studied in the last 10 glasses.
years, considering the scientific and technological interest Parallel to the optical property investigations, there is
due to their high refractive indices, low melting tempera- a crescent interest for the fabrication of transparent oxide
tures, high dielectric constants and good infrared transmis-glasses containing specific microcrystallites in the matrix
sions[1]. Tellurite glass may be formed from different sys- glass: the glass-ceramics. Optical properties of ;Fb@sed
tems including phosphate, borate and otH&ts The main glass-ceramic containing specific microcrystallites are very
studies on Te@based glasses were centered on optical prop- interesting and might be probable as new optical glasses
erties with special attention in using these vitreous systems[9,10]. On the other hand, the glass-ceramics fabrication re-
as nonlinear optical glasses for secowd)(and third har- quires ability and knowledge to control the nucleation and
monic (%) generatior{3,4]. An important tellurite system  crystallization processes of different vitreous matrices. Con-
is formed using LiO as a network modifier to produce sequently, it is important to know the physical and thermal
LioO-TeQ glasses. In literature, these,0-TeQ glasses characteristics of interest, particularly if the glass is to be
are known for their excellent nonlinear optical properties applied in a specific technological area. Knowledge of the
and depending on composition presentsg®aalmost one nucleation rate as a function of temperature is essential for
order greater than some other important oxide glagfles  predicting phase formation and microstructures in modern
materials development.
* Authors are also members of the Centro Virtual de Pesquisa em Mate- Ki The purposg of this Workl 'S t(} Stuclly the CrySt-aHIfZ%tlpn
riais (CVMat), UNESP center for Materials Science Research. inetic on 20Lp0-80TeQ glass for glass-ceramic fabri-
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calorimetry (DSC) were used as combined techniquestoun- 25
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The 20Lp0-80TeQ@ glass examined in this work was pre- 0.0

pared using the conventional melt quenching method starting § -0.5
from commercial powder reagentdO; (Alfa Aesar, 99%) 1.0
and TeQ (Alfa Aesar, 99.95%). After mixed in appropriate
proportions, using a 15 g batch weight, powder was melted
using a platinum crucible at 90 for 30 min in an electric
furnace. The melt obtained was poured into a mould and a 23, 50 500 P 200 250
transparent pale yellow sample with 8 mm thickness was ob-
tained. The structure of the crystallized phases observed in
powdered glasses after different annealing treatments wererig. 1. DSC curve for the as-quenched 20Di-80TeQ glass (recorded at
analyzed by XRD using Cudradiation in a Rigaku Rotaflex  aheating rate of 10 Kmirt). In this figure are indicated the glass transition
RU200B equipment with a rotating anode. tgmperature'(q), the crystallizatiqn temperatur@y), the peak crystalliza-
Using a TA instrument — DSC 2920 (temperature accu- tion temperatureT,) and the melting temperaturé).
racy of+ 0.1°C) — DSC measurements were performed to
study the thermal properties of the studied glass as a func-
tion of the particle size. The as-quenched glass was ground

and screened to five different particle—size.intervals: less thanciated with particle size effects on heat transfer. Considering
38, 45-38, 63-45 and 75—in. Each fraction was used for given heating rate, larger particles would have greater heat
DSC measgrements, Wh'(.:h were carried out using aconstaniransfer resistance, during DSC scan, when compared with
sample "".e'?{“ of 20mg, in alumlnu_m pans under a fL()1W|ng small particles. Afterwards, the shift on crystallization peak
(50 e min™*) atmosphere of dry nitrogen, at 10 min results was observed. Trable 1, an additional crystallization

cor_Ftroc;Ied hegtmg “."“e: forth lizati peak at 626 K was also introduced, observed at particle size
0 determine activation energfYfor the crystallization, smaller than 3g.m. Details will be discussed further on in

_different parztitglessioze795lass§slgvge C_r)isltal_lli_f]ed dat four heat- this work. The thermal stabilities, qualitatively determined
ing rates¢ (2.5, 5.0, 7.5 an & minr 7). The data were from AT in Table 1 decrease for small particle size. Itis un-

analyzed using the Kissinger equatfad], derstood that volume decreases for small particle size while
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size decreases from 63—dh to less than 3gm. Similar
behavior was also observedTg, which shifts from 632 to
622 K when patrticle size decreases. This fact may be asso-

T2 E the superficial area increases.
In (—p> = —— + constant Q) Frequently, DSC measurements are performed on powders
¢ RTp and as a result, the interpretation of kinetic crystallization in

glasses requires some care as possible particle size effects on
the crystallization are presefitig. 2shows DSC crystalliza-

tion peaks as a function of the temperature, performed for
different heating rate¢() and particle size. The use of dif-
ferent heating rates leads to activation energy calculus from
Eqg. (1)and show up like different crystallization processes
responsible for the observed asymmetry in DSC peaks for
the following particle size: 63-75, 45-63 and 384B. In

most fine powdered glass, particle size smaller thaprd8

this asymmetry became evident as indicated by one peak at

whereT} is a temperature corresponding to the maximum of
the DSC crystallization peak arilis the gas constant. The
activation energy was calculated from the slopes of the linear
fits to the experimental data from a plot ofﬂj(/gb) versus

1/ Ty, for different particle size.

3. Results and discussion

The glass transition temperatuii), crystallization tem-
perature{x), crystallization peak temperaturgj and melt- Table 1

ing tempe_rat_LJre'I(,n)_ were deterr_nine_d f_rom DSC Measure-  summary for physical parameters of 290-80TeQ glasses as a function
ments as indicated iRig. 1 Inset in this figure shows details  of particle size

to determine onset temperatiig As the studies inthiswork  papiicle To(K) T(K) AT=T Tp(K) E (kJmol2)
were centered on crystallization process, 6RjyTx and Ty size (um) - Tqy

were summarized ifable 1as a function of particle size. As  g3_75 537 621 84 632 254

we can see in this table, the thermal parameters are influenceds-63 537 618 81 630 248
differently by the particle size. As expectey, presents es- ~ 38-45 536 614 78 629 237

sentially the same value at around 536 K for different particle <8 536 609 78 622and 626 301 and 488

size butTy shifts slightly from 621 to 609 K when particle ~ Parameters are shown fr= 10 K min~* heating rate.




Heat flow (mW)

Fig. 2. DSC curves for 20kD-80TeQ glasses as a function of particle
size, which were recorded at 10 K mih(a), 7.5 Kmirt (b), 5.0 Kmirr?
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different particle sizes were also summarizedable 1 In

this table, we observe that activation energy decreases from
254 to 237 kJ mol! when patrticle size decreases from 63-75
to 38—-45.m whereas for particle size smaller than38 it

was possible to calculate two distinct activation energies at
301 and 488 kI mot. This implies that in this glass system
there are distinct phase transformations with distinct energies,
only evidenced by DSC at smallest particle size. In addition,
the activation energies obtained in this work are very close
to those reported in the literature for 3g0—-70TeQ glass,
which in contrast with the 20LD-80TeQ composition ex-
hibits in bulk form two distinct crystallization peaks,6].

In Fig. 2the presence of a well-defined couple of crystal-
lization peaks for small particle size (size <;38) is a strong
indicative of distinct phase transformations on glass but to
confirm this additional information with another experimen-
tal technique is necessary (XRD), as will be described below.
In this work, different crystallization mechanisms, such as
superficial or volumetric processes, were not considered. In
practice, superficial crystallization is difficult to avoid and
it is questionable if only the volume crystallization occurs.
In fact, the surface nucleation and crystallization depends on
several factors such as surface quality, cracks, elastic stress
and other$12]. Traditional method, which includes isotherm
process and microscopy analygi8], is a good way to study
surface and volume nucleation and crystallization in glasses
but the involved mechanisms are still not completely under-
stood. On the other hand, combined DSC and XRD results

around 622 K and a shoulder close to 626 K (see DSC curveobtained in the present work suggest that crystallization can
recorded at 10 Kmin! in Fig. 2). Decreasing the heating be essentially attributed to a distinct phase transformation.

rate to 2.5 K mintt, this shoulder splits into two crystalliza-

In order to clarify the true reason why a shoulder appears

tion peaks at 608 and 616 K. As observed in this figure, the on glass with small particle size (see grain 38inFig. 2),
combination particle size and heating rate evidenced at leastsuggesting a possible distinct phase crystallization, several
two distinct phase crystallizations.

Fig. 3shows plots of InTpZ/qb) versusl/ T, for glass pow-

glass powders were heat thermal annealed at different tem-
peratures to induce the nucleation and a selective crystal-

der samples with different particle size. As described before, lization on glassFig. 4shows XRD patterns of as-quenched
the activation energy was calculated from linear fits to the glasses and heat annealed between 310 antiGB0electric

experimental data using theq. (1) Calculated values for
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Fig. 3. Kissinger plots for the crystallization peaks in 28D+80TeQ

glasses as a function of particle size.
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Fig. 4. X-ray diffraction patterns of 20L0-80TeQ glasses as-quenched
(A), and previously heat annealed at 3T(B), 330°C (C), 350°C (D) and
360°C (E) for 5min.
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furnace for 5min. As we can see, the as-quenched and heatnetastable phase was identified as a monoclinic phase perme-
annealed glass at 31Q shows a typical amorphous charac- ating the 30LO—-70TeQ glass matrix and can be interpreted
teristics. However, the glass state tends to disappear resultings a “link” between the unidentified phase and the orthorhom-
in a glass-ceramic when the glass is heat annealed at highebic phase, this last one crystallized at high heat annealing.
temperatures. In glass annealed at 330some crystalliza- The 30LpO-70TeQ glass crystallization was also stud-
tion peaks appear for92at around 26.2 29.9 and 48.6, ied from DSC and X-ray diffraction more recentij. In this
which were attributed to Tefcrystalline phase permeating work, an unidentified phase was also observed and this crys-
glass matrix. Increasing the annealing temperature to 350 andalline phase converts to-Li> Te;Os while the vitreous Te@
360°C an unidentified phase ardTeO; crystalline phase  phase is clearly converted to TeO, crystalline phasé¢7].
appears and coexists with the Te@hase, as indicated by  Apparently, there are contradictions between these both cited
indexed peaks ifig. 4E. works with respect to crystallization in the 3g0-70TeQ
Using the (110), (111), (102), (200) and (2 1t glass matrix. However, the crystallization mechanisms in
planes of the XRD pattern iRig. 4E, respectively, observed these LyO-TeQ glasses are not completely understood and
at26.19, 28.724, 29.94, 37.39 and 48.59, the lattice con- must be investigated in detail. In contrast with these works in
stantsa and ¢ for TeO, tetragonal phase were calculated 30Li,O-70TeQ glass, the hierarchy on crystallization was
asa = 4.811A and b = 7.618A. These lattice parameters evident in our studied 20bO-80TeQ glass, the metastable
agree with JCPDS (42-1365) data card, confirming thesTeO phase was not observed and the unidentified phase could not
phase crystallization. These results suggest a hierarchy orbe systematically identified up to this moment.
this glass crystallization and the Te@hase crystallization
occurs prior toa-TeOs; and an unidentified phase. It is in-
teresting to observe that an expected lithium tellurite phase
was not properly identified ifrig. 4. Several possibilities
were tried including the LiTe®or LioTeOs phases in our
XRD refinements but these attempts were frustrated. In an-
other 30LpO-70TeQ@ glass matrix, whose crystallization
was studied using different techniques such as DSC and X-

ray diffraction[6], an unidentified phase was also observed = . : . .
ticle sizes was possible to predict a phase transformation on

but this crystalline phase converts é6Li>TexOs at high . . . .
annealing temperatures. On the other hand, the present regh|s glass. Finally, the XRD analysis revealed a crystalliza-

sult for the studied glass composition disagrees if comparedtlon hierarchy on this glass, startmg with the 'Eetbystalhng
with previous studie$5,6]. A possible explanation may be {:)hase permeatmg t'he glass matrix followed by the. ;lmul—
founded if we consider that 3040—70TeQ composition is aneous Cry_stalhzatlon _of_ the-Te_Og, _and an u_mdentn‘led
a eutectic point on the phase diagram of the pseudo-binaryphase’ Ieadlmg to twq distinct activation energies at 301 and
LioO-TeQ system[5]. Thus, based on this phase diagram 488kJmot™, respectively.
and the 20Li0O-80TeQ glass composition, the unidentified
phase in the present work is most probably a kind of crys-
talline lithium—tellurium phase. Acknowledgements
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4, Conclusion

The crystallization kinetic on the 2000-80TeQ glass
was studied by simultaneously using XRD and DSC tech-
nigues to understand the glass-ceramic formation from this
glass. A detailed DSC analysis as a function of different par-
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