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Properties of the glasses prepared by rapid
quenching in the V,0.-MO(M = Mg, Ca and Ba)

system
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Rapidly quenched glasses in the V,0,~MO (M=Mg, Ca and Ba) systems have been prepared
by a twin-roller technique. Glasses up to 40 mol% MgO and 50 mol % Ca0 or BaO were
obtained. No metastable phase was observed in the crystallization processes. From the infrared
spectral data for the glasses, the structural change of the glasses are discussed. The electrical
conductivity of the glasses decreased with increasing MO content, and the electrical behaviour
of the glasses has been related to the structural change of the glasses.

1. Introduction

Vanadate glasses containing other glass-forming
oxides such as P,0O4 [1], GeO, [2], with a wide
composition range, or glass modifying oxide such as
BaO [3], PbO [4], with a narrow composition range
have been prepared by normal quenching of the melt.
In addition, some vanadate glasses show semiconduc-
tive properties based on the electron hopping between
V3* and V** ions. Sarjent and Roy applied a rapid-
quenching technique to oxide systems [5]. This
method has been used to prepare the glasses in the
new system or those with a wider composition range
than those by the conventional method.

In the binary systems of V,0; and alkaline carth
metal oxide (Mg, Ca and Ba), MV,0,4 (metavanadate),
M,V,0, (pyrovanadate) and M,V,04 (orthovana-
date) were commonly found to form. Dimitriev et al.
carried out glass formation in the V,05,—MO systems
by rapid quenching, and reported a glass formation
region of 0-40mol % MO in each system [6]. Fur-
ther, they measured infrared (IR) absorption spectra of
the rapidly quenched glasses in these systems [7].
However, other properties of these rapidly quenched
glasses were not reported.

In the present work, systematic studies on the glass
formation by rapid quenching in the V,0O—alkaline
earth metal oxide (MgO, CaO and BaO) and the
properties of these glasses, were conducted. The effects
of the kind of alkaline earth metal on the glass-
formation region and the IR absorption and electrical
conductivity of the glasses were investigated.

2. Experimental procedure

The starting powders were prepared by firing the
mixtures of vanadium pentaoxide and magnesium,
calcium or barium carbonate at 500-1000 °C in air.
Three common compounds (MV,0,, M,V,0, and
M, V,0q) formed by solid state reaction. In addition,
Ca,V,O,, [8] was confirmed to form. The reacted
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powders were pressed into rod shape (5 mm x 5 mm
x 30 mm) and sintered in air. The apparatus used for
the rapid-quenching treatment consisted of a thermal
image furnace and a metallic twin roller (50 mm dia-
meter) [9]. The sintered rod sample was placed in the
furnace and melted from the lower end. The molten
droplets fell between the counter-rotating rollers at
3000 r.p.m. to be quenched. The prepared films were
about 20 um thick.

The X-ray diffraction method was used to identify
the glassy and/or crystalline phases in the quenched
films. Differential thermal analysis (DTA) and thermo-
gravimetry (TG) curves were measured in air at a
heating rate of 10°Cmin~* in order to investigate the
thermal behaviour of the quenched films. IR absorp-
tion spectra were obtained between 2000 and
400 cm™! by dispersing the ground film into KBr

pellet. Electrical conductivity of the quenched films

was measured in air between 25 and 200 °C using
evaporated gold as eclectrodes, which makes good
ohmic contacts to vanadate glasses [10].

3. Results and discussion
3.1. Glass formation and crystallization
behaviour

The composition of the samples is indicated by x, the
molar fraction of MO in the (1 — x) V,05~xMO
system. The colour of the as-quenched films changed
from dark brown for x=0 to lighter brown with
increasing x in all three systems. Table I shows the
compositions and the phases identified by X-ray dif-
fraction in the sample before and after quenching. In
the V,05-MgO system, the glass-formation region
ranged from x=0-0.40 and the quenched film of
x =0.50 contained a small amount of crystalline
Mg, V,0,. Because MgV,0; (x=0.50) melted incon-
gruently to form liquid and Mg, V,0, [11], Mg,V,0,
formed during quenching. The as-quenched films of
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TABLE I Compositions, phases existing in the samples before and after quenching, and crystallization processes of the quenched sample in
the (1 — x) V,0,—~xMO (M =Mg, Ca and Ba) system

X Phase before Phase after Phase transition
quenching quenching sequence”

0 V,0, Glass (210) V,0,
M=Mg

0.20 V,04+ MgV,04 Glass (313) V,0, +glass

(343) V,05 +MgV,04

0.40 V,05+MgV,0, Glass (368) V,04 + MgV,0,

0.50 MgV,0, Glass + Mg, V,0, (380) MgV,0,
M=Ca

0.20 V,05+CaV,0, Glass (291) V,0, +CaV,04

0.40 V,0,+CaV,04 Glass (329) V,05+ CaV,04

0.50 CaV,0q Glass (388) CaV,0q

0.60 CaV,0, +Ca,V,0, Glass+Ca,V,0, (408) CaV,0, + Ca,V,0,
M=Ba

0.20 V,0,+ BaV,0, Glass (273) V,0, + BaV,0,

0.40 V,0,+BaV,0, Glass (349) V,0,+BaV,0,

0.50 BaV,0, Glass (392) BaV,0,

0.60 BaV,0,+ Ba,V,0, Glass+Ba,V,0, (370) BaV,0, + Ba,V,0,
() indicates transition temperature (°C).
x = 0.40 and 0.50 showed strong hygroscopicity. How-
ever, in the V,0,~CaO and V,0,-BaO systems, the
glass-formation region was wider and ranged to
x=0.50. The quenched films of x=0.60 in both sys- ¥ = 0
tems contained crystalline M, V,O.. The difference in
the glass-formation region between MgO and other M = Mg
two oxides is attributed to that in the ionic radii of xoio
these alkaline earth metals which act as glass modi-
fiers. Magnesium usually shows the coordination x = 0.40
number of 6; on the other hand, calcium and barium S M = Ca
prefer that of 8 or 12. s X = 0.20

No weight change, associated with the oxidation or —_—
reduction of the vanadium ion, was detected for the 8
as-quenched samples in the TG measurements. These 2
results suggest that the reduction of the V3* ion “
during melting and quenching took place to a very
small extent. Fig. 1 shows the DTA curves of the
as-quenched glasses. All the glasses except for the
V,0; glass (x =0) showed a glass transition before the
sharp exothermal peak by the first crystallization. The (') 150 20'0 360 460 560

first crystallization temperature of the glasses rose
with the increase of x in all three systems.

The crystallization processes of the quenched
glasses are shown on the right-hand side of Table L
The glass of x=0 directly crystallized to V,0; at
210°C. In the V,0,-MgO system, V,0; firstly
formed and then MgV,04 appeared in the glass of
x=0.20. Both V,0, and MgV, crystallized at the
same time at 368°C in the glass of x=0.40. In the
other two systems, MV,04 formed, associated with
V,0;, in the first crystallization process in the glasses
of x=0.20 and 0.40. Only MV,Q appeared in the
glass of x=0.50. No metastable phase was found in
the crystallization process for the quenched glasses in
all the three systems.

3.2. IR absorption of quenched glasses

IR spectrometry was used for structural studies of
glasses. In the vanadate systems, characteristic vibra-
tion bands based on VO, polyhedra exist between
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Figure 1 DTA curves of the as-quenched glasses in the (1 — x)-
V,05;—xMO (M =Mg, Ca and Ba) systems.

1100 and 700 cm ™! for both crystalline and glassy
phases. In general, glasses show a much broader
absorption band than the corresponding crystalline
phases. In all three systems, the spectra had the lowest
absorption region around 1100 cm™*. The location
shifted towards the high wave number side with in-
creasing MgO content, but shifted towards the low
wave number side with the increasing BaO content. In
the case of CaQ, the location remained almost
unchanged.

The IR absorption spectra for the glasses in the
V,0,-MgO system are shown in Fig. 2. The V,054
glass had one separated absorption band at
1020 cm ™!, This band was very sharp for the crystal-
line V,0; and assigned to the stretching mode of one
short V-O bond (0.158 nm) in the VO, polyhedra
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Figure 2 IR absorption spectra of the as-quenched glasses in the
V,05-MgO system.

which constructed the layer structure of V,0; [7, 12,
13]. This result shows that the VO5 polyhedra with
one short bond persisted in the V,05 glass. The band
at 1020 cm ™! became weaker for the glass of x=0.20.
Instead, a new band at 950 cm ™! appeared for the
glass of x=0.40. This band was almost absent for the
crystalline MgV, which consisted of the VO; poly-
hedra without short bonds, unlike the crystalline
V,05, and showed two main bands at 890 and
690 cm~!. The band at 950 cm™! for the glass of
x=040 is thought to be the stretching of the
shorter V-O bond in the VO, polyhedra than the
shortest V-O bond of 0.167 nm in the crystalline
MgV,0, [14].

The IR absorption spectra for the glasses in the
V,0,-CaO system are shown in Fig. 3. As shown in
the case of the V,0,-MgO system, the band at
1020 cm ~ ! remained for the glass of x=0.20. Further
increase of x to 0.40 and 0.50 caused a new band at
950 cm ™', The crystalline CaV,04 had one short
V-0 bond of 0.161 nm in the VO, polyhedra [15] and
showed three main bands 960, 840 and 560 cm ™ *. The
band at 950 cm ™! for the glasses is assigned to the
stretching of the short V-O bond in the VOj5 poly-
hedra constructing the glass network structure, which
has the coordination polyhedra around the vanadium
ion similar to those in the crystalline CaV,0s.

The IR spectra for the glasses in the V,05-BaO
system are shown in Fig. 4. The isolated band at
1020 cm ™! was also observed for the glass of x=0.20
in this system. A new band appeared at 900 cm ™' for
the glass of x =0.40 and 0.50. The crystalline BaV,Oy
showed four large bands at 950, 900, 840 and
680 cm 1. The band at 900 cm ™! for the glasses prob-
ably corresponds to that at 900 cm ™! in the crystalline
state. As no detailed structural study on the crystalline
BaV,0, has been reported, further discussion of the
coordination around the vanadium ion in the glassy
state is difficult.

In all three systems, M?* ions act as glass modifiers
located between the glass network frame, and change
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Figure 3 IR absorption spectra of the as-quenched glasses in the
V,05,—CaO system.
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Figure 4 IR absorption spectra of the as-quenched glasses in the
V,05-BaO system.

the glass structure from that constructed by the VO
polyhedra with one shorter V-O bond as in the
crystalline V,0,, to that based on the VO; polyhedra
with longer V-O bonds, as in the crystalline meta-
vanadates. The location of the absorption bands de-
pends mainly on the ionic radii of M?* ions.

3.3. Electrical conductivity of quenched
glasses

The electrical conductivity of the glasses increased

with temperature. The plots of log ¢ against 10%/T are
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Figure 5 Electrical conductivities of the as-quenched glasses in the
V,05-MgO system.

shown in Figs 5-7. Deviations from the linear relation
between log o and 1/T towards the higher log o side
were observed for the low conductive glasses. These
are attributed to adsorption of H,O on the glass
surface. In all three systems, the conductivity was
lowered with increasing x. The activation energies
were calculated from the slope of the linear region of
the log o against 10%/T plots. The activation energy
for the V,04 glass was 0.40 eV and increased with
increasing x. The activation energies for the glasses of
x =0.20 were nearly same (about 0.42 eV) in all three
systems, but the activation energies for the glasses of
x=040 and 0.50 in the V,0,-BaO system (about
0.70 eV) were much higher than those (about 0.50 eV)
for the glasses of the same x in the other two systems.

The electrical conduction in the vanadate glasses is
electronic, based on the electron hopping between
V3* and V** ions through the V-O-V bond in the
glass network. Both the concentration of V#* ions and
the number of the V-O-V hopping path influence the
conductivity. In all three systems, M>* ions act as
glass modifiers and are located between the glass
network. Although the amount of V** ions in the
glasses is too small to detect by the TG measurements,
some V** ions must exist in the glasses. From the
colour change of the glasses, the concentration of V4~
ions decreases with increasing x. As shown by the IR
spectral data, the glass structure changes from that
based on the layered crystalline V,0s5, to that based
on the chain structure of metavanadate. The V-O-V
bond used for the electron hopping decreases with
increasing x, associated with the structural change of
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Figure 6 Electrical conductivities of the as-quenched glasses in the
V,0,—Ca0 system.
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Figure 7 Electrical conductivities of the as-quenched glasses in the
V,0;-BaO system.
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the glasses. Both the decreases in the concentration of
V4" ions and the number of continuous V-O-V
bonds cause a large decrease in the conductivity.



4. Conclusion

Rapidly quenched glasses in the V,0,-MO (M =Mg,
Ca and Ba) systems were prepared by a metallic twin
roller. The glass-formation regions in the systems of
M = Ca and Ba were a little wider than that of M
=Mg. The crystallization temperature of the glasses
rose with increasing MO content. No metastable
phase was observed to form in the crystallization
processes. The electrical conductivity of the glasses
was lowered by an introduction of these glass-modi-
fying ions. This behaviour could be explained on the
basis of the glass structures estimated from the IR
spectral data.
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