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tellurium phosphate glasses doped with
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The chemical composition and the temperature dependence of d.c. electrical conductivity are
presented for TeO,—-P,05 and Bi,0,-TeO,—P,05 glass systems. The results have shown that
the network former ion has a substantial effect on the electrical conductivity of oxide glasses.
Log ¢ and activation energy values were found to be sensitive to the addition of TeO, and
Bi,O;. They showed an anomalous behaviour.

1. Introduction

Many phosphate glasses have been investigated by
various authors [1-7]. In almost all cases it has been
found that when these glasses have been prepared by
melting the constituents in air, loss of oxygen and
phosphorus occurred. In this case the composition of
the final glass product may differ from the starting
composition, so a complete analysis of the TeO,—
P,0; and Bi,0;-TeO,-P,0; glasses was clearly
necessary to relate their properties to gradual changes
in glass composition.

Phosphate glasses containing transition metal ox-
ides have received a great deal of attention due to the
existence of the transition metal ion in more than one
valence state. The conduction process [8—17] in such
glasses is believed to take place by the transfer of
electrons from a transition metal ion in the low val-
ence state to the one in the high valence state: i.c. the
glass former P, 05 does not play a major role in the
electrical conduction. Also, the conduction process in
V,04-Bi, 0, glasses [18] and V,04-TeO, glasses
[11] is attributed to the valency exchange between
V4* and V3.

The effects of the basic glass formers P,O; and
B, O; on the electrical conduction have been investig-
ated by Kennedy and Machenzie [19] and Higazy et
al. [ 7], who found that the network former ions have a
real effect on the conduction mechanism.

The present investigation forms part of a pro-
gramme to explore the information which can be
obtained about the effect of the network-forming ions
on the electrical conductivity of oxide glasses. The d.c.
electrical conductivity of the prepared TeO,-P,Oq
and Bi,0;-TeO,-P,0; glasses were studied in an
attempt to interpret the effect of the network-forming
ions on the conduction process.
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2. Experimental procedure

2.1. Preparation of glasses

The binary TeO,-P,0; glasses were prepared by
melting the appropriate mixture of Analar phos-
phorus pentoxide, P,O,, and Analar tellurium oxide,
TeO,, using open alumina crucibles heated in an
electric furnace open to the atmosphere. The mixture
was heated first at 250 °C for 1 h and then transferred
to a second furnace held at 800°C for 45 min. The
glass melts were stirred occasionally with an alumina
rod, to ensure homogeneous melts. Each melt was cast
into two mild steel moulds to form glass rods of 3 cm
long and 1 cm diameter. Then the glasses were an-
nealed at 300°C for 1 h. After this time, the furnace
was switched off and glasses were allowed to cool to
room temperature. The ternary Bi, O;-TeO,-P, 0O
glasses were prepared using the same procedure de-
scribed in the binary TeO,-P,O; glasses, except that
the melting temperature was held at 900 °C for 1 h. All
glasses were examined by X-ray diffraction and no
diffraction lines were observed confirming the glass
formation.

2.2. Chemical analysis

2.2.1. Determination of phosphorus and
bismuth contents

The concentration of phosphorus and bismuth in the

present glass systems was determined by the gravi-

metric chemical technique. The phosphates were de-

termined as ammonium magnesium phosphate hexa-

hydrate (MgNH,PO,6H,0) and the bismuth was

determined as bismuth oxyiodide (BiOI). The proced-

ure followed was given by Vogel [20].
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2.2.2. Determination of tellurium content

The following procedure was employed to determine
the Te content in the present glass systems: the solu-
tion contains < 0.2 g Te in 50 cm® 3m hydrochloric
acid was heated to boiling point. Then 15 cm?® 15%
aqueous hydrazinium chloride and 25 cm? saturated
solution of sulphur dioxide were added. This mixture
was heated to boiling point and maintained for 5 min;
a precipitate was formed. The precipitate was col-
lected in a weighed porcelain filter crucible, then
washed with hot water and ethanol and dried at
105 °C. The crucible was cooled to room temperature
in an evaluated desiccator containing silica gel and
then weighed as Te.

2.2.3. The d.c. electrical conductivity
measurements

For the measurements of d.c. electrical conductivity,
electrodes were formed by brush painting silver paste.
The d.c. electrical conductivity was measured as a
function of temperature, using a spring-loaded sample
holder in a wire-wound cylindrical furnace. In this
study, the current was measured by means of a Keith-
ley electrometer model 616, with a smoothing adjust-
able power supply (0-1kV). A fixed voltage of 300 V
was applied. The temperature of the specimen was
measured using a chromel-alumel thermocouple.

3. Results and discussion
Our chemical analysis data for the TeO,-P,0O4 and
Bi, 0;-TeO,-P,0; glass systems has shown that a

TABLE I Composition and density for TeO,-P,O; glasses

substantial loss of P,Os occurred during the melting
processes (see Tables I and II). The data of Table I
have established that the range of glass formation for
the TeO,-P,0O; glass system produced by melting
TeO, with P, O; is continuous from pure P, O up to
100 mol % TeO, (starting composition) with no re-
gion of stable immiscibility existing.

The variation of the glass density with TeO, con-
tent (mol %) is shown in Fig. 1. From an examination
of this figure, it may be observed that the TeQ,-P, O,
glass system can apparently be divided into three
compositional regions on the basis that there is a
change in the compositional gradient (see Fig. 1); i.e.
over the first composition range (0-64 mol %) the
gradient increases by a factor of 0.02/mol % TeO,. In
the second range (64-80 mol %) the compositional
gradient increases by a factor of 0.047/mol % TeO,
and in the third region (80-98.4 mol %) the factor is
0.078/mol % TeO,.

Fig. 2 shows a plot of density against Bi, O, content
for Bi, 0,-TeO,-P, 0, glasses. This figure shows an
increase with increasing Bi,O; content (mol %),
which is probably attributable to a change in the
compaction of the glass structure, ie. the compact
structure of Bi, O;-TeO,-P, O, glasses increases with
increasing Bi, O; content.

The variation of d.c. electrical conductivity, log o,
with the reciprocal of the absolute temperature, 771,
for the glass system TeO,-P,O; is shown in Figs 3
and 4. The plot of d.c. electrical conductivity, log o,
against 7'~ ! for Bi, O;-TeO,~P,O; glasses is shown
in Figs 5 and 6. From -an inspection of these figures it
is noted that the electrical conductivity for all glasses

Sample Starting composition Density Analysed composition

(mol %) (mol %)
No. TeO, P,O, (gem™3) TeO, P,O;
Pure P,O; - 100 252 - 100
T, 20 80 3.13 28.18 71.82
Te 30 70 3.30 36.15 63.85
Tg 40 60 3.50 45.72 54.28
Tio 50 50 3.74 5242 40.58
T, 60 40 3.89 64.28 3572
Tia 70 30 4.34 69.51 26.49
T 80 20 4.47 76.49 23.51
Tyg 90 10 4.83 81.09 18.91
Ty 100 - 523 98.40 -
TABLE II Composition and density for the glass of 50 TeO,~50P, 05 mol % with the addition of Bi, O,
Sample Starting Bi, O; Density Analysed composition

(mol %)

no. (g/100 g glass) (gem™3) Bi,0, TeO, P,0;,
Ty 0 3.74 59.42 40.58
(TB), 2 3.24 5.80 54.89 39.31
(TB), 5 37 14.15 50.14 3571
(TB), 10 3.89 2511 44.07 30.82
(TB), 15 3.92 26.50 4345 30.05
(TB), 20 3.99 30.77 40.62 28.61
(TB)s 30 4.11 46.11 31.19 2270
(TB), 40 4.19 57.20 25.11 17.69
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Figure 1 Variation of density with TeQ, content (mol %) (chemical-
ly analysed composition) for TeO,-P,Os.
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Figure 2 Variation of density with Bi, O; content (mol %) (chemi-
cally analysed composition for Bi,O,-TeO,~P, ;5 glasses.

shows that the logo versus T~ ! plots give a good
straight line, in the temperature range 476606 K,
which reflects the semiconducting behaviour of the
specimens under study. This can be taken as evidence
that the activation energy for this glass system in this
temperature range is independent of temperature.

As mentioned above, the aim of the present work
was to examine the effect of the network former on the
electrical properties of semiconducting oxide glasses.
Thus the present glass systems TeO,-P,0O; and
Bi, O,-TeO,P,0; glasses were prepared from the
basic oxide glass formers Bi, O;, TeO, and P,O5. In
the case of phosphate glasses containing oxides of Na,
Ca, Zn, Mg, Ti, Co, Ni, Mo, V, Fe, . . ., etc, ie. the
oxides of the network modifier cations, the electrical
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Figure 3 D.c. electrical conductivity of TeQ,—P, QO as a function of
inverse temperature, 1/T(K™!). (a) 45.72mol% and (b) 59.42
mol % TeO,.
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Figure 4 D.c. electrical conductivity as a function of inverse temper-
ature, 1/7(K™1) (a) 64.28 mol %, (b} 73.51 mol % (c) 76.49 mol %
and (d) 81.09 mol % TeO, content.
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Figure 5 D.c. electrical conductivity of Bi,O;-TeO,-P,0O; glasses
as a function of inverse temperature, 1/7(K™!). (a) 14.15 mol %,
(b) 25.11 mol %, (c) 26.50 mol %, (d) 30.77 mol %, (e) 46.11 mol %,
(f) 57.20 mol % Bi,O;.
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Figure 6 D.c. electrical conductivity of Bi,O;-TeQ,-P,O; glasses
as a function of inverse temperature, 1/7(K ™). (a) 14.15 mol %,
(b) 26.50 mol % and (c) 57.20 mol % Bi, O,.

conduction in these glasses is related to the concentra-
tion of these oxides [21]. Also for the binary glass
systems V,05-Bi, O, [18], V,05-TeO, [11], the
electrical conduction of these glasses is attributed to
the concentration and the valence exchange between
V#* and V°*. For the above glass systems, it has been
reported that the glass formers P,0,, TeO, and
Bi,O; do not play a major role in the electrical
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Figure 7 The variation of log o with TeO, content (mol %) at five

different temperatures for TeO,-P,0; glasses. (@) 474K,
(O)483 K, (A) 493K, (x) 532K, (O) 543 K.
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Figure 8§ The variation of log o with (Bi,O; content (mol %) at six
different temperatures for Bi, 05~TeQ,~P,O; glasses. (@) 493 K,
(O) 543K, (x) 573K, (M) 583 K, (A) 603 K.
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Figure 9 Variation of the activation energy with TeO, content
(mol %) for TeO,~P, O glasses.
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Figure 10 The variation of activation energy with Bi,O; content
(mol %) for Bi,O;-TeO,—P,O; glasses.

conduction. From the conductivity measurements of
the present glass systems, which were prepared from
Bi, O;, TeO, and P, O glass-former oxides, the elec-
trical conduction may be attributed to the Bi, Te,
and P, i.e. the network-former ions have a real effect
on the electrical conduction of our glasses.

Fig. 7 shows the variation of logo with TeO,
{mol %) content at five different temperatures for the
TeO,-P,0; glass system. It is clear from Fig. 7 that
the compositional dependence of logo could be di-
vided into three-composition regions. The addition of
TeO, in the compositional region 45.72-64.28 mol %
TeO, leads to an increase in the values of logo.
Beyond 64.28 mol % , there is a critical compositional
region of 64.28-73.51 mol % in which the values of
log o decrease, as the TeO, content increases from
73.51-81.09 mol % the log c value increased rapidly.
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For ternary Bi,O;-TeO,-P,0O, glass system, the
compositional dependence of log o showed three com-
position regions (see Fig. 8).

In the present investigation the conduction activa-
tion energy, E, was calculated from the slope of the
logo against T~' plot using a least squares fit
method. The variation of the activation energy, E,
with TeO, content (mol %) for TeO,-P,05 glasses
showed three composition regions, (see Fig. 9) the
boundaries of which are in agreement with the three
compositional behaviour regions observed in the com-
positional dependence of the density for the same glass
system (see Fig. 1).

Fig. 10 shows the variation of the activation energy,
E, with Bi, O, (mol %) content for Bi,0;-TeO,-P,05
glasses. The values of E are seen to display an increase
with increasing Bi,O; content from 14.15-23.11
mol % (E varies from 0.99-1.37 eV). As we increase the
Bi, O, content from 25.11-30.77 mol %, the E values
decreased rapidly from 1.37-0.69 V. When Bi,O;
oxide increases beyond 30.77 mol % the values of E
increase again.

The compositional behaviour regions observed in
the present work (Figs 7-10) may be attributed to a
structural change in the glass network. At the present
time we need further investigation to explain this
behaviour.
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