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Investigations of glass-crystalline TiO2-V,05-P,0s samples
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Bulk samples of the ternary system TiO.-V20s5-P20s have been synthesized by standard melt quenching
technique. The structure of the materials has been studied by X-ray diffraction. The obtained samples possess glassy-
crystalline structure. Impedance investigations have been performed by using impedance spectroscopy at different
temperatures. The spectra are analyzed by two phase concept: crystalline grains distributed in glassy matrix The
conductivity is obtained using fitting procedure. The conductivity is most likely caused by polaron hopping between

aliovalent vanadium ions.
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INTRODUCTION

The oxide semiconductors are large group of the
semiconducting glassy alloys. The electrical
properties of oxide glasses containing transition-
metal ions such as V, Fe and W are of interest
because of their switching properties. The
semiconducting behaviors of the glasses are due to
the presence of transition-metal ions in more than
one valence state. Oxide glasses with high content
of V:0s exhibit considerable electronic
conductivity governed by cross-linking of the glass
network supporting enhanced electron hopping
along V#*- O- V* bonds [1-2].

Pietrzak et al. [3] have shown that vanadate—
phosphate glasses with a composition 90V,0s-
10P,0s undergo thermal nanocrystallization, which
leads to a significant increase in the electronic
conductivity.

Hirashima et al. [4] have studied TiO,-V20s-
P,Os glasses containing up to 30 mol% TiO; at
different temperatures and have established that the
ternary glasses are semiconducting due to polaron
hopping similarly to the V,0s-P,Osglasses. The d.c.
conductivity has been established to decrease when
V>0s is replaced by TiO. but increases when P,Os
is replaced by TiO,. The variations of the
conductivity values are mainly due to changes in
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the activation energy.

The aim of the present work is to study electrical
transport in the ternary TiO2-V.0s5-P,0Os5 glass-
crystalline materials with a view to their further
application in electrochemical systems.

EXPERIMENTAL

Bulk samples with compositions
(Ti02)20(V205)50(P20s)30 ~ and  (TiO2)10(V20s)s0
(P20s)30 were synthesized by melt-quenching
method. As row materials were used powders of
TiO; and V205 and liquid HsPO4. The samples were
thoroughly ground (homogenized) in agate mortar,
melted in quartz crucibles at temperature 1000-
1200 °C and fast cooled between ice cold copper
plates. To obtain samples with a specific form
required for impedance measurements, the melts
were cooled in a copper matrix with 1 cm diameter,
depth of 1 mm and pressed with copper plate.

The phase formation of the samples was studied
by X- ray diffraction (XRD) method. XRD patterns
were recorded by means of X-ray diffractometer
Philips APD-15. The data were collected with a
constant rate of 0.02 deg.s? over an angle range 20
= 20°+70 deg using CuK, radiation (A = 1.54178
A). All X-ray investigations were performed at
ambient temperature.

The preparation of the samples for impedance
study included polishing and deposition of silver
paste contacts on the surfaces. The impedance
measurements were carried out by means of
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Autolab PGSTAT 30 (Eco Chemie) frequency
response analyzer, in the frequency range 0.05Hz -
1MHz. The study was performed at different
temperatures in the temperature range from 20 to
120°C with a step of 20°C.

RESULTS AND DISCUSSION
e XRD

XRD spectra of the synthesized samples are
presented in Fig.1. The spectra show a
combination of broad diffraction halos and
crystalline peaks, which prove the glassy-
crystalline structure. Peaks of rutile (TiO,) (JCPDS-
PDF#89-4202) are obtained on the XRD-spectrum
of the (Ti02)20(V20s)s0(P205)30 sample. The peak
positions on  the  (TiO2)10(V20s)e0(P20s)30
diffractogram are very close to those of the
compounds  TisPsO23  (JCPDS-PDF#39-0004),
NaTi2(PO4); and NaVTi(PO4); (JCPDS-PDF #49-
1114, #84-2012). The crystalline structure of the
last two corresponds to NASICON type structure
(acronym of Na Super lonic Conductor). This is
mixed metal phosphates type structure with a
general formula AxB2(PO4)s, where A is a
monovalent ion and B is ion in three, tetra, or
penta-valent state [5, 6]. The structure is described
as a covalent skeleton [B2(POa)s]” consisting of the
PO, tetrahedral and the BOs octahedral units,
forming 3D interconnected channels with two types
of interstitial spaces M, and My, where conducting
A" cations are distributed. When cations are absent
(x=0) the NASICON structure is termed empty.
Since this structure is discovered in some binary
and ternary metal phosphates like NbTi(PO.,)s,
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Fig. 1. X-ray diffraction patterns of

(Ti02)20(V205)50(P205)30  and  (Ti02)10(V205)s0(P20s)30
samples.
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NbVosTios(PO.)s [6] our hypothesis is that titan-
vanadium phosphate possesses empty NASICON
structure. It is correlated with the investigation of
S. Titlbach and co-workers, who has established the
NASICON related structure in vanadyl (V)
titanium(lV) phosphate with structural formula
(VVO)TiVe(PO4)o [7].

e Impedance

Figure2  represents the  complex-plane
impedance (Nyquist) plots of the samples under
investigation. Two semicircles (arc) observed for
the both samples are interpreted with two phase
concept. The phases observed on the diffracto-
grams: crystalline and amorphous correspond to the
two arcs on the impedance plots. They define
crystalline grains and the area between them (grain
boundary) where the glassy phase is distributed.
The simplest equivalent circuit describing two
phase model consists of two Voigt elements in
series, as presented in Fig. 2c. (Voigt element is R
and Capacitor - R/C or R and Constant Phase
Element-R/CPE in parallel) [8, 9]. The high-
frequency semicircle is due to ac response of the
grains Rq/CPEy while the lower-frequency part
expresses electrical properties of glass matrix
Rg/CPEg. The conductivity is obtained using fitting
procedure and the activation energies are
determined from slopes of the Arrhenius plots (Inc
versus 1/T) presented in fig.3. The calculated
values of the conductivity at room temperature and
activation energy are presented in Table 1.
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Fig. 2. Nyquist plots of (a) (TiO2)20(V20s)s0(P20s)s30; (b)
(Ti02)10(V205)60(P20s)30 samples and (c) equivalent
circuit.
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The first arc of the (TiOz)zo(VzO5)5o(P205)3o

10° 5 » o of (TiO2)10(V205)g0(P205)30 ) ) /
b, of (T03)0(V;08)e0 080 sample is connected Wlth_ ac response _of_ the: rutile
wil © o, of (TiO3)z(V05)50(P208)30 phase, however the obtained conductivity is (og-
5 o, of (Ti02z0(V;08)50(P208)30 wile= 9.9x108 S.cm™) much higher compared with
B el the pure TiOz-rutile (cruie<10'? S.cm™). It is well
@ known that the electrical conductivity of undoped
10° ] rutile is very dependent on sample preparation
conditions like temperature, atmosphere during
10°4 sintering and cooling rate. The samples become
increasingly semiconducting when quenched from
10"+ temperatures above ~700°C in ambient atmosphere
o 37 BA 2% 9% @i 52 5a [10]. On the other side the solid solution of rutile

1000 1T, K with vanadium exhibits also semiconducting
properties [11]. The values of conductivity (cgr-ruile)
and activation energy of the samples under this
study are close to those of the Tioe1Vo.090:

Fig. 3 Arrhenius plots of the conductivities of
(TiO2)20(V20s5)50(P20s)30  and  (Ti02)10(V205)60(P20s)30
glass-crystalline samples.

Table 1. Conductivities and activation energies of the (TiO2)20(V20s)s0(P20s)30
and (Ti02)10(V20s)60(P20s5)30 glass -crystalline samples.

Sample Ogr Eagr oyl Eagl

S.cm? eV S.cm? eV

(TiOZ)zo(Vzos)so(ons)go 9.9X].0'8 0.37 2.1x107 0.44
(Ti02)10(V205)eo(P205)3o 1.1x10° 0.31 5.0x107 0.30

and this suggests that higher conductivity of the
samples with higher TiO, content is due most REFERENCES
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N3CJIEABAHE HA TiO2-V205-P205 CTBKJIO-KPUCTAJIHU MATEPUAJIN
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Cunresupanu ca obpazuu ot cucremara Ti02-V20s5-P20s mo meroma Ha Obp30TO oxnaxkaane. CTpykTypaTa Ha
MaTepHalinuTe € W3CIeABaHa C PEHTIICHOBAa AWU(PaKIus. YCTaHOBEHO €, 4Ye OOpasluTe HMMAaT CTHKIO-KPHUCTAIHA
CTpyKTypa. VMemaHCHHTE W3CIEABAaHHS Ca MPOBEJACHH TMPH pPa3IMYyHM TEMIEpaTypu. 3a OmnpejesisiHe Ha
MPOBOJIMMOCTTA, TIOJNYYCHUTE CIEKTPU Ca aHAIW3UPAHH M alpOKCHMHUPaHH ¢ JABy(daszeH Mojen (KPUCTATHHA YACTHIIH,
pasmpesielieHd B CTBKIOOOpasHa MaTpwuiia). IIpoBoamMocTTa ce OOSICHSABA C MOJApPOHHM TIPECKAYaHHUS MEKITY
AMOBAJICHTHUTE BaHAIHEBU HOHH.
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