prov

Indian J. Phys. 50, 069-974 (1976)

Effect of vanadium ions on the conduction mechanism
of cabal glasses
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The offect of small amount of V,05 m the D.C. eloctric conduction
of cabal glasses was studied, in order to identify, the nature of condue-
tion mechanism, as well as the current cairiexs m such glasses
The rosults obtained give a strong ovidenco that the divalent Ca?!
cations are the main current carriers in glasses with low vanadium
concontration. With Jugh concentration more than 29, the super-
position of the electronic conduction on the larger activation cnergy
ot ionic conduction may show slight increase in the conductivity

1. INTRODUCTION

The commonly obsorved higlh resistivity (Owen 1961, Huaynma 1962) of the
glasses m the system RO, B,0y, AlLO, have been explained by Hirayama (1962)
by considering the motion of the divalent cations under the action of the applied
olectric field. The ease of motion of such cations 1r luuted by the bond strength
S.  Tho possibility of the migration of the doubly charged ions, through the glass
maitrix has been investigated by ditfusion cxperments usmg radio-active isotopes.
Tho results of Myuller & Pronkin (1966) give a powerful basis for the probability
of migration. Also the more rocent stucios on diffusion made by Frischat (1966,
1969) are m consistence with such point of view  On the other hand the excep-
tionally lugh values of resistivity and activation cnergy of these glasses havoe
boen explamed by Owen (1961) by considering that tho chargo carriers to be the
non-bridging oxygen ions On tho other hand the electaical conductivity of
high vanadate glasses (Mackenzie 1965, Dale & Stanworth 1954, Denton ¢l al
1954, Myuller 1968) has been explamod on the basis that the clectrons arc the
current carriors in these glasses.

In order to identify the nature of the current cariers in the presont studied
vlagsos, it has been decided t¢ apply the theoretical concepts of Myuller (1968)
about the clectricul conduction in oxide glasses  On basis of these concepts,
the authors havo caleuluted the oxperimental valuo of tve modulus of conduc-
tavity mo®* for Cak vations m these glasses. Tho calculation was carried out
by using the relation

moe = A—log [M)
whero A4 is the value of the intercept of the log o vs 1/7" plot at 1/1" = 0; and
|M] is the concentration of Cn2+ ions in mole/ce.

* Guls College, Al-Azhar University, Cairo, Egypt.
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2. EXPERIMENTAL PROCEDURE

(8) Raw materials and glass mells :

The glass samples have been prepared in batches of 50 g Analar grade
chomiculs have been used  B,0, was introduced as boric acid, Al,O; and V,0;
were introduced as such, while CaO was used in the form of carbonate.

The melting was carried out, i Pt 29, Rh crucibles in automatically controlled
olectrie furnace at tomperature of 1400°C+10°C for four hours. After melting
tho molten glass was casted m ivon moulds and transferred immediately to the
annealing furnace at the appropriate temperature for quarter of an hour after
which the furnace begins cooling with the proper rate of cooling m order to get.
stress and strain free samples. The base composition of the glasses prepared
is Ca0 38; B,04 41; ALO, 21.

(b) The D.C. conductivity measurements .

Samples of one square em e and of 03 1o 04 em thickness with parallel
sidos of tolerance 154 are used. 'The sawples faces are coated with aqua-dage
and before being dred the electrodes were apphed.

The D.C. conductivity was measured using a vibrating read clectrometer
type VAJ 51, measurmg currents up to 10-'® Amp Surface conductivity has
boen testod by using the guard ring method. It was found that the supface
conductivity represents a fraction which does not exceed 1Y,; thus it is negligible

3. REsuLTs AND DisCUssioN

The results obtained shown in figure 1, from which it 18 noticod that tho
relation botweon log o and 1/7" 15 o lincar relation in the measuring temperature

Fig. 1 Log Specific conductivity versus reciprocal of absolute temperature
fer 7 glasses i1n the system (va0;B;04;A1;05) centaining different
concenirations of V;0; The numbers correspond to tho numbers
of glasses 1n tablo.
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range (530 to 610°K). This indicates that the nature of the principle condue-
tion mechanism in such glasses does not change with the used V,0; concentra-
tions  Table 1 shows the average valuos of the characteristic eleciric quantities
by log ag9y. activation energy E, and the value of 4 sith their deviation.

Table 1
Glass  log ow  B(Kcal jmole) Eev) A morsbme; (01100 V.0
No. gm
1 13921006 8286210323 3595  1.8620.106 371 —06 82.12 —
2 138610 81.8114-0 3 540 1764 O 3.608—0.7 8211 02
3 —138640.1 82351 10415 55060 1891 | 0.08 3.642—07 82. 0585
4 13864005 8187410 3.545  17884-0.048 3.632-07 8206 10
6 —138040016 81600118  5.635  1.768.0.226 3.616—0.7 8253 15
6 —13.98:00.02 82000005 3548 1611401  3460- 0.8 8245 20

7 —13.621-0.162 79.495-]-1.39 3 444 15380429 3.406—0.9 82.38 4.0

The buse glass used having the compomion 38Ca0/41 By04: 21 Al;O4 1 mole.

From figures 2 and 3 it iy clear that the addition of V,0; in the given
region of concentration, resuliy in a very small (neghgible) decreaso in the value
of the activation ecnergy K for the base glass (having # ~ 82-85 K.cal/molei
and o corresponding shght increase m its log o (o~ — 13-92).
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Fig 2. Relation hetween log. specific conductivity (at 300°C) and V305 concentration
mn cabal glass.

The valuos of the intercepts (A4) given in table (1) are usod to calculate tho
experimental modulus of conductivity mo** for Ca** cations. The calculated
values together with ils devistion Amo {rom the theoretical value 4.341 aro
given in table 1. It is clear that the deviation Amo <1 for all the studied
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samples, indicate the agreemont of the cxperimental with the theoretical moduli
of conductivity for Ca?+ cations This may be takon as an evidence for consider-
ing Ca®!" an the mam current. carriers in all the studied samples.
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Fig (3) Relation betwoen tho activation onergy E(in koal/mole) and the concontration
of V,0, m cahal glass

The observed decrease of the activation enorgy and the increase of the con-
duetivity of sumple No. 7; may be attributed to either of the : for (a) The chango
of the conditions of binding of the Ca2* cations 1o the oxygens of the network due
to the introduction of V,0;. o1 (b) The increase of the electrome part of conduc-
tion mechanism with the presence of vanadium ions

The change of the condition of binding of the Ca2+ cations affects the value
of the dissociation energy of these ions from thoir polar sites (Myuller 1968), and
consoquently the activation energy E and tho specific conductivity o. This
effect can be tested by the strength of oxygen backing (Schwartz et al 1966, Rav
1963) |0), and which can be caleulated using the relation

o1=al () +2 () o t3(5), 40 ()]

0

where d,; 18 the experimental determmed glass density; ¢ and M are the weight
fractions and the molecular weight of the corresponding oxides mn the glass,
respectively.

The caleulated values are given in table 1, from the mspection of this table
wo note that [0] does not change and has an averuge value of 82:4 x 10-? mole/cc
Theroforo, it sooms that the progressive addition of V,054 within the given region,
does not chango the condition of (fa® m their polar sites in the glass structure
(Rav 1963). Accordingly it may boe concluded that the observed small changes
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mm both E and log oy, for sample No 7 cannot. he attributed to the decrease of
tho dissociation cnergy of Ca®! cations.

The increase of the electrome part of conduction due to the iniroduction
of vanadium ions; which aets as sources {or the electrons available for the conduc-
tion processes (Mackenzic 1965) according to a mechanism denoted as the mized
valence mechanism — In this mochamsm the clectron motion is a serien of hopping
between tho two valencios V4F, and VP F_ as represented by

VAI—0— V5t 5 V31_0—Vi+

1t is known that the electronic conduction is largely affocted (Owen 1970) by the
separation ¢, between the vanadium ions. This separation was calculated using
the relation

o — [ M A
= | 2ad,,”)

For tho glass No. 7 we got a value for {he V—V separation a, = 11 X This
value of separation may be too large to be jumped by eleetrons, hopping from
ono V ion {o anothor during 1he procoss of conduetion. But on the other bhand.
it has been stated by Mackenzie (1965) that tho large separation between the
transition metal ions in glass, in the presence of oxygen ions bowween two sidies
ot hopping does not prevent the hopping mochanism — Accordingly; one may
suggest. that, in spite of {he relatavely large separation between the iwo V ions
in our glass No 7, there may he a definite probability for an eleciron to hop this
dmstance and to affoct the conduction, this was shown by Myuller (1965. 1966)
to bo probable in oxygen glasses.

General conclusion :

The D.C. conduetivity of such glass 15 not affectod appreciably by the exist-
ence of low concontration of vanadium The conduction is mainly due to ionie
transport of Ca2+, and at high concentration of vanadium superposivion of the
oloctronic contribution 1s shghtly observed  Lastly no ovidence for conduction
by non-bridging oxygen ions as previously suggested by Owen (1961) This
last supgestion had boen reached from another work in the same laboratory,
which will be published elsewhere
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