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ABSTRACT. Electric resistivity measurements have been performed on xFe2O3·(100-x) [3B2O3(CaO] glasses with 0 < x ( 50 mol%.The electrical resistivity and the conductivity activation energy decreases with the Fe2O3 content. In order to analyze the electrical data, we have considered in these glasses a polaronic model for conduction.

1. Introduction

Fe2O3 containing oxide glasses as semiconductive glasses have attracted to investigate their electrical conduction [1-5]. The studies extended to vanadium [3, 6-8], mangan [3, 9] and copper [3, 10] oxide glasses. Austin and Mott [11] and Schnakenberg [12] have discussed the conduction process in terms of hopping between ions in two valence states. Mott [13] has proposed for the electric conductivity an expression of the form:
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where R is the average intersite separation, n is the number of size of TMIs per volume unit, r is the fraction of sites occupied by an electron; ( is the phonon frequency, T is the absolute temperature, exp(-2(R) is the tunneling probability, W is the hopping activation energy. The variation of conductivity with glass composition is difficult to interpret since the parameters n, r, R and W vary with the nature, the content of the TMIs, the preparation conditions [14] and the thermal treatments after preparation [15]. In homogeneous glass systems the electrical conductivity can be affected by the electron tendency to be localized at specific sites in the glass matrix [13, 16]. Such sites may arise from a particular type of short-range order and have been established to exist in vanadate glasses from magnetic resonance [17] and infrared [18] investigations and in iron-lead-borate glasses from Mössbauer effect data [19]. The growth of crystallites in the glasses can lead to a long-range order within the crystallites and to a barrier-layer polarization at the crystallite-glass interfaces. Finally, the correlation effect may vary the conductivity and their activation energy.


The present work reports our results concerning the electric behaviour of Fe2O3-B2O3-CaO glass system. The studies were made by means of electric resistivity measurements.

2. Experimental


We have studied xFe2O3·(100-x)[3B2O3(CaO] glasses with 0<x≤50 mol % using pure reagent grade Fe2O3 , H3BO3, and CaCO3. The mixtures, in suitable proportions corresponding to the desired concentration of Fe2O3, were mechanically homogenized and melted in sintered corundum crucibles in an electric furnace at 1200 ˚C. The molten material was kept at this temperature for 30 min, then quenched at room temperature by pouring onto a stainless-steel plate.


The structure of samples was analyzed by means of X-ray diffraction. The pattern obtained did not reveal any crystalline phase in the samples up to 50 mol%.


The electrical resistivity measurements were performed using a Keithley Electrometer (model 6517) with a technique previously described [4]. The samples have 0.5-1.2 cm2 area and 1-3 mm thickness. For the control of the results we used current-voltage techniques. The dc I-V characteristic was linear. Concerning the surface polarization no dependence on time was observed in dc resistivity after the voltage was applied. The thermoelectric power indicated that the current carriers are electrons.


The glass sample density was determined using a picnometric technique.

3. Results and Discussion 
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In order to analyze the resistivity data we have considered a polaronic model. Equation (1) has been used for the description of electric behavior of  xFe2O3·(100-x)[3B2O3·CaO] glasses. For this reason the log(ρ·Τ –1) versus T –1 is shown in Figure 1. Figure 2 indicates that the resistivity at 500 K decreases with six orders of magnitude when the Fe2O3 content increases from 3 to 50 mol %.
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Fig 1. Reciprocal temperature dependence of the 
Fig 2.The log ( at 500K dependence of r

   log((T-1) for xFe2O3((100-x) [3B2O3(CaO] glasses
   for xFe2O3·(100-x)[3B2O3(CaO] glasses


The values of the conductivity activation energy are presented in Table 1. One remarks that the activation energy increases if the Fe2O3 content is descreased. The results are similar to those found for iron-lead-borate [4] and iron-phosphat [1-3] oxide glasses. This type of behaviour has been attributed to the fact that the charge transfer is due hopping of small polarons between Fe2+ and Fe3+ ions [3, 4] for which the intersite separation (R) is lower at high content of  Fe2O3. The values of R and n in Eq. (1) were estimated using density data (Table 1). The existence of both Fe2+ and Fe3+ ions was evidenced for the studied glasses by magnetic measurements, from which was evaluated ratio r [20].


The phonon frequency estimated for the sample with x=5 mol %, using Eq. (1) and replacing R ~ 4.6 Å, α ~ 108 cm-1 [13], W=1.18 eV, r = 0.10, n0 = 3.5·1020 cm-3 at 500 K is ν ≈ 8·1012 s-1. On the other hand for the glasses with x = 50 mol % and replacing corresponding values R ~ 4 Å, W=0.60 eV, n0 = 1.96·1021 cm-3 at 500 K the phonon frequency is ν ≈ 2·1012 s-1. Considering that ν is extremely sensitive to the conduction activation energy, the calculated values are very close to the lattice vibration frequency.


In contrast with Hansen`s [1] results the resistivity of xFe2O3 (100-x)[3B2O3(CaO] glasses does not show the minimum at r = 0.5. It was noticed that the resistivity decreases for 0.10 ≤ r ≤ 0.76 (Fig. 2). From this dependence we conclude that the minimum occurs at r>0.76, but minimum value of r it was not obtained in concentration range when our glasses are formed. Results obtained by Hansen [1] represent the behavior of the 55 FeO· 45 P2O5 (mol %) glass, when the valence state of the iron was adjusted by adding different amounts of dextrose to the batch. These samples were annealed between 475ºC and 500ºC. Kinser [15] resuming Hansen`s technique showed that after thermal treatments at 400ºC and 500ºC one observes a finely dispersed crystalline phase in the glasses. In this case due the presence of a long-range order within the crystallites and of a barrier-layer polarization at the crystallite-glass interfaces it is possible that the variation of the resistivity could be otherwise. The minimum at r = 0.5 has not been obtained for iron-lead-borate glasses [4] and other oxide glasses with TMIs [3, 6-10].

Table 1. 

Ratio r of Fe2+ ions relative to all iron ions containing in the glasses,  conduction activation energy, W, sample density, d and concentration of Fe2+ ions, n0.

x

[mol%Fe2O3]
r
W

[eV]
d

[g/cm3]
n0·10-21

[cm-3]

3
0.10
1.34
3.78
0.22

5
0.18
1.18
3.98
0.35

10
0.30
1.04
4.17
0.64

20
0.41
0.91
4.46
1.08

30
0.57
0.83
4.61
1.45

40
0.66
0.72
5.02
1.75

50
0.76
0.60
5.43
1.96


In the analysis of these data we have considered that all the available carriers are “free” and therefore we can take the Fe2+ ions concentration as the carrier concentration [21]. In this case, the carriers mobility in xFe2O3·(100-x)[3B2O3(CaO] glasses in the concentration range from 5 to 50 mol % has been estimated from the equation:
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The mobilities are very low, ranging from 10-15 to 10-8 cm2V-1s-1 at 500 K and are in agreement with other results obtained for oxide glasses with TMIs [1, 13, 21].


An examination of the semiconduction processes in 3B2O3(CaO glass matrix containing iron ions suggests that a polaron model is applicable.


4. Conclusions

Electric resistivity measurements performed on xFe2O3·(100-x)[3B2O3(CaO] glasses with 0 < x ≤ 50 mol % lead to data depending on the Fe2O3 content. The presence of the Fe2+ and Fe3+ ions determines the semiconducting behavior of these glasses. The semiconduction processes occurring in calcium-borate glasses containing iron ions suggest that a polaron model is applicable.
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