
 
Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits 

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

International Journal of Engineering & Technology, 7 (4.18) (2018) 143-146 
 

International Journal of Engineering & Technology 
 

Website: www.sciencepubco.com/index.php/IJET  

 

Research paper 
 

 

 

 

AC Conductivity and Dielectric Properties of Strontium-Lead 

Borate Glasses 
 

R. Hisam
1
*, A.K. Yahya

1
, Dayana Said

1
 M.F. Mustafa

2
 

 
1Faculty of Applied Sciences, Universiti Teknologi MARA, 40450 Shah Alam, Selangor, Malaysia 
2Centre of Foundation Studies, Universiti Teknologi MARA, 48300 Dengkil, Selangor, Malaysia 

*Corresponding author E-mail: rosdiyana@salam.uitm.edu.my 

 

 

Abstract 
 
The AC conductivity and dielectric properties of strontium-lead borate glasses with composition of (90-x)B2O3-10PbO-xSrO (x = 20, 25, 
30, 35, 40, 45) were studied in the frequency range of 0.01 Hz to 106 Hz at room temperature to investigate the effects of SrO in the 
glasses. The variation of AC conductivity with SrO content showed a minimum value at x = 25 mol% before increasing to 25 < x ≤ 35 

mol%, followed by a slight decrease of x > 35 mol%. Meanwhile, dielectric constant showed a minimum at x = 25 mol% before increas-
ing to x > 25 mol%. The decrease at x = 25 mol% coincided with the σAC drop at the same concentration. This decrease could be associ-
ated with the increasing number of bridging oxygens, which restricted dipole movement. The electric modulus of the investigated sam-
ples showed that the trend of the imaginary part of the electrical modulus (M″) was in tandem with the behaviour of AC conductivity. 
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1. Introduction 

Glasses are the transparent and amorphous in nature that have 
been widely investigated due to their unique properties such as 
being isotropic and easy to fabricate and having excellent physical 
and chemical properties. The addition of oxides into glasses has 
been intensively studied due to their potential applications in 
many industrial fields such as optical amplifier media, tunable 

laser devices and outer space studies [1]. Based on the value of 
their single bond strength, oxides that are added to glasses could 
be classified as former, intermediate and modifier where high 
value of single bond strength could enhance glass-forming tenden-
cy [2]. Tellurite, silicate, germanate and borate are some examples 
of oxide glasses. Among them, borate, which is an excellent glass-
forming material, has drawn special attention due to its attractive 
optical and physical properties and wide practical applications.  

 
Boron trioxide(B2O3), is known as a very good glass network 
former, has excellent glass-forming ability due to its good resis-
tace toward vibration, lower thermal expansion, high toughness, 
stress and chemical resistance  as well as lower viscosity [3]. In-
terestingly, when alkaline oxide was introduces into borate glass,  
the additional oxygen from alkali oxide cause conversion from 
trigonal boron atom BO3 into four-fold BO4 coordinated boron [4]. 
By contrast, when alkali oxides are added to borate glass, non-

linear behaviour were observed in the structural and physical. For 
instance, the density and glass transition temperature, Tg are in-
creased with low concentration of alkali oxide. This anomalous 
behaviour is known as borate anomaly [5]. It is related to the con-
version of sp2 planar [BO3] units to stable sp3 planar [BO4] units 
and the possibility of creating non-bridging oxygen (NBO) [6]. 

 

Studies on binary xLi2O-B2O3 glass system have revealed that 
addition of Li2O up to x = 0.5 caused increasing of BO4 corre-
sponded to the increase in the number of bridging oxygen (BO). 
However, for x > 0.5, raman spectroscopy results further showed 
that increase in BO3 indicated the the enhancement of NBO, 
which weakens the glass network [8]. Borate anomaly can also be 

observed when alkaline earth metal oxides such as CaO, SrO, 
MgO or BaO are added to borate glass [9,10]. By using mid-
infrared spectra measurements, Yiannopoulos [9] reported that in 
xMO-(1-x)B2O3 (M = Ca, Sr, Ba), trigonal boron progressively 
changes to tetrahedral boron. Based on mid infrared (IR) spectra 
measurements, tetrahedral boron was found to decreased with SrO 
content (x ≤ 40 mol%) indicated to the increase in the number of 
NBO. Nevertheless, another study on binary SrO-B2O3 glasses 

showed that the changes in Tg may also be due to conversion of 
trigonal boron to tetrahedral boron. The addition of SrO into glass 
composition increases Tg until x = 40 mol% before decreasing 
after the concentration of SrO increases.  
 
Meanwhile, the addition of alkaline earth oxide in ternary xBaO-
(70-x)B2O3-10SiO2 glass system showed Tg maximum at x = 30 
mol % due to the change of coordination number of B, which was 

attributed to the transformation of BO3 into BO4 [11]. Interesting-
ly, the dielectric properties of the glass system also showed dielec-
tric anomaly at x = 30 mol% probably due to the high polarisabil-
ity of Ba2+ ions. However, the dielectric constant only slightly 
decreases beyond 30 mol% of BaO and does not seem to be 
strongly affected by the borate anomaly. Nevertheless, this finding 
indicates that the borate anomaly not only affects the structural 
properties of the glasses but seems to also influence their dielectric 
properties. Thus, a more complete description of the borate anom-

aly should include the polarisation environment, which may be 
part of the nature of the anomaly. 
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On the other hand, the effect of SrO on the structural and elastic 
properties of SrO-PbO-B2O3 glasses was reported by Sabri et al. 
[10]. They found that the Tg maximum with SrO content which 
was due to the conversion of BO3 and BO4. The formation of BO4 
units contributes to improved rigidity of glass network, causing 
the increase of Tg. However, beyond 30 mol% of SrO, caused a 
slight decrease in  Tg due to the increase in NBO, which implies a 
decrease in rigidity of the glass network. Hence, it would be inter-

esting to investigate the AC conductivity and dielectric properties 
of (90-x)B2O3-10PbO-xSrO ternary glasses with increasing SrO 
concentration and fixed PbO concentration to further elucidate the 
anomalous behaviour of this glass system. Moreover, to the best 
of our knowledge, such studies on the xSrO-10PbO-(90-x)B2O3 
glass system have not been conducted. 
 
In this work, a series of (90-x)B2O3-10PbO-xSrO (x = 20, 25, 30, 

35, 40, 45) glasses were studied to investigate the effect of SrO 
content on the AC conductivity and dielectric properties using 
impedance spectroscopy measurements. 

2. Materials and methods 

Glass samples with the molar composition (90-x)B2O3-10PbO-

xSrO with x = 20, 25, 30, 35, 40, 45 (mol%) were successfully 
prepared through the melt-quenching method. The glass samples 
were initially mixing appropriate amounts of high-purity 
(>99.95%) powders of SrCO3, PbO and B2O3. The mixture was 
homogenised using an agate mortar. The powder was melted in 
ceramic crucible at 1100 °C for 1 hour in a box furnace. The mol-
ten glass was the quenched to 300 °C in a pre-heated stainless-
steel mould and annealed at 300 °C for 1 h to reduce the mechani-

cal stresses of the quenched glass. The glass samples were pol-
ished using fine sand paper to a thickness of around 4.00 mm for 
impedance spectroscopy measurements. 
 
Dielectric properties were determined using Solartron S1260A 
Impedance/Gain-Phase Analyzer over a frequency range of 10-2 to 
106 Hz at room temperature. The dielectric constant (ε’), tan δ, 
and AC conductivity (σac) were determined based on the follow-
ing expressions: 

 

                                                                                 (1) 
 

                                                                                  (2) 

 

                                                                             (3) 

 
where εo is the permittivity constant of free space, C is the capaci-
tance, ω is the frequency of the input signal, d is the thickness of 
the glass sample, and A is the cross-sectional are of the sample. 

3. Results and discussion 

3.1. AC conductivity 

The amorphous nature of the (90-x)B2O3-10PbO-xSrO (x = 20, 25, 
30, 35, 40, 45) glass samples was confirmed as previously report-
ed [10]. Moreover, the structural effect of SrO on the same glass 

sample was investigated using FTIR spectroscopy, and the analy-
sis reported the presence of BO3 and BO4 vibration groups. The 
study reported that the fraction of the four coordinated boron at-
oms (N4) increased for x < 30 mol% of SrO followed by a de-
crease of x > 30 mol% [10]. Fig. 1 shows the AC conductivity 
spectra for all glass samples at room temperature. The log σac ver-
sus frequency profile can be separated into region 1 and region 2.  
In region 1, the plateau of log σac  in the medium frequency range, 

which become more visible at higher concentration of SrO corre-
sponds to dc conductivity. The rapid decrease of conductivity at 
low frequencies for x = 25 mol% was suggested due to electrode 

polarization phenomenon.  Meanwhile, at the higher frequency 
region (region 2), the conductivity varies strongly with frequency. 
The strong frequency dependent (region 2) indicates the presence 
of conductivity relaxation phenomenon [12]. 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

 
Fig.1: Plot of conductivities log (σac) in the frequency domain at room 

temperature for (90-x)B2O3-10PbO-xSrO glass sample. 

 
Fig. 2 shows an initial weak decrease of log σac for x ≤ 25 mol% 
before increasing steeply for x > 25 mol% until a maximum at x = 

35 mol% and decreases beyond x = 35 mol%. The initial decrease 
of log σac at x ≤ 25 mol% (Fig. 2) can be attributed to the increase 
of BO with the addition of SrO. This indicated that the rigidity of 
the glass has increased, thus decreasing the mobility of Sr2+. 
However, the conductivity later increased at 25 < x < 35 mol% 
due to high polarisability of Sr ion. Moreover, PbO in this glass 
composition acted as modifier, opening the glass network and 
creating easier paths for charge carrier migration. For the region 
of x > 35 mol%, the conductivity decreased due to the increase of 

NBO atoms due to depolymerisation of borate glass. Depolymeri-
sation causes partial opening of the network structure, which 
shortens the average chain length by breaking oxygen bonds that 
form bridges between the corners of the BO4 tetrahedra [13]. This 
change in oxygen bonding leads to the increase of NBO concen-
tration, which restricts the mobility of Sr ions. 
 
 

 
 
 
 
 
 
 
 

 
 
 

 
Fig. 2: Variation of AC conductivity with SrO content at the frequency 

of 0.01 Hz, 0.1 Hz, 1 Hz, 10 Hz, 100 Hz and 1 kHz. 

3.2. Dielectric studies 

The frequency dependence of dielectric constant, ε’ of the glass 
samples at room temperature is shown in Fig. 3. From this figure, 

it can be seen that the variations of responses toward frequencies 
are almost similar for the glass samples except for when x = 35 
mol%, where it become larger at low frequencies. The large in-
crease in ε’ at low frequency (f < 10 Hz) for x = 35 mol% is sug-
gested to be due to the high contribution of ionic and orientation 
dipoles to the total polarizability [12]. In addition to at low fre-
quencies, the contribution of space charge polarization is observed 
at lower frequencies, indicating that Sr ion contributed to the 

heavy dipole formation. This is caused by the increase of NBO 
that has weakened the glass network and the increase of the degree 
of deformation of glass network, further allowing the migration of 

Region 1 

Region 2 
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Sr ions that took part in the build-up of space charge polarisation 
and thus causing in the increase of ε’. The almost constant ε’ at 
high frequency indicated that short-range displacement of ions 
may be involved and that the oscillations of dipoles were not im-
peded in this glass network. 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
Fig. 3: Variation of dielectric constant (ε’) with frequency at room tem-

perature for the (90-x)B2O3-10PbO-xSrO (x = 20, 25, 30, 35, 40 and 45) 

glass samples. 

 
Fig. 4 shows the variation of  dielectric constant, ε’ with SrO con-
centration measured for several frequencies at room temperature. 
The dielectric constant, ε’, initially decreases for x < 25 mol% 

before increasing steeply for x > 25 mol%. The decrease in ε’ at x 
< 25 mol% of SrO concentration was due to the increase of BO, 
which restricted dipole movement. For x > 25 mol%, ε’ generally 
increases steeply due to high polarisability of Sr ion. In addition, 
the large increase in ε’ values for x > 25 mol% indicated the effec-
tive delocalisation of heavy dipoles because of the NBO contrib-
uted by the BO3 group and a decrease in the BO number by BO4 
functional group.  
 

 
 
 
 
 
 
 
 

 
 
 
 
 

 
Fig. 4: Variation of dielectric constant (ε’) with SrO content at a frequency 

of 1 kHz, 10 kHz, 100 kHz and 1 MHz  at room temperature. 

 

Fig. 5 shows the dielectric loss (tan δ) with frequency for all glass 
samples at room temperature.  It is observed that the dielectric loss 
factor values are larger at low frequencies. The higher values at 
low frequencies can be attributed to the contribution of ion jump, 
DC conduction loss and electron polarization loss [14]. Moreo-
ver,the exhibited of a loss peak for x = 35 mol% at intermediate 

frequency indicated the relaxation process of heavy dipoles and 
may be due to the increase in dipolar interaction in the glass net-
work.  
 
Electrical responses of the glass samples were investigated by 

complex electrical modulus formalism,  [15], 

where  is the complex permittivity; 
 

 

                       (4) 

Variation in the real part of electric modulus  with the frequen-
cy obtained for all the composition of (90-x)B2O3-10PbO-xSrO 
glass samples at room temperature is shown in Fig. 6. From the 

figure it can be seen that the   exhibited very small value at low 
frequencies for all glass samples except for x = 25 mol% which 

indicates a negligible or absent electrode polarization phenome-
non and low migration energy barriers. The values of M’ increase 
with increasing frequency, which indicated the start of relaxation 
process. At higher frequencies, the value of M’ tends to saturate at 
M∞ and forms a plateau region which attributed to the conduction 
phenomena due to short-range migration of charge carriers. Thus, 
it can be assumed that the motion of charge carrier was impeded 
and move only within their limited potential well [15]. The plat-
eau region increases at x > 25 mol% but decreases for x ≥ 

35 mol%. The non-linear behaviour of M′ with SrO content is 
similar to the trend of log σac versus SrO concentration but in 
reverse manner. In addition, the high value of M′ at x = 25 mol% 
of SrO can be attributed to its high electrical stiffness compared 
with other samples. For x = 25 mol%, the dispersion at low fre-
quency was relatively larger than that of other glass samples, 
thereby indicating higher resistance to ionic carriers.  
 

 
 
 
 
 
 
 
 

 
 
 
 
 

 
Fig. 5: Variation of tan δ with frequency at room temperature for the (90-

x)B2O3-10PbO-xSrO (x = 20, 25, 30, 35, 40 and 45) glass samples. 

 

 

 
 
 
 
 

 
 
 
 
 
 
 

 
Fig. 6: Electric modulus M’ as a function of log (f) plots for the (90-

x)B2O3-10PbO-xSrO (x = 20, 25, 30, 35, 40 and 45) glass samples at room 

temperature. 

Fig. 7 presents the  spectra for all composition at room tem-

perature. From the figure, it can be observed that for x < 25 
mol%, the peaks shift to lower frequency, and for x ≥ 30 mol%, 
the peaks shifted to higher frequency until x = 35 mol% before 
shifting to low frequency for x > 35 mol%. This results indicate 
that electrical relaxation frequency is composition dependent. The 
trend of the M″ was in tandem with the behaviour of AC conduc-
tivity. Thus, the relaxation represented by the M″ peaks was relat-

ed to the relaxation of charge carriers as previously suggested 
[13]. On the other hand, it is also observed from Fig. 7 that M″ (f) 
spectra consisted of an asymmetric maximum centered at the dis-
persion region of M’ except for x = 25 mol%.  
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Fig. 7: Electric modulus M” as a function of log (f) plots for the (90-

x)B2O3-10PbO-xSrO (x = 20, 25, 30, 35, 40 and 45) glass samples at 

room temperature. 

4. Conclusion  

The effects of SrO on the dielectric properties and AC conductivi-

ty of (90-x)B2O3-10PbO-xSrO glass was investigated. Both AC 
conductivity (σAC) and dielectric constant (ε’) decreased to a min-
imum value at x = 25 mol%. The σac and ε’ minimum at x = 25 
mol% were attributed to the increase in glass rigidity, thus de-
creasing the mobility of Sr2+ and restricting the movement of di-
poles, respectively. However, at higher SrO additions, NBO for-
mation resulted in the increase of σAC and ε’. The maximum value 
of electric modulus (M′) for x = 25 mol% at higher frequency 
coincided with the minimum of σAC. Meanwhile, the trend of the 

imaginary part of electric modulus, M″, was in tandem with the 
behaviour of σAC. 
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