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Employing the melt quenching method, new bismuth borate glass compositions denoted as 
(40+x)Bi2O3–(60-x-y)B2O3–ySrO, with x and y ranging between 0 to 20 mol%, were 
synthesized. The X-ray Diffraction analyses confirmed the amorphous nature of all glass 
samples, indicating the absence of long-range order typically seen in crystalline materials. 
Concurrently, the Fourier-transform Infrared Spectroscopy examinations unveiled the 
existence of fundamental structural units within the glasses, including BO3 and BO4 
trigonal and tetrahedral units, as well as BiO3 and BiO6 polyhedra, suggesting a complex 
network structure. Differential Thermal Analysis (DTA) and dilatometry assessed the 
glasses' thermal properties. DTA demonstrated the glasses' high thermal stability, with a 
stability value of up to 106°C, noting that stability improves with more SrO. Dilatometry 
analyses revealed these glasses exhibit a high thermal expansion coefficient, ranging from 
8.69 to 10.7 ppm/°C, alongside relatively low glass transition temperatures between 362 
and 432°C and dilatometric softening temperatures spanning from 380 to 447°C. Density 
measurements were conducted, followed by molar volume and oxygen packing density 
calculations, to glean further insights into the samples. Compared to other heavy-metal 
oxide glasses, the glasses examined in this study exhibited notably high-density values, 
ranging between 6.279 and 7.476 g/cm3. 
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1. Introduction 
 
Heavy metal oxide glasses are a notable subject of interest within the field of materials 

science, primarily because of their exceptional versatility and extensive applicability across 
various domains. They possess exceptional optical properties, such as the ability to transmit 
infrared light while maintaining high transparency in the visible spectrum, making them ideal for 
use in various optical components, including lenses, windows and fibers used in 
telecommunications and laser technologies [1, 2]. Furthermore, their high density and capacity for 
absorbing ionizing radiation position them as optimal materials for protective barriers against 
gamma and X-ray radiation, making them invaluable in medical imaging, radiation biology, 
nuclear facilities, and aerospace applications [3, 4]. The low melting point of heavy metal oxide 
glasses [5], relative to traditional glass, facilitates easier manufacturing processes, enabling the 
creation of complex shapes and sizes without compromising material integrity [6]. This 
characteristic, along with their chemical stability and durability, also makes them suitable for 
encapsulating high-level nuclear waste, providing a safe and long-term solution for radioactive 
material storage [7]. The non-linear optical properties of these glasses open the door to cutting-
edge applications in all-optical switching and modulation devices, which are crucial for next-
generation optical computing and information processing technologies [8]. 

Bismuth borate glasses are notable among heavy metal oxide glasses for their high 
transparency in the visible and near-infrared regions, broad range of glass formation, and excellent 
solubility for rare-earth ions [9]. Combining bismuth oxide with boron oxide yields glasses with 
high refractive indices and densities, making them promising candidates for advanced optical 
applications and radiation shielding materials [10]. Bismuth borate glasses are also appreciated for 
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their non-toxic nature, positioning them as potential alternatives to lead-based glasses in various 
applications. 

Doping bismuth borate glasses with strontium (SrO) introduce a series of enhancements to 
their already impressive characteristics. Strontium doping has been shown to improve the thermal 
stability, chemical durability, and optical performance of heavy metal oxide glasses, making them 
even more versatile [11–13]. The addition of SrO modifies the glass network, enhancing the glass-
forming ability and preventing devitrification [14]. As a result, glasses doped with SrO exhibit 
higher glass transition and crystallization temperatures, along with elevated refractive indices and 
thermal expansion coefficients [12, 15]. Incorporating SrO in bismuth borate glasses thus opens up 
new avenues for developing advanced optical components and protective materials against 
radiation, highlighting the continuous innovation and exploration within the field of heavy metal 
oxide glasses. 

Overall, heavy metal oxide glasses, with a focus on bismuth borate glasses and the impact 
of strontium doping, represent a vital area of research and development. Their broad spectrum of 
applications, from optical and electronic devices to medical and biological uses, underscores the 
importance of understanding and improving their properties for future technological 
advancements. 

This study's primary goal is to comprehensively analyze how varying the SrO content 
affects the structural characteristics, crystallization behaviors, thermal stability, and several pivotal 
physical properties of bismuth borate glasses. This research has synthesized and characterized a 
glass system with compositions of (40+x)Bi2O3–(60-x-y)B2O3–ySrO (where 0 ≤ x, y ≤ 20 mol%) 
using techniques such as XRD, FTIR, SEM, DTA, and dilatometry.  

 
 
2. Materials and methods 
 
Table 1 outlines the glass compositions and designations being examined. Throughout this 

research, the traditional melt quench technique was applied to create glasses with the formula 
(40+x)Bi2O3–(60-x-y)B2O3–ySrO, adjusting the x and y values between 0 and 20 mol% to explore 
different compositions. The glass synthesis involved the use of high-grade raw materials, 
specifically bismuth oxide (99.9% purity, sourced from Sigma‒Aldrich), boric acid (99.9% purity, 
obtained from Eti Mine Works), and strontium carbonate (99.96% purity, provided by Reachim). 
These were precisely measured, mixed to ensure even distribution, and melted in a platinum (Pt) 
crucible within an electric furnace at 1000°C for 45 minutes, providing uniform heat and ensuring 
thorough melting and homogenization. Afterward, the molten glass was carefully poured into a 
preheated stainless steel mold [16, 17]. The newly formed glass samples underwent annealing in a 
muffle furnace at 360°C for five hours to relieve internal stresses. The annealing was followed by 
a controlled cooling phase, decreasing the temperature at a rate of 30°C per hour to room 
temperature, which is crucial for enhancing the structural integrity of the glass samples [16]. 

 
Table 1. Detailed chemical composition and assigned sample codes of investigated glasses (expressed in 

Mole Percent). 
 

Sample code Bi2O3 B2O3 SrO 
60Bi40B 60 40 0 
50Bi50B 50 50 0 
40Bi60B 40 60 0 
40Bi50B10Sr 40 50 10 
40Bi45B15Sr 40 45 15 
40Bi40B20Sr 40 40 20 
50Bi40B10Sr 50 40 10 
46Bi46B7Sr 46.5 46.5 7 
44Bi44B12Sr 44 44 12 
44Bi52B4Sr 44 52 4 
52Bi44B4Sr 52 44 4 
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For differential thermal analysis (DTA), glass samples were finely ground using an agate 
mortar and pestle [17]. Particles passing through a 270-mesh sieve were used for DTA, conducted 
in a Derivatograf Q-1500D with Pt crucibles [16]. The samples, alongside a high-purity Al2O3 
reference, were heated at 5°C per minute from room temperature to 1000°C in air. Key 
temperatures indicating thermal behavior – glass transition (Tg), crystallization onset (Tx), and 
crystallization peak (Tc) – were determined from the DTA curve; Tg corresponded to the first 
endothermic shift, Tx to the initial exothermic change, and Tc to the exothermic peak's maximum 
[16]. Further, to identify any crystalline phases formed, the powder was heated at Tc for 5 hours 
and analyzed using X-ray diffraction with a DRON-3М (Co-Kα radiation, λ = 1.79026 Å), and a 
MIRA3 TESCAN FESEM to examine the phases' morphology [16–18]. 

In addition to thermal analysis, the study encompassed the acquisition of infrared spectra 
using a Thermo-Nicolet Avatar 370 FT-IR Spectrometer [16, 17]. Spectra covered 1500 to 400 
cm−1 with 2 cm−1 resolution. Samples were prepared by blending glass powder with potassium 
bromide (KBr) and pressing into 13 mm pellets [17]. 

Thermal properties, including softening point (Td), Tg, and thermal expansion coefficient 
(CTE), were measured with a DILA GT-1300 dilatometer at a 3°C per minute heating rate [16–
18]. Moreover, the density of the glass was accurately measured at room temperature using 
distilled water [17], employing the Archimedes principle. This procedure was repeated multiple 
times to ensure accuracy, resulting in a maximum uncertainty range between 0.008 and 0.015 
g/cm3. 

 
 
3. Results and discussion 
 
In the present study, XRD analysis was employed to examine the structural characteristics 

of glass samples, with the results depicted in Figure 1. The XRD patterns were meticulously 
recorded over a 2θ range extending from 10° to 90°. A critical observation from these patterns is 
the notable absence of sharp, distinct peaks, which are typically indicative of crystalline structures. 
Instead, the patterns are characterized by a significant broad hump centered at 33°. This feature 
strongly suggests the amorphous nature of the glass samples being examined. The presence of 
such a broad hump is indicative of short-range atomic order within an otherwise disordered 
structure, which is a distinguishing characteristic of amorphous materials [16, 17]. This contrasts 
significantly with the well-defined, sharp diffraction peaks that are the hallmark of crystalline 
materials, highlighting the fundamental structural differences between amorphous and crystalline 
states. 
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Fig. 1. XRD results of the prepared (40+x)Bi2O3–(60-x-y)B2O3–ySrO glass samples. 
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In the investigation of the local structural characteristics of the glasses under study, 
Fourier Transform Infrared (FT-IR) absorption spectroscopy was employed. The FT-IR spectral 
analysis shown in Figure 2a confirms that the addition of strontium oxide significantly alters the 
local structure of bismuth borate glass. Analysis of the FT-IR spectra identified four principal 
absorption bands (400–600, 700, 800–1100, and 1150–1450 cm–1), with their intensities varying 
according to the composition of the glass. The broad bands observed in Figure 2a are attributed to 
the superposition of multiple overlapping bands. To accurately pinpoint the peak positions within 
the FTIR spectra of the 40Bi60B, 60Bi40B and 40Bi40B20Sr glass samples, a deconvolution 
process was applied using the Peak Deconvolution module in OriginPro software, employing a 
Gaussian distribution function for the analysis. The deconvoluted peaks, representing the refined 
spectral data for these samples, are showcased in Figure 2b, providing a clearer insight into the 
structural implications of SrO addition to the bismuth borate glass matrix.  
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Fig. 2. FT-IR results and deconvolution analysis of the bismuth borate glasses modified by SrO. 
 

 
The process of analyzing FT-IR spectra and identifying specific absorption bands 

necessitated a comprehensive review of the existing scholarly work on bismuth borate and 
strontium borate glasses [19–23]. Borate-based glasses are known for their complex structure, 
mainly comprising various boron-oxygen (BxOy) structural groups. The distinctive properties of 
these glasses are largely shaped by the addition of various modifiers, which alter the type and 
distribution of the BxOy structural units within the glass matrix [24]. Particularly noteworthy is the 
role of bismuth oxide in these compositions. Serving as a conditional glass former, bismuth oxide 
(Bi2O3) is instrumental in the development of unique structural formations, such as the pyramidal 
network former BiO3 units and the octahedral network modifier BiO6 units [19]. Figure 2b 
showcases the results of deconvoluting the FT-IR spectra of the 40Bi60B glass, revealing eight 
distinct peaks located at 1328, 1204, 1072, 916, 780, 686, 618, and 462 cm−1. It's important to 
highlight that many of these identified peaks align with findings from earlier research by Varsamis 
et al. [19], who extensively explored the structural intricacies of bismuth-containing borate 
glasses. The absorption peak within the 1344–1320 cm−1 range is predominantly associated with 
the asymmetric stretching vibrations of the B–O and B–Ø bonds found within the BO3 and BO2Ø 
units [16, 22], respectively. Here, Ø signifies a non-bridging oxygen atom. This peak's intensity 
tends to decrease with the equimolar substitution of B2O3 for SrO. Adjacent to this, a significant 
band near 1204 cm−1 emerges more prominently as B2O3 is substituted by SrO and Bi2O3. This 
enhancement is attributed to the stretching vibrations of B–O bonds within BO3 units [22] across 
various borate configurations (meta-, pyro-, and orthoborate) [16]. This indicates a reorganization 
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of the borate network, influenced by the incorporation of SrO and Bi2O3. The third distinct band, 
observed around 1072–1032 cm−1, is related to B–O stretching vibrations in BO4 tetrahedral units 
from tri-, tetra-, and penta-borate groups [25]. The pronounced absorption near 920 cm−1 is 
attributed to both Bi–O symmetric stretching vibrations within BiO3 pyramidal units and B–O 
bond stretching in BO4 tetrahedra present in diborate groups [26, 27]. The marked absorption at 
806-780 cm-1 suggests that boroxol rings exist in the glass network [28]. The absorption at 686 
cm−1, shifting to 702 cm−1 with an increase in Bi2O3 content, corresponds to B–O–B bending 
vibrations in BO3 triangles [29], possibly affected by the electrostatic field from Bi2+ ions, as 
observed by Cheng et al. [30]. The band near 618 cm−1 is linked to Bi–Ø stretching vibrations in 
BiO6 octahedral units [29], while the final absorption band around 460 cm−1 points to the 
stretching vibrations of Bi–O bonds in highly distorted BiO6 octahedral configurations [21]. 

 
 

Table 2. Density (ρ), molar volume (Vm), oxygen packing density (OPD) and thermal characteristics of 
(40+x)Bi2O3–(60-x-y)B2O3–ySrO glasses.  

 

Sample code ρ, 
(g/cm3) 

Vm, 
(cm3/mol) 

OPD 
(mol/L) 

DTA Stability parameters 
Tg, 
°С 

Tx, 
°С 

Tc, 
°С 

Tm, 
°С 

ΔT, 
ºС KSP KH Tgr 

60Bi40B 7.476 41.1 73.0 362 420 429 680 58 1.44 0.27 0.53 
50Bi50B 6.862 39.0 76.9 395 436 448 670 41 1.25 0.24 0.59 
40Bi60B 6.279 36.3 82.6 428 520 555 760 92 7.52 0.62 0.56 
40Bi50B10Sr 6.435 36.0 77.9 409 505 538 765 96 7.75 0.53 0.53 
40Bi45B15Sr 6.521 35.8 75.5 395 488 522 795 93 8.01 0.47 0.50 
40Bi40B20Sr 6.607 35.6 73.1 388 476 493 772 88 3.86 0.38 0.50 
50Bi40B10Sr 7.026 38.6 72.6 375 443 467 753 68 4.35 0.32 0.50 
46Bi46B7Sr 6.849 37.4 76.4 390 496 506 720 106 2.72 0.54 0.54 
44Bi44B12Sr 6.840 36.3 76.1 388 495 507 780 105 3.79 0.44 0.50 
44Bi52B4Sr 6.564 37.4 78.1 405 488 513 676 83 5.12 0.66 0.60 
52Bi44B4Sr 7.075 39.2 74.5 375 447 469 658 72 4.22 0.50 0.57 

 
 

 
 

Fig. 3. DTA thermograms for (40+x)Bi2O3–(60-x-y)B2O3–ySrO glass system. 
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The investigation into the thermal and crystallization features of oxide glasses is 
paramount for both grasping their inherent characteristics and unlocking their vast potential for 
various applications. Among the array of analytical methods, Differential Thermal Analysis 
(DTA) stands out for its significant contribution to studying the thermal behavior of various 
substances, with glasses being a notable focus. This method is instrumental in revealing how these 
materials react to variations in temperature, a knowledge that is crucial for scientific understanding 
and practical applications alike. The DTA curves depicted in Figure 3 provide a comprehensive 
overview of key temperatures that define the glass's thermal and crystallization behavior. Table 2 
compiles these characteristic temperatures (Tg, Tx, Tc, and Tm (melting point)), as determined from 
the DTA findings. 

DTA curves of the glasses under investigation show consistent thermal patterns, starting 
with a pronounced endothermic transition followed by a significant exothermic peak. The research 
findings highlight the impact of compositional adjustments on the thermal properties of glasses. 
Specifically, replacing B2O3 with SrO in the 40Bi60B composition lowers the glass transition and 
crystallization temperatures (Tx, Tc), while increasing the melting point (Tc). Conversely, 
substituting Bi2O3 for SrO in the 60Bi40B composition raises Tg, Tx, and Tc temperatures but 
lowers Tm. The addition of SrO to the glass introduces a more intricate crystallization behavior, 
evidenced by two exothermic peaks on the DTA curves, suggesting the emergence of two distinct 
crystalline phases. Detailed temperature analysis shows varied peak crystallization temperatures 
across the compositions: 555°C for 40Bi60B, 429°C for 60Bi40B, and two intense peaks at 493°C 
and 605°C for 40Bi40B20Sr. Subsequent to this analysis, the glass powders underwent a five-hour 
heat treatment at their peak crystallization temperatures, followed by phase characterization 
through powder diffraction file analysis. The XRD results, illustrated in Figure 4, provide insight 
into the crystalline structures formed post-heat treatment. For the base glass composition 40Bi60B, 
the XRD analysis post-treatment at 555℃ shows the formation of a singular crystalline phase, 
specifically Bi6B10O24 (PDF 01-070-0154). In the case of the 60Bi40B sample, heating led to the 
emergence of the Bi4B2O9 crystalline phase (PDF 01-070-1458). For the 40Bi40B20Sr 
composition, the XRD analysis detected the presence of both Bi4B2O9 and Bi6B10O24 crystalline 
phases, consistent with the dual peak temperatures observed at 493°C and 605°C.  
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Fig. 4. XRD results of glass powders after undergoing a 5-hour heat treatment process at the temperature 
corresponding to the peak of crystallization (Tc). 
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SEM imaging (Fig. 5) of the 60Bi40B glass-ceramic sample highlights the fibrous, needle-
like structure of Bi4B2O9 crystals, which collectively resemble woven fibers, varying in density 
across different areas. The morphology of the crystals within this 40Bi40B20Sr sample, which 
contains 20 mol% SrO, displays a variety of shapes and sizes of crystals embedded in an 
amorphous matrix. There are needle-like crystals, which are long and thin, alongside some 
rounded formations. These diverse morphologies suggest a complex crystallization process 
influenced by the presence of SrO, leading to the heterogeneous nucleation and growth of different 
crystal phases. The 40Bi60B sample features elongated, rod-like crystals and smaller, more 
equiaxed forms with rounded or polyhedral shapes, possibly indicating different crystallization 
stages. 

 
 

 
 

Fig. 5. SEM micrographs depicting the fracture surfaces of samples designated 60Bi40B,  
40Bi40B20Sr, and 40Bi60B after heat treatment for five hours. 

 
 
Glass stability (GS) and glass forming ability (GFA) are crucial characteristics for 

understanding and predicting the behavior of glass materials during cooling and heating. GFA 
refers to a material's resistance to crystallization upon cooling from a melt, determining its ability 
to form a glass without crystallizing. GS, on the other hand, measures a glass's resistance to 
devitrification upon heating [16], which is crucial for processes like annealing or tempering [31]. 
Parameters like ΔT (Tx - Tg), KH ((Tc - Tg)/(Tm - Tc)), KSP ((Tc - Tx)ΔT/Tg), and Trg (Tg/Tm) are 
commonly used to quantify glass stability, providing insights into the material's ability to retain its 
amorphous structure under different conditions. The Dietzel criterion [32], ΔT, offers a 
straightforward measure of glass stability by quantifying the temperature difference between the 
Tx and Tg temperatures. A larger ΔT value indicates greater thermal stability, suggesting that the 
glass can withstand higher temperatures without undergoing crystallization. This parameter is 
valuable for determining the sintering window, which denotes the temperature range [17] within 
which the glass can be processed without crystallization occurring.  

Incorporating SrO into the bismuth borate glass composition significantly improves 
thermal stability, as evidenced by a significant increase in ΔT from 41 to 107°C. Additionally, the 
Saad and Poulain criterion [33], represented by KSP, further enriches our understanding by offering 
insights into the glass's resistance to devitrification and its ability to maintain amorphous structure 
under thermal stress. This criterion complements the Dietzel criterion by offering a more 
comprehensive understanding of the glass's behavior during heating, thus aiding in the 
optimization of processing conditions for glass manufacturing and applications. The introduction 
of SrO in place of Bi2O3 and B2O3 significantly increases KSP values, indicating improved thermal 
stability and more robust resistance to crystallization during thermal treatment. Hruby's parameter 
(KH), another crucial metric, evaluates both the GFA and thermal stability of glass. Essentially, 
Hruby's theory suggests that a higher KH value signifies a greater resistance to crystallization when 
the glass is heated and, consequently, a better ability to maintain its amorphous state during 
cooling. Creating glasses with a KH value of 0.1 or lower is difficult, necessitating swift cooling 
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techniques, while those with a KH value of 0.5 or higher can be more readily produced using 
moderate cooling rates [34]. The investigated glasses have KH values ranging from 0.24 to 0.66, 
indicating moderate to high ease of formation and stability against crystallization. Lastly, the 
reduced glass transition temperature (Trg), used to predict GFA, shows values between 0.5 and 0.6 
in this research, aligning with the Kauzmann criteria (0.5 ≤ Trg ≤ 0.66) [35]. This compliance 
indicates that the glass compositions examined possess commendable glass-forming capabilities, 
underscoring the potential for high-quality glass development. 

Dilatometry remains an indispensable technique for exploring the thermal performance of 
glass. It provides essential data (Fig. 6a) on the thermal expansion (coefficient of linear thermal 
expansion, CTE), Tg, and Td. These properties are vital for determining a glass's suitability for 
diverse applications, especially as the oxide composition of glass significantly influences its 
thermal behavior. Understanding these interactions allows for tailoring glass formulations to meet 
specific industrial or technological requirements. 
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Fig. 6. Dilatometry results for 40Bi60B sample (a), alongside ternary diagrams that illustrate the 
variations in the CTE (b), Tg (c), and Td (d) across different compositions within the (40+x)Bi2O3–

(60-x-y)B2O3–ySrO system. 
 
 
The data presented in Figure 6b-d offers an extensive evaluation of the impact of 

compositional changes in the (40+x)Bi2O3–(60-x-y)B2O3–ySrO system on key thermal properties 
of the glass. Specifically, the analysis demonstrates how altering the ratios of B2O3, SrO, and 
Bi2O3 in the 40Bi60B glass matrix significantly modifies the glass's thermal characteristics. The 
introduction of equimolar amounts of SrO and Bi2O3 in place of B2O3 leads to notable shifts in 
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temperature Tg, which decreases markedly from 432°C to 362°C, and Td, which falls from 447°C 
to 380°C, as observed in Figures 6c and 6d respectively. Concurrently, the CTE increases from 
8.69 ppm/°C to 10.7 ppm/°C (Fig. 6b). This behavior is attributed to the chemical nature of the 
bonds formed by the substituting oxides: the original B−O bonds in the glass matrix, known for 
their high strength and rigidity (with a bond energy of 372 kJ/mol) [36], are replaced by the 
significantly less strong Sr−O (138 kJ/mol) and Bi–O (102 kJ/mol) bonds [5]. This substitution 
results in a diminished overall network strength, leading to the observed changes in thermal 
properties. The study underscores the importance of understanding these changes, especially 
considering the typical CTE values (ranging from 7–12 ppm/ºC) required for glasses used as 
sealants in optoelectronic packaging and Low-Temperature Co-fired Ceramics applications [9]. 
The fact that all the glasses analyzed in this study exhibit CTE values within this desirable range is 
a critical finding, underscoring their potential suitability for such applications.  

Investigating changes in the structural configuration of glass through the estimation of 
critical parameters such as density, oxygen packing density, and molar volume provides a 
comprehensive insight into the fundamental properties of glass. These metrics indicate changes in 
the glass network, revealing shifts in compactness, cross-link density, coordination number, and 
the configuration and size of interstitial spaces within the structure [37]. To comprehensively 
investigate these variations in strontium-doped bismuth borate glasses, the following calculations 
of the main parameters were performed: density is calculated by ρ = Wair/(Wair – Wliq), molar 
volume by Vm = (ΣxiMi)/ρ, and oxygen packing density by OPD = 1000C/Vm. Here, Wair and Wliq 
are the glass's weights in air and distilled water, respectively [38], Mi and xi represent the 
molecular weights and molar fractions of components [39], and C is the number of oxygen atoms 
at each glass composition [39]. The substitution of B2O3 with SrO raises the glass density from 
6.279 to 6.607 g/ cm3, and its replacement with Bi2O3 increases it further to 7.476 g/cm3. This 
variation underscores the additive effect of the oxides' densities: B2O3 (ρ = 2.46 g/cm3) < SrO (ρ = 
4.70 g/cm3) < Bi2O3 (ρ = 8.90 g/cm3). As illustrated in Table 2, substituting B2O3 with SrO leads to 
a decrease in Vm from 36.3 to 35.6 cm3/mol (contrary to the density trend), while replacing it with 
Bi2O3 mirrors the density's direct trend, indicating an increase from 36.3 to 41.1 cm3/mol. 
Substituting B2O3 with SrO reduces molar volume due to bridging oxygen formation, resulting in a 
denser glass structure with minimized vacant spaces. Conversely, increasing Bi2O3 content 
introduces more non-bridging oxygen, increasing Vm by reducing structural compactness and 
increasing the count of voids. The observed reduction in OPD supports this phenomenon. 
 

 
4. Conclusions 
 
Low-temperature bismuth borate glasses, doped with varying concentrations of strontium, 

were synthesized with precision and thoroughly characterized. The glasses were prepared with the 
compositions (40+x)Bi2O3–(60-x-y)B2O3–ySrO, where x and y values were set at 0, 4, 7, 10, 12, 
15, and 20 mol%. A variety of sophisticated analytical techniques including DTA, XRD, SEM, 
FT-IR and Dilatometry were employed to characterize these materials comprehensively. 

The evaluations via XRD and DTA corroborated the glasses' amorphous nature. FT-IR 
analysis revealed that SrO addition leads to the conversion of BO3 to BO4 units, signifying a 
reduction in non-bridged oxygen atoms and suggesting enhanced structural compactness. Such a 
structural rearrangement was substantiated by the observed increase in glass density, which rose 
from 6.279 to 6.607 g/cm3. Concurrently, there was a slight reduction in molar volume from 36.3 
to 35.6 cm3/mol, attributing these changes to the equimolar substitution of B2O3 with SrO that 
fostered a denser glass structure through an increased presence of bridging oxygen atoms. 

Moreover, these compositional modifications not only enhanced the density of the glass 
structure through a greater number of bridging oxygen atoms but also improved the thermal 
properties. DTA and dilatometry revealed that substituting B2O3 with SrO and increasing the Bi2O3 
content enhanced the thermal stability of the glasses. The most thermally stable composition was 
found to be 46.5Bi2O3–46.5B2O3–7SrO, with a peak thermal stability ΔT of 106°C. This 
adjustment also led to a significant alteration in the Tg, which decreased from 432°C to 362°C, and 
a reduction in the Td from 447°C to 380°C. 
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In conclusion, incorporating SrO into bismuth borate glasses significantly enhances their 
structural, physical, and thermal properties. This leads to potential advancements in glass 
materials, offering promising characteristics for specialized applications such as optical and 
electronic devices. 
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