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Abstract

The traditional casting method, bulk glasses with the chemical composition of 55 B,0s3,
35 ZnO, (10-x) Na0, x C0203, y CuO (x=0, 0.05, 0.1, 0.15, 0.2, 0.25; y=0.1, 0.15,
0.20, 0.25, 0.30, 0.35) were prepared. Differential thermal analysis (DSC) was used to
examine the phase shifts and temperature characteristics. It investigated how the
various systems' Hruby coefficient, Kauzmann hypothesis Trg= Tg/Tm, glass
transition temperature Tg, crystallization temperature Tc, melting temperature Tm, and
glass forming ability (Kgl) depended on each other. The structure of the homogenous
produced glass networks was examined using the UV-VIS spectroscopic technique for
the physical and optical characterization of the glasses, and the XRD technique
confirmed the amorphous nature of the glass samples. The density and molar volume
of the network were measured using the Archimedes method. Examined and
researched were the effects of increasing cobalt and copper oxide concentrations on
the manufactured glass samples' optical characteristics, including refractive index,
permittivity, extinction coefficient, electric susceptibility, dielectric constants, and
optical conductivity. To explore the impact of NIR band-pass glass filters, optical
spectroscopy was used to evaluate the glass network over a wavelength range of 190-
2500 nm. The glass samples can be categorized as semiconductors.

1. Introduction

Conventional definitions of oxide glasses state that they are networks composed of alkaline
oxides (Li20, Na,0, K>0O, ZnO) or alkaline earth oxides (CaO, MgO, SrO) as well as building
components such as SiO2, TeO», P20s, B203, and CdO. When the covalent glass network and
oxygen from the metal oxide mix, new structural units are created in these glasses. In most

46



glass structures, the cations of the modifier oxide encircle the non-bridging oxygen (NBO) [1-
3]. Glass materials are among those that are utilized for optical filters the most commonly due
to their unique capabilities, which include high transparency, thermal stability, and suitable
mechanical and thermo-mechanical properties [4-6]. Transition metal ions are known for their
interesting electrical and optical properties. Borate glasses exhibit improved physico-chemical
behavior when Cu is added. Under consideration as bandpass filters for several purposes,
including sunglass technology and laser protection eyewear, glasses with copper ions in various
oxidation states are very beneficial [7-8]. For these kinds of applications, a copper-doped glass
former is ideal. Increasing the doping to the near-infrared absorption band can cover the
wavelengths of certain lasers, including the YAG laser band at 1064 nm [7]. Transition metal
ions, such as copper and cobalt oxides, are present in the glass’s matrix in several oxidation or
coordination states, giving these glasses unique optical and electrical properties [9]. Examining
the effects of simultaneously adding zinc and copper to the glasses would be fascinating [10].
Further improving the glass network's transparency is ZnO. Zinc borate glasses are particularly
appealing to scientists. Electrical resistance, chemical stability, and a low coefficient of thermal
expansion are just a few of the unusual qualities of these glasses [11]. Aside from their excellent
ionic conduction, glassy materials' isotropic qualities and ease of fabrication have drawn a lot
of interest as solid electrolytes for solid-state batteries. Borate is a high-quality glass forming.
It has a high refractive index along with nonlinear optical properties, chemical stability, and
physical stability. The moisture in the air quickly affects it. A specific percentage of planar BO3
triangles with six members are used to produce borate glass. For the glass, this conduct is
unusual. The network structure of the glass under study was found to be mostly composed of
BO3 and BOj4 units arranged in distinct structure groups, with a predominately BO4 unit,
resulting in non-bridging oxygen increases, The melting temperature is typically lowered when
B20s content is increased, while it is typically raised when SiO2 or Al,O3 are added [12-14].
Since transition metal oxide-modified alkali borate glasses have numerous uses in diverse
domains, including energy storage technologies, radiation shielding materials, and optical fiber
for communication devices, they have emerged as an exciting area of study. Zinc borate glasses
are modified by the addition of sodium oxide (Na2O) at the expense of B2O3, which alters the
structure and results in modifications to the thermal and physical properties that are the subject
of the current study [15]. DSC is frequently used to measure heat capacity, look into thermal
stability, and discover phase transitions in the thermal behavior of glasses, polymers, and other
materials [16]. Particularly for the creation of photonic glasses like those used in rode and
fiberglass lasers, the thermal and thermochemical characteristics of glass are crucial to the
fabrication process. The effective optical characteristics, such as emission intensity, can be
altered by the glasses' unstable thermal properties [17-18]. The variation in the chemical
composition of the glass matrix and its potential impact on the glass transition temperature
(Tg), crystallization temperature (Tc), and melting temperature (TM) [17]. The relation for
transition temperature Tg, crystallization temperature Tc, and melting temperature Tm is the
Hur by coefficient Kgl [19], which is used to calculate the glass's stability or formability. This
article examines how copper and cobalt oxides affect the thermal behavior of sodium zinc oxide
in borate glass. To characterize the glass samples, the following measurements were made in
this study: DSC analysis curves were measured at a rate of 20 C%min for the following samples:
55B203, 35 ZnO, (10-x) Na20, x C0203, y CuO (x=0, 0.05, 0.1, 0.15, 0.2, 0.25; y=0.1, 0.15,
0.20, 0.25, 0.30, 0.35 glass activated by different concentrations of Co and Cu ions.
Additionally, the difference between the glass transition temperature and glass crystallization
was used to calculate the glass formability. Meanwhile, ethanol was used as an immersion fluid
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at room temperature to determine the glasses' densities using Archimedes' method. For every
glass sample, measurements were taken twice, and averages were calculated. The derived
density was used to compute the molar volume. Using room-temperature ethanol as an
immersion solvent, the density of each glass sample was determined using the straightforward
Archimedes method. The derived density was used to compute the molar volume. The
investigation of the bandpass filter with triple bands in the UV, visible, and near-infrared ranges
is the basis of this article's uniqueness.

2. Experimental methods
2.1. Materials:

Zn0O, NaxCOs3, C0203, CuO, and H3BO3 glass specimens are prepared in powder form using
analytical quality raw ingredients. Magnesium oxide (Na,O) as sodium carbonate powder
(Na2CO3) (Sigma-Aldrich = 99%), cobalt oxide (Co203) (Sigma-Aldrich = 99.99%), copper
oxide (CuO) (Sigma-Aldrich = 99.88%), and B203 was introduced as boric acid (H3BO3)
(fluka, purity 99.99%).

2.2. Glass preparation:

Through the use of the glass quenching melting technique, a network of glass with the formula
55 B»0s, 35 ZnO, (10-x) Naz0, x C0203, y CuO (x=0, 0.05, 0.1, 0.15, 0.2, 0.25; y=0.1, 0.15,
0.20, 0.25, 0.30, 0.35) was prepared for this study. Pure chemical compounds were added, and
each sample was ground for 30 minutes using a mortar before being transferred to porcelain
crucibles. To release gases such NH3, H2O, NOz, and CO3, the initial stage involves using a
muffle furnace set at 250 c°. All samples were melted in disposable porcelain crucibles for one
hour at 1000 °C using an electrical muffle furnace. To guarantee sample homogeneity and
remove gas bubbles, the molten material output was repeatedly shaking [20-23]. Melted
components were placed on a heated stainless plate, which was then annealed at 250 °C for 30
minutes using a pressing plate to produce thin disks with a small thickness in millimeters.
Samples were then allowed to cool at room temperature to prevent internal stress in the glass
samples, and production samples were allowed to cool gradually to room temperature.

2.3. The techniques for characterization:

With a Brucker axis D8 diffractometer and the crystallographic data software Topas 2, the
crystallite phase of transparent samples was examined by X-ray diffraction (XRD). The
radiation, CuKa (A = 1.5406 A), was employed at 40 kV, 30 mA, and 2°/min. For 20 values
between 4° and 70°, the diffraction data were gathered. At room temperature, the Archimedes
technique was used to estimate the density, and ethanol was used as the liquid of immersion
(density p,= 0.888g/cm?). Egs. (1, 2) were utilized to ascertain the specimens' density (p) and
molar volume (Vm), respectively [12,13,22-24].

) (1)

wi-w2

p =
Where w1 and w2 are the weights of samples in air and ethanol, respectively.

Vm =Mw/, @)
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2.4 Measurements:

In this study, the glass samples under investigation had their optical absorption and
transmission spectra measured at room temperature using a UV/VIS absorption
spectrophotometer (JASCO V570) in the wavelength range of 190-2500 nm. Measurements
and calculations were made regarding the objects' optical and physical characteristics. Vernier
callipers were used to measure the thickness of the matrix sample. Differential Scanning
calorimetry (DSC) was performed using the Setaram instrument of Lab-system (TG-DTA-
DSC) model 16 with heating rate of 20 ¢%/min to a maximum temperature which nearly 1000
C° under an inert atmospheric argon gas. To prepare the samples, a small amount of the glass
system was ground using an agate mortar. Each sample was then ground into a powder and
added to an Aluminum oxide crucible containing 20 mg.

3. Results and discussion
3.1. XRD

XRD spectra of the produced glass network are displayed in Fig. 1. The XRD pattern of the
specimens under study indicated that all of the samples had an unstructured temple since there
were no distinct peaks required. Thus, neither before nor after the serial addition of metal oxides
(C0203 and CuO) did its amorphous nature change. Conversely, the absence of distinctive metal
oxide peaks in XRD patterns for doped glass containing metal oxides is explained by the low
concentrations of the metal oxides in the generated glasses.

Intensity, (Arab.unit)

Bragg angle, (2 dgree)

Figure 1. The produced glass specimens' XRD pattern.

3.2 Molar volume & Density:

Glass species' densities and molar volumes were tallied, and Table 1 presents the findings in
summary form. The results demonstrated that the glass network of doped Co020; slightly
increases from 2.753 to 2.902 g cm-* with increasing cobalt oxide concentration, whereas the
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density of the undoped(S,1) sample of cobalt oxide was the lowest density, equal to 2.753 g

3

cm-.

Table. 1. Components, density (p), molar volume (Vm), (Mw) molar mass.

Glass components (mol %) Vm
1
sample (Mw)*| p (g om?)

§ B,0; | ZnO [Na;O |[Co0,05 |CuO (cm™mol ™)
S,1 55 35 9.9 0 0.1 [71.406]2.753 26.076
S,2 55 35 9.8 0.05 0.15 [71.484] 2.785 25.747
S,3 55 35 9.7 0.1 0.2 [71.561]2.792 25.653
S,4 55 35 9.6 0.15 0.25 [71.638] 2.805 25.489
S,5 55 35 9.5 0.2 0.3 [71.715] 2.874 24.866
S,6 55 35 9.4 0.25 0.35 {71.791] 2.902 24.603
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Figure 2. C0203's effect on the molar volume and density of the glass network fitted.

Because of variations in the atomic weights of Na, Co, and Cu (Fig. 2). Otherwise, as seen in
Fig. 2, the molar volume was demonstrated to decrease with increasing cobalt oxide
concentration, from 26.076 to 24.603 cm™ mol!. The borate glass network may undergo
structural alterations as a result of the inclusion of CuO and Co020s3. These alterations could be
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to the atoms' coordination surroundings, bond lengths, or angles. These changes may result in
amore compact structure and a drop in molar volume. The larger atomic mass and solid solution
formation of cobalt and copper oxides lead to a more densely packed glass structure, which is
the main cause of the increase in density and decrease in molar volume of borate glass with
increasing concentrations of these oxides [25-26]. These alterations may also be exacerbated
by any decrease in porosity and the volume that the additives themselves occupy.
Consequently, the presence of Co203 causes the structure of the doped glass matrix to become
less densely packed and raises the degree of disorder, resulting in the formation of an open
structure that accounts for the observed increases in density and decreases in molar volume.

3.3. Thermal characteristics:
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Figure 3 shows the initial curves measured with the DSC for the following variables: x
C0203, y CuO, (10-x) Na20, 35 ZnO, and x B203 (x=0, 0.1, 0.2; y=0.1,0.20,0.30).

Table 2: The thermal characteristics of x C0203, y CuO, (10-x) NaxO, 35 ZnO, and x B20s
(x=0, 0.1, 0.2; y=0.1,0.20,0.30) were determined using DSC at a heating rate of 20 C%/min.

Transiti Crvstalliza Kauzm | Tm- glass | Hurby
on Y Melting | ann Tc AT= formi | —
tion 0 Tm
Samp | temperat temperat | hypothe | C Tc - ng parame
temperatur h -Tg -
les ure (Tg) . ure sis Tg o abilit | ter
c (Te) C° (Tm) C° | Trg= c° y Hr
Tg/Tm (Kgl)
Sampl 170. | 262. | 433
eS| 496.58 | 758.91 929.74 | 0.53 23 33 5 0.60 | 1.53
Sampl 146. | 303. | 450
.93 485.79 | 789.57 936.32 | 0.51 75 73 5 0.67 |2.07
Sampl 144. | 320. | 465
S5 477.26 | 798.23 942.48 | 0.50 75 97 5 068 |22
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Stability:

According to the Kauzmann hypothesis [27], the forming ability as measured by the parameter
Trg = Tg/Tm is found to be in the range of 1/2 < Trg< 2/3 [28].
as shown in Table 2. The glass stability is determined by the Hruby parameter [29], which is

provided by,
Hr = 1678 3)

A more stable and interconnected with Hurby — parameter for glass network that is resistant to
atom rearrangement and crystalline phase development during heat processing is indicated by
a higher Hurby value [31]. The nucleation and growth aspects of phase transformation are
combined by this parameter. Greater values of (Tc— Tg) impede the nucleation process, while
smaller values of (Tm— Tc) restrain the growth. For HR< 0.1, faster quenching rates are
necessary; otherwise, standard quenching rates would yield sufficient glass formation [30].
However, it is possible to assess the glass-forming ability utilizing [32]. Ability to produce
glass more than 0.6 Thermal stability is useful for applications where the glass must maintain
its amorphous structure throughout a range of heat settings [33].
Tc—

Tm-Tg

glass forming ability (Kgl)= 4)

A declining trend in Tg signifies a weakening of the impact of sodium oxide on the glass matrix,
resulting in the development of non-bridging oxygens (NBOs) [34-35]. Tg decreases as the
higher dissociation energy B-O bond is being replaced with a lower bond.

3.4. Optical properties:

A useful tool for determining a variety of parameters, including the refractive index, and optical
conduction, is the absorption spectra. At room temperature, polished glasses' optical absorption
and transmission spectra in the range of 200-2500 nm are measured. The optical absorption
spectra of the glass samples for various Co20s ratios are displayed in Figure 3 spanning the
wavelength range of 200-2500 nm. It is evident that as the concentration of Co»0j3 increases,
so does the absorption. Every sample has an optical absorption band in the ultraviolet and
visible-near infrared regions, as well as a fundamental optical absorption edge.
Figure 5 displays the optical transmission representing the glass samples for various Co203
ratios in the wavelength range of 2002500 nm. The absorption values and the transmission
spectra agree. In the field of optics, the bandpass technique enables the passage of a band of
spectral lines via a filter. It alters if the glasses also include a transition element, the most
significant of which are Cu, Ti, V, Cr, Mn, Fe, Co, and Ni. The Ligand-field hypothesis of
Hartmann is one of the ideas that explain the phenomenon of coloring. According to this idea,
electronic transitions between the energy levels of the electron-degenerate d are responsible for
the hue of glasses caused by the transition metals "3d." The transition metal concentration has
an impact on the hue as well. There is no doubt about the impact of concentration: as
concentration rises, greater absorption results, which reduces transmission [12-13]. Light in the
transmission band is attenuated as a result of cobalt oxide replacing N.2O, which is why
transmission height decreases as the cobalt oxide percentage rises.
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Figure 4. Glass samples' absorption spectra with varying CO203 contents.

120 - S.1
—3S8,2
—3S,3
100 + ——S4
1 — 5
S s0{ |——S6
u.L
i)
2 60+
)
=
G
a 40
g
l_
20
04
i I 4 I 2 I 2 I = I
0 500 1000 1500 2000 2500

Wavelength (nm)
Figure 5. Transmission spectra of glass samples with varying concentrations of Co20s3.

Glass's refractive index was determined by many variables, including the characteristics of its
constituent parts, the parameters of its oxides, two forms of transmission bridging and non-
bridging in the ultraviolet, and the infrared lattice vibration of its specimens [1, 2,12,13]. There
were two primary causes for the rise in the refractive index. First of all, Co, Cu, and Na had
different ion refractions. Co and Cu doping material had higher ion refraction than Na. Second,
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the mean boron separation decreased and the interfacial distance of the glass network shrank
when cobalt and copper oxides were added to the glass matrix. As a result, non-bridging oxygen
rose, raising the glass samples' refractive index [12,13, 36,37]. This impact is illustrated in Fig.
6.
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Figure 6. Refractive index wavelength dependence with varying cobalt oxide content.

Permittivity, which was dependent on polarization, electronic transitions, and the vibrations of
molecules and atoms in the material, was a measurement of the amount of reduced electric field
in a medium relative to a vacuum. Permittivity was found to have two peaks in the ultraviolet
and one peak in the infrared. These peaks resulted from doping ions and borate glass absorption
resonances, which are connected to electronic transition and energy gaps between levels that
are influenced by the glass matrix's composition. Because of their d-d transitions, cobalt, and
copper ions both created new absorption bands in the visible and infrared spectrums.
Consequently, the permittivity curve tended to move lower in wavelength as the proportion of
cobalt and copper oxides rose, having more
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Figure 7. With varying wavelengths, a glass matrix's permittivity changed.

Higher wavelengths caused the glass matrix to become more deformed and depolymerized,
which raised the extinction coefficient and vibrational energies [37]. As a result of the glass
sample's absorption, the extinction coefficient increases as a doping material increase [38,39],
as illustrated in Figure 8.
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Figure 8. The glass specimens' extinction coefficient, k, as a function of wavelength.
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Its ability to be readily polarized by an electric field is known as its electric sensitivity. It was
affected by many variables, such as the polarizable entities' characteristics, concentration, and
applied electric field wavelength. Because the dopant ions lose some of their ability to polarize
the material at longer wavelengths, it may decrease as wavelength increases in some areas of
the electromagnetic spectrum. As the concentration of dopant rises, complicated effects on the
electric susceptibility might result from interactions between the dopant ions, as illustrated in
Figure 9 [40].
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Figure 9. Electric susceptibility as a function of wavelength.

The material's dielectric characteristics were identified via the dielectric and dielectric double
constants. The amount of electric charge stored in a material was measured by the dielectric
constant, and the amount of electric energy wasted as heat was measured by the dielectric
double. Figs. 10 and 11 illustrate how the electric field was absorbed by intense, broad, and
overlapped charge transfer transitions at low wavelengths. As a result, the electric field first
decreased, then constants with increasing wavelength due to crystal field splitting of d-orbitals,
and finally increased due to an increase in vibrational energy [41].

Optical conductivity, when applied to a certain frequency of electric field, is a crucial indicator
of a material's capacity to conduct electric current in materials science. The glass matrix's
structure and chemical makeup dictated this characteristic. The optical conductivity decreased
along with the decrease in transitions that absorb light. The metal ion's d-d transition, which is
dependent on the d-orbital crystal field splitting, absorbed the light at intermediate wavelengths.
Consequently, the ligand field surrounding the metal ions had an impact on this. Thus, in this
area, the optical conductivity doesn't change. As the concentration of copper and cobalt oxides
increased, the distorted glass matrix increased, vibrational energy increased, and optical
conductivity increased with increasing wavelength [37,42]. The material's optical conductivity
was closely correlated with the extinction coefficient, indicating an increase in it [12-13], as
shown in Fig.12. This transition related to the stretching and bending mode of borate glass
depended on glass composition and modifier of content. as seen in Figure 12.

56



Dielectric, const.

10 4 — 2

0

e SO

J I = I ¥ 1 N I % I % I J 1 ' I K 1
1050 1100 1150 1200 1250 1300 1350 1400 1450 1500

wavelength (nm)

Figure 10. The glass sample dielectric constant is a function of wavelength.

lectric double, Const

1€

D

0.0010 - X
—85,2
0.0008 - el
-
] —3S5,5
0.0006 - ha-‘\y
0.0004 -
i g
0.0000 -

i I = 1 b I J I e I B I d I ' I b 1
1050 1100 1150 1200 1250 1300 1350 1400 1450 1500
wavelength (nm)

Figure 11. The glass sample dielectric double constant as a function of wavelength.

57



140E+114__

1.20E+11
£ 1.00E+11 1

8.00E+10 4~

6.00E+10 -

Optical conductivity

4.00E+10

2.00E+10 +

0.00E+00

BN SRCE. IR UL BN Rt N N R LI S |
1050 1100 1150 1200 1250 1300 1350 1400 1450 1500
Wavelength (nm)

Figure.12. the glass matrix's optical conductivity against wavelength.

80 -
70
60
50
W ]
o 40 -
- |
[ ==
= 30 4
o
P;- -
E 20 -
10
0 1 1

r + T T T
26 28 30 3.2 34
photon energy (ev)

Figure 13. The current glass samples' optical energy gap.

Borate glasses' band gap energy typically ranges from 2.5 to 4.0 electron volts (eV) [43-44],
depending on variables like boron oxide content and additional dopants or additives. The plot
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of (hwa)1/2 as a function of photon energy (hw) is used to calculate the optical band gap [12-
13,36,45] for amorphous materials, as illustrated in fig. 13. The optical band gap of the glass
samples, which were thought to be semiconductors in nature, decreased from 2.95 to 2.58 eV
due to an increase in the concentration of non-bridging oxygen (NBO) atoms, as demonstrated
in figure.13. This decrease was related to the rise in Co203 and CuO concentricity in the glass.
The following relation can be used to compute the refractive index at a given wavelength using
reflectance (R) [12-13].

n—1

R=2E (5)

n+1

However, the reflectance (R) was counted using the subsequent formula: [12,13,46-48].
A+R+T=1;So0 R=1-A-T (6)

Where, A: absorbance R: reflectance T: transmittance

Using the following formulas, the permittivity (¢), dielectric const., dielectric double const. and
electric susceptibility (), of the glass samples were determined [12-13,49-50].

e=n’ (7)
g=n*-k? (8)
£ = 2nk 9)
1= (10)

The extinction coefficient (k) and optical conductivity were calculated by using the following
relation [12-13,47-48]

_al

pom (11)
Optical conductivity = anc/4n (12)
where A is the wavelength and a is the absorption coefficient.

(ow) = (1/d) In (Io/1) = 2.303 (A/d) (13)
ahv =B (hv-Eg) 2 (14)

where o is the computed absorption coefficient using the relation and B is a constant [12-13,47].
where A denotes absorbance and d denotes the thickness of the glass samples, and Io and I
represent the incident and transmittance beam strengths, respectively.

The glass matrix was employed as an optical band pass filter in the near-infrared range (990-
1400 nm), according to the optical results [51-53].

Conclusions

Incorporating Co203 and CuO into the zinc and sodium oxide glass network was demonstrated
in this article. Through the use of XRD, all prepared glass systems are rendered amorphous.
The optical band gap energy dropped from 2.95 to 2.58 ¢V, demonstrating that the glass matrix
is a naturally occurring semiconductor. The findings of the experiment demonstrated that the
doped material of CuO and Co203; varied with increasing refractive index, extinction
coefficient, permittivity, optical conductivity, electric constant, Dielectric constant, and electric
susceptibility. The produced glass network was utilized as NIR optical band pass filter, with a
wavelength range of 990-1400 nm, according to the experimental findings. The development
of photonic devices, telecommunications, optical storage, and all-optical computing may
benefit from the optical reaction that we observed. Optical, DSC, and XRD characterization
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measures are used to characterize fabricated glass samples. The concentration of CuO and
Co020; increases significantly, resulting in improvements to both physical and optical qualities.
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