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Abstract 
This research investigates the physical and optical properties of cobalt oxide-doped glass prepared using the 
microwave melting technique. The glass composition was formulated according to the ratio (50-x)B2O3 : 10SiO2 
: 30ZnO : 10Na2O : xCoO, where x represents the cobalt oxide concentration (0.00, 0.01, 0.05, 0.10, 0.15, and 
0.20 mol%). Glass samples were prepared using the microwave melting technique, applying 1,000 watts of power 
for 20 minutes. The melted glass was then poured into a graphite mold and annealed at 500°C. The results showed 
that both density and refractive index increased with rising CoO concentration, while molar volume decreased. 
The absorption spectra of the glass, in the wavelength range of 250-1,100 nm, increased with higher CoO 
concentrations. Additionally, the CIE L*a*b* values indicated a blue color. 
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1. Introduction 

Glass has a homogeneous appearance and a fine texture consisting of small, independent crystalline 
structures that reduce the likelihood of breakage. Generally, glass materials possess hardness, good optical 
transparency, high chemical resistance, and a low coefficient of thermal expansion, while other materials tend to 
be opaque and have a high coefficient of thermal expansion (Naresh et al., 2014). Glass is an amorphous solid. 
Over time, research on glass has led to the development of new products. Today, glass materials have a wide 
range of applications, including packaging, mirrors, laboratory glassware, lead crystal glass, lenses, glass fiber, 
optical fiber, porous glass, and sealing glass, among others (Singkiburin, Jaimiwhang, & Srisittipokakun, 2023). 
The traditional glass production process involves melting in an electric furnace for 3–5 hours at a temperature of 
1,200°C, followed by annealing at 500°C for 3 hours (Singkiburin, Srisittipokakun, et al., 2023). Currently, in 
addition to using electric furnaces, glass can also be melted using microwave technology.     A microwave oven, 
a newer type of high-temperature furnace, uses 1,000 watts of power and heats the glass in about 25 minutes. 

The microwave oven is a new type of high-temperature furnace for glass melting. It uses 1,000 watts of 
power (Yamchumporn & Boonin, 2023) and heats the glass in about 25 minutes, producing small pieces of glass 
and making the process easier compared to melting glass in an electric furnace. Microwave ovens are compact, 
safe, convenient, energy-efficient, environmentally friendly, and highly efficient, making them excellent tools for 
glass processing. They are particularly suitable for medium and small industries involved in glass production. 

Cobalt-doped glass materials exhibit the highest absorption intensities in the visible range compared to other 
transition metal-doped materials (Raghuvanshi et al., 2025; Tang et al., 2018), Particularly, CoO is a promising 
transition metal used for various important applications. It has two valence states Co3+ and Co2+. Co2+ ions produce 
a color center with an absorption band at about 560-570 nm producing different degrees of blue glass. 
Additionally, Co ions doped glasses are used in many appliances such as lithium batteries, gas sensors, laser 
devices (Bolunduţ et al., 2020; Sadeq & Ibrahim, 2021), solar energy inverters, optical filters in a variety of 
industrial applications, solar selective absorbers, decorative materials and much more (Sallam et al., 2023). 

Given the importance of these advantages, researchers are interested in studying the physical and optical 
properties such as density, molar volume, refractive index, X-ray diffraction (XRD), Fourier transform infrared 
(FTIR) spectra, absorption, and color values of CoO-doped glass, and concentrations of x = 0.00, 0.01, 0.05, 0.10, 
0.15, and 0.20 mol% were prepared using the microwave melting technique. This research aims to provide 
guidelines for further development of glass products in various fields. 
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2. Materials and Methods  
 This research investigates the physical and optical properties of cobalt oxide-doped glass prepared using the 
microwave melting technique. The glass composition was developed according to the ratio (50-x)B2O3 : 10SiO2 : 
30ZnO : 10Na2O : xCoO, where x = 0.00, 0.01, 0.05, 0.10, 0.15 and 0.20 mol%, with a total weight of 15 gram 
per sample. The samples were prepared using the microwave melting technique. The prepared sample was placed 
into a microwave kiln and then heated in a microwave (EMM30D510EB, Electrolux) at 1,000 watts for 25 
minutes. The molten glass was then poured into a graphite mold and annealed at 500°C, allowing it to cool to 
room temperature (Yamchumporn & Boonin, 2023). The glass was polished to a size of 1.0 × 1.5 × 0.3 cm³. 
Preparation of glass use the microwave melting technique as shown in Figure 1. The physical and optical 
properties, including density (Densitometer, A&D HR-200), molar volume, refractive index (Abbe refractometer, 
Atago), absorption spectrum (UV-VIS-NIR Spectrophotometer, Shimazdu UV-3600) and color coordinate (UV-
VIS spectrophotometer, Cary-50), were then studied.  

 
 
 
 

  

 

 

 

 

 

 

 
 
 
 
 
Figure 1. Preparation of glass use the microwave melting technique. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Weigh 15 g of the chemical 
into an alumina crucible. 

Place an alumina crucible 
inside microwave kiln. 

Pour into graphite mold. 

Melt in a 1,000 W microwave 
melting for 25 minutes. 

After that annealed at 500 ͦ C. Cut and polish glass to 
size 1.0x1.5x0.3 cm3. 
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3. Results and Discussion 
The glass samples doped with CoO in the ratios of (50-x)B₂O₃ : 10SiO₂ : 30ZnO : 10Na₂O, where x = 0.00, 

0.01, 0.05, 0.10, 0.15 and 0.20 mol%, were clear and colorless. As the CoO concentration increased, the glass 
turned blue as shown in Figure 2. 

 

 
 

Figure 2. Glass doped with various concentrations of CoO. 
 

Analysis of the density of glass doped with CoO at concentrations of 0.00, 0.01, 0.05, 0.10, 0.15, and 0.20 
mol% using Archimedes' principle revealed that the density tended to increase as the CoO concentration increased, 
as shown in Table 1. The density values ranged from 2.8838 ± 0.0001 to 2.9287 ± 0.0026 g/cm³. This increase is 
due to the higher molecular weight of CoO replacing B₂O₃ oxides. When these values were used to create a graph 
of the relationship between density and CoO concentration, a linear relationship was observed with a correlation 
coefficient (R²) of 0.9932. The molar volume, based on the ratio of molecular weight to the glass density, showed 
a decreasing trend with increasing CoO concentration (Fayad et al., 2020), as shown in Table 1, ranging from 
24.3920 to 24.7679 g/cm³. It was found that CoO introduces more bridging oxygen in the glass structure, resulting 
in a reduction in the molar volume of the glass with increasing CoO concentration, as shown in Figure 3. 
 
Table 1. Density, molar volume and refractive index of glass doped with various concentrations of CoO. 
 

Concentration 
(mol%) Density, ρ (g/cm3) Refractive index Molar volume, VM 

(cm3/mol) 

0.00 2.8838 ± 0.0001 1.5785 ± 0.0001 24.7679 
0.01 2.8894 ± 0.0005 1.5793 ± 0.0001 24.7198 
0.05 2.9019 ± 0.0001 1.5811 ± 0.0001 24.6144 
0.10 2.9094 ± 0.004 1.5824 ± 0.0001 24.5519 
0.15 2.9177 ± 0.0002 1.5837 ± 0.0001 24.4828 
0.20 2.9287 ± 0.0026 1.5848 ± 0.0000 24.3920 

 
The refractive index of CoO-doped glass at concentrations of 0.00, 0.01, 0.05, 0.10, 0.15 and 0.20 mol% 

was measured using an Abbe refractometer. It was found that the refractive index increased with the CoO 
concentration, as shown in Table 1, with values ranging from 1.5785 ± 0.0001 to 1.5848 ± 0.0000. This behavior 
is consistent with the relationship observed in density values. According to classical dielectric theory, the 
refractive index depends on the density (Singkiburin, Jaimiwhang, & Srisittipokakun, 2023) and the polarity of 
the atoms in the material. When the obtained values were used to create a graph of the relationship between 
refractive index and CoO concentration, the resulting graph showed a linear relationship, with a correlation 
coefficient (R²) of 0.9729, as shown in Figure 4. 
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Figure 3. Density and molar volume of glass doped with various concentrations of CoO. 
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Figure 4. Refractive index of glass doped with various concentrations of CoO. 
 

The X-ray diffraction (XRD) analysis of the CoO-doped glass revealed that the XRD pattern consisted of 
fluctuations and lacked sharp peaks, indicating an amorphous structure (Elbashar et al., 2020). Therefore, no 
significant changes were observed before and after the sequential addition of cobalt oxide, as shown in Figure 5. 
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Figure 5. X-ray diffraction (XRD) of glass doped with various concentrations of CoO. 
 

The Fourier transform infrared (FTIR) analysis of the CoO-doped glass spectra revealed peaks at 
approximately 530, 685, 904, and 1,244–1,360 cm⁻¹. In borate glasses, these peaks are typically associated with 
BO₃ and BO₄ units, and their positions can vary depending on the additives used. Specifically: 

• The band at 685 cm⁻¹ may be attributed to the bending of B-O-B linkages, and this peak shifts to a longer 
wavelength upon the addition of CoO. 

• The band at 904 cm⁻¹ likely corresponds to B-O stretching vibrations in BO₄ units, which are present in 
various borate groups; this peak shifts to a shorter wavelength with the addition of CoO. 

• The band observed at approximately 1,244–1,360 cm⁻¹ is associated with B-O stretching vibrations of 
[BO₃] in pentaborate, pyroborate, and orthoborate groups, and this band shifts to a shorter wavelength as 
the CoO content increases (Ali et al., 2017; Al-Mokhtar, 2020), as shown in Figure 6. 

 

 
 

Figure 6. FTIR absorption spectra of glass doped with various concentrations of CoO. 
 

The optical absorption spectra of CoO-doped glass, measured in the wavelength range of 250–1,100 nm for 
concentrations of 0.00, 0.01, 0.05, 0.10, 0.15 and 0.20 mol%, revealed absorption peaks at approximately 521, 
576 and 630 nm. These peaks are attributed to energy level transitions of CoO: 4T2g(F) → 2T1g(H),                      

10 20 30 40 50 60 70 80

In
te

ns
ity

 (a
rb

.u
ni

ts
)

Bragg angle, 20 (degree)

 CoO 0.00 mol%
 CoO 0.01 mol%
 CoO 0.05 mol%
 CoO 0.10 mol%
 CoO 0.15 mol%
 CoO 0.20 mol%

700 1050 1400 1750 2100

60

70

80

90

100
1244 - 1360

685

A
bs

.(a
.u

.)

Wavenumber (cm-1)

 CoO 0.00 mol%
 CoO 0.01 mol%
 CoO 0.05 mol%
 CoO 0.10 mol%
 CoO 0.15 mol%
 CoO 0.20 mol%

530
904

5/8 



Vol.12, No.1 DOI:10.53848/ssstj.v12i1.1033  e1033 

4A2(4F) → 4T1(4F) and 4T2 → 4E1 (Farouk, 2017). The intensity of these peaks tends to increase with higher CoO 
concentrations, as shown in Figure 7.  

 

Figure 7. Absorption spectra of glass doped with various concentrations of CoO. 
 

Results of color analysis in the system CIE L*a*b* 
From the color analysis in the CIE L*a*b* system of glasses doped with CoO at concentrations of 0.00, 0.01, 

0.05, 0.10, 0.15, and 0.20 mol%, it was found that the lightness (L*) values decreased with increasing CoO 
concentration, ranging from 46.72 to 92.61. The a* values ranged from -1.39 to 16.73, and the b* values ranged 
from -53.32 to 3.27, as shown in Table 3. The color values are located on the +a and -b axes, with -b value 
increasing with increasing CoO concentration, indicating more blue glass, corresponding to the absorbance value. 
The high peak is range of 450-700 nm, is the visible light spectrum from green to red, which is the range of 
maximum absorption, no appear light was visible . However, in the range of 400-450 nm, the corresponds to violet 
and blue light the colors are revealed, causing the glass samples to appear blue, as shown in Figure 8. 

 
Table 2. Color analysis in the CIE L*a*b* system of glass doped with various concentrations of CoO. 
 

Concentrations (% mol) 
Color measurement 

L* a* b* 

0.00 92.61 -1.39 3.27 

0.01 75.41 -0.73 -13.04 

0.05 62.22 3.44 -32.12 

0.10 59.75 5.37 -36.91 

0.15 55.69 7.66 -40.87 

0.20 46.72 16.73 -53.32 
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Figure 8. Color analysis in the CIE L*a*b* system of glass doped with various concentrations of CoO. 
 

4. Conclusions 
In this research, the physical and optical properties of glass doped with CoO were studied at the ratios of 

(50-x)B2O3 : 10SiO2 : 30ZnO : 10Na2O : xCoO, where x = 0.00, 0.01, 0.05, 0.10, 0.15 and 0.20 mol% using 
microwave melting technique. It was found that the glass obtained was transparent, colorless and when the 
concentration of CoO increased, the glass became blue. The density and refractive index values showed an 
increase in the concentration of CoO, while the molar volume values decreased. It was also found that the glass 
obtained had an amorphous structure before and after doping with CoO. Therefore, microwave melting is another 
process that can produce glass easier than melting glass in an electric furnace. It is also small, compact, safe, 
convenient and energy-saving. 
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