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CHAPTER I 

         INTRODUCTION 

 

Glasses and glass-ceramics are considered as advanced functional materials 

exhibiting interesting properties suitable for many applications (Karmakar et al., 2017). 

Because of their applications in many areas such as solid-state batteries, optical 

detectors, optical fibers, and other fields, glasses and glass-ceramics have attracted 

great attention and gained popularity in recent years. Glasses and crystalline materials 

exhibit totally different arrangements of their atoms. In some applications, glasses have 

a number of advantages over crystal products. More importantly, glasses could be 

fabricated in any size and shape. It is well known that borate glasses are the important 

fundamental glass formers because they exhibit relative high field strength, small cation 

size, low heat of fusion and trivalent nature of boron. Among borate glasses, lithium 

borate glasses have gained significant attention of many researchers because they 

exhibit rather good stability at high voltage in addition to their isotropic ion 

conductivity. Thus, lithium borate glasses are considered as potential materials for 

fabricating thin film electrolytes of electrical storage devices, i.e. batteries and 

capacitors  (Ramteke et al., 2014; Pye et al., 1978; Berkemeier et al., 2007; Rao et al., 

1996). 

The development of supercapacitor and battery electrodes is crucial for the 

advances in energy storage technology. Electrode material plays an crucial role in 
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improving the performance of supercapacitors. In addition, electrolyte and many other 

factors influence the precise capacitance of any supercapacitor material. Many different 

types of electrode materials have been explored. It has been demonstrated that carbon-

based materials exhibit a higher capacitance than pseudo capacitor metal oxide-based 

materials when it comes to electrode potential materials (Lokhande et al., 2011; Zhao 

et al., 2013). Manganese oxide compound materials such as Mn2O4, MnO2 and MnO 

were chosen as supercapacitor electrode materials because they are environmentally 

friendly, cheap, have a variety of oxidation states. Moreover, by using these materials 

a high level of specific capacitance for 1400 F/g and 1370 F.g-1 could be obtained (Qi 

et al., 2016; Toupin et al., 2004). Li and Mn elements have piqued interest as potential 

cathode materials for rechargeable Li-ion batteries, owing to their high energy density 

of 1000 Wh.kg-1 and a low price when compared to LiCoO2 (Ozo-emena et al., 2016; 

Yu et al., 2013). Lithium-borate glasses composite materials have recently attracted a 

lot of interest in the field of energy storage (Afyon et al., 2014). It is known that high-

capacity metal oxide electrode materials with crystalline structure are possible. On the 

other hand, crystalline electrode materials have some limitations, including electrode 

swelling and ion penetration through the crystalline lattice. To get avoid such 

limitations, great efforts have been spent for trying to replace crystalline electrode 

materials with amorphous glasses. With glasses, huge possibilities to alter material 

properties, primarily, by modifying bonding angles. For example, changes in the angle 

linking network-forming polyhedral bonding, such as the Si-O-Si bond angle (which 

may vary from 125° to 165°) and the P-O-P bond angle (which can range from 123° to 

180°) in phosphate glass, are connected to the flexibility of the glass structure. The bond 

angle in the boroxol ring in the borate structure will drastically alter in the case of borate 
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glass. Both of these materials have an exceptional ability to shape glass (Stoch, 1999). 

It was shown that the vanadium lithium borate-base glasses (V2O5-LiBO2) exhibit a 

high specific capacity of roughly 400 mAh.g-1, according to the prior studies and 

maintain a high capacity in the 300 mAh.g-1 for 100 cycles. V2O5-LiBO2 glasses are 

being touted as potential cathode materials for Li-ion rechargeable batteries (Afyon et 

al., 2014). 

As above-mentioned, manganese lithium borate glasses are potential candidate 

for advanced electrode materials, thus, this thesis work focuses on synthesis and 

chracterizations of these materials. An electrical furnace with possibility of melt-

quench process was used for preparing manganese lithium borate glass systems. In 

addition to the X-ray diffraction (XRD) technique, X-ray absorption spectroscopy 

(XAS) is employed to investigate the materials. XRD provides the information of long-

range orders and phase formation. The information of local structures of the materials 

is obtained from XAS analyses. Furthermore, the electrical properties the materials 

were also studied by using cyclic voltammetry (CV). 
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CHAPTER II 

LITERATURE REVIEW 

 

2.1 Definition of glass 

Glass is a product of human civilization that dates back thousands of years. 

Glass piques people's curiosity because of its unique features, including as optical 

transparency, structural rigidity, and durability. All these properties make glass 

becoming for advanced technological uses such as laser glass, optical fibers, bio-glass, 

armor glass, solar glass, etc. Some examples of the many objectives and their 

corresponding products showing various uses of glass are shown in Figure 2.1. 

 

 

 

 

 

 

Figure 2.1 Different objectives of use of glass (middle column) and their correspond 

products (right column) (Adapted from Karmakar et al., 2017) 
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 It is critical to understand the connections between various kinds of glasses. As 

shown in Figure 2.2. As shown in this image, glass may be classified into two types 

based on its chemical composition: inorganic and organic glasses. Natural (obsidian or 

pechsteins) and synthetic (manmade or artificial) inorganic glasses are classified 

according to their origin. Natural glasses were discovered in volcanic rocks, while 

synthetic glasses were created by melting raw materials and using manufacturing 

expertise. Again, synthetic glasses may be classified into two types: standard and 

specialized. The glasses that we find around us and use on a daily basis (e.g., windows, 

tumblers, bottles, lights, eyeglasses, and mirrors) are generally referred to as common 

glass. 

 

 

 

 

 

 

 

Figure 2.2 The relationships of different types of glasses (Adapted from Karmakar, 

2017).  

The coordination number is used in both Goldschmidt's radius ratio criteria and 

Zachariasen's random network theory. Bond type is used in Smekal's mixed bonding 

rule and Stanworth's electronegativity rule; bond strength is used in Sun's single bond 

strength criteria; field strength is used in Dietzel's field strength criterion; and 
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topological constraint is used in Phillips' topological constraint. Rawson talks about a 

few of them, which are mainly of historical significance today. We'll focus on 

Zachariasen's hypothesis as well as the last three points. 

 Since the mechanical properties of glasses are identical to those of the 

corresponding crystals, Zachariasen concluded in a classic paper that the atomic forces 

in each would be of the same order. The diffuse nature of the X-ray diffraction spectra 

for glasses revealed that the unit cell of glass is indefinitely large. As a result, glass will 

be made up of a three-dimensional random network. Glass will have a higher intrinsic 

energy than crystal as a direct effect of the randomness. Zachariasen reasoned that the 

gap in internal energy between the two crystals would be negligible. Otherwise, the 

motivating force for crystallization will be necessary. He also indicated that this slight 

energy gap necessitated an inclusive and scalable structure. 

 

 

 

 

 

 

 

Figure 2.3 Atomic structural representation of (a) A2O3 crystal (b) A2O3 glass. 

 The cation polyhedra in ionic crystals typically share corners. This is especially 

valid for cations with a limited radius but a lot of charge. Sharing corners, according to 

Zachariasen, is a primary condition for achieving a transparent and random system. As 
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a result, if the hypothetical compound AO3 will crystallize in two dimensions, the 

atomic structures in the crystal and the glass could resemble those in Figure 2.3. The 

crystalline and glassy types are all made up of AO3 triangles connected at the edges, 

with the glassy shape having disturbance introduced by variations in the A-O-A angles 

(also known as bond angles) and minor changes in the A-0 bond duration. It should also 

be remembered that the triangles or O-A-O angles do not need much deformation. 

2.2 Borate-based glass  

 Borate glasses are also gaining popularity due to their unusual properties. Borate 

glasses have a significant advantage over silica glasses in terms of melting and 

softening temperatures. Pure B2O3 has a glass transition temperature (Tg) of ~260C 

and a melting temperature (Tm) of ~450C, which are significantly lower than Tg 

corresponding temperatures of ~1100C and Tm ~1728C for SiO2. Borates, in their 

pure form, are ineffectual because of their chemical and practical resistance to water 

and their high preference for other compounds. Thus, it is used in conjunction with 

other oxides such as Al2O3 or SiO2 at higher processing temperatures, which improves 

chemical stability at the expense of machining ease of expansion. Due to the lower 

melting point of borosilicate glass compositions for such applications can have less 

functional utility than those for other purposes. for processes like heat treating and 

vacuum subcritical applications are beneficial because they lower the risk of damaging 

the instruments, lasting effects that critical instruments will have at higher temperatures. 
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2.3 Lithium borate glasses electrode materials 

2.3.1 Electrochemical property  

 Vanadium lithium borate glasses for cathode materials in rechargeable 

lithium-ion batteries have been researched by S. Afyon. As a cathode material for 

rechargeable LIBs, a glassy material from the Li2O-B2O3 -V2O5 glass method, which 

will be referred to as V2O5-LiBO2 glass in the following document, has been published. 

At 900C Celsius, a combination of 80% V2O5 and 20%LiBO2 is melted. The glass 

content is created after quenching to room temperature. The cell is discharged with a 

capacity of 327 mAh/g, and again charged with a capacity of 308 mAh/g in the next 

step. In a standard V2O5-LiBO2 glass electrode fabrication, the active material (70 wt%) 

is (20 wt%). The galvanostatic cells made from such electrodes were measured by 

discharging to 1.5 V and then charging to 4.0 V at a rate of 50 mA/g. Figure 2.4 depicts 

the first ten galvanostatic charge/discharge curves of the V2O5-LiBO2 glass.  

 The rate capability of the V2O5-LiBO2 glass is shown in Figure 2.5. 

between 1.5 and 4.0 V. At rates of 50, 100, and 200 mA/g, the capacities of 293, 236 

and 180 mAh/g are delivered, respectively. When the rate is raised to 400 mA/g on the 

35th cycle, the discharge capacity decreases to 125 mAh/g, and then recovers to 260 

mAh/g on the 45th cycle when the rate is 50 mA/g (Afyon et al., 2014). 

 Charging and discharging experiments of synthesized LiMnBO3 (II) at 

a voltage range of 1.5 - 4.5 V are shown in figure 2.6. The voltage range is 1.5 - 4.5 V 

(a). The initial discharge capacity is determined to be 310 mAh.g-1, suggesting that 
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more than one Li atom may be intercalated and de-intercalated per formula unit (f.u) of 

LiMnBO3 (II) (Ragupathi et al., 2017). 

 

Figure 2.4 The first ten charge/discharge curves of the V2O5-LiBO2 glass within a 

potential window of 1.5 - 4.0 V at 50 mA/g rate (Afyon et al., 2014). 

 

Figure 2.5 The ratecapability of the V2O5-LiBO2 glass within 1.5 - 4.0 V at 50, 100, 

200 and 400 mA/g rates at room temperature (Afyon et al., 2014). 
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Figure 2.6 Electrochemical measurements for LiMnBO3 (II) cathode material. a 

Charge– discharge studies. b Cycle life. Insert figure AC impedance spectra of 

LiMnBO3 (II). 

 

 

 

 

 

 

 

 

 

 

Figure 2.7 Cyclic voltammograms of (a) 0.2MnO2-0.8(Li2O-2B2O3), (b) 0.25MnO2-

0.75(Li2O-2B2O3), (c) 0.3MnO2-0.7(Li2O-2B2O3) glass electrodes s at different scan 

rates (Khajornrit et al., 2018). 
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   The CV curves (Figure 2.7) for the 0.20MnO2-0.80(Li2O-2B2O3), 

0.25MnO2-0.75(Li2O-2B2O3), and 0.30MnO2-0.70(Li2O-2B2O3) glass samples at 

difference scan rates from 5 mVs-1 to 200 mVs-1 in 6 M KOH electrolyte. The area of 

CV curve with different scan rate (5, 10, 15 and 20 mVs-1 in 2 M KOH electrolyte) 

were used to calculate the specific capacitance (Khajornrit et al., 2018).  

  The estimated specific capacitances of the xMnO2- (1-x) (Li2O-2B2O3) 

glass sample are increased with increasing Mn content for x =  0. 2, 0. 25, and 0. 3 

samples, respectively, based on the area of the CV curve at a scan rate of 200-5 mVs-1. 

Interestingly, the specific capacitance of the x =  0. 25 and x =  0. 3 samples is about 2 

times greater than the specific capacitance of the x =  0. 2 sample ( Khajornrit et al. , 

2018).  

  The borate-based glasses have been produced and described using the 

VSM method, according to Laorodphan et al. The M-H loops of the glass samples at 

room temperature are shown in Figure 2.8. The magnetization of the 0.5V2O5-0.5(Li2O-

xB2O3) samples with x=1.0 and 2.0 varied linearly with the applied field, indicating that 

they were paramagnetic. Increased B2O3 concentration results in a decrease in 

magnetization (Laorodphan et al., 2016). 

 



 
 

12 
 

 

Figure 2.8 Room temperature magnetization hysteresis loop of 0.5V2O5-0.5(Li2O-

xB2O3) glass samples: (a) x=1, (b) x=2, (c) x=3. (Laorodphan et al., 2018) 

 

2.3.2 Structural property 

 The atomic and molecular structures of the LiMnBO2 polymorphs in 

crystals are shown in Figure 2.9. Mn triangle constructs with planar hexagons on the 

edges (Legagneur et al., 2001). When monoclinic trimeric (having a single chiral 

centre) trigonal di-pyramidal structure is stated, each of the Li and Mn sites is seen as 

having one of the two an upper and lower than the other (Bondareva et al., 1978). 

 After conducting ab initio computations and calculating the monoclinic 

and monidoclinic LiBO3 voltage and energy density with regard to both a charge state 

transition and thermodynamic charge and discharge, we have gained an understanding 
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of the charge and discharge stability of both with respect to the difference in length that 

shown in Table 2.1. 

 

Figure 2.9 Schematic diagrams of the (a) hexagonal and (b) monoclinic LiMnBO3 

structure 

Table 2.1 Computed properties of the LiMnBO3 polymorphs. 

Phase Average 

voltage(V) 

Theoretical Grav. 

Energy Density 

(Wh/L) 

Theoretical Vol. 

Energy Density 

(Wh/L) 

Theoretical 

Capacity 

(mAh/g) 

Hexagonal 4.11 912 2922 222 

Monoclinic 3.70 822 2635 222 

 

 The hexagonal phase is the computationally expected ground state for 

LiMnBO3, but the energy gap between it and the monoclinic phase of 5 meV per atom 

is near to the numerical precision limit for this process and small enough to be readily 

resolved by entropic results (Kim et al., 2011). 
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Figure 2.10 Crystal structures of LiMnBO3: a) skew [001] view of the hexagonal phase, 

b) skew [100] view of the monoclinic phase. 

  The crystal structures of the two LiMnBO3 modifications are seen in 

Figure 2.10. The hexagonal phase's arrangement is made up of MnO5 square pyramids 

that are linked by sharing their equatorial edges (Legagneur et al., 2001). MnO5 

polyhedral chains extend along the c-axis and are linked together by planar BO3 groups. 

Li atoms are in tetrahedral coordination, and the LiO4 tetrahedra shape chains along the 

c-axis that are parallel to those of the square pyramids. MnO5 has a trigonal bipyramidal 

geometry in the monoclinic process (Figure 2.10b), which forms polyhedral chains by 

edge sharing along the direction (Bondareva et al., 1978). The preferred diffusion 

direction of Li ions in both phases has a one-dimensional character parallel to the c-

axis, according to previous theoretical work (Kim et al., 2011). 

  Afyon et al. discovered a lithium-rich compound, Li7Mn(BO3)3, that has 

a first discharge capacity of 280 mAhg-1 with an exchange rate of 3 Li per unit and a 

first discharge capacity of 280 mAhg-1 with an exchange rate of 3 Li per unit. The 
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thermalization of Li2O, MnO and B2O3 in precise stoichiometric quantities resulted in 

the formation of the novel Li-rich compound Li7Mn(BO3)3, which has been discovered. 

There are six separate BO3
3+ ions in the crystal structure of Li7Mn(BO3)3 (Figure 2.11), 

and only one of them is entirely connected to Li+ ions. These ions are 

crystallographically distinct ((B-O) = 1.31 - 1.43 Å). In a tetrahedral manner, all 

additional borate units are linked to two Mn2+ ions ((Mn-O) = 2.01 - 2.08 Å) and ten 

Li+ ions ((Li-O) = 1.87 - 2.21 Å) in a tetrahedral fashion (Afyon et al., 2013). 

 

Figure 2.11 View of the crystal structure of Li7Mn(BO3)3 along [001] corresponding 

to the direction of columns of linked MnO4 tetrahedra pairs (pink) interconnected by 

BO3
3+ ions (B green, O red, Li black). (Afyon et al., 2014) 

  The MnO4-tetrahedra are arranged in columns that extend down the 

crystallographic c-axis (Figure 2.12), and the sole Li atoms are found in the first 

coordination spheres of the tetrahedra. Several BO3
3+ units join two tetrahedra together 

in pairs, while another unit connects the tetrahedra pairs together in the columns. BO3
3+ 
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groups at the ends of the MnO4-tetrahedra provide the fourth oxygen atoms required 

for formation (Afyon et al., 2014). 

 

Figure 2.12 Columns of pairs of MnO4 tetrahedra (pink) interconnected by BO3
3+ ions 

extending along the crystallographic c-axis showing one translational unit (B green, O 

red) (S. Afyon et al., 2013). 

 In comparison to other Mn2+ oxide compounds, Manganese's tetrahedral 

coordination at such a low oxidation state is unique to our knowledge. Typically, MO6 

octahedra or MO5 (M = Fe, Mn, and Co in LiMBO3) polyhedral of trigonal bipyramidal 

or square- pyramidal geometry have been discovered most often.  This tetrahedral 

coordination may aid in the stabilization of the borate manganate framework when it 

reaches higher oxidation states Mnn+ with n > 4 (Afyon et al., 2013). 

 The manganese lithium borate glasses have been studied to application 

for cathode materials.  Figure 2.13 shown the XPS result that confirmed the mixing of 

oxidation state of Mn2+ and Mn3+ in all glasses samples. The binding energy values of 

the glasses of Mn2+ and Mn3+ are ~641 and ~643 eV in the Mn 2p3/2 peak and ~653 eV 

and ~655 eV in the Mn 2p1/2 peak.  The calculated Mn 2p3/2 of Mn2+ (~641 eV) /Mn3+ 
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(~643 eV)  ratio of 0.2MnO2-0.8(LB) , 0.25MnO2-0.75(LB)  and 0.3MnO2-0.7(LB) 

samples are 42.14/24.87%, 54.27/12.23%, 56.4/8.34%, respectively (Khajornrit et al., 

2018).  

 

Figure 2.13 XPS profiles of glass samples: (a) 0.2MnO2-0.8(Li2O-2B2O3), (b) 

0.25MnO2-0.75(Li2O-2B2O3), and (c) 0.30MnO2-0.70(Li2O-2B2O3) (Khajornrit et al., 

2018). 

  Specifically, LiMnBO3 was the subject of Dr. Ragupathi's research. For 

analyzing the LiMnBO3 (II), the spectrum is seen as being a combination of a Li, Mn, 

and O spectrum in Figure 2.14. It can be shown that Figure 2.14(a), which was found 

to be in similar studies to be exactly at 55.14 eV of binding energy (confirmed in the 

studies) (Andersson et al., 2002). The binding energies (Figure 2.14(b)) of carbonyl 
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oxygen and M bonding O pairs, respectively, lead to peaks in the oxygen range at 

532.02 and 529.88 eV. The B1+ oxidation state of boron is shown by the B1s peak in 

Figure 2.14(c), which is 191.24 eV. Mn (2p) spectra are seen in Figure 2.14(d), with 

binding energies of 642.47 and 653.97 eV corresponding to Mn (2p3/2) and Mn (2p1/2) 

energy levels, respectively. 

 

Figure 2.14 XPS spectra of LiMnBO3 (III) materials (a) Li 1s, (b) O 1s, (c) B 1s, and 

(d) Mn 2p (Andersson et al., 2002). 
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CHAPTER III 

MATERIALS AND METHODE 

 

3.1 Glass preparation 

 The preparation of glasses samples was classified into two parts in this study, 

the lithium borate (Li2O-xB2O3) when x = 1, 2, 3, and 4 were firstly syntheses by melt 

quench method. The electric furnace was used for this research, the stoichiometric 

composition of raw materials is Li2CO3, 99.5% and H3BO3, 99.8% as shown in figure 

3.1. The mixed were weight and mixed after that mixed were melted at 1200C in 

platinum crucible and soaking for 2 hours. Then, the melted were quick quenched 

between stainless streel plate. The prepared lithium borate glasses were gridding and 

mixing with manganese dioxide (MnO2, 99.0% as shown in figure 3.2) in agate mortar. 

The mixed powders were melted at 1200C in rate 10C/minute and soaking for 2 

hours, after that the melted was quenched between stainless streel plate at room 

temperature. Finally, the glasses completely prepared and showed in brown color. 
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Figure 3.1 Show the raw materials lithium carbonate (Li2CO3) and boric acid (H3BO3). 
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Figure 3.2 Show the raw materials manganese dioxide (MnO2). 

 

3.2 Characterization techniques 

3.2.1 X-ray diffraction (XRD) 

 The X-ray diffraction analysis (XRD) technique is an important tool for 

analyzing material properties. It is an instrument that uses the X-ray diffraction method 

to analyze material properties. It can be used to determine both the compounds present 

in the sample and the crystal structure of the sample. The size of the unit cell in each 

sample's crystal is different, resulting in an uneven X-ray diffraction pattern. With the 

X-ray diffraction pattern, it was possible to find the relationships between different 
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substances. The procedure is based on the principles of diffraction and X-ray 

interference. When two or more waves pass through the same medium, interference 

becomes a combined wave, which is a combination of two phenomena: coherent and 

interference. Assume the wavelength has a specific phase.  

 When the X-ray is irradiated on the crystal surface, which is made up of 

rows of atoms. The atomic density of each layer of the crystal structure would be 

extremely high. The atomic coating on the surface scatters some of the X-rays. Another 

portion of the X-ray passes through the second layer, where some of it is dispersed, and 

some of it passes through the third layer of atoms, as seen in Figure 3.3. 

 

Figure 3.3 Schematic diagrams of typical X-ray diffraction. 

 According to Bragg's Law, diffraction physics principles are used to 

explain the structure of a crystal when X-rays are incident at various angles of 

incidence, where the distance and wavelength change. The conditions are such that 

Bragg's Law equation is 

    𝑛𝜆 = 2𝑑 𝑠𝑖𝑛 𝜃     (1)

  where θ is the scattering angle, n is a positive integer and λ is the 
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wavelength of the incident wave. Bragg’s law relates the wavelength of electromagnetic 

radiation to the diffraction angle and the lattice spacing in a crystalline sample. 

In this study, Rigaku-smartlab X-ray diffractometer specifications: max 

power 9 kW, X-ray generator Cu anode, Kα1-1,544 A°, Detector 0D 1D 2D at 

Synchrotron light research institute (SLRI), Thailand (as seen in Figure 3.4) was used 

to characterize the nature of amorphous materials.  

 

 

 

 

 

 

 

 

 

 

Figure 3.4. The Rigaku-smartlab X-ray diffractometer. 

3.2.2 X-ray absorption spectroscopy (XAS) 

 X-ray Absorption Spectroscopy (XAS) is an important tool for studying 

atomic local structure and electronic states. X-ray absorption coefficient at the element's 

absorption edge. The oscillating electric field of electromagnetic radiation interacts 

with the electrons bound in an atom when X-rays of intensity I0 are incident on a 

sample, as shown in Figure 3.5. The radiation would either be dispersed or absorbed 

and excited by these electrons. 
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Figure 3.5 Schematic of incident and transmitted X-ray beam. 

  

 The analysis of X-ray absorption of atoms in a sample using a 

synchrotron involves measuring the strength of incident X-rays and X-rays after 

passing through the sample. According to Beer Lambert's law, it is applied to the 

absorption coefficient as the equation (2). 

    𝐼 = 𝐼0𝑒−𝜇(𝐸)𝑥      (2) 

 Where 𝑥  is the thickness of the sample, 𝐼0  is the incident radiation 

intensity, and 𝐼  is the radiation intensity that passes through the sample and 𝜇  is 

transmission coefficient, which depends on the types of atoms.  Since the absorption 

coefficient is dependent on the energy of the X- rays and independent of the thickness 

of the sample, the equation xx to find the X-ray absorption coefficient can be simplified 

by 

    𝜇(𝐸)𝑥 = 𝑙𝑛
𝐼0

𝐼
     (3) 
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 As the energy of the radiation increases, the absorption coefficient 

usually decreases.  The graph of the relationship with energy has a sudden steep edge 

called the absorption edge since there is a sufficient energy value that allows the sample 

to absorb a significant amount of radiation. As shown in Figure 3.6, the absorption edge 

has a variety of values that are dependent on the electron energy level. 

 

Figure 3.6 The energy absorption edge depends on the electron energy level. 

 Absorption increases significantly at such energies, resulting in an 

absorption edge. When the incident photons have enough energy to excite the core 

electrons of the atoms that have been absorbed into a continuous state, each of these 

edges occurs. As a consequence, the electron binding energies in the absorbing 

elements' K, L, M, and other shells correspond to the absorbed radiation energies at 

these edges.  

 According to the mechanism of occurrence, the X-ray absorption 

spectrum is divided into two segments. The first section is known as X-ray absorption 

near-edge structure (XANES), which is a spectral range between 50 eV and the 

absorption edge. The extended X-ray absorption fine structure (EXAFS) is a part of the 

 



 
 

26 
 

spectra with energy between 50 and 1000 eV above the energy absorption edge shown 

in Figure 3.7. 

 

Figure 3.7 Theoretical and algorithm for XANES and EXAFS spectra. 

By comparing the sample spectra to the regular material spectra, the XANES 

spectra can be used to measure the oxidation state, phase, and structure of a sample. 

This is known as the fingerprint process, and it is based on four distinct XANES 

spectrum characteristics.  The absorption edge is the first component of the XANES 

continuum. It is determined by the sample atom's oxidation state. As the oxidation state 

is changed from 2+  to 3+ , the absorption edge usually increases by 3 eV.  As a result, 

XANES can be used to determine each oxide's oxidation state. Therefore, XANES can 

be used to determine each oxide's oxidation state.  The pre-edge, or second element, is 

a small peak that appears before the absorption edge.  If the atoms are in a less 

symmetrical structure, such as tetrahedral sites, the peak height is very high, and if the 

atoms are in a very symmetrical structure, the peak height is very low.  

 The spectral spire, also known as the white line, and the area after the 

spire, which is induced by multiple scattering, are two other distinct features of the  
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XANES spectrum. As a consequence, as shown in Figure 3.8, XANES can be 

used to distinguish the various oxide phases. 

 

 

 

 

 

 

 

 

Figure 3.8 The XANES spectrum of manganese k-edge. 

 Photoelectron scattering from the surrounding atoms creates a 

complementary and offset interference pattern in the EXAFS spectrum.  By fitting the 

spectrum before and after the absorption edge, it can be used to determine the form and 

location of the absorbing atoms' surrounding atoms.  Then, to normalize the spectrum, 

remove the history.  The spectra behind the absorption edge are pulsed around an 

absorbance value of 1, and the pre-edge absorption is zero. The function 𝑥(𝐸) is called 

the EXAFS function and is defined as 

    𝑥(𝐸) =
𝜇(𝐸)− 𝜇0(𝐸)

∆𝜇0(𝐸)
    (4) 

 Where 𝜇(𝐸) is the X-ray absorption coefficient while no other atoms are 

present, and  ∆𝜇0(𝐸) is the height determined from the pre- absorption edge to the 

absorption's posterior edge, which is referred to as edge jump. 
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 Since EXAFS signals are made up of several photon waves, the EXAFS 

mechanism is more likely to be based on wave number than on energy. As a result, the 

next process is to convert it to k-space, in which wave numbers are relative to energy. 

    𝑘 = √
2𝑚(𝐸−𝐸0)

ħ
    (5) 

 Where 𝐸0 is the energy at the absorption edge, and 𝑚 is the electron 

mass. When converting an EXAFS signal to k-space format, a wavenumber-dependent 

feature is used. Since the EXAFS signal is low and the region of K is large, it is usually 

weighted K2 or K3, as shown in Figure 3.9(b). The final phase is the Fourier transform, 

as shown in Figure 3.9(a). 

 

Figure 3.9 The EXAFS fitting result (a) Fourier transform, and (b) k-space. 

  

 The theory behind analyzing the type and distance of neighboring atoms 

around absorbing atoms is that each neighbor atom has its own continuum, and z is the 

sum of all spectrums, which is written as: The EXAFS formula 
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𝝌(𝑘) =  𝑆0
2 ∑

𝑁𝑗|𝑓𝑗(𝑘)|

𝑘|𝑅𝑗
2|

𝑗 𝑒−2𝑘2𝜎𝑗
2

. 𝑒−2𝑅𝑗/𝜆𝑗(𝑘). 𝑠𝑖𝑛[2𝑘𝑅𝑗 + 𝜙𝑗(𝑘)]  (6) 

 Where 𝑁𝑗 is the number of surrounding atoms at a distance 𝑅𝑗 from the 

absorbing atom evenly, |𝑓𝑗(𝑘)| is the atomic scattering amplitude, 𝑆0
2 is the amplitude 

reduction term,  𝜙𝑗(𝑘) is the phase function.  𝜎𝑗
2 is the standard deviation of the 𝑅𝑗 

phase and  𝜆𝑗(𝑘) is the average distance of the moving electrons before they collide 

with other atoms. 

 Since EXAFS is a sine wave of several frequencies, each frequency 

corresponds to an atom in the absorption atom's area. As a result, as seen in the equation, 

the fourier transform may be used to analyze the type and distance.  

 The beamline5.2 X-ray absorption spectroscopy form synchrotron light 

research institute (Thailand) was applied for indication the oxidation state of addition 

element in glasses samples. The beamline 5.2: XAS is a flagship beamline at SLRI, 

Thailand. Which is constructed under the SUT-NANOTEC-SLRI joint research facility 

project. The setup of the present beamline 5.2 SUT-NANOTEC-SLRI was shown in 

Figure 3.10. The technical information of this beamline was shown in Table 3.1.   
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X-ray source Synchrotron: bending magnet 

Energy range 1240 - 12100 eV 

Beam size at the 

sample 

13 mm (width) x 1 mm (height) for transmission mode 

20 mm (width) x 1 mm (height) for fluorescence mode 

 

Flux 108 - 1010 photon/s/100 mA 

Energy resolution 2 x 10-4/light energy 

Experiment setup Transmission mode with ion chamber 

Fluorescence mode with 4-element silicon detector 

Crystal type KTP (001): 2d spacing (⇒) = 10.955 

Figure 3.10 Shown setup of beamline 5.2 SUT-NANOTEC-SLRI, Thailand. 

 
Table 3.1. The technical information of SUT-NANOTEC-SLRI beamline. 
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The synchrotron-based is an advance technique for study advance materials 

which includes four importance part namely electron gun, linear accelerator, booster 

ring and storage ring. The synchrotron light was produced by accelerating electron up 

to near light speed. Then, using magnetic force field to enforce the light to curve for 

emit photon energy. The electron gun, linear accelerator, booster ring and storage ring 

was shown in Figure 3.11.  

 

 

 

 

 

 

 

 

 

 

 

 

 

: energy range = 1250 - 4780 eV 

InSb (111): 2d spacing (⇒) = 7.481 

: energy range = 1830 - 7000 eV 

Ge (220): 2d spacing (⇒) = 7.481 

: energy range = 3440 – 12100 eV 

a) 
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c) 
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d) 

 

 

 

 

 

 

 

Figure 3.11 Synchrotron experimental hall at the Light Research Institute. 

 

 3.2.3 Vibrating sample magnetometer (VSM) 

 The vibration sample magnetometer ( VSM)  is a device that measures the 

magnetic properties of a material using Faraday's Law's magnetic induction theory. The 

magnetic properties of the sample are calculated by vibrating it in a region with a 

constant magnetic field. In VSM, a sample magnetized by a homogenous magnetic field 

is vibrated at a small and fixed amplitude with respect to stationary pick-up coils 

(Figure 3.12). The resulting field change ∂B(t) at a point r inside the detection coils 

induces voltage and is given by 

(7) 

 

 

𝑉(𝑡) =  න
∂B(t)

∂t

⬚

𝐴𝑛

∙ 𝑑𝐴 
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where A is the area vector of a single turn of the coil and the summing 

is done over n turns of the coils. B(t) is given by the dipolar approximation, assuming 

small dimensions of the magnetized sample in comparison to its distance from the 

detection coils8 

(8) 

 

and 

 

(9) 

 

Where 𝐚(𝑡) being the position of the dipole and {𝑩(𝑟)}𝑖, 𝑖 = 1, 2, 3, the 

𝑖th component of B at r due to dipole m. 𝑉(𝑡) can be detected to a high resolution and 

accuracy by means of suitable associated electronics. For stationary pick-up coils and 

a uniform and stable external field, the only effect measured by the coils is that due to 

the motion of the sample. The voltage 𝑉(𝑡) is thus a measure of the magnetic moment 

of the sample. In this experiment, the vibrating sample magnetometer (VersaLab™ - 3 

Tesla, Cryogen-free, Quantum Design, Inc., USA) was used (Khon kaen university).  

 

 

 

 

 

𝐁(r) =
𝜇0

4𝜋
(

𝑚

𝑟3
−

3(𝑚 ∙ 𝑟)𝑟

𝑟3
) 

∂𝐁𝑖(𝑡)

∂t
=

∂𝐚(𝑡)

∂t
∙ ∇𝑟{𝑩(𝑟)}𝑖 
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Figure 3.12 Schematic diagrams of vibration sample magnetometer. 

3.2.4 UV visible spectrometer (UV-vis) 

 UV / VIS Spectrophotometer It is an instrument used to measure the 

amount of light and intensity in the UV range and the white light that penetrates or is 

absorbed by the sample placed in the instrument. The wavelength is related to the 

amount and type of substance in the sample, mostly organic material. Complex 

compounds and inorganic compounds capable of absorbing light at these wavelengths. 

 When a sample molecule is irradiated with optimum UV or white light, 

the electrons inside the atom are absorbed and transform into a higher energy level. The 

amounts of light that passes through or is reflected from a sample is calculated toward 

light of various wavelengths from a source.  According to Beer- Lambert's law, the 

absorbance of a substance is proportional to the number of molecules being absorbed, 

that shown in equation xx. Therefore, this technique can be used to determine the type 

and number of substances present in a sample. 

   𝐴 = 𝜀𝑐𝑙 = 𝑙𝑛
𝐼0

𝐼
    (10) 
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 Where A is an absorbance, 𝜀 𝑖𝑠 absorptivity, 𝑐 is molar concentrate of 

solute, 𝑙  is pathlength, 𝐼0 is intensity of light incident upon sample cell and 𝐼 is 

intensity of light leaving sample cell.  

 The Perkin Elmer Lambda 950 UV- Vis- NIR, double beam, double 

monochromator spectrophotometer was used in this study. The UV area is illuminated 

by a deuterium light, while the Vis/ NIR region is illuminated by a tungsten lamp.  An 

optical design is shown in Figure 3. 13.  It's important to note that reflectance includes 

both specular and diffuse elements.  The characteristic reflectance measurements It is 

installed in the reflecting sample holder, set to face the beam at an angle of 8° to our 

own line of sight (quasi-parallel). 
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Figure 3.13 Schematic diagrams of typical UV-visible spectrometer. 

 

3.2.5 Scanning electron microscopy (SEM) 

 Scanning Electron Microscopy is a type of electron microscope that 

takes pictures of a target by scanning. The sample surface with a high-energy beam of 

electrons is emitted by the Electron gun when the electron hits the surface. It can release 

signals, can process and provide information about the surface of an object, surface 

elements and other properties. 

 The principle of SEM is shown in Figure 3.14. The topmost is the 

electron gun. The electrons from the source are accelerated downward along with the 

column, which is vacuumed. Accelerating potential in the range of 0-50 kV with 

direction of motion is controlled by an electromagnetic lens. In general, the 

electromagnetic lens has two or more sets. The number of electrons is regulated by the 

aperture. 

 The condenser lens, the first is electromagnetic lens, it is the most 

critical instrument for monitoring electron optics. Since it compressed the electrons 

down from the source through a smaller cross-sectional area electron beam. The second 
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set of electromagnetic lenses is the object lens. This is the final set of lenses that direct 

the electron beam on to sample's surface in combination with the scan coil. The sample's 

surface field, or the area hit by the electron beam, can generate several types of signals 

concurrently. A detector detects the signal, which is then converted into a picture shown 

on the monitor. An example of the resulting signal is Secondary Electrons. This signal 

provides information about the surface condition of the sample. This is the signal that 

is most used to create images. The image obtained from this type of signal is called 

Secondary Electron Image. For examples, Secondary Electrons (SE) are one kind of 

resulting signal. This signal indicates the state of the sample's surface. This is the most 

often used signal for picture generation. Secondary Electron Image (SEI) refers to the 

image generated by this type of signal. Moreover, Back Scattering Electrons (BSE) are 

signals that indicate the chemical structure of the sample surface. Along with these 

signals, there are those such as X-ray, electromagnetic waves, Auger electrons, and 

others that each have unique knowledge regarding the sample. In this experiment, 

scanning electron microscopy (FEI, QUANTA450) was used (at synchrotron light 

research institute, SLRI). 
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Figure 3.14 Schematic diagrams of typical scanning electron microscopy. 

3.2.6 Energy dispersive X-ray spectroscopy (EDS) 

The determination of elemental composition of a sample using a 

scanning electron microscope involves energy dispersive X-ray spectroscopy. Elements 

with an atomic number greater than boron can be discovered with EDX at 

concentrations of at least 0.1 percent. EDX is used for a variety of purposes, including 

material identification and assessment, quality control monitoring, and contaminant 

detection. The initial beam of electron interacting with the nucleus of the sample atom 

produces an X-ray. The electron in the nucleus of an atom will be excited by a primary 

electron beam, generating an electron hole by ejecting it from the nucleus. An electron 

from higher energy shell of the atom will replace the electron hole and release the 

energy. The emitted X-ray consists of X-ray continuum and characteristic X-ray as 

shown in figure 3.15. 
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Figure 3.15. Schematic representation of the types of X-ray spectrum emitted upon 

bombardment of fast electron. 

3.2.7 Electrochemical measurement  

The electrochemical properties of all the glasses were studied in 6M 

KOH electrolyte by potentiostat/galvanostat (METROHM AUTOLAB, PGSTAT302N 

30V/200mA) connected with a three-electrode configuration, which consist of platinum 

(Pt) wire, Ag/AgCl and the prepared glass samples as counter, reference and active 

electrode (as seen in Figure 3.16). Moreover, NOVA software is used to control the 

accessories and analyze the data. For the electrode preparations, the electrodes were 

prepared by mixing of the glass samples with polyvinylidenefluoride (PVDF) and 

carbon black in the ratio 80:10:10. The mixture were mixed with the N-methyl-2-

pyrrolidinone. The slurry was then pasted on a nickel foam substrate (area ~1 cm2). The 

cyclic voltammogram (CV) was tested in a voltage window between -1.2 V and 0.5 V. 

Additional, the specific capacitance can be calculated by using below equation. 
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                             𝐶𝑐𝑣 =
1

𝑣𝑚∆𝑉
∫ 𝐼𝑑𝑉                                         (11) 

Where 𝑣 is the scan rate (mV s-1), 𝑚 is the mass of active materials(g), 

∆𝑉 is the potential window(V) and 𝐼 is the response current(A). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.16 Show Metrohm autolab equipment at beamline 2, SLRI. 
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CHAPTER IV 

RESULT AND DISCUSSION 

 

This chapter present the experimental results and discussion, which is divided 

into two parts. The first section contains the results of the melt quench process used to 

prepare the glass samples.  The second is the results from the characterizations of the 

glass samples using a variety of techniques, including XAS, SEM, UV- VIS, VSM, 

XPS, and XRD, as well as comparing various properties. It is noted that, in each set of 

the glass sample, only boron content was varied. 

4.1 Glass preparation 

The preparation of the glasses samples was divided into two stages; first, the 

lithium borate was prepared using the melt-quench process. This study used an electric 

furnace, and the stoichiometric composition of raw materials was determined by weight 

and mixing. The mixture was melted at 1200C in a platinum crucible and soaked for 

2 hours. The molten material was then quickly quenched between two stainless steel   

plates. The prepared lithium borate glass is shown in Figure 4.1. 

The prepared lithium borate glasses were ground and mixed with manganese 

dioxide. The mixed powders were melted at 1200°C at a rate of 10°C/minute and 

soaked for 2 hours before being quenched at room temperature between stainless steel 

plates as shown in figure 4.2. Finally, the clear glasses were fully prepared and revealed 

a brown color as seen in Figure 4.3. 
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Figure 4.1 The prepared lithium borate glass by melt-quench technique. 

 

 

 

 

 

 

 

 

 

 

Figure 4.2 The quenching process on glasses preparation. 
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Figure 4.3 The prepared manganese lithium borate glass by melt-quench technique. 
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4.2 X-ray diffraction spectroscopy results 

 The XRD technique is considered to verify each sample's amorphous process. 

The samples glasses powder was analyzed, and the diffract- grams were set to operate 

in a step of 0. 05 over a two- theta range of 10  to 90.  As shown in Figure 4. 4, the 

XRD patterns of all glass are wide with no definable sharp peak. The broad band peak 

indicates the samples amorphous process.  Additionally, the rise in peak intensity 

confirms the increase in glassy condition with enhanced boron material. 

 

 

 

 

 

 

Figure 4.4 X-ray diffraction of 0.2MnO2-0.8(1Li2O-xB2O3) where x = 1, 2, 3 and 4 

(mol%) glass samples. 

4.3 Scanning electron microscopy results 

 The SEM-EDS are used to determine the composition of the samples. In glasses 

samples, the EDS spectra identified manganese, boron, and oxygen concentrations. 

Elemental composition and elemental distribution are shown in Figure 4. 5 and Table 

4. 1, respectively.  Although no trace components of lithium were discovered, this 
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technique is incapable of detecting low- energy elements such as lithium.  As can be 

seen in Figure 4. 6, in regions selected in the research, color dots shown on the EDS 

maps are in accordance with the amounts of elements. As the boron level in the system 

grows, the amount of boron dot increases, further verifying the variance in the boron 

content in glass systems.  Oxide- based glass samples have a high oxygen content, 

suggesting that shows the samples include oxides. 

 

Figure 4.5 EDS mapping of 0.2MnO2-0.8(1Li2O-1B2O3) samples. 
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Figure 4.6 SEM image of 0.2MnO2-0.8(1Li2O-1B2O3) samples, (a) samples, (b) boron 

distribution, (c) manganese distribution and (d) oxygen distribution 

(c) 

(d) 
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Table 4.1 The percentage content of the glass sample with different compositions. 

 

 

 

 

 

 

4.4 X-ray absorption spectroscopy results 

Normalized XANES spectra at the Mn k-edge of all samples are shown in 

Figure 4.7.  The XANES spectra were compared with those of the standard samples 

i.e., MnO (Mn2+), Mn2O3 (Mn3+) and MnO2 (Mn+4). The adsorption edge at the Mn k-

edge reported to be positioned between the adsorption edges of MnO and Mn2O3 

standards samples. This oxidation state of Mn2+ and Mn3+ in all glass samples is 

indicated. To better understand of the condition in which the Mn atom exists in glasses, 

EXAFS data is processed and fitted in the method shown in Figure 4.8 (a-d). The major 

peak at 1.70 Å (without phase shift adjustment, approximately 0.3 Å could be added) 

corresponds to the Mn-O bonding distance, and this peak was also used for fitting the 

first shell model. The bonding distance between Mn and O has been determined to be 

between 2.033 and 2.077 Å at Mn k-edge. The increase in boron content, or in other 

terms, the decrease in manganese concentration in the glass system, leads to an increase 

in the mean amount of oxygen atoms surrounding Mn ions. The important factors for 

Samples Element 

Boron (%) Manganese (%) Oxygen (%) 

0.2MnO2-0.8(1Li2O-1B2O3) 13.8 17.0 69.2 

0.2MnO2-0.8(1Li2O- 2B2O3) 20.7 9.4 69.9 

0.2MnO2-0.8(1Li2O- 3B2O3) 27.7 2.0 70.3 

0.2MnO2-0.8(1Li2O- 4B2O3) 50.4 0.1 49.5 
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EXAFS fitting procedure are amplitude reduction (S0
2), model coordination number 

(N), Debye-Waller factors (σ2), edge energy (E0), Shift of bonding distance between 

atom (∆R) and interatomic distances (R), as seen in Table 4.2 

 

Figure 4.7 XANES spectra of Mn k-edge of 0.2MnO2-0.8(1Li2O- xB2O3) where x = 1, 

2, 3, and 4 (mol%) glass samples and standard samples. 

Table 4.2. EXAFS fitting parameter of 0.2MnO2-0.8(1Li2O-xB2O3) where x = 1, 2, 3 

and 4 (mol%) glass samples. 

 

 

Samples Paths S0
2 N σ2 E0 ∆R(Å) R(Å) 

0.20Mn-0.80(Li2O-1B2O3) Mn-O 2.477 1 0.0078 -2.391 -0.0505 2.0495 

0.20Mn-0.80(Li2O-2B2O3) Mn-O 2.782 1 0.0059 -5.318 -0.0589 2.0410 

0.20Mn-0.80(Li2O-3B2O3) Mn-O 2.782 1 0.0079 -7.454 -0.0665 2.0335 

0.20Mn-0.80(Li2O-4B2O3) Mn-O 3.057 1 0.0077 -6.168 -0.0227 2.0773 
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Figure 4.8 Fourier transform plot at Mn k-edge from experiment (dot line) and fitting 

(solid line) of 0.2MnO2-0.8(1Li2O-xB2O3) where x = 1, 2, 3, and 4 (mol%) glass 

samples. 
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4.5 UV-VIS spectrophotometer results  

 Optical absorption is determined by examining the spectra of glass samples at 

room temperature in the wavelength range 200- 800 nm, as shown in Figure 4. 9.  The 

features of the spectra are characterized by comparable patterns.  All the samples 

absorbed at the same rates, beginning between 200 and 280 nm and ending between 

400 and 550 nm. According to the study on the charge transfer of Mn3O4, the O2-→Mn2+ 

and O2-→Mn3+ charge transfer transitions occur around 261 and 332 nm, respectively. 

(Bose et al. , 2015; Raj et al. , 2010; Macstre et al. , 2001) , d-d transition on octahedral 

Mn3+  type at 43 nm ( Baldi et al. , 1998; Valigi et al. , 2015) .  Additionally, the energy 

band gap of each glass sample using equation ( 1)  was calculated ( Abdelghany et al. , 

2015).  

                                            𝛼ℎ𝑣 = 𝐴(ℎ𝑣 − 𝐸𝑔)
2                          

  (12) 

 where 𝛼 is the absorption coefficient, ℎ𝑣 is the incident photon energy, 𝐴 is a 

constant and 𝐸𝑔 is the optical band gap energy. The band gap was determined by 

extrapolating the linear portion of the Tauc plot of (αh)2 vs (h) as shown in Figure 

4.10 (a-d). For x = 1, 2, 3, and 4, the energy band gap of all samples is 3.21, 3.41, 3.61, 

and 3.63 eV respectively. The energy gap differences are significantly increased with 

increased boron content in the glass samples. N. Laorodphan energy band gap 

experiments of vanadate-borate-based glasses found that the band gap decreased as the 

boron content increased, while the current analysis of manganate-borate-based glasses 

indicated that the band gap increased as the boron content increased. The influence of 
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manganese ions with combined manganese oxidation states of Mn2+/Mn3+ could 

explain the differences in energy band gab trends (Laorodphan et al., 2016). The 

production of non-bridging oxygens can result in a change in the energy of the band 

gap. The structural change in the difference cite caused by cation occupancy is 

proportional to the change in band gap energy (Kaur et al., 2014). 

 

Figure 4.9. Optical absorbance spectra of 0.2MnO2-0.8(1Li2O-xB2O3) glasses 

samples: where x = 1, 2, 3 and 4 (mol%). 
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Figure 4.10. Plot of (αh𝜈)1/2 as function of photon energy (h𝜈) of 0.2MnO2-0.8(1Li2O-

xB2O3) glass samples: where (a) x = 1, (b) x = 2, (c) x = 3and (d) x = 4 (mol%).  
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4.6 Vibration sample magnetometer results 

 A representation of the magnetization characteristic of manganese- lithium 

borate glass samples is shown in Figure 4. 11.  At room temperature, the glass samples 

exhibited paramagnetic activity, which is consistent with previous studies on Mn-doped 

glass ZnO (Phan et al., 2011). The maximum magnetism at 10,000 Oe is 0.256 emu/g 

for x =  1 sample.  Moreover, as the boron content in glasses samples increases, the 

magnetization decreases due to the diamagnetic behavior of borate- based glass. 

(Laorodphan et al., 2016). These effects are a consequence of the growing glassy phase, 

as shown by the XRD findings.  The purpose of this investigation is to determine the 

impact of boron concentration on the magnetic characteristics of glasses.  Because of 

the increase in boron concentration, a noticeable reduction in paramagnetic was 

detected, suggesting an increase in specific capacitance of the glasses that had been 

produced.  The magnetism and electrochemical properties of these glasses suggest that 

they may be used as cathodes in energy storage applications, such as battery or 

supercapacitor cathodes. 
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Figure 4.11. Magnetization hysteresis loop of 0.2MnO2-0.8(1Li2O-xB2O3) where x = 

1, 2, 3, 4 (mol%) samples measured at room temperature 

4.7     Cyclic voltammetry results 

 The CV curves of glass samples are shown in figure 4.12, in which the pseudo 

capacitive activity of charge and discharge peak were observed at potentials of 0.40-

0.45 V and 0.02-0.18 V, respectively. That indicates the redox states which are 

electrochemically reversible during the reaction. The specific capacitance was 

calculated using the area of a CV curve with a variable scan rate. The following 

equation may be used to determine the relationship between specific capacitance and 

resistance: 

𝐶𝑐𝑣 =
1

𝑣𝑚∆𝑉
∫ 𝐼𝑑𝑉           (13) 
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  where 𝑣 is the scan rate (mV s-1), 𝑚 is the mass of active materials(g), 

∆𝑉 is the potential window(V) and 𝐼 is the response current(A) (Khanjonrit et al., 

2018; Yan et al., 2012).  

 The area of the CV curve at different scan rates was used to determine the 

specific capacitance of the glass electrode materials, as shown in Figure 9 ( e) .  The 

specific capacitance of 0.2MnO2-0.8(1Li2O-xB2O3) increased from 144 F g-1 (x = 1) to 

196 F/g (x =  3)  and then decreased as boron content increased, 121.54 Fg-1, (x =  4) 

indicating that boron content has an impact on glass sample specific capacitance. 

Furthermore, the highest specific capacitance has been identified, which is significantly 

higher than the previous manganese lithium borate glass (187.05 Fg-1)  (Khanjonrit et 

al. , 2018) .  However, when the scan rate increases, the specific capacitance values of 

the glass electrode decrease since the electrolyte ion may not have enough time to 

disperse deep through the pores of the materials (Mondal et al., 2016). This pattern can 

be seen in all structures.  The higher redox reaction of Mn oxidation state has a high 

specific capacitance, as can be seen. However, because of the low scan rate, electrolyte 

ions may have enough time to reach the electrode surface pores, resulting in better ion 

transfer (Gupta et al., 2015). 

 

 

 

 

 

 



 
 

60 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

61 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

62 
 

 

 

 

 

 

 

 

 

Figure 4.12. Cycle voltammograms of (a) 0.2MnO2-0.8(1Li2O-1B2O3), (b) 0.2MnO2- 

0.8(1Li2O-2B2O3), (c) 0.2MnO2-0.8(1Li2O-3B2O3) and (d) 0.2MnO2-0.8(1Li2O- 

4B2O3) glasses electrode at different scan rate (d) plot of specific capacitance versus 

scan rate. 
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CHAPTER V 

CONCLUSION AND REMARKS 

 

This thesis focused on the process of synthesizing manganese lithium 

borate glass and also on the structure characterized by using synchrotron based XAS. 

The process of glass synthesis was separated into two parts. First, the lithium borate 

glasses were successfully prepared with smoothly surface in transparency without 

color. After that, the manganese lithium borate glasses were successfully prepared with 

smoothly surface in transparency brown color (The 0.2Mn-0.8(1Li2O-1B2O3), 0.2Mn-

0.8(1Li2O-2B2O3), 0.2Mn-0.8(1Li2O-3B2O3) and 0.2Mn-0.8(1Li2O-4B2O3)) by using 

the typical melt-quench method.  

The X-ray absorption spectroscopy (XAS) was used to study structure 

information and oxidation state of an interesting element. The SUT-NANOTECH-

SLRI beamline was used to collect the data as mentioned previously. According to the 

XANES results, Mn in glass samples has a mixed oxidation state of Mn2+  and Mn3+. 

The bonding distance in the range of 2. 033- 2. 077 Å was determined by fitting the 

EXAFS spectra.  

To the best of my knowledge, the oxidation state of an interesting 

element can be verified by the optical absorption properties. The glasses sample exhibit 

charge transfer of Mn2+  and Mn3+  occurring at 200- 280 nm and 400- 550 nm, 

respectively. The band gap energy can also be calculated and shown to increase in glass 

samples due to the increasing of boron content.  The magnetic behavior of the glasses 
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sample was paramagnetic, with the 0. 2MnO2- 0. 8( 1Li2O- 1B2O3)  sample having the 

maximum magnetism at 10,000 Oe of 0. 256 emug-1.  As a result, manganese lithium 

borate glass is a promising energy storage electrode material for applications such as 

supercapacitors and lithium batteries.  

Furthermore, the mixing of oxidation state of Mn2+  and Mn3+  was interesting. 

More importantly, manganese oxide composed various oxidation states during the 

electrochemical cycling with the aqueous electrolyte system. The large capacitance 

(274 F g-1) exhibit when the higher of Mn2+ on Mn2+/Mn3+ ratio. The large voltage 

window was around 2.0 V when combining with commercial activated carbon (the 

lithium fluorophosphate commercial coin cell battery exhibit around 1.8 V of voltage 

window) and high energy density. The cycle stability could keep about 92 % after 

10,000 cycle tests. The process of controlling different Mn2+/Mn3+ ratio as through 

over-reduction (OR). 

For further investigations, the experimental to control the Mn2+/ Mn3+  ratio in 

lithium borate glasses shall be designed, and thus the effect of Mn2+/Mn3+  ratio on the 

electrochemical properties shall be studied. 
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Effect of borate glass network to electrochemical 

properties: Mn(II)-doped-lithium borate glasses 
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Abstract 

 A development of manganese-lithium borate glasses for applications as 

supercapacitors was studied. The glasses were successfully prepared by melt quench 

technique and characterized by x-ray diffraction (XRD), scanning electron microscopy 

(SEM), and uv-visible spectroscopy (UV-VIS). The electrochemical property was 

studied by cyclic voltammetry and galvanostatic charge-discharge. Moreover, the 

advanced synchrotron-based x-ray absorption spectroscopy (XAS) was used to study a 

local structure and oxidation state of Mn content in the glasses.  From the 

electrochemical properties of the electrode materials exhibited pseudo capacitive 

behavior with redox reaction of Mn2+ and Mn3+. The highest specific capacitance is 

197.5 F g-1 for a cyclic voltammetry. The effect of Mn content can enhance the 

electrochemical performance.  
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