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Glasses of system barium-borate-bagasse-cassava rhizome-WO3 are developed for 

gamma ray shielding materials. This glass system was prepared by a conventional melt-

quenching technique. The density of all glass samples was studied using the principle 

of Archimedes, then their molar volume was calculated. The homogeneity and 

amorphous nature of this glass system were examined using X-ray mapping and X-ray 

diffraction techniques, respectively. In addition, the ultrasonic velocities were 

measured using the ultrasonic contact technique and then their elastic moduli were 

calculated. The results obtained were compared with theoretical values through the 

Makishima-Mackenzie model and Abd El-Moneim-Alfifi approaches. FTIR spectra 

were also recorded to support the result of ultrasonic velocities. The microhardness of 

this glass system was tested and compared with standard radiation shielding lead glass. 

The mass attenuation coefficient was studied using a broad-beam transmission 

technique at 60, 122 and 662 keV photon energies. The data obtained was used to 

calculate the half value layers and mean free paths. These results were compared with 

the values computed by WinXCom program. The results of physical, structural, elastic 

and radiation shielding properties are related to modifications in the glass structure. 

There were significant changes in the number of non-bridging oxygen in the glass 

network due to the addition of WO3. Radiation shielding properties also depend on 

photon energies. The elastic property calculation using the Makishima-Mackenzie 
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model gave some elastic moduli similar to that obtained from the experiment, but the 

Abd El-Moneim-Alfifi approach provided inconsistent results. 
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CHAPTER 1   

INTRODUCTION  

 

1.1 Importance and source of research 

 The growth of the world's population and economic development in many areas 

has led to the need for enhanced agricultural production of both food and non-food 

products. The Food and Agricultural Organization of the United Nations (FAO) 

predicts that global food production will need to increase by more than 63% by 2050 

compared to that in the 2005/2007 period. Of course, this increase in food production 

requires more agricultural crops. After food production, large quantities of agricultural 

waste are left and need to be well managed. If not, it can cause a serious issue to both 

public health and the environment worldwide [1]. In many agricultural countries like 

Thailand, there are many kinds of agricultural waste such as bagasse, cassava rhizome, 

corn cob, rice husk and others. Especially a large quantities of bagasse are left after the 

sugar production process from sugarcane. This bagasse is burned to generate electricity 

in the waste power plant, leaving significant amounts of bagasse ashes. These bagasse 

ashes are normally dumped in landfills as fertilizer for plants [2]. The leftover part of 

cassava after cassava starch production like Cassava rhizome also cannot be utilized for 

human or animal consumption. Due to the cassava rhizome are hard and do not have 

beneficial element. Therefore, it is often burned in the open air, causing air pollution. 

The smoke from burning will contain very small dust particles, i.e. PM2.5, which can be 

harmful to human health as well as the environment [3,4]. Many researchers have 

realized the problems from traditional waste management and searched for new ways 

to create benefits from waste products. S.R. Teixeira et al. recycled bagasse ashes along 

with limestone and fluxing agent to produce a glass-ceramic material [5]. G. N. K. 

Reddy et al. partially replaced the cement in concrete with bagasse [6]. A. L. M. P. 

Leite et al. utilized the nanofibers from cassava root as reinforcement material in the 

development of biodegradable films [7]. N. Tippayawong et al. proposed the use of 

cassava rhizome as an alternative biomass fuel for power generation [8]. A large 

amount of this material is also interesting for use in alternative applications. Therefore, 
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these waste materials were analyzed in this study using the EDS technique, which found 

that the main components of bagasse and cassava rhizome were SiO2 and CaO, 

respectively. Accordingly, these waste products could be used as raw materials for glass 

production. In general, SiO2 is acts as a glass network former and the CaO is network 

modifier in glass fabrication. 

 At present, the use of radiation and techniques in nuclear, medical, industrial, 

agricultural, energy, as well as other science and technology have brought many 

benefits to society. On the other hand, radiation can harm humans as well, if not strictly 

careful. Human received high dose of radiation may be die. We should consider is 

preventing danger from radiation sources outside the body, including the shortest 

working time, keep the distance from the source of radiation as much as possible and 

should provide radiation shielding materials to suit the properties of each type of 

radiation [9-10]. Gamma rays are high energy electromagnetic waves. Therefore, 

gamma radiation protection requires high density materials such as thick concrete or 

lead walls, depending on the energy of radiation [11]. Due to concrete has several 

limitations, many researchers have developed a glass material to be used instead of a 

concrete use as radiation shielding material. Glass is a material that is useful and can 

be used widely. Due to this glass material has transparency properties, resistant to 

corrosion, inert to chemical reactions and the composition of glass materials can be 

changed according to the purpose of applications [12]. Many researchers studied the 

use of glass materials in radiation field such as radiation shielding glass and radioactive 

waste sealing, etc [13].  

 In this research, a new novel glass system was fabricated with bagasse and cassava 

rhizome in the composition. The use of these waste materials, by replacing pure 

chemicals, can reduce the overall costs associated with glass material production.           

Y. Hao and J. Cao reported that glass containing CaO, B2O3 and SiO2 glass had the 

advantages of being homogeneous and transparent, as well as having good stability and 

being easy to prepare [14]. Therefore, SiO2 and CaO from pure chemicals in this 

research were replaced by SiO2 from bagasse and CaO from cassava rhizome. SiO2 

from bagasse served as a glass network former together with B2O3 [15], while CaO 

from cassava rhizome acted as a network modifier [16]. This network modifier plays a 

role in reducing the melting temperature and water solubility of glass [17]. BaO is added 
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in this new type of glass materials since BaO is very strong and has a strong effect on 

the glass properties, such as phase formation and thermal stability [18,19]. Moreover, 

the primary glass composition will also be modified by WO3. WO3 is transition metal 

oxide, which can exist in glasses in four valences, the trivalent, tetravalent, pentavalent 

and hexavalent states. The percent of each state depends on the type and composition 

of the glass, condition of melting beside the concentration of the transition metal oxide. 

Extended studies of WO3 doped glasses have indicated that the hexavalent states W6+ 

of the transition metal is the prevailing form in alkali borate and alkali silicate glasses 

while the lower valences (W5+, W4+, W3+) are predominant in the phosphate glasses. M. 

A. Ouis et al. found that after gamma irradiation (8 × 104 Gy) of ZnO-CdO-P2O5 glassy 

system, the two transition metal ions (MoO3 and WO3) reveal some shielding effects 

and WO3-glasses are more effective than MoO3-doped glasses [20]. A.M.A. Mostafa et 

al. described that the gamma ray absorption capability of the B2O3-P2O5-PbO-WO3 

glass system increased with increasing WO3 content. This glass system was developed 

successfully to be used as gamma radiation properties [21]. S. Azianty and A.K. Yahya 

also found the enhancement of elastic moduli of ternary TeO2-PbO-WO3 glass system, 

where WO3 > 5 mol%, can be attributed to an increase in the amount of bridging oxygen 

(BO) in the glass network.  The formation of the BO leads to an increase in the rigidity 

and stiffness of the glass network [22]. In addition, WO3 has the advantages of being 

environmentally friendly, simple and cost-effective in terms of the production process.  

 The novel glass system with bagasse and cassava rhizome along with BaO, B2O3 

and WO3 as compositions were prepared for potential use as a new radiation shielding 

material. As radiation exposure may degrade the properties of glass, many of the 

properties of this novel glass before exposure to radiation should be studied. Five 

different concentrations were used and its influence on the physical properties of this 

novel glass material (i.e. density measurement) was studied. The homogeneity of this 

novel glass was obtained by X-ray mapping technique. XRD and FTIR techniques were 

employed to investigate its structural properties. Elastic properties of the glass were 

tested by ultrasonic testing and compared to interesting theoretical model. 

Microhardness of the glass was also measured by using microhardness testing machine. 

Then, experimental radiation properties were measured using broad beam transmission 

method compare to the calculation by WinXCom program. The collected data can be 
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also used to further improve and develop the qualities of this glass material for 

radiation-shielding applications in the future. 

 

1.2 Objectives 

 1.2.1 To study the composition of recycled bagasse and cassava rhizomes with 

Energy-dispersive X-ray spectroscopy technique 

 1.2.2 To prepare barium-borate-bagasse-cassava rhizome glass system with 

different WO3 using melt-quenching technique 

 1.2.3 To study the physical properties of barium-borate-bagasse-cassava rhizome 

glass with different WO3 by density measuring with the principle of Archimedes 

 1.2.4 To study the homogeneity of barium-borate-bagasse-cassava rhizome glass 

with different WO3 using by X-ray mapping technique 

 1.2.5 To study the structural properties of barium-borate-bagasse-cassava 

rhizome with different WO3  using Fourier-transform infrared spectroscopy technique 

and X-ray diffraction technique 

 1.2.6 To study the radiation properties of barium-borate-bagasse-cassava rhizome 

glass with different WO3 both from the experiment by broad beam transmission method 

compare to the calculation by WinXCom program 

 1.2.7 To study the elastic properties of barium-borate-bagasse-cassava rhizome 

glass with different WO3  using Ultrasonic contact technique compare to calculation 

using Makishima-Mackenzie model and Abd El-Moneim-Alfifi approaches 

 1.2.8 To study the microhardness of barium-borate-bagasse-cassava rhizome 

glass with different WO3 using Microhardness testing machine 

   

1.3 Scope of research 

 We analyzed the composition of recycled bagasse and cassava rhizomes by EDS 

technique. We determined amorphous nature of the barium-borate-bagasse-cassava 

rhizome glass with different WO3 using X-ray diffraction techniques. Density of 

studied glasses was measured using to weigh balance system then also molar volume 

were calculated. The homogeneity of studied glasses was investigated using X-ray 

mapping technique. Study the radiation properties (mass attenuation coefficient, linear 

attenuation coefficient, half value layer and mean free path) of glass by broad beam 
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transmission method compared with the calculation by WinXCom program. We use the 

straight and angle beam probes to find the ultrasonic velocity in the glass material, that 

to calculate modulus values, Poisson's ratio and hardness. Theoretical modulus was 

calculated using Makishima-Mackenzie model and Abd El-Moneim-Alfifi approaches. 

Microhardness values were also measured with Microhardness testing machine. 

 

1.4 Research site 

 1.4.1 Department of Physics, Faculty of Science, Ubon Ratchathani University, 

Ubon Ratchathani 34190, Thailand 

 1.4.2 Glass Technology Excellence Center, Department of Physics, Faculty of 

Science, Ubon Ratchathani University, Ubon Ratchathani 34190, Thailand 

 1.4.3 Scientific Equipment Center, Ubon Ratchathani University, Ubon 

Ratchatani, 34190, Thailand 

 1.4.4 Department of Industrial Engineering, Faculty of Engineering, Ubon 

Ratchathani University, Ubon Ratchathani, 34190, Thailand 

 1.4.5 Department of Nuclear Engineering, Faculty of Engineering, Chula-

longkorn University, Bangkok, 10330, Thailand 

 1.4.6 National Metal and Materials Technology Center, 114 Thailand Science 

Park, Pathumthani, 12120, Thailand 

 

1.5 Expected outcomes 

 The researchers had more knowledge and understand the glass melting process. 

Also, we can specify the ratio of raw materials and chemicals used to melt glass. We 

can identify the physical, structural, radiation properties and elastic properties of 

barium-borate-bagasse-cassava rhizome glass with different WO3. We can develop 

glass formulas to be suitable for gamma radiation shielding materials and corresponds 

work field. This knowledge helps to select materials that will be used in radiation 

applications such as we use agricultural waste as composition of the studied glass, this 

is to reduce waste and reduce environmental pollution. It also has advantages of saving 

production costs as well. 

 



 

CHAPTER 2   

THEORY AND LITERATURE REVIEWS  

 

2.1 Basic knowledge about glass  

 2.1.1 General introduction of glass  

  Glass is a state of matter. It is a solid produced by cooling molten material 

so that the internal arrangement of atoms, or molecules, remains in a random or 

disordered state, similar to the arrangement in a liquid. Such a solid is said to be 

amorphous or glassy. Ordinary solids, by contrast, have regular crystalline structures. 

Many materials can be made to exist as glasses. Hard candies, for example, consist 

primarily of sugar in the glassy state. What the term "glass" means to most people, 

however, is a product made from silica (SiO2). The common form of silica is sand, but 

it also occurs in nature in a crystalline form known as quartz. Pure silica can produce 

an excellent glass, but it is very high-melting (1,723 oC), and the melt is so extremely 

viscous that it is difficult to handle. All common glasses contain other ingredients that 

make the silica easier to melt and the hot liquid easier to shape [23]. 

  Glass is an amorphous solid. The term is usually applied to inorganic solids 

and not to plastics or other organics. Glasses do not have crystalline internal structure. 

They usually are hard and brittle solids. Glass is a transparent material, particularly in 

the visible region of electromagnetic spectrum. The transparent and coloration have 

made the glasses best suitable for decorative and illumination purposes in the early days 

of their invention. Today glasses find applications in various fields’ viz., electrical 

transmission, optical instruments, laboratory glassware, domestic appliances, textiles, 

optical fibers, electrochemical devices, solid electrolytes, biological systems (bioactive 

glasses) etc. The isotropic properties of glasses have given an edge in variety of 

applications [24,25].     

 2.1.2 Definition of glass in science 

  Glass has been defined in several ways. 

  Glass is an inorganic product of fusion, which has been cooled to a solid 

state condition without crystallizing [26] - ASTM. 
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  Glass is a non-crystalline solid that exhibits a glass transition temperature 

[27]. Above the glass transition temperature [Tg] glass exhibits properties of liquid and 

below Tg, it retains liquid structure in rigid form. 

  It is now known that glasses can be formed from almost any material either 

organic or inorganic if cooled rapidly by avoiding crystallization. 

 2.1.3 Glass forming  

  The formation of crystal, liquid and glass can be explained from the 

temperature volume relationship as shown in the figure 2.1. It is clear from the figure 

that slow cooling process leads to formation of crystal nuclei and crystallization takes 

place. If the cooling rate is fast, leaving no time to the formation of crystal nuclei, 

structure of super cooled liquid state turns to rigid and forms a glass [28]. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1  Effect of temperature on the enthalpy of a glass forming melt [36] 

  

  Some oxides easily form glasses. These substances which form glass are 
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P2O5, GeO2 and As2O3 can form glass by their own. These oxides can also form glasses 

when mixed with other oxides in various proportions. 

  Some oxides such as Na2O, Li2O, K2O, Bi2O3, Al2O3, V2O5, PbO, TeO2, 

MoO3, WO3 etc which cannot form glasses by themselves can disrupt the glass forming 

oxides network and extend the glass forming region. These oxides are called ‘glass-

modifiers’ or ‘glass network modifiers’. Glass modifier oxides form glass when 

combined with appropriate quantity of second oxide. Hence glass modifier oxides are 

also known as conditional glass formers. 

  Some oxides such as Al2O3, ZnO, TiO3, ZrO2, PbO, Sb3O2 etc are chemicals 

that can behave as network formers or modifiers depending on the glass composition. 

Glasses are naturally highly disordered, and require a carefully tuned balance of 

network formers, intermediates, and modifiers to prevent the formation of ordered 

crystallites within the material. 

  Figure 2.2 shows the disruption of silica (glass former) structure by alkali 

oxide Na2O (glass modifier) and thereby formation of non-bridging oxygens (NBO). 

 

 

 

 

 
 

Figure 2.2  The disruption of silica structure by alkali oxide Na2O 

  

 2.1.4 Type of glass 

  Glass is a unique and extremely versatile material that can be engineered to 

exhibit specific optical, thermal, chemical, and mechanical properties. As a result of its 

exceptional engineering properties is transparency, strength, workability and transmit-

tance, glass has been heavily used in the many industries. Nowadays, there are many 

different types of glass, and scientists have classified glass for various purposes. Here, 

we will briefly feature of some important glass types and these types are based on 

chemical composition as follow [29]: 
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  2.1.4.1 Soda-lime glass  

   This type of glass is the most common in daily life, and least 

expensive form of glass. Soda–lime glass accounts for about 90% of manufactured 

glass, used for window panes and glass containers (bottles and jars) for beverages, food, 

and some commodity items. It usually contains 60-75% silica, 12-18% soda, 5-12% 

lime. Resistance to high temperatures and sudden changes of temperature are not good 

and resistance to corrosive chemicals is only fair. 

  2.1.4.2 Lead glass  

   This type of glass has a high percentage of lead oxide (at least 20% 

of the batch). It is relatively soft, and its refractive index gives a brilliance that may be 

exploited by cutting. It is somewhat more expensive than soda-lime glass and is favored 

for electrical applications because of its excellent electrical insulating properties. 

Thermometer tubing and art glass are also made from lead-alkali glass, commonly 

called lead glass. This glass will not withstand high temperatures or sudden changes in 

temperature. 

  2.1.4.3 Borosilicate glass  

   This type of glass is any silicate glass having at least 5% of boric 

oxide in its composition. It has high resistance to temperature change and chemical 

corrosion. Not quite as convenient to fabricate as either lime or lead glass, and not as 

low in cost as lime, borosilicate's cost is moderate when measured against its 

usefulness. Pipelines, light bulbs, photochromic glasses, sealed-beam headlights, 

laboratory ware, and bake ware are examples of borosilicate products. 

  2.1.4.4 Aluminosilicate glass  

   This type of glass has aluminum oxide in its composition. It is 

similar to borosilicate glass but it has greater chemical durability and can withstand 

higher operating temperatures. Compared to borosilicate, aluminosilicates are more 

difficult to fabricate. When coated with an electrically conductive film, aluminosilicate 

glass is used as resistors for electronic circuitry. 

  2.1.4.5 Ninety-six percent silica glass  

   This type of glass is a borosilicate glass, melted and formed by 

conventional means, then processed to remove almost all the non-silicate elements from 

the piece. By reheating to 1200°C the resulting pores are consolidated. This glass is 
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resistant to heat shock up to 900°C. This glass is used as a substitute in optical 

components and spacecraft windows. It can withstand the heat of reentry into the earth’s 

atmosphere, and is used as heat resisting coating applications on the exterior of the 

space shuttle. Other uses include laboratory ware and lighting components such as arc 

tubes in halogen lamp. 

  2.1.4.6 Fused silica glass  

   This type of glass is pure silicon dioxide in the non-crystalline state. 

It is very difficult to fabricate, so it is the most expensive of all glasses. It can sustain 

operating temperatures up to 1200°C for short periods. It finds use in situations such as 

semiconductor fabrication and laboratory equipment. It transmits ultraviolet better than 

other glasses, so is used to make lenses and optics for the ultraviolet spectrum. The low 

coefficient of thermal expansion of fused silica glass makes it a useful material for 

precision mirror substrates. 

 2.1.5 Theory of glass structures 

  2.1.5.1 Glass Structure According to Tammann (1903) 

   Tammann [30], the first investigator concerned with the constitution 

of glasses, regarded them as strongly undercooled liquids. To a certain degree this is in 

agreement with later interpretations using X-ray diffraction data. At that time the 

structures of liquid crystals and of liquids were not yet known. Tammann's model of 

the freezing-in of a structure quite similar to that of the liquid was quite general, but did 

represent a good start. Tammann also was the first to investigate low-melting-point 

model glasses, organic glasses obtained by rapid cooling of molten piperidine, salicin, 

phenolphthalein, sugars, etc. These investigations resulted in fundamental information 

about nucleation and crystallization of glasses. 

  2.1.5.2 Glass Formation According to Goldschmidt (1926) 

   Goldschmidt [30], who is considered the founder of modern crystal 

chemistry, was in a position to derive empirical rules for glass formation from his 

studies. Just as in the case of crystal structure, relations of ionic size were to play a 

decisive role. He postulated a ratio of from 0.2 to 0.4 of radius-of-cation (rc) to radius-

of-anion (ra) as a condition of glass formation. This condition is fulfilled in the case of 

SiO2, B2O3, P2O5, GeO2 and BeF2 as shown in table 2.1. 
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Table 2.1  Radius ratios for typical glass-formers [30] 

 

Compound Radius ratio (rk : rA) 

SiO2 rSi:rO = 0.39 Å : 1.4 Å ≈ 0.28 

B2O3 rB:rO = 0.20 Å : 1.4 Å ≈ 0.15 

P2O5 rP:rO = 0.34 Å : 1.4 Å ≈ 0.25 

GeO2 rGe :rO = 0.44 Å: 1.4 Å ≈ 0.31 

BeF2 rBe:: rF = 0.34 Å : 1.36Å ≈ 0.25 

 

   Later, a convincing confirmation of this prediction was obtained by 

the discovery of the formation of BeF2 glass, which indeed satisfied these specific 

conditions. Moreover, the same laws and dependencies should be valid for the 

formation of a glass structure as for crystal chemistry. Predominantly qualitative 

interpretations of measurable glass properties were attempted at that time. Only at the 

beginning of the twenties and thirties of our century structure hypotheses appeared 

which became more or less successful bases for glass development and research. e.g. 

the dependence of packing density on the state of polarization and deformation of 

constituent ions. 

  2.1.5.3 The Zachariasen-Warren Network Theory (1932) 

   Before Zachariasen [31], the structure of a glass was believed to be 

comprised of nanocrystals (~20 Å size) given the broadening of the diffraction peaks. 

He noted similar mechanical properties (elastic modulus, etc.) between glasses and 

crystals and so expected similar structural energies. Glasses lack the periodic (long 

range) order of a crystal. Infinite unit cell (no repeating large scale structures). 3D 

network lacking symmetry and periodicity. Same average packing and properties in all 

directions which different from crystals (directions). 

   Zachariasen's Rules for Glass formation based on an empirical 

observation on oxides. 

   1)  No oxygen atom may be linked to more than two cations 

   2)  The cation coordination number CN is small: 3 or 4. 

   3)  Oxygen polyhedra share corners, not edges or faces. 

   4)  For 3D networks, at least three corners must be shared 
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   In general, all four rules should be satisfied for glass formation to 

occur. Low coordination numbers, corner-sharing rules imply that glass formation is 

more likely with open, low density polyhedral structures. Having stated this, one 

identifies a certain number of compounds to be either good glass formers (i.e. satisfying 

the 4 rules) or bad glass formers (do not satisfying at least one of the rules). Example:  

1) SiO2, GeO2 are good glass formers (CN=4) 

   2) V2O5 (CN=5) is not a good glass former (breakdown of rule 2) 

  2.1.5.4 Dietzel (1942)  

   He examined direct Coulombic interactions. He defined rc is radius 

of cation and ra is radius of anion, let a = (rc+ra) and zc is cation charge. Then, Dietzel 

categorized cations using: 

 

     c

2

z
Field strength (F.S.) = 

a
 (2.1) 

 

High field strength cations refer to high cation-oxygen bond energy as follow; Glass 

formers have field strength cations > 1.3, Glass modifiers < 0.4 and Intermediates 0.4 

≤ F.S. ≤ 1.3. More factors are important than just bond strength as: Small cations with 

high charge are glass formers, Large cations with small charge are modifiers and 

Medium sized cations with medium charge are intermediates [32]. 

  2.1.5.5 Sun (1947)  

   He considered a single bond strength approach and The reaction of 

dissociation energy (Ed) for a molecule shown as follows AnOm → nA + mO. 

 

      dE
single bond (S.B.)  (kcal)

CN
 (2.2) 

 

where CN is coordination number. Glass Formation is brought about by both 

connectivity of bridge bonds and strong Bonds between atoms (ions). Sun noted that 

rigid network, high viscosity has high S.B. strength oxides (> 80 kcal/mole) such as 

B2O3, SiO2, GeO2, P2O5 etc. These oxides have a role of glass formers in glass structure. 

Low S. B. strength oxides (< 60 kcal/mole) such as Li2O, Na2O, K2O, MgO, CaO etc. 
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from weak bonds to oxygen. These are representing as disrupt, modify, network. In 

addition, S.B. strength oxides (60-80 kcal/mol) such as TiO2, ZnO, PbO etc. are 

intermediates. It forms intermediate bonds to oxygen, can’t form glasses on their own 

but aid with other oxides to form glasses. The Sun criteria relate to melt crystallization 

as followed [33]: 

   1) High bond strengths, difficult to break and reform into ordered 

lattice upon cooling 

   2) High bond strengths, high viscosity, so good glass formers 

   3) Low bond strengths, easy to break/reform into preferred crystal 

  2.1.5.6 Stanworth (1971)  

   He noted similar patterns with electronegativity/ion size. The 

obtained results from the research of J. E. Stanworth showed that [34]: 

   1) None of the oxides of atoms with radii >1.5 
o

A are known to 

form glasses. 

2) The atoms with radii <1.3 
o

A and electronegativities from 1.8 to  

2.1 (Ge, Si, As, P and B) form oxides which are the well-known conventional glass 

formers. 

   3) The atoms in the same electronegativity range (1.8 to 2.1) with 

radii slightly larger than those of the atoms of Sb, V, W, Mo and Te are known to form 

a glassy phase on splat quenching. Glass formation with these oxides in relatively 

slowly cooled melts requires the addition of other oxides (e.g. PbO or BaO) before the 

slight oversize can be accommodated.  

   4) None of the oxides with cations of electronegativity < 1.8 
o

A

form glasses; in this sense, the electronegativity criterion is dominant. However, atom 

size affects glass formation, in that the smallest atoms in this classification (Al and Ga) 

form complex glasses, i.e. aluminates and galliumates.  

   5) Pure oxides with cations of electronegativity > 2.1 
o

A  (Se, S, C 

and N) are not known to form glasses, but glasses can be formed in certain selenite, 

sulfate, carbonate, and nitrate systems.  
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  2.1.5.7 Izumatani (1986)  

   Izumatani offers the table summarizes various ion properties as 

appear in the research of him (1986) [35]. All these empirical crystal chemical 

approaches describe which compounds are likely to form glasses; no predictions about 

how easily glass formation might be. We need to return to our kinetic description 

(nucleation and growth) for that information. 

  2.1.5.8 Shelby (1997)  

   Glasses have well-defined short range (nearest neighbor) bond 

arrangements. Precisely measured Coordination numbers and bond lengths. Fairly well 

determined bond angle distributions. Breadth of this distribution that is responsible for 

the loss of long-range order. Shelby defines the 'elements of structure'; what do we need 

to know to describe the atomic networks of glasses which dependent upon length scale 

[36]: 

   1) Coordination of network cations/glass formers 

   2) Bond angle distributions 

   3) Network connectivity 

   4) Network dimensionality 

   5) Intermediate range order 

   6) Morphology 

   7) Interstitial/Free volume 

 2.1.6 Glass composition 

  The making of glass involves three basic types of ingredients: glass forming 

oxide, intermediate oxide and glass modifying oxide. The most common glass, made in 

largest amounts by both ancient and modern glassmakers, is based on silica as the glass 

former, soda as the flux, and lime as the stabilizer. It is the glass used to make windows, 

bottles, jars, and lightbulbs. The details of oxide components added in to a glass batch 

are as follows [23,37]: 

  2.1.6.1 Glass forming oxide  

   Glass formers and network formers include oxides such as SiO2, 

B2O3, GeO2, P3O5, V2O5 and AS2O3 which are indispensable in the formation of glass 

since they form the basis the random three dimensional network of glass. 
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   Boron oxide, B2O3, is a glass- forming oxide and by itself from 

subunit that are flat triangle with boron atom slightly out of the plane of the oxygen 

atoms. Boron oxide is an important addition to many types of commercial glass such as 

borosilicate and aluminoborosilicate glasses. 

  2.1.6.2 Intermediate oxide 

   Intermediates include Al2O3, Sb3O2, ZrO2, TiO3, PbO and ZnO, 

these oxides are added in high proportion for linking up with the basic glass network to 

retain structural continuity. Some oxides cannot from a glass network by themselves 

but can join into an existing network. These oxides are known as intermediate oxides. 

   For example, aluminum oxides, silica network as AlO4-tetrahedra 

replacing some of the SiO4 gropes. However, since the valence of Al is 3 instead of the 

necessary 4 for the tetrahedral, alkali cations must supply the necessary other electrons 

to produce electrical neutrality. Intermediate oxides are added to silica glass to obtain 

special properties. For example, Alaminosicate glasses can withstand higher 

temperature than common glasses. Depending on the composition of the glass, 

intermediate oxides may sometimes act as network modifiers as well as taking part in 

the network of the glass. 

  2.1.6.3 Glass modifying oxide 

   Modifiers include MgO, Li2O, BaO, CaO, SrO, Na2O and K2O. The 

oxides are added to modify the properties of glass oxides that break up the glass network 

are known as network modifiers. Alkali oxides such as Na2O and K2O and alkaline 

earth oxides such as CaO and MgO are added to silica glass to lower its viscosity so 

that it can be worked and formed more easily. The oxygen atoms from these oxides 

enter the silica network at points joining the tetrahadra and break up the network, 

producing oxygen atoms with an unshared electron. The Na and K ions from the Na2O 

and K2O do not enter the network but remain as metal ions ionically bonded in the 

interstices of the network.by filling some of the interstices, these ions promote 

crystallization of the glass. Modifiers break up the silica network if the oxygen to silica 

ratio (O:Si) increases significantly when Na2O is added, the sodium ions enter holes 

within the network, rather than becoming part of the network, however, the oxygen ion 

that enters with Na2O does become part of the network. The effect of Na2O on the silica 
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glass network. Sodium oxide is a modifier disrupting the glassy network and reducing 

the ability to form a glass. 

   The other addition in glass are the fluxes which lower the fusion 

temperature of the glass batch and render the molten glass workable at reasonable 

temperature, modification lower the melting point and viscosity of silica, making it 

possible to produce glass at lower temperature. Modifiers fluxes may reduce the 

resistance of glass to chemical attack, render it water soluble or make it subject to partial 

or complete devitrification. Devitrified glass is undesirable since the crystalline areas 

are externally weak and brittle, stabilizers are therefor, added to the glass batch 

overcome these problems. Adding CaO which reduces the solubility of the glass in 

water further modifies these glasses [38]. 

 2.1.7 Raw materials used in the production of glass 

  The chemical composition of glass affects the properties of glass as follows 

[39] 

  2.1.7.1 Silicon dioxide (SiO2) 

   The glass with a high content of SiO2 will give the glass a strong 

structure, resistant to heat and chemicals. This glass is difficult to produce because it 

requires high melting temperatures and difficult to form due to its high viscosity. 

  2.1.7.2 Sodium oxide (Na2O) or potassium oxide (K2O) 

   Glass with high Na2O or K2O content will melt at low temperatures. 

This glass is fragile, easily broken and not resistant to chemicals. If the content of Na2O 

or K2O are very high, it can be dissolved in water. 

  2.1.7.3 Calcium oxide (CaO), Magnesium oxide (MgO) or Barium oxide 

(BaO) 

   CaO MgO or BaO will help to glass forming. They make the glass 

stabilize faster when it cools down and increased chemical resistance. Glass with a 

higher MgO content than CaO will cause the crystallization to be slow, resulting in 

beautiful crystal arrangement. 

  2.1.7.4 Aluminium oxide (Al2O3) 

   Glass with a high content of Al2O3 will make the glass more 

resistant to wear and corrosion. 
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  2.1.7.5 Boron oxide (B2O3) 

   The glass with B2O3 as composition will be resistant to acid-alkali 

and resistant to heat. Because B2O3 will cause the thermal expansion coefficient to 

decrease. This type of glass is used in scientific equipment, and it can be used in a 

microwave oven. 

  2.1.7.6 Lead(II) oxide (PbO) 

   Glass with PbO has a clear glass surface due to its high refractive 

index. PbO glass is softening glass, being easy to cut. When knocked, the sound 

resonated. 

  2.1.7.7 Iron(III) oxide (Fe2O3) 

   The glass with Fe2O3 has properties to make the glass texture clear 

and green. 

  2.1.7.8 Other oxides 

   If you want the glass to be colorful, add substances other than the 

above reported ingredients are Chromium oxide (Cr2O3) for green tone, Cobalt oxide 

(CoO) for blue tone, Uraniumn (U) for yellow tone, Carbon-Sulfur-Iron (C-S-Fe) for 

amber tone, Nickle (Ni) for brown tone and Manganese (Mn) for purple tone. 

 2.1.8 Uses and benefit of glass  

  2.1.8.1 Uses of glass 

   The glass is an unlimited and innovative material that has various 

uses. It is an essential component of numerous products that we use in our day to day 

to life, most often without noticing it. We give certain uses of glass which are as under 

[40]: 

1) Windows and doors 

2) Reinforcement structures 

3) Tableware (plate, cups, bowls, Jar packaging for food, Bottles)  

4) Insulation 

5) Conservatory 

6) Renewable energy (solar energy glass, Wind turbines) 

7) Interior design and furniture element (mirrors)  

8) Applications and electronics element (cook top, oven doors) 

9) Automotive and transport (aircraft, ships, windscreens) 
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10) Medical technology, optical glass, biotechnology, etc. 

11) Fibre optic cables to carry information from phones, computer. 

12) X-ray& Gamma-ray radiation protection 

  2.1.8.2 Benefits of glass 

   We try to provide certain benefits of using a glass which are as under 

[41]:       

   1) The glass is 100% recyclable and can be recycled endlessly 

without loss in its quality or purity.  

   2) Glass is available in different colors or colorless.  

   3) Glass is a unique transparent material which allows light to pass 

through it so that the objects behind the glass are visible clearly. 

   4) Glass has a smooth glossy surface, so it is dustproof and 

waterproof material. 

   5) Glass is UV stable since it is not affected by ultraviolet radiation 

and hence cracks, discoloration or disintegration will not occur.  

   6) Glass is corrosion resistant, and only under certain conditions, 

the glass is chemically attacked. 

   7) Glass is a transparent, hard material that can be easily moulded 

into desired shapes.  

   8) Glass is an excellent insulator. It does not readily conduct 

electricity.  

   9) Glass absorbs, refracts or transmits light. It can be made 

transparent or translucent, so it adds extraordinary beauty to the building.  

   10) The glass is excellent abrasion resistant material so it will resist 

surface wear caused by flat rubbing and direct contact with another material. 

   11) Glass is stable over a wide range of temperature. 

 

2.2 Basic principle of density measurement and molar volume calculation 

 2.2.1 Density 

  Archimedes’ principle [42], physical law of buoyancy, discovered by the 

ancient Greek mathematician and inventor Archimedes, stating that a body at rest in a 

fluid is acted upon by a force pushing upward called the buoyant force, which is equal 
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to the weight of the fluid that the body displaces. If the body is completely submerged, 

the volume of fluid displaced is equal to the volume of the body. If the body is only 

partially submerged, the volume of the fluid displaced is equal to the volume of the part 

of the body that is submerged. 

  Archimedes’ principle is very useful for calculating the volume of an object 

that does not have a regular shape. The oddly shaped object can be submerged, and the 

volume of the fluid displaced is equal to the volume of the object. It can also be used in 

calculating the density or specific gravity of an object. For example, for an object denser 

than water, the object can be weighed in air and then weighed when submerged in water. 

When the object is submerged, it weighs less because of the buoyant force pushing 

upward. The object’s specific gravity is then the object’s weight in air divided by how 

much weight the object loses when placed in water.  

  The buoyancy force (B) is equal to the weight (W) of the fluid that a body 

in that fluid displaces. The weight W can be written in terms of the density (ρ) of the 

fluid as W = ρVg, where V is the volume of the fluid that has been displaced and g is 

9.8 meters per second, the value of the acceleration from Earth’s gravity. 

  In this research, the liquid used is n-Hexane, whose density is 0.661 g/cm3 

using electronic balance of Denver Instrument, resolution 0.0001 g. The calculated 

values are given in the equation (2.3) [43] 

 

      a
l

a b

W
ρ = ρ

W -W

 
 
 

 (2.3) 

     

where ρ and ρl are the density of the glass sample and liquid, respectively. For Wa and 

Wb are the weight of the glass sample weighing in the air and liquid, respectively. 

 2.2.2  Molar volume 

  The Molar Volume [43], represented by Vm, is another way to view number 

density. The Molar Volume is the volume occupied by one mole of a substance which 

can be a chemical element or a chemical compound at Standard Temperature and 

Pressure (STP). It can be calculated by dividing Molar mass (M) by mass density (ρ). 

The Molar volume is directly proportional to molar mass and inversely proportional to 

density. The formula of molar volume is expressed as 
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      w
m

M
V  = 

ρ
  (2.4) 

 

where Vm is Molar volume, Mw is the molecular mass of glass sample and ρ is the 

density of glass sample. 

 

2.3 Basic principle of elastic properties and ultrasonic testing 

 2.3.1 Elastic properties 

  In physics, elasticity is the ability of a body to resist a distorting influence 

and to return to its original size and shape when that influence or force is removed. 

Solid objects will deform when adequate forces are applied to them. If the material is 

elastic, the object will return to its initial shape and size when these forces are removed. 

Hooke's law states that the force should be proportional to the extension. The physical 

reasons for elastic behavior can be quite different for different materials. In metals, the 

atomic lattice changes size and shape when forces are applied (energy is added to the 

system). When forces are removed, the lattice goes back to the original lower energy 

state. For rubbers and other polymers, elasticity is caused by the stretching of polymer 

chains when forces are applied [44]. 

  All solid objects are deformable under the applied external forces. Internal 

forces resist deformation. The resistance in crystals is greater than that in amorphous 

materials. However, the external forces can change size and shape of any solid. This 

change we will call deformation. 

  Measurement of elastic properties can be obtained by destructive testing 

(DT) or non-destructive testing (NDT). At present, the elastic properties testing is 

commonly used non-destructive testing. This method is used in industry to evaluate the 

integrity and properties of material or components without causing damage to the tested 

object. This research studies the elastic properties using Ultrasonic Testing [45] which 

is non-destructive testing. 

 2.3.2 Ultrasonic wave 

  Sound wave is a vibration that is transmitted through a medium, such as air, 

water, and metals. Ultrasonic wave is defined as “inaudible sound with high frequency 

for human” the frequency of which generally exceeds 20 kHz. These days, sound wave 
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which is not intended to be heard is also called ultrasonic wave. There are types of 

ultrasonic waves, longitudinal wave, transverse wave and surface wave, etc. In a solid, 

there simultaneously exist two types of elastic waves as follows [46] 

  2.3.2.1 Longitudinal wave  

   An elastic wave that has a displacement in the same direction of the 

propagation direction of the wave. The longitudinal sound wave velocity or called 

longitudinal velocity is constant in each type of material, for example the longitudinal 

velocity in steel is 5,920 m/s. 

  2.3.2.2 Transverse wave or shear wave 

   An elastic wave that has a displacement to the vertical direction of 

the propagation direction of the wave. The shear sound wave velocity or shear velocity 

is less than the longitudinal velocity. The shear velocity is constant in each material, for 

example the shear velocity of steel is equal to 3,250 m/s.  

 2.3.3 Ultrasonic properties 

  The properties of the ultrasonic wave are accordance with the properties of 

general sound wave. Among the properties of waves propagating in isotropic solid 

materials are wavelength (λ), frequency (f), and velocity (v). The wavelength is directly 

proportional to the velocity of the wave and inversely proportional to the frequency of 

the wave. This relationship is shown by the following equation (2.5). In ultrasonic 

testing, the shorter wavelength resulting from an increase in frequency will usually 

provide for the detection of smaller discontinuities [47]. 

 

      
v

λ = 
f

  (2.5) 

 

  When sound waves arrive to the boundary between the different medium. 

The reflected and transmitted waves can occur in the following 2 cases. 

  2.3.3.1 The reflection of the wave when the incident wave perpendicular to 

the boundary between the two mediums 

    The ratio of the reflection waves and the transmission wave that 

move through the boundary depends on the sound properties called the acoustic 
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impedance of the two mediums. The acoustic impedance (Z) of a material is defined as 

the product of its density (ρ) and acoustic velocity (v) [48]. 

 

      Z = ρv   (2.6) 

 

   Acoustic impedance is important in the determination of acoustic 

transmission and reflection at the boundary of two materials having different acoustic 

impedances, the design of ultrasonic transducers and assessing absorption of sound in 

a medium. 

   Ultrasonic waves are reflected at boundaries where there is a 

difference in acoustic impedances (Z) of the materials on each side of the boundary. 

This difference in Z is commonly referred to as the impedance mismatch.  The greater 

the impedance mismatch, the greater the percentage of energy that will be reflected at 

the interface or boundary between one medium and another. 

   The fraction of the incident wave intensity that is reflected can be 

derived because particle velocity and local particle pressures must be continuous across 

the boundary.  When the acoustic impedances of the materials on both sides of the 

boundary are known, the fraction of the incident wave intensity that is reflected can be 

calculated with the equation below.  The value produced is known as the reflection 

coefficient.  Since the amount of reflected energy plus the transmitted energy must 

equal the total amount of incident energy, the transmission coefficient is calculated by 

simply subtracting the reflection coefficient from one. 
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  (2.7) 

 

  2.3.3.2 The reflection of the wave when the incident wave as oblique angle 

with the boundary between the two mediums 

   When an ultrasonic wave passes through an interface between two 

materials at an oblique angle, and the materials have different indices of refraction, both 

reflected and refracted waves are produced. Refraction takes place at an interface due 
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to the different velocities of the acoustic waves within the two materials. The velocity 

of sound in each material is determined by the material properties (elastic modulus and 

density) for that material. 

   Snell's Law describes the relationship between the angles and the 

velocities of the waves. Snell's law equates the ratio of material velocities v1 and v2 to 

the ratio of the sine's of incident (θ1) and refracted (θ2) angles, as shown in the following 

equation [49]. 

 

      1 2

1 2

sinθ sinθ
 = 

v v
  (2.8) 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2.3  The reflection of the wave that incident the interface of the medium 

at angling with the normal line 

 

 2.3.4 Ultrasonic Testing (UT) 

  Ultrasonic Testing (UT) uses high frequency sound energy to conduct 

examinations and make measurements. Ultrasonic inspection can be used for flaw 

detection/evaluation, dimensional measurements, material characterization, and more. 

To illustrate the general inspection principle, a typical pulse/echo [50] inspection 

configuration as illustrated in figure 2.4. 
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  A typical UT inspection system consists of several functional units, such as 

the pulser/receiver, transducer, and display devices. The principle of inspection by 

ultrasonic echo-pulse method is based on the fact that a pulser/receiver is an electronic 

device that can produce high voltage electrical pulses. Driven by the pulser, the 

transducer generates high frequency ultrasonic energy. The sound energy is introduced 

and propagates through the materials in the form of waves. When there is a 

discontinuity (such as a crack or a back surface) in the wave path, part of the energy 

will be reflected back from the flaw surface. The reflected wave signal is transformed 

into an electrical signal by the transducer and is displayed on a screen. The reflected 

signal strength is displayed versus the time from signal generation to when an echo was 

received. Signal travel time can be directly related to the distance that the signal 

traveled. From the signal, information about the reflector location, size, orientation and 

other features can sometimes be gained. 

 
 
 
\ 
 

 
 
 

           
 

 

Figure 2.4  Schematic diagram of the ultrasonic testing (UT) set-up, depicting the 

test screen and probe  

 

  In the calculation of the ultrasonic velocity of the test material, it can be 

found from the equation (2.9) as follows 

 

      ST W
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where Wv is the ultrasonic velocity in the test material (m/s), STv is the ultrasonic 

velocity in the standard calibration block (m/s), Ws is the thickness of the test material 

measured by the vernier caliper (mm) and STs is the thickness of the test material 

obtained by an ultrasonic device (mm). 

  2.3.4.1 Advantages of ultrasonic testing [48] 

   1) It is sensitive to both surface and subsurface discontinuities. 

   2) The depth of penetration for flaw detection or measurement is 

superior to other NDT methods. 

   3) Only single-sided access is needed when the pulse-echo 

technique is used. 

   4) It is highly accurate in determining reflector position and 

estimating size and shape. 

   5) Minimal part preparation is required. 

   6) Electronic equipment provides instantaneous results. 

   7) Detailed images can be produced with automated systems. 

   8) It has other uses, such as thickness measurement, in addition to 

flaw detection. 

  2.3.4.2 Limitations of Ultrasonic testing [48] 

   1) Surface must be accessible to transmit ultrasound. 

   2) Skill and training is more extensive than with some other 

methods. 

   3) It normally requires a coupling medium to promote the transfer 

of sound energy into the test specimen. 

   4) Materials that are rough, irregular in shape, very small, 

exceptionally thin or not homogeneous are difficult to inspect. 

   5) Cast iron and other coarse grained materials are difficult to 

inspect due to low sound transmission and high signal noise. 

   6) Linear defects oriented parallel to the sound beam may go 

undetected. 
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 2.3.5 Elastic moduli obtained from ultrasonic testing 

  When measuring the ultrasonic velocity both longitudinal and shear, elastic 

properties can be calculated as follows [51]: 

  Longitudinal modulus (L) numerical constant that describes the elastic 

properties of a solid undergoing tension or compression in the longitudinal direction. 

In other words, longitudinal modulus is a measure of the ability of a material to resist 

longitudinal deformations. 

 

      2

LL = ρv   (2.10) 

 

 
 
 
 

 
 
 

 
 
 

 

Figure 2.5  Diagrammatic illustration of longitudinal modulus showing direc-

tions of load (F) and of expansion 

 

  Shear modulus (G) is a measure of the ability of a material to resist 

transverse deformations. It is one of property for measuring the stiffness of materials. 

Which describes how the material's response to shear stress. The shear modulus is 

concerned with the deformation of a solid when it experiences a parallel force (Shear 

Force) to one of its surfaces while its opposite face experiences an opposing force.  

 

      2

SG = ρv    (2.11) 
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Figure 2.6  Diagrammatic illustration of shear modulus showing directions of 

load (F) and of expansion  

 

  Bulk modulus (K) is numerical constant that describes the elastic properties 

of a solid or fluid when it is under pressure on all surfaces. The applied pressure reduces 

the volume of a material, which returns to its original volume when the pressure is 

removed. The bulk modulus is a measure of the ability of a substance to withstand 

changes in volume when under compression on all sides. Bulk modulus is used to 

measure how incompressible a solid is. Besides, the more the value of K for a material, 

higher is its nature to be incompressible. 
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Figure 2.7  Diagrammatic illustration of bulk modulus showing directions of load 

(F) and of expansion  
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  Poisson’s ratio (σ) is the ratio of transverse contraction strain to longitudinal 

extension strain in the direction of stretching force. Tensile deformation is considered 

positive and compressive deformation is considered negative. When a material is 

stretched in one direction, it tends to compress in the direction perpendicular to that of 

force application and vice versa. The measure of this phenomenon is given in terms of 

Poisson’s ratio. For example, a rubber band tends to become thinner when stretched. 

For most materials, the value of Poisson’s ratio lies in the range, 0 to 0.5.  Poisson ratio 

of glass material lies in the range, 0.18 to 0.3. 

 

      
L - 2G

σ = 
2(L - G)

  (2.13) 
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Figure 2.8  Diagrammatic illustration of Poisson’s ratio showing directions of 

load (F) and of expansion  

  

  Young’ modulus (E) is numerical constant that describes the elastic 

properties of a solid undergoing tension or compression in only one direction, as in the 

case of a metal rod that after being stretched or compressed lengthwise returns to its 

original length. Young’s modulus is a measure of the ability of a material to withstand 

changes in length when under lengthwise tension or compression. Young’s modulus is 

equal to the longitudinal stress divided by the strain. Rocks with low Young's modulus 

tend to be ductile and rocks with high Young's modulus tend to be brittle. Generally, 

brittle rocks have better completion quality and are better hydraulic fracturing targets 
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Figure 2.9  Diagrammatic illustration of Young’ modulus showing directions of  

load (F) and of expansion  

 

      E = 2(1 + σ)G  (2.14) 

 

  Material hardness [52] is the property of the material which enables it to 

resist plastic deformation, usually by penetration or by indentation. The term of 

hardness is also referred to stiffness or temper, or to resistance to bending, scratching, 

abrasion, or cutting.  

  Microhardness (H) is the hardness of a material as determined by forcing an 

indenter such as a Vickers or Knoop indenter into the surface of the material under 15 

to 1000 gf load; usually, the indentations are so small that they must be measured with 

a microscope. Capable of determining hardness of different microconstituents within a 

structure, or measuring steep hardness gradients such as those encountered in case 

hardening. Conversions from microhardness values to tensile strength and other 

hardness scales (e.g. Rockwell) are available for many metals and alloys. Micro-

indenters work by pressing a tip into a sample and continuously measuring: applied 

load, penetration depth and cycle time.  
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Figure 2.10  Diagrammatic illustration of microhardness showing directions of  

          load (F) and of expansion  

 

2.4 Theory of elastic moduli from theoretical models 

 2.4.1 Makishima-Mackenzie model  

  Makishima and Mackenzie [53,54] have reported a theoretical model for 

calculating the packing density (defined as the ratio between the minimum theoretical 

volume occupied by the ions and the corresponding ionic volume of the glass), 

dissociation energy per unit volume (defined as the volume density of binding energy), 

elastic moduli and Poisson's ratio of the glass. The same authors [53,54] have expressed 

these parameters for multi-component glasses in terms of the packing factor and 

dissociation energy per unit volume of the oxide constituent. The formula used to 

determine elastic moduli include: Makishima-Mackenzie Young’s modulus (Em), 

Makishima-Mackenzie bulk modulus (Km), Makishima-Mackenzie shear modulus 

(Gm), Makishima-Mackenzie longitudinal modulus (Lm) and Makishima-Mackenzie 

Poisson’s ratio (σm) in this model are given below [55-57];  
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     2

m t tK  = 10.0V G          (2.19)                    

   

     m m tG  = 3K /(10.2V - 1)         (2.20) 

 

     m m mL  = K + 4G /3            (2.21) 

 

     m tσ  = 0.5 - (1/7.2V )            (2.22) 

 

where Gi and Vi are the respective dissociation energy per unit volume and packing 

factor of the ith component. For ith component oxide in the form AnOm, the values of 

Gi and Vi can be estimated from the respective Eqs. (2.23) and (2.24); 
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  (2.24) 

                  

where RA and RO are the respective ionic radius of metal and oxygen, NA is Avogadro's 

number and Ui is the dissociation energy per mole (molar dissociation energy) of the 

ith component. 

 2.4.2 Abd El-Moneim and Alfifi's approaches 

  Abd El-Moneim and Alfifi [58-60] suggested that the experimental bulk 

modulus (KAbd) of glasses can be predicted in terms of the ratio between packing density 

and mean atomic volume according to the following semi-empirical formula;  

 

     γ

Abd tK  = Q(V /V)   (2.25) 

 

where & Q are two new constants. Values of  & Q depend strongly upon the type 

of the glass network and its constitution. 

 
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  The molar volume (Vm) and mean atomic volume of multi-component oxide 

glasses ( V ) can be obtained from the molecular weights of the constituent components 

(Mw) and measured density as follows;  

 

     w
m

M
V  = 

ρ
 (2.26) 

     

     mV
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ψ
  (2.27) 
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M  = M x   (2.28) 

 

where and ψ are the respective glass density and total number of atoms in glass 

formula unit, whereas Mi and xi are the respective molecular weight and molar fraction 

of the ith component. 

 

2.5 Gamma rays 

 2.5.1 Basic knowledge about gamma rays  

  A gamma ray [61] is a packet of electromagnetic energy (photon) emitted 

by the nucleus of some radionuclides following radioactive decay. Gamma rays are a 

form of electromagnetic radiation (EMR). They are the similar to X-rays, distinguished 

only by the fact that they are emitted from an excited nucleus. Electromagnetic radiation 

can be described in terms of a stream of photons, which are massless particles each 

travelling in a wave-like pattern and moving at the speed of light. Each photon contains 

a certain amount of energy, and all electromagnetic radiation consists of these photons. 

Gamma ray photons have the highest energy in the EMR spectrum and their waves have 

the shortest wavelength. 

  Scientists measure the energy of photons in electron volts (eV). X-ray 

photons have energies in the range 100 eV to 100,000 eV (or 100 keV). Gamma ray 

photons generally have energies greater than 100 keV. For comparison, ultraviolet 

radiation has energy that falls in the range from a few electron volts to about 100 eV 


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and does not have enough energy to be classified as ionizing radiation. The high energy 

of gamma rays enables them to pass through many kinds of materials, including human 

tissue. Very dense materials, such as lead, are commonly used as shielding to slow or 

stop gamma rays as shown in figure 2.11. 

  

 

 

 

 
 

Figure 2.11  Radiation shielding materials for various types of radiation 

 

  The key difference between gamma rays and X-rays is how they are 

produced. Gamma rays originate from the settling process of an excited nucleus of a 

radionuclide after it undergoes radioactive decay whereas X-rays are produced when 

electrons strike a target or when electrons rearrange within an atom. Cosmic rays also 

include high-energy photons and these are also called gamma-rays whether or not they 

originated from nuclear decay or reaction. Gamma radiation is highly penetrating and 

interacts with matter through ionization via three processes; photoelectric effect, 

Compton scattering or pair production. Due to their high penetration power, the impact 

of gamma radiation can occur throughout a body, they are however less ionizing than 

alpha particles. Gamma radiation is considered an external hazard with regards to 

radiation protection. Similar to all exposure to ionizing radiation, high exposures can 

cause direct acute effects through immediate damage to cells. Low levels of exposure 

carry a stochastic health risk where the probability of cancer induction rises with 

increased exposure. 

  Gamma radiation is released from many of the radioisotopes found in the 

natural radiation decay series of uranium, thorium and actinium as well as being emitted 

by the naturally occurring radioisotopes potassium-40 and carbon-14. These are found 
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in all rocks and soil and even in our food and water. Artificial sources of gamma 

radiation are produced in fission in nuclear reactors, high energy physics experiments, 

nuclear explosions and accidents. Gamma emitting radionuclides are the most widely 

used radiation sources. The penetrating power of gamma rays has many applications. 

However, while gamma rays penetrate many materials, this does not make them 

radioactive. The three radionuclides that are by far the most useful are cobalt-60, 

caesium-137 and americium-241 [61]. 

  2.5.1.1 Uses of Cobalt-60 

   The Cobalt-60 radiation source is used in various fields as follows 

   1) sterilization of medical equipment in hospitals 

   2) pasteurization, via irradiation, of certain foodstuffs 

   3) levelling or thickness gauges (i.e. food packaging, steel mills) 

   4) industrial radiography 

  2.5.1.2 Uses of Caesium-137 

   The Caesium-137radiation source is used in various fields as follows 

   1) measurement and control of the flow of liquids in industrial 

processes 

   2) investigation of subterranean strata (i.e. oil, coal, gas and other) 

   3) measurement of soil moisture-density at construction sites 

   4) levelling gauges for packaging of food, drugs and other products 

  2.5.1.3 Uses of Americium-241 

   The Americium-241 radiation source is used in various fields as 

follows 

   1) smoke detectors for households  

   2) fluid levelling and density gauges 

   3) thickness gauges for thin materials (i.e. paper, foil, glass) 

   4) aircraft fuel gauges 

   5) when mixed with beryllium, americium-241 produces a 

241AmBe neutron source with uses in well logging, neutron radiography and 

tomography. 
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 2.5.2 Interaction of gamma rays with matter 

  When Gamma rays interact with matter, these can be either absorbed 

completely or scattered either by an electron or a nucleus through number of processes. 

Many of these processes are quite infrequent and some have yet not been observed. In 

the energy domain 0.01 to 100 MeV, gamma rays interrelate with matter primarily 

through three processes namely; Photoelectric effect, Compton Effect and Pair 

production. The amount of particular type of interaction probably depends upon 

incident photon energy, scattering angle, nature of the target material (atomic number) 

and experimental conditions (figure 2.12) [62,63]. 

 

 

   

 

 

 

 

 

 

 

 

 

Figure 2.12 Z-E diagram 

 

  The predominant mode of interaction of gamma rays with matter depends 

on the energy of incident photons and the atomic number of the material with which 

they are interacting. At low energies and with high Z materials the photoelectric effect 

is main interaction process. At intermediate energies and in low Z materials, the 

Compton scattering is dominating. At very high energies pair production is the most 

dominant interaction process. The details of these interaction processes are discussed 

below: 

  2.5.2.1 Photoelectric effect 

   The photoelectric effect is process of absorption of gamma photon 

by an atom as shown in figure 2.13. It occurs when photon interacts with matter and 
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energy of the photon is transferred to one of the orbital electrons, usually K-shell 

electron which is nearest to the nucleus and results in ejection of electron from the atom. 

The ejection of electrons from a given shell creates a vacancy in that shell and leaves 

the atom in an excited state. An electron from the higher shells fills this vacancy and as 

a result characteristic X-ray of the shell is emitted with energy equal to the difference 

of binding energy of the shells. 

   The momentum of ejected electron is balanced by the recoil of 

nucleus. The ejected electron possesses energy (EKin) equal to the difference in energy 

of gamma photon (hv) and binding energy of the electron in its orbit (EB) as shown in 

the equation (2.29) [62,64]. 

 

     Kin BE  = hv - E   (2.29) 

 

    About 80% of photoelectric interactions take place in K-shell, and 

remaining 20% of interactions take place in L shell and higher shells. The photoelectric 

effect is more pronounced in high atomic number absorbers and at low incident 

energies. The photoelectric cross-section varies discontinuously for photon energies 

equal to binding energy of the electrons in the atom. 

 

 

Figure 2.13 Photoelectric effect 
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  2.5.2.2 Compton effect 

   Characteristic of the Compton effect (figure 2.14) [62,64] is that 

only part of its total amount of energy is transferred from the entering photon to an 

electron. The freed electron, which is called Compton electron (recoil electron), reaches 

a certain velocity that is dependent on the energy transferred to the electron. The rest of 

the energy continues as a photon of lower energy in another direction, and is therefore 

called a scattered photon. Because of the lower energy the scattered photon has a longer 

wavelength than the original. 

 

 

Figure 2.14 Compton effect 

 

   The Compton process occurs only then when the photon energy 

passes the limiting value of the photoelectric process. Since the impulse and the energy 

are divided among the Compton electron and the scattered photon, the law of 

preservation of impulse is complied with, and the process occurs with the electrons 

from the outer shells as well. For this reason, the atomic number (Z) of the material is 

less influential. The freed Compton electrons can, depending on the energy content, 

ionize other atoms along their routes. The scattered photon continues its way and 

continues to enter into Compton processes up until the energy is reduced to such an 

extent that a photoelectric process takes place. Only then the photon has disappeared. 
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Because the electron binding energy is very small compared to the gamma ray energy, 

the kinetic energy of electron is nearly equals to the energy lost by the gamma 

 

     
e γE  = E  - E   (2.30) 

 

where Ee is energy of scattered electrons, Eγ is energy of incident of gamma ray and E' 

is energy of scattered of gamma ray. 

  2.5.2.3 Pair production and Annihilation 

   With photon energies larger than 1.022 MeV pair production may 

occur as an alternative to the Compton process. When such a high energetic photon 

comes close to a nucleus, transformation of energy into mass can occur because of the 

electric field of the nucleus. With this the photon is converted into an electron and a 

positron with the same mass, but the reverse charge. If the photon energy is, for 

example, 2 MeV, 2×0.511 = 1.022 MeV goes to the electron-positron pair and the 

remainder (0.978 MeV) is divided as kinetic energy among the electron and the 

positron. In this process, in which the original photon disappears completely, the 

surplus of impulse is transferred to the nucleus [65].  

    Pair Annihilation [64,65] means the reverse process of pair 

production. In the pair annihilation, the electron and positron in the stationary state 

combine with each other and annihilate. Surely, the particles are disappeared and 

radiation energy will occur instead of two particles. For the momentum conservation, 

the most frequent process in pair annihilation is making two photons that have exactly 

opposite direction and the same amount of momentum. 

 

Table 2.2 Cross-sectional dependence of dominant photon interaction processes 

[62-65] 

 

Interaction process 

 

Cross-Section dependence 

On Atomic number (Z) On Photon energy (E) 

Photoelectric process Z4-5 E3.5 

Compton Process Z 1/E 

Pair production process Z2 logeE 
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Figure 2.15 Pair production and Annihilation 

    

   The cross-sectional dependence of different dominant photon 

interaction processes on number of interacting material (Z) and energy of the incident 

radiation has been summarized in Table 2.2. 

 2.5.3 The fundamental law of gamma ray attenuation 

  Besides numerous applications of gamma rays in different fields, gamma 

rays are the most dangerous form of electromagnetic radiation emitted by nuclear 

explosion because they are highly trenchant, highly energetic ionizing radiation. The 

longer exposure of these highly penetrating radiations is hazardous to living cells, 

which can cause redness of skin, headache, vomiting and even death. Composite 

materials as gamma ray shielding materials has been analyzed in terms of measuring 

linear attenuation coefficient, mass attenuation coefficient, half value layer and mean 

free path. 

  2.5.3.1 Linear attenuation coefficient (µ) 

   The linear attenuation coefficient [66,67] describes the extent to 

which the intensity of an energy beam is reduced as it passes through a specific material. 

The linear attenuation coefficient gives information about the effectiveness of a given 

material per unit thickness, in promoting photon interactions. The large value of 

attenuation coefficient is more likely to the given thickness of material. The magnitude 

of attenuation coefficient varies with thickness of material and its density, while 

specific values of the attenuation coefficient will vary among materials for photons of 

Annihilation 

X-rays 
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specified energy. The plots of attenuation coefficient versus photon energy are similar 

for different materials. In general, trends show high values of attenuation coefficient at 

low photon energies that decreases as photon energy increases goes through a rather 

minimum value, and then increases as energy continues to increase. The reason of these 

trends is that the linear attenuation coefficient is made up of three major components, 

each of which is depends upon different types of photon interaction. At lower energy, 

a process is called photoelectric effect is the dominant interaction mode that has strong 

energy dependence, decreasing approximately as the inverse cube of the energy. At 

intermediate energies the dominant interaction is Compton scattering, which shows a 

decreasing trends with increasing energy. Finally, at higher energies the dominant 

interaction is pair production, this shows increasing nature as energy increases. This 

process is occurred in the energy 1.022 MeV. Thus, at low energies photoelectric 

contribution decreases which causes in the attenuation coefficient as energy increases. 

   Linear attenuation coefficient (µ) cm-1 is determined by using a well 

collimated narrow beam of photon passing through a homogeneous absorber of 

thickness ‘t’, the ratio of intensity of emerging beam from the source along the incident 

direction, to the intensity is given by the Beer Lambert law as given by Eq. (2.31) 

 

     -μt

0I = I e  (2.31) 

 

where I0 and I are the photon intensities that arrive to the material and leave from the 

material, respectively, and µ (cm-1) stand for the linear attenuation coefficient.  

  2.5.3.2 Mass attenuation coefficient (µm) 

   Mass attenuation coefficient [66,67] is the most fundamental 

parameter to study the interaction of gamma radiations with matter. Mass attenuation 

coefficient (µm), measures the number of photons interacted (scattered/absorbed) with 

the interacting material. It depends on the incident photon energy and density of 

composite materials. The ratio of linear attenuation coefficient (µ) to the density (ρ) is 

called the mass attenuation coefficient (µ/ρ or µm) and has the dimension of area per 

unit mass (cm3/gm). A narrow beam of mono-energetic photons with an incident 

intensity I0, penetrating a layer of material with mass thickness x and density ρ, emerges 

with intensity I given by the following relation, 
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     -1 0Iμ
 = x ln
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 
 

  (2.33) 

 

   From which the mass attenuation coefficient can be obtained from 

measured values of incident photon intensity I0, transmitted photon intensity I and 

thickness of the absorber t. The thickness of the absorber is defined as the mass per unit 

area, and it is obtained by multiplying thickness t and density of the absorber, i.e. x = 

ρt. 

  2.5.3.3 Half value layer (HVL) 

   The half value thickness, or half value layer, is the thickness of the 

material that reduces the intensity of the beam to half its original magnitude. When the 

attenuator thickness is equivalent to the HVL, N/N0 is equal to 0.5. Thus, it can be 

shown that [68,69] 

 

     
ln2

HVL = 
μ

 (2.34) 

   

This value is used clinically quite often in place of the linear attenuation coefficient.  

  2.5.3.4 Mean free path (MFP) 

   Mean free path [68,69] is the average distance a single particle 

travels through a given attenuating medium before interacting. It is also the depth to 

which a fraction 1/e (~37%) of a large homogeneous population of particles in a beam 

can penetrate. For example, a distance of three free mean paths, 3/µ, reduces the 

primary beam intensity to 5%. The mean free path is related to the HVL according to 

 

     
HVL

MFP = 
ln2

  (2.35) 

 

The mean free path, or relaxation length, is the quantity 
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1

MFP = 
μ

  (2.36) 

 

2.6 Broad beam transmission geometry 

 The measurement of photon attenuation in different materials is usually performed 

in a narrow beam geometry configuration. This is important for the detailed and precise 

measurement of attenuation coefficient of primary radiation in the absorber by 

preventing the scattered photons from reaching the detector [70]. However, the varieties 

of application fields such as gamma ray shielding, energy absorption studies, food and 

agriculture, industry, medicine, biology, transport. building, mining and forest industry 

involve attenuation measurements in a broad beam geometry configuration. Also, some 

limited work has been done in the measurement of attenuation coefficient employing a 

broad beam geometry configuration. Hence the study of attenuation of photons in broad 

beam geometry is considered relevant [71]. Broad beam geometry is a more realistic 

case. As we can see on the figure 2.16, when we have broad beam geometry, some 

scattered radiation reaches the detector. We have attenuated primary photons reaching 

the detector as well as scatted radiation reaching the detector. 

 

 

 

 

 

 

 

 

Figure 2.16 Broad beam geometry 

 

  A new method has been proposed by H. A. Jahagirdar et al. (1992a) [71] to 

measure the attenuation coefficient of 0.1236 MeV photons in various elements under 

a broad beam geometry set up. Also, H. A. Jahagirdar et al. (1992b) [72] have been 

used this method to determine narrow beam attenuation coefficients from a broad beam 

geometrical configuration for 0.32 MeV photons in different compounds of high Z 

x L 

Detector 

Attenuated primary Scatter 

Broad beam 

Cross sectional area = A 
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elements. After that, H. A. Jahagirdar et al. (1993) [73] extract the narrow beam 

attenuation coefficients from a broad beam measurement at 145.4 keV gamma rays in 

lead and in different compounds of high Z elements. 

 For the attenuator thickness of the order of one to two mean free path lengths, they 

assumed even for broad beam geometry an exponential law of attenuation of the type. 

 

     b
b 0

μ
I  = I exp - t

ρ

  
  
  

  (2.37) 

 

where Ib is the intensity of transmitted through an absorber of mass per unit area t which 

includes primary and scattered photons, but not other secondary radiation. I0 is the 

incident intensity and ub/p is the broad beam attenuation coefficient of the absorber. 

 Secondary radiations composed of characteristic x-rays which are excluded from 

the transmitted intensity as they correspond to absorption of photons in the target. The 

relation (2.37) may be expressed as [72]: 

 

     

b
b 0

b
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ρ

μ
lnT = - t

ρ
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 
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or  

     bμ lnT
 = -

ρ t
  (2.38) 

 

 It is well known that, µb/ρ, the broad beam attenuation coefficient, is not a 

characteristic constant (unlike the narrow beam attenuation coefficient µ/ρ) but is a 

function of thickness of the attenuator. From equation (2.38) it can be seen that as t 

increases, T decreases and hence µb/ρ decreases but slowly because of the term InT. 

Their work indicates that it is possible to extract narrow beam attenuation coefficients 

from the broad beam geometrical configuration. Thus they conclude from their 

investigation as follows [72,73]: (1) In the limited region of transmission, it is possible 
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to obtain the narrow beam attenuation coefficients under the broad beam geometry 

configuration. (2) The attenuation coefficients derived from this method agree fairly 

well with the narrow beam attenuation coefficients and hence the mixture rule is also 

valid for situations approximating their experimental materials and configuration.  

 It is interesting to note that even in our broad beam geometry configuration, if the 

transmission is in the range 50% to 20%, the experimental u/p values agree well with 

theoretical values. 

 

2.7 WinXCom program 

 The information on absorption of X-rays and gamma rays are needed for many 

engineering, scientific and medical applications. Hubbell and Seltzer (1995) [74] 

published the attenuation coefficient of elements and compounds in the energy range 1 

keV to 20 MeV using theoretical calculations through the mixture rule. This attenuation 

coefficient can be used to calculate effective atomic numbers. Berger and Hubbell 

(1987) [75] developed XCOM software for ease of operation in processing mass 

attenuation coefficients or photon interaction cross sections for any element, compound 

or mixture at energies from 1 keV to 100 GeV in DOS version. This program was 

compiled in the National Institute of Standards and Technology (NIST) database. Later, 

Gerward et al. (2001) [76] transformed this program to the Windows version, called 

WinXCom. The WinXCom runs under the Windows operating system and provides an 

interface that comfort defining, redefining and saving item in a substance definition list. 

Once a substance has been defined, it can be used for defining compounds or mixtures. 

It is even possible to define mixtures of already defined compounds or mixtures. The 

substance definition list comes with a predefined list of the first hundred elements in 

the periodic table (Z=1-100).  

 The processing of WinXCom program based on mixture rule. As the materials are 

composed of various elements, it is assumed that the contribution of elements of the 

compound to the total photon interaction is yielding the well-known mixture rule that 

represents the total mass attenuation coefficient of any compound as the sum of 

appropriately weighted proportion of the individual atoms, which is calculated by [77], 
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where, (µ/ρ)c is the photon mass attenuation coefficient for the compound, (µ/ρ)i is the 

photon mass attenuation coefficient for the individual elements in the compound and 

wi is the fractional weight of the elements in the compound. 

 WinXCom can generate cross-sections or attenuation coefficients on a standard 

energy grid, spaced approximately logarithmically, or on a grid specified by the user, 

or for a mix of both grids. The program provides total cross-sections and attenuation 

coefficients as well as partial cross-sections for incoherent and coherent scattering, 

photoelectric absorption and pair production. For compounds, the quantities calculated 

are partial and total mass attenuation coefficients. Total attenuation coefficients without 

the contribution from coherent scattering are also given, since they are often used in 

gamma ray transport calculations. WinXCom makes it possible to export the table of 

cross-sectional or mass-attenuation data to a predefined Microsoft Excel template. In 

this way, graphical display and further data treatment is made easy [78]. 

  

2.8 Related Research 

 As mentioned in the introduction that many agricultural countries like Thailand, 

there are many kinds of agricultural waste such as bagasse, cassava rhizome, corn cob, 

rice husk and others.  Many methods of managing these agricultural wastes may cause 

health and environmental problems. Researchers have realized the problems from 

traditional waste management and searched for new ways to create benefits from waste 

products. In 2011, A.E. Souza et al. (2011) [79] studied about reuse of sugarcane 

bagasse ash (SCBA) to produce ceramic materials. SCBA is a residue resulting from 

the burning of bagasse in boilers in the sugarcane/alcohol industry. SCBA has a very 

high silica concentration. In their research, the properties of sintered ceramic bodies 

were evaluated based on the concentration of SCBA, which replaced non-plastic 

material. The results reported show that the reuse of SCBA in the ceramic industry is 

feasible. Therefore, the ash (SCBA) may be used as an additive to produce ceramic 

materials that meet the standards Brazilians. Hence, this process can lower the volume 

of solid residues disposed on the environment and to increase the lifetime of the 
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reserves of raw materials. Three year later, S.R. Teixeira et al. (2014) [5] estimated cost 

of producing glass-ceramic materials from sugarcane bagasse ash. The most significant 

glass-ceramic for building applications has wollastonite as the main crystal phase. They 

report on the use of SCBA to produce glass-ceramics with silicates as the major 

crystalline phases. In their study, it was shown that sugarcane bagasse ash (45-40 wt%), 

along with limestone (45-50 wt%) and fluxing agent (K2CO3, 10 wt%), can be recycled 

to produce glass-ceramic material with wollastonite as the main phase. The glass-

ceramic material was obtained at relatively low crystallization temperatures. These 

temperatures lead to lower production costs due to lower consumption of energy and 

time, and the material obtained can be of great value in the construction industry. In the 

same year, G. N. K. Reddy et al. (2014) [6] have ideas about development partial 

replacement materials of cement in concrete with sugarcane bagasse ash and studied its 

behavior in aggressive environments. Every one ton of cement manufacture releases 

half ton of carbon dioxide, so there is an immediate need to control the usage of cement. 

On the hand materials wastes such as sugar cane bagasse ash is difficult to dispose 

which in return is environmental hazard. The bagasse ash imparts high early strength 

to concrete and also reduce the permeability of concrete. The silica present in the 

bagasse ash reacts with components of cement during hydration and imparts additional 

properties such as chloride resistance, corrosion resistance etc. The result also showed 

that SCBA concrete performed better when compared to ordinary concrete up to 10% 

replacement of sugar cane bagasse ash due to presence of high amount of silica in 

SCBA. Therefore, the use of bagasse ash in concrete not only reduces the environmental 

pollution but also enhances the properties of concrete and also reduces the cost. 

 In 2017, the research of A. L. M. P. Leite et al. (2017) [7] aimed to obtain and 

characterize nanofibers from cassava bagasse and peelings, which are waste originating 

from cassava starch extraction. Their work, a methodology to isolate nanofibers from 

cassava bagasse and peelings, inexpensive byproducts of starch production, was 

developed. The nanofibers obtained in their study had diameters between 2.33 - 5.37 

nm and high crystallinity ratio. It was proved that nanofibers with very good properties 

can be also isolated from the cassava peelings to be used as reinforcement material in 

the development of biodegradable films reducing the solid waste generated from 

cassava starch processing. The same year, Thai researchers offered work on cassava 
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rhizomes as well. N. Tippayawong et al. (2017) [8] showed cassava waste consists 

mainly of rhizome.  Around four million tons of the agro-residue is available annually. 

It has great potential to be used for energy and power generation. In their work, cassava 

rhizome was converted into biochar in an alternative carbonizer based on semi-

continuous, externally heated, retort type, pyrolysis gas burning concept. The reactor 

capacity was 35-50 kg/h, suitable for local entrepreneurs. Tests with cassava rhizome 

showed that good quality charcoal can be produced in shorter time with much lower 

atmospheric pollutants, compared with traditional kilns. The carbonization system was 

demonstrated to perform well in terms of temperature evolution, biochar yields and 

characteristics. 

 These research shows that recycling bagasse ash and cassava rhizome have many 

advantages such as good potential to be a component of the material type glass-ceramics 

and concrete, very good way to manage waste, reduce the environmental pollution and 

also reduces the cost production. The interesting properties of bagasse ash and cassava 

rhizomes make the researchers interested in studying and utilizing them in the 

development of radiation shielding glass materials. After the researchers analyzed the 

composition of bagasse and cassava rhizome using EDS technique, it was found that 

the main components of bagasse and cassava rhizome were SiO2 and CaO, respectively. 

Accordingly, these waste products are possible to use as raw materials for glass 

production. Therefore, the researcher studied the glass system related to these 

substances and compiled interesting research as follows:  

 Beginning in 2004, Y. B. Saddeek (2004) [80] interested in elastic and physical 

properties of some borate glasses. The structure of the glass system (75 - x)B2O3-

xBi2O3-25Li2O, where x = 5, 10, 15, and 20 mol% was investigated by using pulse-

echo technique. Elastic properties of the glass system have been calculated from the 

measured densities as well as longitudinal and shear ultrasonic velocities. Estimated 

parameters based on Makishima-Mackenzie theory and bond compression model were 

calculated in order to analyses the experimental elastic moduli. Ultrasonic technique 

plays a significant role in understanding the structural characteristics of glass network. 

The measurement of ultrasonic parameters such as velocity and attenuation as a 

function of composition, temperature, and frequency is of great interest in glass. These 

ultrasonic parameters besides density and molar volume are sensitive and informative 
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about the changes occurred in the structure of glass network. Therefore, any change in 

the lattice due to modifier doping can be directly noted. 

 Two years later borate glass is still of continuing interest, E. S. Lim et al. (2006) 

[18] studied effect of BaO content on the sintering and physical properties of BaO-

B2O3-SiO2 glasses. Their glass system was chosen as a candidate composition for the 

application to Pb-free low temperature sinterable glass. The study of them examined 

the effect of BaO/B2O3. Since BaO played the role of network modifier, the glass 

transition temperature and crystallization temperature decreased as the BaO content 

increased. After that in 2008, S. Singh et al. (2008) [81] reported about radiation 

shielding properties of Barium-borate-flyash glasses. The attenuation coefficients of 

their glasses have been measured for gamma ray photon energies of 356, 662, 1173 and 

1332 keV using narrow beam transmission geometry. The attenuation coefficients were 

then used to obtain the values of mean free path (MFP), effective atomic number and 

electron density. Good agreements have been observed between experimental and 

theoretical values of these parameters. From the studies of the obtained results it is 

reported here that from the shielding point of view their glasses are better shields to 

gamma radiations in comparison to the standard radiation shielding concretes and also 

to the ordinary barium-borate glasses. These research is interesting about the boro-

silicate glass system and the role of BaO. BaO played the role of network modifier. 

Radiation shielding properties of glass can be improved by BaO and flyash. Therefore, 

the works are a good way for the development of radiation shielding glass materials 

from bagasse and cassava rhizomes. 

 In 2016, Y. Hao and J. Cao (2016) [14] reported structure and luminescence of 

Dy3+ doped CaO-B2O3-SiO2 glasses prepared by melt quenching technique. The 

presence of various stretching and bending vibrations of different borate and silicate 

groups were identified from FTIR spectral measurements. The optical absorption and 

luminescence spectra were also measured. The researcher prepared the CaO-B2O3-SiO2 

glass system by melt quenching technique. It is possible to prepare glass from cassava 

rhizomes and bagasse; whose main components are similar to the glass system of them. 

FTIR spectral measurements are interesting for identified various stretching and 

bending vibrations of some bond in the network of studied glass.  
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 During the same, K. Kaur et al. (2016) [82] studied structural properties of Bi2O3-

B2O3-SiO2-Na2O glasses for gamma ray shielding applications. Their glass samples 

have been prepared using melt quenching technique. Cs-137 source has been used for 

experimental measurements of mass attenuation coefficient of gamma rays at 662 keV. 

Mass attenuation coefficient of their glass samples has been compared with standard 

nuclear radiation shield “barite concrete”. It has been concluded that bismuth 

containing glass samples can be potential candidates for gamma ray shielding 

applications. Glasses must have appreciable elastic moduli values for their practical 

utility as gamma ray shields which are related to coordination number and non-bridging 

oxygens. Structural properties of their glass system have been estimated from the 

detailed analysis of Optical, Raman and FTIR spectra. Their reported investigations can 

contribute to the development of transparent gamma ray shields.  A year later, B.O. El-

bashir et al. (2017) [83] have been carrying out to characterize the structural, elastic 

and shielding properties of novel ternary BaO-Bi2O3-P2O5 glasses. Their glass series 

were prepared by conventional melt-quenching technique and the variation in density, 

molar volume, X-ray diffraction and ultrasonic velocities has also been studied and 

correlated with the structural modifications in the glasses. The shielding parameters, 

effective atomic numbers, half value layers, and exposure buildup factor values have 

been computed using WinXCom program and G-P fitting method. The variations of 

shielding parameters, density, ultrasonic velocity and the calculated elastic moduli are 

found to be composition dependent and discussed in terms of Bi2O3 modifiers. Their 

results indicate that the increment in the content of Bi2O3 improves the gamma ray 

shielding characteristics of the selected glasses and potentially used as gamma ray 

shielding material. These two studies are good guidelines for examining the radiation 

shielding properties of the glass systems investigated. The shielding parameters have 

been computed using WinXCom program. The increment in the content of heavy metal 

oxides improves the gamma ray shielding characteristics of the selected glasses and 

potentially used as gamma ray shielding material. In addition, X-ray diffraction 

technique can be used to confirm amorphous nature of glass. 

 Many research found that the improvement of gamma ray shielding properties can 

be produce by adding heavy metal oxide substances. The researchers interest to study 

WO3, it has the advantages of being environmentally friendly, simple and cost-effective 
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in terms of the production process. Since 2012, H.A. ElBatal et al. (2012) [84] studied 

optical and FTIR spectral properties of tungsten ions in a host lead borate glass with 

composition PbO 55%, B2O3 45% (wt%). The same spectral properties were re-

measured after subjecting the samples to successive gamma irradiation. The studied 

host lead borate glass has been found to show obvious shielding behavior towards 

successive gamma irradiation as revealed by the constancy of optical absorption 

spectral curves. The main conclusion reached is that the lead borate glass is a good 

shielding material and is even enhanced by the addition of WO3 (1-15%). After that in 

2017, A.M.A. Mostafa et al. (2017) [21] prepared WO3 based glass system in 

composition (100-x)[0.1B2O3-0.4P2O5-0.5PbO]-xWO3 where x = 10, 20, 30, 40, 50 and 

60 mol% for gamma ray shielding properties. The emitted gamma ray has been detected 

by 3×3 inch NaI (Tl) scintillation detector. The obtained results indicate that the values 

of the mass attenuation coefficient, effective atomic number and electron density of the 

glass samples increase with the increasing of WO3. The values of the Poisson's ratio, 

half value layer and Mean free path of the investigated glasses were found to decrease 

with the increasing of WO3 concentration. The mass attenuation coefficient results have 

been observed a perfect agreement with the XCOM values for all the glass samples. On 

that, they have succeeded in improving the investigated glass system to be better 

gamma radiation shielding materials in term of their volume needed for shield design 

with advantage of visible light transparent. Hence, this study could be useful in potential 

applications of shielding of gamma ray. Both studies suggest that increasing the 

concentration of WO3 gives glass material a better gamma ray shielding potential. 

 Apart from calculating the elastic moduli with the information of the ultrasonic 

velocities and the density of the glass samples. There is still an interesting elastic moduli 

theory that were studied in 2019 as follow: A. A. El-Moneim (2019) [57] predicted the 

elastic properties and glass transition temperature under the substitution of AlF3 by ZnO 

in ternary fluoro-zinc-tellurite AlF3-ZnO-TeO2 glasses. Prediction has been carried out 

on the basis of Makishima-Mackenzie's theory and Rocherulle et al. model. Both 

Makishima-Mackenzie's and Rocherulle et al. models are valid for all the studied glass 

systems. The agreement between the theoretical and experimental elastic moduli and 

Poisson's ratio is excellent for majority of the samples. The same year, A. A. El-

Moneim and R. El-Mallawany (2019) [60] analyze and predicted elastic properties of 
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quaternary tellurite xAg2O-(35-x) (0.5V2O5-0.5MoO3)-65TeO2 and xWO3-(75-x)B2O3-

10MgO-15TeO2 glass systems. This has been achieved on the basis of Makishima-

Mackenzie's theory, Rocherulle et al. model and Abd El-Moneim and Alfifi's 

approaches. It has been found that, both Makishima-Mackenzie's theory and Abd El-

Moneim and Alfifi's approaches can be applied successfully to predict the 

compositional changes in elastic moduli of WO3-B2O3-MgO-TeO2 glasses. In case of 

Ag2O-V2O5-MoO3-TeO2 glasses, the best correlation between theoretical and experi-

mental elastic moduli can be achieved if the effect of the basic structural units TeO4, 

TeO3, VO4, VO5, MoO4 and MoO6 is taken into account. In compared to Makishima-

Mackenzie's theory, Rocherulle et al. model appears to be more applicable for 

predicting Poisson's ratio. Moreover, the compositional changes in bulk modulus are 

predictable from the molar volume. In this research, the researchers chose to use the 

analysis of elastic moduli theory with credible include Makishima-Mackenzie's theory 

and Abd El-Moneim and Alfifi's approaches. 

  



 
 

CHAPTER 3   

METHODOLOGY  

 

3.1 Scientific instruments 

 3.1.1 Scanning electron microscopy, HITACHI brand, S-3400N model, Type II 

with EDAX element analyzer device, Genesis model  

 3.1.2 Electric furnace: temperature of 1,800 ºC, built by Glass Technology 

Excellent Center (GTEC), Department of Physics, Faculty of Science, Ubon Ratcha-

thani University 

 3.1.3 Electric oven: temperature of 1,000 ºC, built by Glass Technology Excellent 

Center (GTEC), Department of Physics, Faculty of Science, Ubon Ratchathani 

University 

 3.1.4 Density measurement system, built by Glass Technology Excellent Center 

(GTEC), Department of Physics, Faculty of Science, Ubon Ratchathani University 

 3.1.5 Glass grinding and polishing machine built by Glass Technology Excellent 

Center (GTEC), Department of Physics, Faculty of Science, Ubon Ratchathani 

University 

 3.1.6 X-ray analytical microscope of energy dispersive X-ray fluorescence spec-

trometer, HORIBA Scientific brand, XGT-5200 WR model 

 3.1.7 Fourier transform infared spectrometer (FTIR), Perkin Elmer brand, Spec-

trum RXI model  

 3.1.8 Microhardness testing machine, Mitutoyo company, Mitsubishi brand, 

MVK-H1 model 

 3.1.9 X-ray Diffractometer, Phillips PANalytical brand, X’Pert Highscore model 

 3.1.10  Electrical balance, Denver Instrument company with accuracy 0.0001 

 3.1.11  Cutting machine, Benetec limited brand, labcut 1010 model 

 3.1.12  Ultrasonic flaw detector, SONATEST brand, Sitescan 230 model with 

cable probe 

 3.1.13  Hydraulic press, SPECAC company 

 3.1.14  The detector type NaI (Tl), ORTEC brand, a division of AMETEK model 
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 3.1.15  Multichannel analyzer machine, ORTEC company 

 3.1.16  Probe model: SLG4-10 for longitudinal velocity  

 3.1.17  Probe model: SA04-45 for shear velocity 

 3.1.18  Vernier caliper with accuracy 0.05 mm., Pro’skit company 

 3.1.19  Digital weight indicator and load Cell, Linear brand, Star-I model 

 

3.2 Scientific equipment 

 3.2.1 Alumina crucible 

 3.2.2 Stainless steel molds 

 3.2.3 Silicon carbide papers 

 3.2.4 Beaker 250 ml 

 3.2.5 Ultrasonic calibration block V1 and V2 

 3.2.6 Lead sheets, Copper clads and lead containers for shielding radiation  

 3.2.7 Radioactive isotopes of type Cs-137, Co-57 and Am-241 of Department of 

Nuclear Engineering, Faculty of Engineering, Chulalongkorn University 

 3.2.8 lead glass (standard shielding), Kongsak X-ray Medical Industry CO., LTD. 

company 

 

3.3 Chemical and materials 

 3.3.1 Barium carbonate, Ajax Finechem Pty Ltd company, Purity of 95.0 % 

 3.3.2 Dihydrogen borate, Fisher scientific company, Purity of 100.0 % 

 3.3.3 Tungsten trioxide, Fisher scientific company, Purity of 95.0 % 

 3.3.4 n-hexane, Carlo Erba company, Purity of 95.0 % 

 3.3.5 Magnaflux Ultragel II is used as a couplant for ultrasonic testing 

 3.3.6 Potassium bromide, S.P.Y. SCIENCE TECH. LDT. company, AR. Grade 

 3.3.7 Bagasse powder from Khon Kaen Sugar Industry Public Company Limited, 

43 Moo 10, Nampong-Kranuan Rd., Nampong, Khon Kaen 40140, Thailand 

 3.3.8 Cassava rhizome powder from Cassava plantation, Sueang Khao, Si Rattana 

District, Si Sa Ket 33240, Thailand 
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3.4 Programs used in research 

 3.4.1 WinXCom computer software 

 3.4.2 Maestro-8099 program 

 3.4.3 Microsoft Excel 2016 

 

3.5 Methods  

 3.5.1 Analysis of components of bagasse and cassava rhizome 

  Bagasse, collected from the power plant and leftover part of cassava rhizome 

after product processing in Northeast region of Thailand, were recycled in this research. 

Bagasse were calcined in an electrical furnace at 600 °C for 1 hour and cassava rhizome 

were calcined at 1,000 °C in the same amount of time. After that, they were grinded 

until it become a fine powder, named “BG powder” and “CR powder”, respectively. 

Then BG and CR powders were annealed for avoid some moisture using electric oven 

at temperature of 100 °C for 30 minutes. Energy dispersive X-ray spectroscopy or EDS 

analysis was used for composition analysis of these waste materials. EDS systems 

(EDAX element analyzer device, Genesis model) are integrated into either an SEM 

instrument (HITACHI Brand, S-3400N Model, Type II). EDS systems include a 

sensitive x-ray detector called “silicon drift detectors” and software to collect and 

analyze energy spectra. An EDS detector contains a crystal that absorbs the energy of 

incoming x-rays by ionization, yielding free electrons in the crystal that become 

conductive and produce an electrical charge bias. The x-ray absorption thus converts 

the energy of individual x-rays into electrical voltages of proportional size; the 

electrical pulses correspond to the characteristic x-rays of the element. 

 3.5.2 Glass Preparation 

  The glass samples were prepared in rectangular shapes from the 30 BaO - 

(50-x) B2O3 - 10 BG - 10 CR - x WO3 glass system (BG and CR stand for bagasse and 

cassava rhizome, respectively and x = 0, 2, 4, 6 and 8 wt %) by the melt-quenching 

technique. The compositions of glass samples are shown in table 3.1. High purity grade 

of raw materials of BaCO3 (for BaO), H2BO3 (for B2O3) and WO3 were used. The 

prepared BG and CR powders like the same of the topic (3.5.1) were used as the 

composition of glass samples. Then BG and CR powders were annealed for avoid some 

moisture. Appropriate amounts of BaCO3, H2BO3, WO3, BG and CR powders were 
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weighed using an electronic balance with the accuracy of the order of 0.0001 g. Each 

batch of about 50 g in alumina crucible was melted in an electrical furnace at 1250 °C 

for 1 hour to ensure homogeneity. The melted glass was then poured into warmed 

stainless steel molds and annealed in electric oven around 580°C for 2 hours followed 

by slow cooling to room temperature in order to remove internal stress of glass sample. 

Finally, the glass samples were cut and then polished using different silicon carbide 

grades for elastic properties investigation. Measurement of glass thickness was carried 

out using Vernier caliper with accuracy 0.05 mm. 

 

Table 3.1  The composition of barium-borate-bagasse-cassava rhizome-WO3  

  glass system 

 

Glass 

sample code 

The concentration of chemical and raw materials in wt% 

BaO B2O3 BG CR WO3 

B1 30 50 10 10 0 

B2 30 48 10 10 2 

B3 30 46 10 10 4 

B4 30 44 10 10 6 

B5 30 42 10 10 8 

  

 3.5.3 Density and molar volume measurements 

  The density of glass samples (ρ) was measured based on the principle of 

Archimedes using n-hexane as immersion liquid and the relation (2.3) was applied. The 

schematic of the density measuring system of glass samples is shown in figure 3.1. The 

meanings of the symbols in this figure are as follows: ρb is the density of the n-hexane, 

Wa and Wb are weights of the glass sample in air and the n-hexane, respectively. In 

order to gain accurate values, the measurement was repeated three times. The estimated 

error of this measurement was about ±0.0016 g/cm3. The formula (2.4) was chosen to 

calculate the molar volume (Vm) of the glass samples [38]. 
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Figure 3.1  Schematic illustration of the density measuring of glass samples 

 

 3.5.4  Measuring the homogeneity of glass samples 

  The homogeneity of the glass sample was obtained by X-ray mapping 

technique using X-ray analytical microscope of energy dispersive X-ray fluorescence 

spectrometer or EDXRF spectrometer (HORIBA Scientific brand, XGT-5200 WR 

model). EDXRF spectrometer includes X-ray sources are made of rhodium (Rh), X-ray 

tube (voltage 50 kV, current 1.0 mA, diameter 1.2 mm) and silicon drift detector (SDD). 

The processing used live time 192 s. The measurement process is as follows: Place the 

sample in the sample holder, Load the sample holder into the XGT-5200WR, Multiple 

point analysis of a printed circuit board, Measurement and displaying the results, 

Determining compositions and collecting the results. 

  In EDXRF spectrometer, the X-ray tube acting as a source irradiates a 

sample directly, and the fluorescence coming from the sample is measured with a SDD. 

This detector is able to measure the different energies of the characteristic radiation 

coming directly from the sample. The detector can separate the radiation from the 

sample into the radiation from the different elements present in the sample. This 

separation is called energy dispersion. Elemental X-ray maps are produced by recording 

the number of X-ray photons of a specified energy generated from each point over a 

fixed counting time, while the electron beam is rastered over a rectangular area. An 

image is generated by converting the number of X-ray photons of specified energy 

detected at each point into a brightness value for a pixel on the screen or digital image. 

The raw data for the image is a matrix of integers corresponding to the number of X-

rays counted at each point and these are mapped to a single-band image with 0-255 
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levels. The image can be displayed as a grayscale image or assigned false colors based 

on a look-up table. 

 3.5.5 XRD studies 

  X-ray diffraction (XRD) is a powerful nondestructive technique for 

structural characterizing of materials. X-ray diffraction peaks are produced by 

constructive interference of a monochromatic beam of X-rays scattered at specific 

angles from each set of lattice planes in a sample. The peak intensities are determined 

by the atomic positions within the lattice planes. Consequently, the X-ray diffraction 

pattern is the fingerprint of periodic atomic arrangements in a given material. 

  The amorphous structural study of glass samples was undertaken by X-ray 

diffractometer (Phillips PANalytical brand, X’Pert Highscore model) with Cu target 

and Ni filter. The diffractometer uses Cu Kα radiations of wavelength 1.54 Å and 

operating at 40 kV, 15 mA in the range of 2θ from 10° to 80° with step width of 0.02° 

and scan speed of 4°/min at room temperature. An X-ray powder diffraction pattern is 

a plot of the intensity of X-rays scattered at different angles by a sample. The gas filled 

proportional detector used to measure the number of diffracted X-rays in this 

diffractometer. The detector moves in a circle around the sample. The detector position 

is recorded as the angle 2θ. The detector records the number of X-rays observed at each 

angle 2θ. The X-ray intensity is recorded as counts and the X-ray diffraction pattern 

was obtained. In case, XRD data did not show any crystallization peak and the XRD 

pattern as broad halo band, inferring the amorphous structure of the glass samples. 

 3.5.6 FTIR measurements 

  Fourier Transform-Infrared Spectroscopy (FTIR) measures the absorption 

of infrared radiation by the sample material versus wavelength. The infrared 

absorption bands identify molecular components and structures. When a material is 

irradiated with infrared radiation, absorbed IR radiation usually excites molecules into 

a higher vibrational state. The wavelength of light absorbed by a particular molecule 

is a function of the energy difference between the at-rest and excited vibrational states. 

The wavelengths that are absorbed by the sample are characteristic of its molecular 

structure. 

  The structural properties of the glass samples were investigated by FTIR 

spectrometer (Perkin Elmer brand, Spectrum RXI model) at room temperature. 
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Sample powder was mixed with potassium bromide (KBr) in 1:100 ratios so that 

grinded until fine mixture was obtained and that mixture was pressed using a hydraulic 

press. Then thin transparent pellets of approximate thickness 1 mm were obtained and 

these pellets were used for data analysis. The spectrum was taken in the range of 400 

cm-1 to 2000 cm-1. The FTIR spectrometer uses an interferometer to modulate the 

wavelength from a broadband infrared source. A detector measures the intensity of 

transmitted or reflected light as a function of its wavelength. The signal obtained from 

the detector is an interferogram, which must be analyzed with a computer using 

Fourier transforms to obtain a single-beam infrared spectrum. The FTIR spectra are 

presented as plots of intensity versus wavenumber (in cm -1). Wavenumber is the 

reciprocal of the wavelength. The intensity can be plotted as the percentage of light 

transmittance or absorbance at each wavenumber. 

 3.5.7 Elastic properties study 

  3.5.7.1 Ultrasonic velocity measurements 

   The ultrasonic velocities were obtained by the ultrasonic contact 

technique with an ultrasonic flaw detector (SONATEST brand, Sitescan 230 model). 

Ultragel II was used as ultrasonic couplant due to that has many benefit such as 

highest corrosion protection, slow drying for longer inspection time, provides good 

transducer couplant and reduces surface noise. The 4 MHz resonant frequency of 

ultrasonic waves were generated from a ceramic transducer (Probe model: SLG4-10 

for longitudinal velocity and SA04-45 for shear velocity), that can act as transmitter-

receiver at the same time. The velocity was therefore, calculated by dividing the round 

trip distance by the elapsed time according to the relation (2.9). The measurements 

were repeated three times to check the reproducibility of the data. Each measurement 

uses a load cell to control the pressure to steady. The estimated errors in velocity 

measurements were ±2 and ±1 ms-1 for vL and vS, respectively. 

   Elastic moduli such as longitudinal modulus (L), shear modulus (G), 

Young’ modulus (E), bulk modulus (K), Poisson’s ratio (σ) and Microhardness (H)  of 

the 30BaO - (50-x)B2O3 - 10BG - 10CR - xWO3 glass system have been determined 

from the measured ultrasonic velocities and density using the relations (2.10) to (2.15). 
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  3.5.7.2 Calculation using Makishima-Mackenzie model 

   Theoretical elastic moduli based on Makishima-Mackenzie model 

obtained using the relation (2.16) to (2.22). The dissociation energy per unit volume 

(Gi) and packing factor (Vi) of the ith component can be estimated from the equations 

(2.23) and (2.24), respectively. The related variables used to calculate the theoretical 

elastic moduli followed Makishima-Mackenzie model for the studied glasses are shown 

in table 3.2. The obtained results were compared with the experimental elastic moduli 

from ultrasonic testing in the topic (3.5.7.1). 

  3.5.7.3 Calculation using Abd El Moneim-Alfifi's approaches 

   Theoretical bulk modulus of glass samples can be predicted based 

on the approach of Abd El Moneim and Alfifi that according to the semi-empirical 

formula (2.25). The molar volume (Vm) and mean atomic volume of multi-component 

oxide glasses ( V ) can be obtained from the equation (2.26) to (2.28). Any variables 

used to calculate the theoretical bulk modulus followed Abd El Moneim-Alfifi's 

approaches for the studied glasses are shown in table 3.3. Also, the obtained results 

were compared with the experimental bulk modulus from ultrasonic testing in the topic 

(3.5.7.1). 

 

Table 3.2 The related variables in theoretical elastic moduli calculation using 

Makishima-Mackenzie model 

 

 

 

 

 

Related 

variables 

Chemical composition of the studied glasses 

BaO B2O3 CaO (CR) SiO2 (BG) WO3 

Vi 13.1283 21.28943 10.6591 14.2410 21.3105 

Gi (kcal/cm3) 9.70 18.60 15.50 15.40 16.20 

RA (cm) 1.35×10-8 4.7×10-9 1.14×10-8 5.40×10-9 6.00×10-9 

RO (cm) 1.40×10-8 1.40×10-8 1.40×10-8 1.40×10-8 1.40×10-8 

Mi (g/mol) 153.33 69.62 56.08 60.08 231.84 
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Table 3.3 The related variables in theoretical bulk modulus calculation using 

Abd El Moneim-Alfifi's approaches  

 

 

 3.5.8 Microhardness testing 

  Microhardness values of glass samples and lead glass were tested using a 

microhardness testing machine (Mitsubishi brand, MVK-H1 model). The micro-

hardness testing machine consists of a Vicker indenter made of a pyramid-shaped 

diamond that can be controlled to a load of 10 - 1000 gf. To perform the Vickers test, 

the glass sample is placed on a test stage. The indenter is pressed into the sample by an 

accurately controlled test force of 100 gf and maintained for 10 s. After the dwell time 

is complete, the indenter is removed leaving an indent in the sample that appears square 

shaped on the surface. The size of the indent is determined optically by measuring the 

two diagonals of the square indent. The Vickers hardness number (HV) is a function of 

the test force (F) divided by the surface area of the indent as the relation (3.1). The 

average of the two diagonals (d) (3.2) is used in the formula (3.1) to calculate the 

Vickers hardness. The operation of applying and removing the load is controlled 

automatically. 

 

     

o

2 2

136
2×F×sin

F2HV = 0.102 ×  = 0.1891×
d d

  (3.1) 

 

     1 2d +d
d = 

2
  (3.2) 

 

Glass 

sample code 

Related variables  
 

 

ψ            γ   Q Vt Vm (cm3/mol) 

B1 3.60 1.6042 3725 0.5314 36.1076 

B2 3.58 1.6042 3725 0.5199 36.7667 

B3 3.56 1.6042 3725 0.5116 37.2367 

B4 3.54 1.6042 3725 0.5025 37.7882 

B5 3.52 1.6042 3725 0.4922 38.4626 
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Figure 3.2 Schematic illustration of the microhardness testing of glass samples 

 

 3.5.9 Gamma ray shielding parameters 

  3.5.9.1 Broad beam transmission experiment 

   The radiation shielding parameters of the glass samples were 

measured at three photon energies comprising of 662 keV gamma photons emitted 

from Cs-137 point source, 122 keV emitted from Co-57 point source, and 60 keV 

emitted from Am-241 point source under appropriate geometrical conditions using a 

NaI (Tl) scintillation detector (ORTEC brand, a division of AMETEK model). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3 Broad beam transmission geometry 
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   The experimental setup of broad beam transmission geometry is 

shown in figure 3.3. The initial photon (I0) and the transmitted photon intensities (I) 

were processed with the Maestro-8099 program. The Beer-Lambert law can illustrate 

the attenuation of gamma radiations for glass samples as given by equation (2.31). The 

Half Value Layer (HVL) and mean free path (MFP) can be estimated from the relation 

(2.34) and (2.36), respectively. 

  3.5.9.2 Calculation by using WinXCom program 

   WinXCom computer program can be used as an authentic tool to 

evaluate the gamma ray shielding parameters. It has been verified that WinXCom 

program gives the results agree with experimental results. In this work, it is speculated 

that it is possible to obtain authentic data of mass attenuation coefficients (µm) of 

studied glass samples, barite concrete and ferrite concrete using WinXCom program in 

the wide energy range. The weight fraction data of each condition were entered in the 

program, the chemical composition of concretes are shown in table 3.4.  We obtain the 

µm of the studied glass samples and different concretes by the mixture rule as given by 

the relation (2.37). The data of µm were exported to Microsoft Excel template. We chose 

the µm data of studied energies such as 60, 122 and 662 keV for linear attenuation 

coefficient calculation. Then, half value layer (HVL) and mean free path (MFP) 

parameters are evaluated from mass attenuation coefficients as followed equations 

(2.34) and (2.36), respectively. The all calculated values were compared with the 

experimental results in topic (3.5.9.1). 
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Table 3.4  Chemical composition and density of concretes [115] 

 

Weight fraction elements 
Concretes 

Barite Ferrite 

H 0.0083 0.0280 

B 0.0115 - 

C - - 

O 0.3475 0.4554 

Na - - 

K - - 

Mg 0.0022 0.0019 

Al 0.0044 0.0038 

Si 0.0148 0.0128 

S 0.0997 0.0007 

Ca 0.0834 0.0595 

Fe 0.0047 0.4378 

Ba 0.4237 - 

Density (g/cm3) 3.5000 4.5000 
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Figure 3.4  Research process diagram 
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CHAPTER 4 

RESULTS AND DISCUSSION  

 

4.1 The components of bagasse and cassava rhizome 

 The collected data from EDS technique are shown in table 4.1. It is found that the 

main composition of bagasse and cassava rhizome is Si and Ca, respectively. The 

prominent element of Bagasse is Si with 24.31 wt% and a little appear of Fe and Al 

with 4.20 and 3.11 wt%, respectively. While cassava rhizomes contain Ca, Si, K and 

Mg of 9.17, 8.67, 8.55 and 6.76 wt%, respectively. Si has a role of network former; it 

can form the interconnected backbone glass network. Ca, K and Mg have a potential 

as network modifier of glass structure. These network modifiers are ions to alter the 

glass network, they were compensated by non-bridging oxygen (NBO) in oxide 

glasses and usually reduce glass network connectivity. Therefore, Ca, K and Mg can 

be decreasing the softening point of glass from 1600 ºC to 730 ºC on average. Al is 

intermediates or conditional glass formers, do not form glasses by themselves, but act 

like glass formers when combined with others. Other composition like Fe has 

properties to reduce the melting point, makes the glass clear and also make glass has a 

green-yellow tone. From these information, bagasse and cassava rhizomes have 

potential as composition for glass production [33,85-87]. 

 

4.2 The physical properties of glass samples 

 4.2.1 Observable external characteristics  

  The color that can be observed from the glass samples appears as a yellow 

tone and transparent as shown in figure 4.1. The glass samples are more dark yellow 

with the increasing of WO3 concentration from 0 - 8 wt%. These situations are the result 

of the properties of the change chemical compositions in this glass system. In general, 

pure borosilicate glass is colorless, and the metal impurities in the glass impart color. 

Color is formed when the electrons in the outer orbit of an atom interact with visible 

light, absorb or reflect certain spectrum which eye perceives as a color. Each person 

will have a different perception of the color based on his genetics [88]. Fe2O3 has 
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properties to makes the glass clear and has a green - yellow tone as well as K2O. 

Especially, at elevated temperatures the color of the WO3 changes from pale lemon-

yellow to dark yellow and finally deep orange [89,90]. Other composition of this glass 

such as SiO2, CaO, BaO, MgO, and Al2O3 are colorless, so the color of WO3 has a most 

of directly influence on the glass sample.   

 

Table 4.1  EDS analysis results of dry bagasse and cassava rhizome 

 

Composition 

elements 

Concentration of composition elements (wt%) 

bagasse  cassava rhizome  

O 59.00 60.82 

Na 0.18 - 

Mg 0.84 6.76 

Al 3.11 0.87 

Si 24.31 8.67 

P 0.29 2.45 

S 0.14 1.01 

Cl - 0.73 

K 2.85 8.55 

Ca 3.29 9.17 

Ti 0.24 0.13 

Mn 0.17 0.21 

Fe 4.20 0.47 

Cu 0.75 0.07 

Zn 0.63 0.08 

 

 4.2.2 Density and molar volume 

  The trend of density and molar volume changes followed WO3 concen-

tration are presented in figure 4.2. When WO3 content was added into the studied glass 

system, the density of the glass samples increased because of the substitution of higher 

molecular weight of WO3 (Mw = 231.84 g/mol) for lower molecular weight of B2O3 

(Mw = 69.617 g/mol) and SiO2 (Mw = 60.08 g/mol) [91], which are the major network 
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former in the structures of the studied glass. For this reason, the density of the glass 

increased further when adding to the concentration of WO3. The molar volume is 

defined as the volume occupied by the unit mass of the glass, Molar volume can be 

used as a parameter to identify an open structure [43]. From figure 4.2, the molar 

volume of glass samples with WO3 from 0 to 8 wt% is also observed due to this 

concentration range, the glass structures may have the vacancy sites that allow the 

atoms to be inserted. The increase trend of molar volume with the increasing of WO3 

concentration, because of the vacancy site is fulfilled and the greater size of the ionic 

radii of the tungsten ion (W6+ = 60 pm) than that of the boron ion (B3+ = 23 pm) and 

silicon ion (Si4+ = 26 pm) [92]. In addition, the formation of non-bridging oxygen may 

be related to the enlargement of the glass structure causing an increase in the molar 

volume of glass samples. 

 

 

 

Figure 4.1  Physical characteristics of barium-borate-bagasse-cassava rhizome-

WO3 glass system 

  

4.3 The homogeneity of glass samples 

  In order to verify the homogeneity of glass samples, we carried out a detailed 

study on elements distribution and chemical compositions by EDXRF. As shown by X-

ray mapping results in figure 4.3, It is evident that the glass sample surface is covered 

by different elements of various dot densities, pointing to the homogeneous distribution 

of chemical compositions within the composite glasses. The dot density in X-ray maps 

is affected by concentration and atomic number of the elements [93]. Based on the 

chemical composition analysis, the concentration of Ca and Si ions is lower than that 
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of other elements (Ba, B and W). Furthermore, with respect to the Ca and Si ions have 

lower atomic numbers. That is why the Ca and Si ions present lower dot density as 

compared to other elements [94]. Moreover, it was also observed that the dot density 

increases with increasing of WO3 concentration. The reasons for not showing the result 

of boron composition due to the range of detectable elements varies according to 

instrument configuration and set up, EDXRF covers all elements from sodium (Na) to 

uranium (U). Limits of detection depend upon the specific element and the sample 

matrix, but as a general rule, heavier elements will have better detection limits. 

However, the steadily distribution of the dot densities can be confirming the 

homogeneous of chemical compositions in all glass samples. 

 

 

Figure 4.2  Variation of density and molar volume of barium-borate-bagasse-

cassava rhizome-WO3 glass system 

 

4.4 The structural properties of glass samples 

 4.4.1 XRD studies 

  An X-ray diffraction pattern of the glass samples with different of WO3 (0, 

2, 4, 6 and 8 wt%) was demonstrated in figure 4.4. It is clear that the spectrum 

confirmed the amorphous nature of all the glass samples, there is no sharp crystalline 

peak only a broad halo around 20-35°. An amorphous is a solid that lacks the long-
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range order, it is characteristic of non-crystalline solid. Glass is an amorphous solid that 

exhibits a glass transition; transition from supercooled liquid to amorphous solid (glass) 

[95]. 
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Figure 4.3  X-ray mapping images of barium-borate-bagasse-cassava rhizome-

WO3 glass system 
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Figure 4.4  XRD patterns of barium-borate-bagasse-cassava rhizome-WO3 glass 

system 

 

 4.4.2 FTIR studies 

  FTIR spectroscopy is an important tool for understanding the structure and 

dynamics of amorphous materials. It is also used to assign the observed absorption 

peaks to the proper vibration of the atoms in geometric grouping. The spectra of many 

solids variables can affect the absorption peaks, and the assignment of vibration peaks 

of the atoms is very difficult. Usually, the method of repeated occurrence is followed 

in analyzing the IR spectrum of solid materials [96,97]. Interaction of IR radiation with 

a normal mode of vibration only occurs when the electric field of radiation oscillates 

with same frequency as instant dipoles caused by atomic vibrations. A normal vibration 

is therefore, IR active only if a change in the dipole moment of the vibration occurs and 

is a one photon process, as only photon is absorbed [98]. The spectrum of a sample is 

compared with the spectrum of a large number of compounds containing a common 

atom group or groups. Certain absorption peaks are common to certain groups and are 

assigned the vibration characteristics of these atom groups. Borate glasses have been 

the subject of numerous infrared studies because of their structural peculiarities [99]. 

 

WO3 0 wt% 

WO3 2 wt% 

WO3 4 wt% 

WO3 6 wt% 

WO3 8 wt% 

In
te

n
si

ty
 (

a.
u
.)

 



71 

Table 4.2  Structural units and observed peaks in different wave numbers 

 

Wave number 

(cm-1) 
Structural units

 

Reference 

431-447 Si-O-Si and O-Si-O bending 

modes of bridging oxygen (Q4)  

overlapped with B-O-B linkages 

[100]  

549-561 In-plane bending of boron-oxygen triangles [101] 

690-700 Bending vibrations of B-O-B linkages of BO3 

Si-O-Si and O-Si-O symmetrical stretching of 

BOs between tetrahedral 

[101,102] 

 

[100] 

983-1006 BO bond stretching of BO4 units  [101,103] 

1211-1230 BO stretching vibrations of (BO3)3-units in meta, 

orthoborate chains 

[101,102] 

1351-1359 Vibration of boron oxygen rings [102,103] 

1618-1646 Due to OH bending mode of vibration [104]  

 

  FTIR transmittance spectrum of the glass samples are shown in figure 4.5. 

The spectral features of this glass system summarized in table 4.2. FTIR spectra of 

prepared glass samples give clear different absorption band can be classified into three 

main IR regions. Region-I is observed around 700 cm−1 because of the bending of B-

O-B linkage in the borate networks. The region I contains the strong band occurred in 

the range 690-700 cm−1 found due to the symmetrical stretching vibrations of the Si-O-

Si and O-Si-O bonds of tetrahedral BOs structural units. The characteristic absorption 

band (806 cm−1) of the boroxol ring in borate matrix is absent in the present FTIR 

spectra indicate that the formation of boroxol rings do not occur in the glass system 

under study [96]. The total alkali oxide content in these glasses is 50 wt%, which 

converts [BO3] into [BO4] units without formation of non-bridging oxygen ions in the 

borate matrix. It is worth noting that the characteristic vibration of 431-447 cm-1 band 

observed in initial borate glass samples and nearly disappeared as WO3 concentration 

increases indicating the formation of [BO4] units that reveals the role of tungsten oxide 

as network modifier. Similarly, 549-561 cm-1 the stretching vibration of tetrahedral 
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[BO4] units was not observed, but in-plane bending of boron-oxygen triangles occurred. 

This situation may refer WO3 concentration increases can the conversion of borate 

triangles into [BO4] units only partially and also WO3 adding may cause the formation 

of non-bridging oxygen increased.  
 

Figure 4.5  FTIR spectra of barium-borate-bagasse-cassava rhizome-WO3 glass  

       System 

 

  Region-II includes the absorption band in between 989 and 1359 cm−1 

obtained due to the B-O bond stretching vibration of the tetrahedral BO4 structural 

units. The absorption bands at wave numbers about 983 to 1006 cm-1 are appertaining 

to BO bond stretching of BO4 units. The deeper absorption peak than others at wave 

number about 998 cm-1 on green spectrum line are related to the glass sample with WO3 

4 wt%. These may effect to more number of bridging oxygen which corresponds to an 

increasing of vL. The addition of 6 wt% WO3 has effect on borate network. The 

absorption bands around 1230 cm-1 are attributed to BO stretching vibrations of (BO3)3-

units in meta, orthoborate chains. Therefore, W6+ ions deed as a network participator in 

the bank of [BO3] units. Absorption band around 1359 cm-1 found from glass sample 
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with 6 wt% of WO3 is due to the vibration of boron oxygen rings, pointed to more 

number of bridging oxygen which corresponds to an increment of vS. In addition, the 

absorption bands around 1600 cm–1 are attributed to hydroxyl or water groups as appear 

in region-III. 

 

4.5 The elastic properties of glass samples 

 4.5.1 ultrasonic velocities  

  It was found that the ultrasonic velocities of the prepared glass samples 

varied with WO3 concentration, as shown in figure 4.6. This means the WO3 

concentration in the studied glasses has an influence on the glass network. Both vL and 

vS of the glass samples tend to decrease. However, an increase of vL at 4 wt% of WO3 

is noticeable, possibly due to the behavior of BO bond in this glass network. Also, the 

unexpected increase of vS at 6 wt% of WO3 is described in the FTIR discussion section. 

The influence of WO3 adding on glass structure is consistent with the research of G. P. 

Singh et al. [105]. The increase in the ultrasonic velocities can be attributed to the 

increase in the rigidity of the glass. This is due to the presence of the metal ions, W6+ 

ions which are involved in the glass network as network modifiers by breaking up bonds 

and fill the interstitial position within the glass network. Besides, the increase in 

ultrasonic velocities can be due to the introduction of coordination defects known as 

dangling bonds. During this process, some of the network bonds B-O-B can be broken 

and replaced by ionic bonds between metal ions and singly bonded oxygen atoms. It is 

suggested that the presence of metal ions leads to modification of the structure of the 

glass resulting in an increase in the linkages of the glass samples [106]. However, the 

decrease observed in both the ultrasonic velocities might be due to the addition of WO3 

with longer W-O bond length (1.70 to 1.75 Å) [107] at the expense of B2O3 with shorter 

B-O bond length (1.28 to 1.43 Å) [108]. This result of increase in bond length as causes 

a decrease in the obtained ultrasonic velocities. In general, the decrease in ultrasonic 

velocities is related to the increase in the number of non-bridging oxygen and 

consequently the decrease in the connectivity of the glass network. Here, W6+ ion may 

effect to the main bonds of the network cause to the new bonds with different average 

bond length and energy. The decrease in ultrasonic velocities of the glasses reveals that 
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the addition of WO3 content to the glass network impedes the movement for ultrasonic 

wave inside the glass network [109]. 

 

 

Figure 4.6  Variation of longitudinal and shear ultrasonic velocities of barium-

borate-bagasse-cassava rhizome-WO3 glass system 

 

 4.5.2 elastic moduli calculated from ultrasonic velocities 

  The elastic moduli (L, G, K, and E) of the prepared glass samples are shown 

in table 4.3. The addition of WO3 content (0-8 wt%) to the glass system caused the 

longitudinal moduli to decrease from 83.1292 to 77.3222 GPa, the shear moduli 

decreases from 28.4213 to 25.8011 GPa, the bulk moduli decrease from 45.2092 to 

38.7523 GPa and the Young's moduli decreases from 73.0170 to 68.6532 GPa. 

  The elastic moduli of the glass samples have a tendency to decrease with 

more adding WO3 content. This can be explained by a decrease of the rigidity and 

strength of the glass samples when adding WO3 [110]. The trends of elastic moduli are 

corresponding to the variation of ultrasonic velocity with WO3 content. The values of 

L and K agree with vL where the highest value is observed at 4 wt% of WO3. The values 

of G and E agree with vS, where the highest value is observed at 6 wt% of WO3. The 

distinct increase of velocities for both concentrations shows that the insertion of 

tungsten ion to the network structure causes the alteration of coordination and formation 
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of bridging oxygen, which can be observed from the FTIR data [111]. The increasing 

of WO3 at 4 and 6 wt% in the glass network is attributed to the formation of non-

bridging oxygen to bridging oxygen. In this study, the structural unit of BO3 are 

transformed to BO4 [100]. The decline trend of glass elastic moduli between 0 to 8 wt% 

content of WO3 as resulted from the number of non-bridging oxygen groups increases 

with more open structure. This suggests that WO3 acts as network modifier, it can break 

glass network to discontinuity form as resulted the decrease in the rigidity of network 

structure [110]. The non-bridging oxygen will loosen the structure of glass network 

hence will reduce the ultrasonic velocities. The clear values of longitudinal, shear, bulk 

and Young's moduli, it is indicating effect in volume of compression, expansion and 

resistance to deformation [54,112]. The application of studied glasses could choose the 

glass samples according to the purpose of use by taking into account the resistance to 

the force acting differently. 

  

Table 4.3  Elastic moduli and Poisson’s ratio of barium-borate-bagasse-cassava 

rhizome-WO3 glass system from ultrasonic testing 

 

WO3 

(wt%) 

L ± 0.0034 

(GPa) 

G ± 0.0025 

(GPa) 

K ± 0.0042 

(GPa) 

E ± 0.0051 

(GPa) 

σ 

±0.002 

0 83.1292 28.4213 45.2092 73.0170 0.240 

2 81.5861 27.3270 43.8770 71.8560 0.248 

4 85.0874 26.5502 47.3460 69.3672 0.273 

6 79.9981 29.1932 40.7181 74.8894 0.215 

8 77.3222 25.8011 38.7523 68.6532 0.249 

 

  According to Rajendaan et al. [113] the changes in the cross-link density 

will affect the Poisson's ratio and whereby a Poisson's ratio of between 0.1 and 0.2 

indicates a high cross-link density in the glass network structure. On the other hand, 

0.3-0.5 shows the structure has low cross-link density. The value of Poisson's ratio 

obtained in this network shows an increasing and decreasing trend with a narrow change 

from 0.215 to 0.273 against the wt% of WO3. It can be concluded that the studied 

glasses have high cross-link density. Therefore, a higher Poisson's ratio may come 

about the changes of bonds from covalent bond to ionic bond. However, at 6 wt% of 



76 

WO3 the Poisson's ratio value seems to decrease. According to Higazy and Bridge [114] 

the decrease in Poisson's ratio is attributed to the increase in the crosslink density of the 

glass system while Rajendran [113] also revealed that decrease in Poisson's ratio is 

attributed to the increase in network linkage.  

 

Table 4.4  Elastic moduli and Poisson’s ratio of barium-borate-bagasse-cassava 

rhizome-WO3 glass system from Makishima-Mackenzie model 

 

WO3 

(wt%) 
Vt Gt 

LM 

(GPa) 

GM 

(GPa) 

KM 

(GPa) 

EM 

(GPa) 
σM 

0 0.5312 15.300 53.502 29.324 43.210 67.974 0.238 

2 0.5191 15.252 52.072 28.745 41.236 66.299 0.232 

4 0.5110 15.204 51.001 28.301 39.797 65.029 0.228 

6 0.5021 15.156 49.863 27.829 38.270 63.670 0.223 

8 0.4924 15.108 48.612 27.310 36.597 62.163 0.217 

 

 4.5.3 Elastic moduli calculated from Makishima-Mackenzie model 

  According to Makishima-Mackenzie's theory [53,54], the packing density 

and dissociation energy per unit volume are the key factors affecting the elastic 

properties of glasses. This is due to the fact that, changes in the packing density and/or 

dissociation energy per unit volume reflect the structural changes that can take place in 

the glass network. The gradual decrease in the packing density and/or dissociation 

energy per unit volume contributes to a weakening in the glass structure, which 

consequently decreases the elastic moduli and Poisson's ratio. The calculated values of 

packing density, dissociation energy per unit volume, theoretical elastic moduli and 

Poisson's ratio on the basis of Makishima-Mackenzie model for barium-borate-bagasse-

cassava rhizome-WO3 glass system, are listed in table 4.4. As expected, all the 

calculated compositional parameters and elastic properties depend strongly on 

composition of the glass. 
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Figure 4.7  The comparative of theoretical and experimental elastic moduli in 

barium-borate-bagasse-cassava rhizome-WO3 glass system on the 

basis of Makishima-Mackenzie's theory. The solid line is the1:1 

correlation line. 

 

  Figure 4.7 illustrates the relationship between the theoretical and 

experimental elastic moduli of the prepared glass systems. The straight line in this 

figure is the line of 1:1 correlation. The figure shows clearly that the glass systems 

under investigation, the comparative between theoretical and experimental values of 

elastic moduli (G, E and K) is excellent.  Majority of the glass samples have 

experimental values of elastic moduli much greater than the corresponding theoretical 

values. For longitudinal modulus, the agreement is unsatisfactory as shown in figure 

4.7. The divergence between the theoretical and experimental values has been attributed 

to the anomalous behavior between the experimental elastic moduli and calculated 

dissociation energy per unit volume of the glass. The variation of the experimental 

longitudinal modulus related to creating and breaking bonds in glass structures, these 

can be described by the results of longitudinal ultrasonic velocity and FTIR spectra. 

The theoretical longitudinal modulus related to the changes in the packing density 

and/or dissociation energy per unit volume reflects the atom packing changes that refer 

to the rigidity of the glass network. The basis of the theoretical longitudinal modulus 

that calculated from the theoretical shear and bulk moduli while the experimental 
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longitudinal modulus calculated from density and longitudinal ultrasonic velocity only, 

these may be the reason that the theoretical and experimental values are different [111].  

 

 

Figure 4.8  The comparative of theoretical (σM) and experimental Poisson's 

ratios (σ) in barium-borate-bagasse-cassava rhizome-WO3 glass 

system on the basis of Makishima-Mackenzie's theory. The solid line 

is the 1:1 correlation line 

 

  Figure 4.8 shows the relation between theoretical and experimental 

Poisson's ratio of glass samples. One interesting observation in this figure is that, 

although the agreement between theoretical and experimental values of Poisson's ratio 

is satisfactory for most of the studied glasses, it is unsatisfactory for some glass samples 

such as B3 (WO3 4 wt%) and B5 (WO3 6 wt%). The reason that the both glass samples 

are different due to the addition of 4 wt% WO3 cause to WO3 bonds overlapping with 

BO bond and the changes of bonds from covalent bond to ionic bond (describe in topic 

4.4.2). The FTIR spectra indicate that the W6+ ions deed as a network participator in 

the bank of [BO3] units. The vibration of boron oxygen rings of the glass sample with 

6 wt% WO3 pointed to more number of bridging oxygen, that related to the increase in 

the crosslink density of the glass system. These results reveal that the experimental 

longitudinal modulus and Poisson's ratio of studied glasses is not predictable from the 
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data of packing density and/or dissociation energy per unit volume, which have been 

calculated from Makishima-Mackenzie model. 

 4.5.4 Bulk modulus calculated from Abd El-Moneim and Alfifi's approaches  

  The semi-empirical formula (2.25) suggested that, a plot of K versus (Vt/V) 

ratio would give a forward proportionality. The data of K versus (Vt/V) have been 

presented in figure 4.9. The power regression performed K and Vt/V yields the semi-

empirical (2.25) equation for this glass system; 

 

     K = 3725.3(Vt/V)1.6042 (4.1) 

 

with correlation coefficient of 0.575, Q = 3725.3 and γ = 1.6042.  Although some data 

of K versus (Vt/V) ratio would give a forward proportionality, but some the data of the 

ratio (Vt/V) are quite dispersed and do not shows a clear correlation with K. It can be 

clearly observed that glass sample with 4 wt% WO3 is dispersed from others. The 

experimental bulk modulus of this glass sample is higher than another samples. This is 

due to W6+ have some role in glass network (see topic 4.4.2). This behavior is against 

the semi-empirical formula (2.25) and suggests that the bulk modulus of these glasses 

are not predictable from the ratio (Vt/V). Even though, the bulk modulus on the basis 

of Abd El-Moneim and Alfifi's approaches (table 4.5) shows a decreasing trend similar 

to the Makishima-Mackenzie model, the obtained values are not nearly similar. In 

addition, the agreement of both theoretical and experimental bulk moduli is 

unsatisfactory as shown in figure 4.10. The solid line is 1:1 correlation line between 

theoretical and experimental bulk moduli. The divergence between the theoretical and 

experimental values has been attributed to the anomalous behavior of the experimental 

elastic moduli, W6+ has effect to the change of some bond in glass network. These 

related to the ability of glass samples to withstand changes in volume when under 

compression on all sides. Moreover, the basic theory for theoretical bulk modulus 

calculation from mean atomic volume and packing density of the glass [58-60], may 

also cause the different of both theoretical and experimental bulk moduli. 
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Figure 4.9  Variation of bulk modulus with the ratio between packing density 

and mean atomic volume in barium-borate-bagasse-cassava rhizome-

WO3 glass system. The solid line represents the least-square fitting of 

the data 

 

Table 4.5  Bulk modulus of barium-borate-bagasse-cassava rhizome-WO3 glass 

system from Abd El-Moneim and Alfifi's approaches 

 

WO3 

(wt%) 
Vt 

V  

(cm3/mol) 

Density 

±0.0016 (g/cm3) 

Vm  

±0.0016 (cm3/mol) 
KAbd (GPa) 

0 0.5312 10.0291 2.8762 36.1071 33.4513 

2 0.5191 10.2702 2.9133 36.7662 31.0984 

4 0.5110 10.4592 2.9630 37.2363 29.4233 

6 0.5021 10.6743 3.0062 37.7884 27.6692 

8 0.4924 10.9262 3.0384 38.4622 25.7782 
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Figure 4.10  The comparative of theoretical and experimental Poisson's ratios in   

  barium-borate-bagasse-cassava rhizome-WO3 glass system on the  

  basis of Abd El-Moneim and Alfifi's approaches 

 

4.6 Microhardness of glass samples 

 Microhardness expresses the pressure required to eliminate the free volume and 

deformation of the glass network [52]. The microhardness of the prepared glass samples 

in this work shows a decreasing pattern from 5.343 to 4.190 GPa and from 5.103 to 

4.123 GPa for measuring by using microhardness testing and ultrasonic testing, 

respectively, as the concentration of WO3 increases from 0 to 4 wt%. Such pattern is 

observed probably due to the influence of WO3 cause to formation of bridging atoms 

from structural unit BO3 to BO4 [100] and this modifier cause more the glass network 

with formation of non-bridging oxygen. These structural changes cause an increase in 

compactness of the glass system. 

 The microhardness values of all glass samples from microhardness testing and 

ultrasonic testing were compared with lead glass, which is standard shielding lead glass, 

are shown in table 4.6. The result shows that the microhardness of this glass system 

varied with WO3 content. The microhardness acquired from microhardness testing and 

from ultrasonic testing of this glass system have an accordant trend. All glass samples 

with different of WO3 exhibited a higher microhardness values than the lead glass. 

Moreover, the microhardness value of the glass sample with 6 wt% of WO3 (B4) is 
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higher than the glass samples with other WO3 concentrations. The highest 

microhardness is related to the amount of bridging oxygen occurring in the structure, 

which can be supported by ultrasonic velocities and FTIR data. These increasing trends 

imply an increase in the rigidity of the glass system. 

 

Table 4.6  Microhardness of barium-borate-bagasse-cassava rhizome-WO3 glass    

  system and lead glass 

 

Glass sample 

code 

H of glass samples  (GPa) H of lead glass ± 0.02 (GPa) 

(standard radiation 

shielding)  

microhardness 

testing ± 0.04 

ultrasonic  

testing ±0.0011 

B1 5.34 5.1033  
 

 

3.65 

 

B2 4.52   4.8361  

B3 4.19   4.1233  

B4 5.74   5.8552  

B5 4.35   4.5981 

 

4.7 The radiation properties of glass samples 

 4.7.1 The attenuation coefficients of glass samples 

  The mass attenuation coefficients of prepared glass samples were measured 

and calculated at photon energies of 60, 122 and 662 keV, the results are shown in 

figure 4.11. It is found that the mass attenuation coefficients tend to decrease as the 

photon energy increases. It is also found that the same photon energy, this value tends 

to increase with increasing of WO3 concentration. B5 glass sample (WO3 8 wt%) is the 

best photon energy attenuator for all studied photon energies. The mass attenuation 

coefficients of all glass samples at 60 keV are highest when compared with another 

studied photon energy. Therefore, this glass system is more suitable for related work 

applying at the photon energy of 60 keV than 122 and 662 keV. The mass attenuation 

coefficients measured from experiment are consistent with that calculated (theory) by 

WinXCom program. The linear attenuation coefficients in figure 4.12 also show the 

same behavior as the mass attenuation coefficient. 
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Figure 4.11  Variation of mass attenuation coefficient of barium-borate-bagasse-    

  cassava rhizome- WO3 glass system 

 

 

Figure 4.12  Variation of linear attenuation coefficient of barium-borate-bagasse-   

  cassava rhizome- WO3 glass system 

 

 4.7.2 The mean free path of glass samples 

  The mean free path (MFP) refers to the average distance between two 

consecutive interactions of photons [68,69]. The MFP values of this glass system in 

figure 4.13 tend to increase as the photon energy increases. At the same photon energy, 
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MFP values tend to decrease with increasing of WO3 concentration. B5 glass sample 

(WO3 8 wt%) possess the high possibility of a photon interacting with a target per unit 

path length for all studied photon energy [68]. The best value of MFP is observed at 

photon energy of 60 keV. Consequently, this glass system is more suitable for related 

work applying at the photon energy of 60 keV than 122 and 662 keV. In addition, a 

good agreement of MFP values between the experimental and theoretical (WinXCom 

program) is also observed in terms of the declined trend.  

 

 

Figure 4.13  Variation of mean free path of barium-borate-bagasse-cassava 

  rhizome-WO3 glass system 

 

 4.7.3 The half value layer of glass samples 

  The gamma ray shielding capability of material can be acquired by other 

parameters such as the half value layer (HVL, 50% photon attenuation thickness) 

[68,69]. From figure 4.14, it is also found that the HVL have the same behavior as the 

MFP. Therefore, the use of this glass material for radiation shielding application is 

optimal at photon energy of 60 keV with requirement of low minimum thickness. For 

higher photon energy, the minimum required thickness increase. In addition, increasing 

the concentration of WO3 improves the ability to prevent the transmission of photon 

energy because B5 glass sample (WO3 8 wt%) has the smallest HVL values for all 

studied energy. 
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Figure 4.14  Variation of half value layer of barium-borate-bagasse-cassava  

  rhizome-WO3 glass system 

 

  It is worth noting that at 662 keV photon energy, the gamma ray attenuation 

coefficients (figure 4.11 and 4.12) have a lower value than other studied photon energy. 

The more pronounced is the MFP and HVL (figure 4.13 and 4.14), the theoretical MFP 

and HVL values are significantly more than the experimental values. These difference 

occurred because of the photoelectric effect is process of absorption of gamma photon 

by an atom. It is more pronounced in high atomic number absorbers and at low incident 

energies. This process dominates at low energies (50-500 keV). At intermediate 

energies (50 keV-5 MeV) and in low Z materials, the Compton scattering is dominating. 

When this glass system obtained a higher gamma photon (662 keV), Compton process 

occurs only then when the photon energy passes the limiting value of the photoelectric 

process. Since the impulse and the energy are divided among the Compton electron and 

the scattered photon. For this reason, the atomic number (Z) of the material is less 

influential. The freed Compton electrons can, depending on the energy content, ionize 

other atoms along their routes. The scattered photon continues its way and continues to 

enter into Compton processes up until the energy is reduced to such an extent that a 

photoelectric process takes place. Only then the photon has disappeared. Because the 

electron binding energy is very small compared to the gamma ray energy [62-64]. 
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  One main cause of different experimental and theoretical values may be due 

to the theoretical basis of the WinXCom program, which is processing from the mixture 

rule which involve the atomic weight fractions and the cross-section values of pure 

elements or compounds in this composited glass. This radiation experiment other 

related variables may also affect different values such as the thickness similar or good 

plane characteristics of every glass sample and the amount of substance, composition 

before and after glass melting should be nearly equivalent. Due to it has an effect on 

data of weight fraction of glass composition for processing in the WinXCom program. 

From the discussion, it can be concluded that WinXCom program can be used to predict 

the radiation properties of the studied glass system for 60 and 122 keV photon energies. 

  Moreover, it was likewise found that the values of μm and u parameters 

obtained from the experiment and WinXCom of the glass samples are much higher than 

standard radiation shielding concretes (barite and ferrite concretes) at the same photon 

energies are shown in table 4.7 and 4.8. This result indicates that the studied glass 

system has better shielding properties in terms of mass substance than standard 

radiation shielding concretes [115]. HVL and MFP values have also been compared 

with both of standard radiation shielding concretes at the same photon energy are shown 

in table 4.9 and 4.10. It was found that the HVL and MFP values of the studied glasses 

is lower than both of standard radiation shielding concretes at energies of 60 and 122 

keV, while WinXCom values of this glass system higher than both concretes for 

energies of 662 keV. Therefore, the HVL and MFP parameters as well as the shielding 

properties depend on the energies of radioisotope source and WO3 concentrations [116]. 
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Table 4.7  The comparison of experimental (Ex) and theoretical (Th) mass atten-

uation coefficients of glass samples and standard radiation shielding 

concretes 

 

WO3 (wt%) 

µm at 60 keV (cm-1) µm at 122 keV (cm-1) µm at 662 keV (cm-1) 

Th 
Ex  

± 0.0018 
Th 

Ex 

± 0.0020 
Th 

Ex 

± 0.0023 

0 5.3788 5.4134 1.1693 1.1338 0.1695 0.1631 

2 5.5022 5.5535 1.2753 1.1706 0.1703 0.1826 

4 5.6255 6.2239 1.3813 1.2586 0.1712 0.2095 

6 5.7488 6.6136 1.4874 1.5441 0.1721 0.2225 

8 5.8721 6.8606 1.5934 1.5744 0.1730 0.2465 

Barite concrete 3.7835 0.7624 0.0788 

Ferrite concrete 0.6687 0.2198 0.0782 

 

Table 4.8  The comparison of experimental (Ex) and theoretical (Th) linear atten-

uation coefficients of glass samples and standard radiation shielding 

concretes 

 

 

 

 

 

WO3 (wt%) 

µ at 60 keV (cm-1) µ at 122 keV (cm-1) µ at 662 keV (cm-1) 

Th 
Ex 

± 0.0018 
Th 

Ex 

± 0.0020 
Th 

Ex 

± 0.0023 

0 15.4741 15.5734 3.3638 3.2618 0.2216 0.4692 

2 16.0307 16.1804 3.7156 3.4107 0.2256 0.5321 

4 16.6733 18.4470 4.0941 3.7303 0.2306 0.6209 

6 17.2837 19.8835 4.4718 4.6423 0.2351 0.6690 

8 17.8403 20.8433 4.8410 4.7832 0.2388 0.7489 

Barite concrete 13.2423 2.6685 0.2758 

Ferrite concrete 3.0089 0.9892 0.3518 
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Table 4.9  The comparison of experimental (Ex) and theoretical (Th) mean free    

path of glass samples and standard radiation shielding concretes 

 

 

Table 4.10  The comparison of experimental (Ex) and theoretical (Th) half value  

    layer of glass samples and standard radiation shielding concretes 

 

 

WO3 (wt%) 

MFP at 60 keV (cm) MFP at 122 keV (cm) MFP at 662 keV (cm) 

Th 
Ex 

± 0.0018 
Th 

Ex 

± 0.0020 
Th 

Ex 

± 0.0023 

0 0.0646 0.0642 0.2973 0.3066 4.5128 2.1315 

2 0.0624 0.0618 0.2691 0.2932 4.4331 1.8793 

4 0.0599 0.0542 0.2443 0.2681 4.3356 1.6105 

6 0.0579 0.0503 0.2236 0.2154 4.2524 1.4947 

8 0.0561 0.0479 0.2066 0.2091 4.1868 1.3353 

Barite concrete 0.0755 0.3747 3.6253 

Ferrite concrete 0.3323 1.0109 2.8424 

WO3 (wt%) 

HVL at 60 keV (cm) HVL at 122 keV (cm) HVL at 662 keV (cm) 

Th 
Ex 

± 0.0018 
Th 

Ex 

± 0.0020 
Th 

Ex 

± 0.0023 

0 0.0448 0.0445 0.2060 0.2125 3.1274 1.4771 

2 0.0433 0.0428 0.1865 0.2032 3.0722 1.3023 

4 0.0416 0.0376 0.1693 0.1858 3.0046 1.1161 

6 0.0401 0.0349 0.1550 0.1493 2.9469 1.0359 

8 0.0388 0.0332 0.1432 0.1449 2.9015 0.9254 

Barite concrete 0.0523 0.2597 2.5123 

Ferrite concrete 0.2303 0.7006 1.9698 



 

CHAPTER 5   

CONCLUSION AND RECOMMENDATIONS 

 

5.1 Conclusion 

 From the analysis it was found out that the main composition of bagasse and 

cassava rhizome is Si and Ca, respectively. Both raw materials can be used as the 

composition of glass producing in the 30BaO - (50-x)B2O3 - 10BG - 10CR - xWO3 

system, successfully prepared using melt-quenching technique. All glass samples are a 

transparent yellow tone, the increasing of WO3 concentration lead to the glass samples 

are more dark yellow. The density and molar volume of glass samples trends to increase 

when WO3 content was added, the reason of the substitution of higher molecular weight 

and the greater size of the ionic radii of WO3, respectively. From the investigation by 

X-ray mapping technique, the chemical compositions of all glass samples are 

homogeneous. Also, the XRD pattern confirmed the amorphous nature of studied glass 

system.  

 Both vL and vS of this glass system tend to decrease with the increasing of WO3 

concentration. However, an increase of vL at 4 wt% and vS at 6 wt% of WO3 has effect 

on borate network. These pointed to more number of bridging oxygen which were 

supported data from FTIR spectra. The elastic moduli of all glass samples have a 

tendency to decrease with more adding WO3 content, corresponding to the variation of 

ultrasonic velocities. This suggests that WO3 acts as network modifier, it can break 

glass network to discontinuity form as resulted the decrease in the rigidity of network 

structure. The application of studied glasses could select the glass samples according to 

the purpose of used by taking into the resistance of the force acting on samples. The 

Poisson's ratio obtained in this work shows a narrow change trend of increasing and 

decreasing and the studied glasses have high cross-link density.  

 The comparative study between theoretical and experimental values of elastic 

moduli (G, E and K) is excellent. Majority of the glass samples have experimental 

values of elastic moduli much greater than the corresponding theoretical values. For 

longitudinal modulus, this value is not corresponding. The divergence between the 
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theoretical and experimental values has been attributed to the anomalous behavior 

between the experimental elastic moduli and calculated dissociation energy per unit 

volume of the glass. Although the agreement between theoretical and experimental 

values of Poisson's ratio is satisfactory for studied glasses, it is not corresponding for 

B3 (WO3 4 wt%) and B5 (WO3 6 wt%) glass samples. The experimental longitudinal 

modulus and Poisson's ratio of studied glasses is not predictable from Makishima-

Mackenzie model. The bulk modulus of these glasses are not predictable from the Abd 

El-Moneim and Alfifi's approaches. Even though, the bulk modulus on the basis of Abd 

El-Moneim and Alfifi's approaches shows a decreasing trend similar to the Makishima-

Mackenzie model, the obtained values are not nearly similar. In addition, the agreement 

of both theoretical and experimental bulk moduli is not correspond. The microhardness 

of the glass samples acquired from microhardness testing and from ultrasonic testing 

have an accordant trend. All the glass samples with different of WO3 exhibited a higher 

microhardness values than the standard radiation shielding lead glass. Moreover, the 

microhardness value of the glass sample with 6 wt% of WO3 (B4) is higher than other 

studied glass samples. These increasing trends imply an increase in the rigidity of the 

glass system. 

 For radiation shielding properties, it was found that the mass attenuation 

coefficient and linear attenuation coefficient tend to decrease as the photon energy 

increases (60, 122 and 662 keV). Therefore, this glass system is more suitable for 

related work applying at the photon energy of 60 keV than 122 and 662 keV. It is also 

found that the same photon energy, these values tend to increase with increasing of 

WO3 concentration. B5 glass sample (WO3 8 wt%) is the best photon energy attenuator 

for all studied photon energies. The experimental and theoretical (WinXCom program) 

radiation attenuation coefficients are consistent.  

 The MFP values of this glass system tend to increase as the photon energy 

increases. Consequently, this glass system is more suitable for related work applying at 

the photon energy of 60 keV than 122 and 662 keV. At the same photon energy, MFP 

values tend to decrease with increasing of WO3 concentration. B5 glass sample (WO3 

8 wt%) possess the high possibility of a photon interacting with a target per unit path 

length for all studied photon energy.  In addition, a good agreement of MFP values 

between the experimental and theoretical is also observed in terms of the declined trend. 
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It is also found that the HVL have the same behavior as the MFP. Therefore, the use of 

this glass material for radiation shielding application is optimal at photon energy of 60 

keV with requirement of low minimum thickness. For higher photon energy, the 

minimum required thickness increase. In addition, increasing the concentration of WO3 

improves the ability to prevent the transmission of photon energy because B5 glass 

sample (WO3 8 wt%) has the smallest HVL values for all studied energy. Although the 

studied experimental and theoretical radiation parameters tend to be consistent, there is 

a clear observation that the experimental values are significantly different from the 

theoretical values. This may be due to the theoretical basis of the WinXCom program 

and some caution in the broad beam transmission geometry. WinXCom program can 

be used to predict the radiation properties of the studied glass system for 60 and 122 

keV photon energies. Their high values of mass and linear attenuation coefficient and 

low value of HVL and MFP in comparison to standard radiation shielding concretes for 

60 and 122 keV photon energies indicate that the volume required for shield design will 

be less than concretes. However, the application of cassava rhizome and bagasse as the 

composition in this glass production has many advantages such as reducing 

environmental pollution from agricultural waste and reducing the cost of glass 

production, etc. 

 

5.2 Recommendations 

 Various properties of glass samples should be studied with more new techniques 

or methods to provide clearer results, which will be useful for wider application of glass 

samples such as: 

 In the field of radiation, other additional parameters should be studied such as 

buildup factor. Gamma ray measurement is an important issue in nuclear technology, 

since it is widely used in industry, medicine, agriculture and education research. 

Gamma ray is also needed to build radiation protection, which is very useful for human 

health. The buildup factor is a correction factor that considers the influence of the 

scattered radiation plus any secondary particles in the medium during shielding 

calculations. If we want to account for the buildup of secondary radiation, then we have 

to include the buildup factor. The buildup factor is then a multiplicative factor which 

accounts for the response to the uncollided photons so as to include the contribution of 
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the scattered photons. Thus, the buildup factor can be obtained as a ratio of the total 

dose to the response for uncollided dose.  

 Another interesting technique is differential scanning calorimetry (DSC) can be 

used to measure a number of characteristic properties of a sample. Using this technique, 

it is possible to observe fusion and crystallization events as well as glass transition 

temperatures (Tg). DSC can also be used to study oxidation, as well as other chemical 

reactions. 
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Raw materials and chemicals for research  
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Figure no. Name 

 

 

 

 

 

 

A I 

Bagasse powder from Khon Kaen Sugar 

Industry Public Company Limited, 43 

Moo 10, Nampong-Kranuan Rd., 

Nampong, Khon Kaen 40140, Thailand 

 

 

 

 

 

 

A II 

Cassava rhizome powder from Cassava 

plantation, Sueang Khao, Si Rattana 

District, Si Sa Ket 33240, Thailand 

 

 

 

 

 

 

A III 

 

Barium carbonate, Ajax Finechem Pty 

Ltd company, Purity of 95.0 % 

 

 

 

 

 

 

A IV 

Dihydrogen borate, Fisher scientific 

company, Purity of 100.0 % 
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Figure no. Name 

 

 

 

 

 

 

A V 

 

 

Tungsten trioxide, Fisher scientific 

company, Purity of 95.0 % 

 

 

 

 

 

 

A VI 

 

 

Potassium bromide, S.P.Y. SCIENCE 

TECH. LDT. company, AR. Grade 
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APPENDIX B 

Scientific equipment and instruments for research 
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Figure no. Name 

 

 

 

 

 

 

 

 

B I 

Scanning Electron Microscopy, 

HITACHI Brand, S-3400N Model, Type 

II with EDAX element analyzer device, 

Genesis model at  Scientific Equipment 

Center, Ubon Ratchathani University 

 

 

 

 

 

 

 

 

 

B II 

Electric furnace: temperature of       

1,800 ºC, built by Glass Technology 

Excellent Center (GTEC), Department 

of Physics, Faculty of Science, Ubon 

Ratchathani University 

 

 

 

 

 

 

 

B III 

 

Electric oven: temperature of 1,000 ºC, 

built by Glass Technology Excellent 

Center (GTEC), Department of Physics, 

Faculty of Science, Ubon Ratchathani 

University 

 

 

 

 

 

 

 

 

 

 

 



112 

Figure no. Name 

 

 

 

 

 

 

 

 

B IV 

Density measurement system, built by 

Glass Technology Excellent Center 

(GTEC), Department of Physics, 

Faculty of Science, Ubon Ratchathani 

University 

 

 

 

 

 

 

 

 

B V 

Glass grinding and polishing machine 

built by Glass Technology Excellent 

Center (GTEC), Department of Physics, 

Faculty of Science, Ubon Ratchathani 

University 

 

 

 

 

 

 

 

 

B VI 

 

 

X-ray analytical microscope of energy 

dispersive X-ray fluorescence 

spectrometer, HORIBA Scientific brand, 

XGT-5200 WR model at Scientific 

Equipment Center, Ubon Ratchathani 

University 

 

 

 

 

 

 

 

 



113 

Figure no. Name 

 

 

 

 

 

 

 

 

B VII 

 

 

Fourier Transform Infared spectrometer 

(FTIR), Perkin Elmer brand, Spectrum 

RXI model at Scientific Equipment 

Center, Ubon Ratchathani University  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

B VIII 
 

 

Microhardness testing machine, 

Mitutoyo company, Mitsubishi brand, 

MVK- H1 model at Department of 

Industrial Engineering, Faculty of 

Engineering, Ubon Ratchathani 

University 

 

 

 

 

 

 

 

 

 

 

B IX 

 

 

 

X-ray Diffractometer, Phillips 

PANalytical brand, X’Pert Highscore 

model at Department of Physics, Faculty 

of Science, Ubon Ratchathani 

University 
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Figure no. Name 

 

 

 

 

 

 

 

 

B X 

 

 

Ultrasonic flaw detector, SONATEST 

brand, Sitescan 230 model with cable 

probe at Department of Physics, Faculty 

of Science, Ubon Ratchathani 

University 

 

 

 

 

 

 

 

 

 

B XI 

Electrical balance, Denver Instrument 

company with accuracy 0.0001 at 

Department of Physics, Faculty of 

Science, Ubon Ratchathani University 

 

 

 

 

 

 

 

B XII 

Cutting machine, Benetec limited brand, 

labcut 1010 model at Department of 

Physics, Faculty of Science, Ubon 

Ratchathani University 

 

 

 

 

 

 

B XII 

Hydraulic press, SPECAC company at 

Scientific Equipment Center, Ubon 

Ratchathani University 
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Figure no. Name 

 

 

 

 

 

 

 

 

B XIII 

The detector type NaI (Tl), ORTEC 

brand, a division of AMETEK model at 

Department of Nuclear Engineering, 

Faculty of Engineering, Chulalongkorn 

University 

 

 

 

 

 

 

B XIV 

Alumina crucible 

 

 

 

 

 

 

B XV 

Stainless steel molds 

 

 

 

 

 

 

B XVI 

lead glass (standard shielding), Kongsak 

X-ray Medical Industry CO., LTD. 

company 
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APPENDIX C 

WinXCom program for research 
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C I  Window of WinXCom program 

 

 

 

 

 

 

 

 

 

 

 

 

C II  Selection of elements for creating compound 
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C III  Creating mixture of studied glass system 

 

 

 

 

 

 

 

 

 

 

 

 

C IV  The  results from processing of WinXCom program 
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2015 

 P. Gunhakoon, S. Pencharee, R. Laopaiboon.  “The effect of lead 

to structural and elastic properties of recycle silica gel glass (RSG)”, 

Poster presentation, Siam Physics Congress 2015 academic con-

ference, Sofitel Krabi Phokeethra Golf & Spa Resort, Krabi. 

 P. Gunhakoon, S. Pencharee, J. Laopaiboon, R. Laopaiboon. 

“Structural and elastic properties of Strontium lead silicate glass 

prepared from silica gel waste”, Poster presentation, North Eastern 

Science and Technology Conference 2015, Ubon Ratchathani 

University. 

2016 

 P. Gunhakoon, O. Jaiboon, S. Pencharee, J. Laopaiboon, R. 

Laopaiboon.  “Investigation of strontium lead silicate glass prepared 

from silica gel used as gamma ray shielding materials”, Poster 

presentation, International Scientific Conference on Engineering 

and Applied Sciences, Beijing, China. 

 P. Gunhakoon, O. Jaiboon, S. Pencharee, J. Laopaiboon, R. 

Laopaiboon. “Investigation of lead silicate glass prepared from 

silica gel for used as gamma-ray shielding materials: a comparison 

between CaO and SrO”, Journal of Science & Technology, Ubon 

Ratchathani University, Special Issue, December 2016. Also, I 

participated a poster presentation of Siam Physics Congress 2016 

academic conference, Baansuan Khunta Golf & Resort, Ubon 

Ratchathani. 

2017 

 P. Gunhakoon, O. Jaiboon, S. Pencharee, J. Laopaiboon, R. 

Laopaiboon and C. Yenchai. “Gamma-ray shielding and structu-ral 

properties of stron-strontium-lead-silicate glasses”, Poster presen-

tation, Siam Physics Congress 2017 academic conference, Rayong 

Marriott Resort & Spa, Rayong. 
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Year Publications and Conferences 

2018 

 P. Gunhakoon, J. Laopaiboon, O. Jaiboon, S. Pencharee, R. 

Laopaiboon. “The effect of lead oxide on structural and elastic 

properties of strontium lead silicate glass from deteriorated silica 

gel”, Journal of Engineering and Applied Science Research, July-

September 2018; 45(3): 230-234. 

2019 

 P. Gunhakoon, P. Sopapan, J. Laopaiboon, O. Jaiboon and R. 

Laopaiboon. “Influence of gamma ray on elastic and structural 

properties of recycled window glass doped with chromium oxide 

using ultrasonic contact technique and FTIR spectroscopy”, Journal 

of Physics: Conf. Series, 1285 (2019) 012033. Also, I participated a 

poster presentation of International Nuclear Science and 

Technology Conference, Centara Grand at Central Ladprao, 

Bangkok. 

 P. Sopapan, J. Laopaiboon, O. Jaiboon, P. Gunhakoon and R. Lao-

paiboon. “Effect of zinc oxide on elastic and structural properties of 

recycled window glass: a comparative study between before and 

after gamma irradiation”, Journal of Physics: Conf. Series, 1285 

(2019) 012032. 

2020 

 P. Gunhakoon, T. Thongklom, P. Sopapan, J. Laopaiboon, R. Lao-

paiboon, O. Jaiboon. “Influence of WO3 on elastic and structural 

properties of barium-borate-bagasse-cassava rhizome glass sys-

tem”, Journal of Materials Chemistry and Physics, 243 (2020) 

122587. 

 P. Sopapan, R. Laopaiboon, J. Laopaiboon, P. Gunhakoon, T. 

Thongklom and O. Jaiboon. “Study of bagasse and cassava rhizome 

effects on the physical, mechanical and structural properties of 

soda‑lime borate glasses”, Journal of SN Applied Sciences, (2020), 

2: 929. 
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2012 
 Internships, experience and inspiring about scientific research: 

Bio-physics, Mahidol University, Nakhon Pathom 

2013 

 Internships, experience and inspiring about scientific research: 

effect of polyvinylpyrrolidone on formation of Cu nanoparticles, 

King Mongkut's University of Technology Thonburi, Bangkok 

2014 

 Internships and experience, Physical Analysis Laboratory, 

Material Characterization Unit, National Metal and Materials 

Technology Center (MTEC), Pathum Thani. I was trained to 

analyze the material and scientific equipment such as grinding 

and polishing machine, Ball mill machine and Scanning electron 

microscope (EBSD). 

2015 
 Assistant lecturer of little scientist house project, Ubon 

Ratchathani University. 

2017 

 Internships and experience in experiment about radiation of 

materials, Department of Nuclear Engineering, Faculty of 

Engineering, Chula-longkorn University, Bangkok.  

 Training for the skill to operate the Conventional ultrasonic flaw 

detector and Phased Array, Ubon Ratchathani University by 

C.V.M. Group Co., Ltd. 

2018 

 KidBright Workshop for Trainer, Ubon Ratchathani University 

by National Electronics and Computer Technology Center 

(NECTEC) 

2019 
 Training for Radiation Safety Level 1, Thailand Institute of 

Nuclear Technology, Pathum Thani. 

2020 

 Assistant lecturer of Education Development Capacity Building 

Project in the utilization of x-ray, gamma ray and neutron for 

research and industrial applications 
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