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Abstract  

 

The article reviews the research findings available on different types of glasses that presents 

potential use for high pressure gas hydrogen storage systems. An overview of the mechanical 

properties of different glasses, the influence of main constituents and the impact of defects to 

the strength of glass was presented. As part of this research, it can be concluded that the glass 

gets a significant improvement of tensile strength by reducing its dimensions to fibre sizes or 

capillaries due to reduced probability of defects presence. 
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Introduction 
 

Glass is a solid amorphous material that does not present a crystallin structure with a large 

usage both technological and aesthetical. The oldest type of glass discovered up to now is the 

silicate glass obtained from a chemical compound of silica, the main constituent of sand [1]. From 

structural point of view, at atomic scale, glass presents a random grouping of molecules, the most 

of them being oxygen ions linked together in a framework creating ions of boron, silicon or 

phosphor [2]. 

A glass made only from silica presents superior properties, but, unfortunately, due to the 

high temperatures needed during the production process, it becomes hard to be manufactured and 

expensive, so, from this reason, different framework modifiers ions as sodium, potassium or 

calcium are used to improve the process [2]. 

The article presents an overview of different types of glasses related to the most important 

mechanical properties that has an influence on the gravimetric and volumetric capacity of the 

hydrogen storage systems and additionally the impact of the defects to the strength of glass. 

 

Glass composition and properties 

 

The main glass constituents and their roles are as follows: 
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Silica –is the main constituent element of glass. Due to hard and expensive manufacturing 

process of glass containing only silica, different alkaline materials and lime in adequate 

proportions needs to be included [2]. 

Sodium or potassium carbonate – it is included in adequate quantities in order to reduce 

the melting point of silica and to improve the viscosity [2]. 

Calcium oxide –it is introduced as chalk in order to increase the glass durability. To have 

a glass with increased brightness, lead oxide needs to be used instead of lime [2]. 

Manganese dioxide –is a component used in a certain proportion in order to ameliorate the 

colour of glass due to the presence of iron into the glass raw material [2]. 

Dyes –are used in order to obtain a certain colour for glass: 

 
Table 1. Dyes used for glass production [2] 

 

Color Coloring substance 

Black Cobalt, Nickel and Manganese Oxide 

Green Chromic Oxide 

Red Copper Oxide, Selenium 

Purple Manganese Dioxide 

White Cryolite, Tin Oxyde 

Yellow Cadmium Sulfate 

 

By choosing a certain application for glass, different composition were identified as can 

be observed in the table below: 

 
Table 2. Comparative study on the composition of glass in mass percentages [3] 

 

  Classic soda-lime- 

silica glass 

(windows glass) 

Laboratory and 

baking glassware 

Optical 

glass 

Silica 

glass 

Primitive soda-

lime-silica glass 

Silica SiO2 73,6% 80,0% 35,0% 96,5% 67,0% 

Soda Na2O 16,0% 4,0% - - 18,0% 

Lime CaO 5,2% - - - 8,0% 

Potash K2O 0,6% 0,4% 7,2% - 1,0% 

Magnesia MgO 3,6% - - - 1,0% 

Alumina Al2O3 1,0% 2,0% - 0,5% 2.5% 

 

The most known types of glasses are the followings: 

 

Soda lime glass 

Sodium carbonate (Na2CO3) is a frequent used additive introduced to lower the transition 

temperature of the glass. Lime (CaO), a certain quantity of magnesium oxide (MgO) and 

aluminum oxide (Al2O3) are some common additives usually added to enhance the chemical 

durability. Soda-lime glass represents over 75% of the manufactured glass in the world and 

contains between 70 and 74% silica. As advantages, it is transparent, it is easy to be formed and 

perfect to be used for window glass and tableware. Disadvantages include the fact that it has a 

high thermal expansion and really low heat resistance. For these reasons, soda-lime glass is 

usually used for common day-by-day applications [1]. 

 

Borosilicate glass 

Borosilicate glass (e.g., Duran) usually contains 5-13% boron trioxide (B2O3). In addition, 

borosilicate glasses have relatively low thermal expansion coefficients, thus, they are less subject 

to the stress generated by thermal expansion and therefore less exposed to crack occurrence due 

to thermal shock. They are commonly used for laboratory items, household utensils and 

headlights [1]. 
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Lead based glass 

To reduce the melting point, respectively the viscosity, lead oxide is added to the glass. 

Due to the high density, the refraction index of this type of glass is high leading to increased 

optical dispersion [4]. Beside this, lead oxide improves the solubility of metal oxides and 

represents an important element introduced in colored glass. On the other hand, compared to 

sodium glass, lead based glasses presents almost 100 times lower melt viscosity which allows 

easier removal of bubbles and an improved behavior for forming at lower temperatures [1]. 

 

Aluminosilicate glass 

Aluminosilicate glass usually contains 5-10% alumina (Al2O3). Compared to borosilicate 

glasses, this one is more difficult to be melt so harder to be formed in different shapes. Beside 

this, aluminosilicate glass is known for its excellent thermal resistance and durability [5]. 

 

Ceramic glass 

This type of material contains both glass with a non-crystalline structure and ceramics 

with a crystalline structure, leading to superior chemical, thermal and biological properties [6]. 

However, the most important property of ceramic glass is the robustness against thermal shock, 

so it becomes extremely useful for cooking applications and industrial processes, even supporting 

repeated temperature variation cycles up to 1000 °C [1]. 

 

Glass fiber 

It is obtained by pressing molten glass through a fine extruding shape and cutting 

afterwards at needed length [7]. It is generally used to produce composite materials by combining 

with plastic resins. In the form of fiberglass wool, it is used as an excellent thermal and sound 

insulating material [1]. 

 

Phosphate glass 

Phosphate glass is a type of optical glass, which, unlike silicate glass with SiO2, forms a 

P2O5 substrate [8]. Because the bonds of phosphorus oxide are weaker than in the case of silica, 

the properties like chemical and abrasion resistance of this type of glass are getting lower than in 

case of silicate or borosilicate glasses. On the other hand, they have a high homogeneity and are 

suitable for optical applications [9]. 

When we are talking about gas hydrogen storage systems, the most important parameters 

are the gravimetric and volumetric capacity of the storage. The link between these two storage 

parameters and the materials used is the following: the material density has a direct link to the 

weight of the complete storage system, so to the gravimetric capacity, and the material tensile 

strength has link to the maximum pressure allowed in the storage that has an influence to the 

volumetric capacity. 

In order to find the proper glass type to achieve high gravimetric and volumetric capacities, 

different glass types were compared to each other in terms of tensile strength and density[10-24]. 

The results of the comparison can be observed in (Fig. 1).  

Based on the results presented in (Fig.1) we can observe that the lowest density can be 

found on borosilicate glass and D-glass fiber. From this point of view, this glass type will be 

preferred in terms of gravimetric storage capacity. From the strength point of view, it is 

completely clear that by having a fiber glass shape we can achieve strength from two to five times 

higher than a normal plate glass shape. In this case, to be able to withstand high pressures of 

hydrogen in the storage, the usage of glass capillaries seems to be the best approach. 
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Fig. 1. Comparison between the density and tensile strength of different types of glass 

 

Glass defects 

 

Due to the manufacturing processes of the materials, various defects may occur. By 

definition, a defect is a physical, functional, or aesthetic attribute of a product or service that 

indicates that the product or service did not meet one of the desired specifications [25]. Based on 

the research done on the scientific literature, the following kind of defects were identified [26]: 

a) Knots and striations - are glassy inclusions, i.e., glasses of different compositions in the 

base material. Nodes and striations are generally interconnected. 

b) Crystals - are crystalline elements such as, for example, dendrites 

c) Stones - describe compact inclusions. They can occur through crystallization of the glass 

itself, contamination or incomplete dissolution of the raw material 

d) Metallic inclusions - appear either from metals used in the melting process, from 

refractory materials, contamination or from the different stages of glass processing 

e) Bubbles - are empty spaces in glass filled with gas. These are the most common types 

of defects, most often containing gases such as oxygen, carbon dioxide, sulfur dioxide, argon, 

carbon monoxide or hydrogen. 

 

 
 

Fig. 2. Glass defects [26-29] 
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They way that the glass defect influences negatively the strength of the glass material can 

be observed in the (Fig.3.). 

 

 
 

Fig. 3. Glass strength variation to flaw depth [30] 

 

By analyzing the figure above, we can notice that as we move away from the primary state 

of the glass by applying various operations such as heat treatment, processing, use in different 

applications, its strength decreases. At the same time, the strength of the glass is also influenced 

by the size of the defects in the way that as the size of the defects increases, as expected, the 

strength will decrease. 

 

Conclusions 

 

Based on the existing scientific literature, different applications of the glass lead to the 

needs of different constituents with a certain weight percentage in order to improve the glass 

robustness. 

After comparing different kind of glasses, in terms of high-pressure hydrogen storage 

systems, the best glass types to be used are the glass fibers due to their high strength properties. 
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