
Chapter 2 Glass 

Glass can be defined as a rigid super cooled liquid having no definite melting point and a high viscosity that 

prevents crystallization.  

On heating glass softens slowly and finally liquefies. Any substance that has been solidified from the liquid state 

without crystallization can be referred as glass. 

The glass–liquid transition, or glass transition, is the gradual and reversible transition in amorphous materials (or in 

amorphous regions within semicrystalline materials), from a hard and relatively brittle "glassy" state into a viscous or 

rubbery state as the temperature is increased.  

An amorphous solid that exhibits a glass transition is called a glass.  

The reverse transition, achieved by supercooling a viscous liquid into the glass state, is called vitrification.  

The glass-transition temperature Tg of a material characterizes the range of temperatures over which this glass 

transition occurs. It is always lower than the melting temperature, Tm, of the crystalline state of the material, if one 

exists. 

Glass is a non-crystalline, amorphous solid that is often transparent and has widespread practical, technological, and 

decorative usage in, for example, window panes, tableware, and optoelectronics. The most familiar, and historically 

the oldest, types of manufactured glass are "silicate glasses" based on the chemical compound silica (silicon dioxide, 

or quartz), the primary constituent of sand. The term glass, in popular usage, is often used to refer only to this type of 

material, which is familiar from use as window glass and in glass bottles.  

What are Silicate Minerals 

Silicate minerals are minerals composed of silicate groups. The silicate group is composed of one silicon atom bonded 

to four oxygen atoms. It is given as SiO4
-
. The structure of this silicate group is known as a silicon-oxygen tetrahedron. 

This is because the oxygen atoms around the silicon atom are in the shape of a tetrahedron. Silicate minerals are the 

rock-forming minerals. 

There are different types of silicate minerals that can be found naturally. Some of these types are Nesosilicates or 

Orthosilicates, Sorosilicates, Cyclosilicates, etc. These minerals are different from each other according to the 

arrangement of the silicon-oxygen tetrahedron. However, the silicate minerals fall into four major groups. 

 Isolated Tetrahedra –  Olivine 

 Chains of Tetrahedra –  Pyroxenes, Amphiboles 

 Sheets – Mica, Clay 

 Framework – Quartz, Feldspar 
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Some common examples of silicate minerals are quartz, feldspar, olivines and garnet minerals. Quartz is a common 

mineral that can be found on the earth surface. For example, rocks, sandstones are all made out of quartz. 

What are Nonsilicate Minerals 

Nonsilicate minerals are minerals that are not composed of silicate groups. These minerals may contain oxygen atoms 

but not in combination with silicon. Nonsilicate minerals are less complex than silicate minerals. 

Six Major Classes of Nonsilicate Minerals 

 Oxides – Oxides are composed of various types of cations bonded to oxide anion 

 Sulfides – Sulfides are composed of various types of cations bonded to sulfide anions 

 Carbonates – Carbonates are composed of various types of cations bonded to carbonate anions 

 Sulfates – Sulfates are composed of various types of cations bonded to sulfate anions 

 Halides – Halides are composed of various types of cations bonded to chloride and fluoride anions 

 Phosphates – Phosphates are composed of various types of cations bonded to phosphate anions 

Different Types Silicate and Nonsilicate Minerals  

Silicate Minerals:  Silicate minerals can be divided into four major groups. They are isolated tetrahedra, chains of 

tetrahedra, sheets, and framework. Silicate minerals have highly complex structures. 

Nonsilicate Minerals: Nonsilicate minerals can be found in six different types as oxides, sulfides, sulfates, halides, 

phosphates, and carbonates. Nonsilicate minerals have less complex structures when compared to silicate minerals. 

All minerals on the earth can be categorized into silicate minerals and nonsilicate minerals. This classification is done 

according to the presence or absence of silicate groups in minerals. The main difference between silicate minerals and 

nonsilicate minerals is that silicate minerals are composed of silicate groups whereas nonsilicate minerals have no 

silicate groups. 

Difference between Silicate and Nonsilicate Minerals 

Silicate Minerals: Silicate minerals are minerals composed of silicate groups. 

Nonsilicate Minerals: Nonsilicate minerals are minerals that are not composed of silicate groups. 

Silicate minerals Nonsilicate minerals 

Silicate minerals are composed of silicate groups. Nonsilicate minerals do not contain silicate groups. 

Silicate minerals have highly complex structures. Nonsilicate minerals have less complex structures when 

compared to silicate minerals. 
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Silicate minerals can be divided into four major groups: 

isolated tetrahedra, chains of tetrahedra, sheets, and 

framework.  

Nonsilicate minerals can be found in six different types as 

oxides, sulfides, sulfates, halides, phosphates, and 

carbonates.  

One abundant non-silicate mineral is pyrite, or "fool's gold," a compound of iron and sulfur well known for its 

deceptive metallic luster. Others include calcite, from which limestone and marble are formed, hematite, corundum, 

gypsum and magnetite, an iron oxide famed for its magnetic properties. 

Composition 

Of the many silica-based glasses that exist, ordinary glazing and container glass is formed from a specific type 

called soda-lime glass, composed of approximately 75% silicon dioxide (SiO2), sodium oxide (Na2O) from sodium 

carbonate (Na2CO3), calcium oxide (CaO) also called lime from CaCO3, and several minor additives. 

Main Ingredients of glass 

1. Silicon dioxide (SiO2) is a common fundamental constituent of glass.  

2. Sodium oxide (Na2O) generally obtained from Na2CO3, "soda", which lowers the glass-transition 

temperature. The soda makes the glass water-soluble, which is usually undesirable,  

3. Lime (CaO, calcium oxide) generally obtained from limestone, CaCO3.  

4. Magnesium oxide (MgO) and aluminium oxide (Al2O3) are added to provide for a better chemical durability. 

The resulting glass contains about 70 to 74% silica by weight and is called a soda-lime glass. Soda-lime 

glasses account for about 90% of manufactured glass.  

 

Manufacturing and processing of glass  

1. Collection of raw materials: The raw materials such as silica in the form of white sand or quartz (SiO2), 

soda ash (Na2CO3), lime stone (CaCO3) and cullet (broken pieces) are ground separately and mixed in proper 

proportion. The fusion of cullet or broken glass is to bring down melting point og the charge. The process is 

made economical. 

2. Preparation of batch: The raw materials, cullet and decolouriser are finely powdered in grinding machines. 

These materials are accurately weighed in correct proportions before they are mixed together. The mixing of 

these materials is carried out in mixing machines until a uniform mixture is obtained. Such a uniform mixture 

is known as the batch or frit and it is taken for further process of melting in a furnace.  

Note: The batch of the starting materials (is called a charge) to be melted and loading it into the furnace is 

called charging the furnace. The intimate homogeneous mixture of raw materials is called batch. 
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3. Melting or Heating of charge: The Glass batch is melted either in a pot furnace or in a tank/ open hearth 

furnace furnace made of fireclay or platinum. The heating is continued until the evolution of carbon dioxide, 

oxygen, sulphur dioxide and other gases stops.  

 

Heating is done by burning producer gas mixed with air over the charge. The cullet (or broken glass) melts first and 

helps in the fusion of the rest of the charge. A high temperature of 1500 – 1800 °C is maintained to reduce the 

viscosity of glass melt and to obtain a homogeneous liquid. 

The following reactions take place in the manufacture of glass: 

CaCO 3 + SiO2 CaSiO 3 + CO2

Na2CO3 + SiO2 Na2SiO3 + CO2

K2CO3 + SiO2 K2SiO3 + CO2  

Heating is continued till the glass melt is free from gas bubbles like CO2, SO2 etc. Undecomposed raw materilas and 

impurities form a scum called glass gall which is skimmed off. 

The clear liquid is now allowed to cool after adding the necessary decolorisers or colouring agents. It is cooled to 700-

1200 °C, so that it will have the proper viscosity for shaping. 

Note:  

Pot furnace: Small scale preparation of high grade glass is carried out in a pot furnace. Glass of uniform quality is 

possible in a pot furnace. These pots are placed in specially prepared holes in the furnace. The charging and collecting 

doors are kept projecting outside so that raw materials may be added and molten glass may be taken out conveniently. 



The pots are filled with raw materials. The furnace is heated by means of producer gas. When the mass has melted 

down, it is removed from the pot and it is taken for the next operation of fabrication. The melting of glass by pot 

furnace is an intermittent process. It is used to melt small quantities of glass at a time or to prepare special types of 

glass. 

Tank Furnace: This furnace resembles the reverberatory furnace adopted for puddling of the wrought-iron. Fig. 14-2 

shows the section of a tank furnace adopted for the melting of glass. It is constructed with reinforced masonry. The 

roof is given special shape to deflect the flames of heated gas. The ports are provided for the entry of preheated 

producer gas. The doors are provided for charging and for taking out the molten glass. A bridge separates the tank into 

two unequal compartments. The batch is heated in large compartment and it contains somewhat impure glass. It flows 

through opening of bridge into small compartment. The gall or floating impurities are collected at the top of large 

compartment. The refractory lining is provided to the interior surface of tank. 

The tank is filled with raw materials. The furnace is heated by allowing producer gas through ports. The charging of 

raw materials and taking out of molten mass are simultaneous. This is a continuous process and it is adopted to melt 

large quantities of glass at a time. 

Salt cake Na2SO4 is added to remove the scum from tank furnace and also to enable ready escape of bubbles. 

4. Processing of glass:  

Shaping: The molten glass is run into moulds and automatic machines turn them into desired shapes such as sheets, 

tubes, rods, wires etc. 

The molten glass is given suitable shape or form in this stage. It can either be done by hand or by machine. The hand 

fabrication is adopted for small scale production and machine fabrication is adopted for large scale production. 

Annealing: After shaping, the glass articles need to be cooled gradually and slowly. Rapid cooling causes fracture. 

Annealing is carried out in special chambers, where temperature is brought down slowly. The entire process of 

annealing may require a few days glass may crystalline if cooled very slowly. 

The glass articles, after being manufactured, are to be cooled down slowly and gradually. This process of slow and 

homogeneous cooling of glass articles is known as the annealing of glass. 

The annealing of glass is a very important process. If glass articles are allowed to cool down rapidly, the superficial 

layer of glass cools down first as glass is a bad conductor of heat. The interior portion remains comparatively hot and 

it is therefore in a state of strain. Hence, such glass articles break to pieces under very slight shocks or disturbances. 

Finishing: After annealing the glass articles are subjected to finishing such as cleaning, grinding, polishing and 

cutting etc. 



Certain decolorizing agents such as cerium oxide, neodymium oxide etc., are added to neutralize an undesired colour 

present in glass. 

Classification or types of glasses 

Glasses are classified based on other ingredients which change its properties. The following is a list of the more 

common types of silicate glasses and their ingredients, properties, and applications: 

1. Soda-lime-silica glass or soda glass or soft glass or window glass: Silica (SiO2) + sodium oxide (Na2O) + lime (CaO) 

+ Magnesia (MgO) + Alumina (Al2O3). Is transparent, easily formed and most suitable for window glass. It has a high 

thermal expansion and poor resistance to heat (500–600 °C).  Container glass is a soda-lime glass that is a slight 

variation on flat glass, which uses more alumina and calcium, and less sodium and magnesium, which are more water-

soluble. This makes it less susceptible to water erosion. Used for making food or beverage containers. It is used for 

windows, some low-temperature incandescent light bulbs, and lamp envelopes and tableware. 

2. Borosilicate glass or Pyrex glass: silica (SiO2) + boron trioxide (B2O3) + soda (Na2O) + alumina (Al2O3). Stands heat 

expansion much better than window glass. Used for chemical glassware, cooking glass, car head lamps, 

etc. Borosilicate glasses (e.g. Pyrex, Duran) have as main constituents’ silica and boron trioxide. They have fairly 

low coefficients of thermal expansion (7740 Pyrex CTE is 3.25×10
−6

/°C as compared to about 9×10
−6

/°C for a typical 

soda-lime glass), making them more dimensionally stable. The lower coefficient of thermal expansion (CTE) also 

makes them less subject to stress caused by thermal expansion, thus less vulnerable to cracking from thermal shock. 

They are commonly used for making reagent bottles, industrial equipment, exterior lighting, laboratory wares, optical 

components and household cookware. 

3. Lead-oxide glass or crystal glass or lead glass: silica (SiO2) + lead oxide (PbO) from red lead Pb3O4+ potassium 

oxide (K2O) from K2CO3+ soda (Na2O) from Na2CO3+ zinc oxide (ZnO) + alumina (Al2O3). Because of its high 

density (resulting in a high electron density), it has a high refractive index, high dispersion, high electrical resisatnce, 

high homogeneity, does not undergo devitrification, cut off harmful UV radiation. making the look of glassware more 

brilliant (called "crystal", though of course it is a glass and not a crystal). It also has a high elasticity, making 

glassware "ring". It is also more workable in the factory, but cannot stand heating very well. This kind of glass is also 

more fragile than other glasses and is easier to cut. Used for making lenses, neon-sign tubings, cathode ray tubes, 

optical instruments, spectral prisms, etc. 

4. Safety glass: It is classified into laminated safety glass and heat strengthened or tempered safety glass.  

Laminated safety glass is made by bonding two sheets of ordinary glass with a thin layer of vinyl plastic between 

them. Poly vinyl butyral (PVB) is used as a bonding agent between two or more layers of glass. An important property 

of safety glass is that when it is broken, the fragments are held in place by the interlayer. The glass pieces do not fly 

off that is it is shatter-proof.  

Tempered safety glass is obtained by heating a single sheet of glass to just below its fusion point and then quenching I 

in oil, air or molten salt. 

It does not get fractured easily and is capable of withstanding mechanical and thermal shocks. If the outer surface 

breaks the pieces does not fly and the broken pieces have no sharp edges.  
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Safety glass is used for the manufacture of doors, windows shields of automobiles, ships, aeroplanes and furnaces.  

A sandwich effect is produced where in the outer surface cools rapidly and is in a state of compression. 

5. Armoured glass: It is also known as bullet resistant glass or bullet-proof glass. It is obtained by pressing together 

several layers of glass with vinyl resins in a alternate layers. A thickness of 12-76 mm is common. It is usually 70-76 

mm thick. More is the thickness more is its resistance. Glasses of different thickness are needed to withstand 

penetration from different types of bullets. 

6. Fluorosilicate glass: It is composed of mainly fluorite and silica. They have good mechanical properties. It has low 

dielectric constant and used in semiconductor fabrication. They have good resistance to chemicals and can be used in 

microwave ovens.  

7. Coloured glass:  Coloured galsses are made by the addition of appropriate amounts of a colouring agent to the batch. 

 

Colour Colouring agent 

Green Iron chromite, presence of boric acid deepens the green colour. 

Blue Cupric oxide, cobalt oxide, cerium oxide 

Yellow Cerium dioxide, TiO2 

Pink Selenium oxide, SeO2 

Ruby Selenium oxide 

Violet MnO2 

Coloured glass is used for making coloured glass articles, house-hold articles,  sheets, bottles, beautification etc. 

8. Photosensitive glass: it is composed of Li2O in addition to above. It contains microscopic metallic ion nanoparticles 

made of gold or silver. It has high strength, good stability, grain ree image, accurate reproducibility. It is used in 

printing, and reproducing process. It finds its use in military. It is possible to burn images and words that are hidden in 

photosensitive glass by heating at high temperatures.  

9. Aluminosilicate glass: silica (SiO2) + alumina (Al2O3) + lime (CaO) + magnesia (MgO) + barium oxide (BaO) + boric 

oxide (B2O3). Extensively used for fiberglass, used for making glass-reinforced plastics (boats, fishing rods, etc.) and 

for halogen bulb glass. Aluminosilicate glasses are also resistant to weathering and water erosion.  

10. Germanium-oxide glass: alumina (Al2O3) + germanium dioxide (GeO2). Extremely clear glass, used for fiber-

optic waveguides in communication networks. Light loses only 5% of its intensity through 1 km of glass fiber.  

11. Fused quartz, also called fused-silica glass, vitreous-silica glass: Silica (SiO2) in vitreous or glass form. Its 

molecules are disordered and random, without crystalline structure. It has very low thermal expansion, is very hard, 

and resists high temperatures (1000–1500 °C). It is also the most resistant against weathering that caused in other 

glasses by alkali ions leaching out of the glass, while staining it. Fused quartz is used for high-temperature applications 

such as furnace tubes, lighting tubes, melting crucibles, etc. 
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