Glass, an amorphous substance made primarily of silica fused at high temperatures with borates or phosphates. It is neither a solid nor a liquid but exists in a vitreous, or glassy, state in which molecular units have disordered arrangement but sufficient cohesion to produce mechanical rigidity. Glass is cooled to a rigid state without the occurrence of crystallization; heat can reconvert glass to a liquid form. Usually transparent, glass can also be translucent or opaque. Color varies with the ingredients of the batch.

Molten glass is plastic and can be shaped by means of several techniques. When cold, glass can be carved. At low temperatures glass is brittle and breaks with a shell-like fracture on the broken face. Glass was first made before 2000 BC and has since served humans in many ways. It has been used to make useful vessels as well as decorative and ornamental objects, including jewelry. Glass also has architectural and industrial applications.

Materials and Techniques 

The basic ingredient of glass compositions is silica, derived from sand, flint, or quartz.

Composition and Properties 

Silica can be melted at very high temperatures to form fused silica glass. It has a high melting point and does not shrink or expand greatly with changing temperatures. Glass is a poor conductor of both heat and electricity and therefore useful for electrical and thermal insulation. For most glass, silica is combined with other raw materials in various proportions. Alkali fluxes, commonly the carbonates of sodium or potassium, lower the fusion temperature and viscosity of silica. Limestone or dolomite (calcium and magnesium carbonates) act as stabilizers for the batch. Other ingredients such as lead and borax give to glass certain physical properties.

Lead Glass 

The fine-quality table glass known as crystal is made from potassium-silicate formulas that include lead oxide. Lead glass is heavy and has an enhanced capacity to refract light, which makes it suitable, among others, for imitation jewels. Because lead absorbs high-energy radiation, lead glasses are used in shields to protect personnel in nuclear installations.

Borosilicate Glass 

Borosilicate glass contains borax as a major ingredient, along with silica and alkali. Noted for its durability and resistance to chemical attack and high temperatures, borosilicate glass is widely employed for cooking utensils, laboratory glassware, and chemical process equipment.

Color 

Impurities in the raw materials affect the color of glass. For a clear, colorless substance, glassmakers add manganese to counteract the effects of iron traces that produce greens and browns. Glass can be colored by dissolving in it metallic oxides, sulfides, or selenides. Other colorants may be dispersed as microscopic particles.

Miscellaneous Ingredients 

Typical glass formulas include broken waste glass of related composition (cullet), which promotes melting and homogenization of the batch. Fining agents such as arsenic or antimony are often added to cause the release of small bubbles during the melting.

Mixing and Melting 

After careful preparation and measurement, the raw materials are mixed and undergo initial fusion before being subjected to the full heat needed for vitrification. In the past, melting was done in clay pots heated in wood- or coal-burning furnaces. Pots of fireclay are still used when relatively small amounts of glass are needed for handworking. In modern glass plants, most glass is melted in large tank furnaces, heated by gas, oil, or electricity. The glass batch is fed continuously into an opening (doghouse) at one end of the tank, and the melted, refined, and conditioned glass is drawn out the other end. 

Shaping 

When working glass in its plastic state, five basic methods are employed to produce an almost limitless variety of shapes: casting, blowing, pressing, drawing, and rolling.

Casting 

In this process, known to the ancients, molten glass is simply poured into a mold and allowed to cool and solidify. 

Glassblowing 

The revolutionary discovery that glass could be insufflated and expanded to any shape was made in the third quarter of the 1st century BC, in the Middle East along the Phoenician coast. The necessary tool is a hollow iron pipe about 1.2 m (about 4 ft) long with a mouthpiece at one end. The glassblower, or gaffer, collects a small amount of molten glass, called a gather, on the end of the blowpipe and rolls it against a paddle or metal plate to shape its exterior (marvering) and to cool it slightly. The gaffer then blows into the pipe, expanding the gather into a bubble, or parison. By constantly reheating at the furnace opening, by blowing and marvering, the gaffer controls the form and thickness. Simple hand tools such as shears, tongs (pucellas), and paddles are used to refine the form, often while the glassblower sits in the special “glassmaker's chair,” one with extended arms to support the blowpipe. Blown glass can also be shaped with molds: Part-size molds pattern the gather, which is then removed and blown to the desired size. Full-size molds into which the gather is entirely blown impart size, shape, and decoration. Additional gathers may be applied and manipulated to form stems, handles, and feet, or they may be trailed on and tooled for decoration. To make cased glass, a gather is placed within, and fused to, one or more layers of differently colored glass. For finish work and fire polishing at the mouth of the furnace, the gather is transferred to a solid iron rod called a pontil, applied opposite the blowpipe, which is then removed. When the pontil is cracked off it leaves a “pontil mark” that may be later ground or polished away.

Pressing 

In this process, a gather of glass is dropped into a mold, and a plunger then squeezes the glass between itself and the outer mold and forms the final shape. The mold may be patterned to impart decorative design to the object being made.

Drawing 

Molten glass can be drawn directly from the furnace to make tubing, sheets, fibers, and rods of glass that must have a uniform cross section. 

Rolling 

Sheet glass, and plate glass in particular, was originally produced by pouring molten glass on a flat surface and, with a roller, smoothing it out prior to polishing both its surfaces. Later it came to be made by continuous rolling between double rollers.

Lampworking 

Lampworking consists of the reworking of preformed and annealed glass, generally to produce scientific laboratory equipment and decorative toys and figures. Rods and cylinders are reheated by air-gas or oxygen-gas flames and refashioned by hand or machine.

Fusing and slumping 

Fusing is joining together pieces of glass at temperatures roughly between 700 °C and 820 °C, usually in a kiln. The process can range from tack fusing at lower temperatures, in which separate pieces of glass stick together but still retain their individual shapes, to full fusing at higher ones, in which glass is heated until it becomes molten and  pieces merge smoothly into one another.  Glass elements must be compatible to ensure they can be fused properly.

The technique produces a huge range of art pieces: jewellery, bowls, sculptures, panels and ornaments.


   Slumping is a kiln forming process that uses heat and gravity to transform sheet glass into the shape of a mold. 
As the glass turns molten, it expands and slumps into the mold assuming its shape. Next it is cooled down to room temperature with an appropriate annealing phase.
The process is used for making bowls, platters or decorative 3-D objects.

Annealing 

After being formed, glass objects are annealed to relieve stresses built up within the glass as it cools In an oven called a lehr, the glass is reheated to a temperature high enough to relieve internal stresses and then slowly cooled to avoid introducing new stresses. Stresses can be added intentionally to impart strength to a glass article. 

Decoration 

After annealing, a glass object may be embellished in a number of ways. Some of them are as follows:

In cutting, to produce cut glass, facets, grooves, and depressions are ground into the surface with rotating disks of various materials, sizes, and shapes and a stream of water with an abrasive. The steps are marking the pattern, rough cutting, smoothing, and polishing.

Designs are engraved by means of a diamond point or a metal needle, or with rotating wheels, generally of copper.

In the etching process intaglio decoration is achieved with acid, the results varying from a rough to mat finish.

In sandblasting, fine grains of sand, crushed flint, or powdered iron are projected at high speed onto the glass surface, leaving a design in mat finish.

In cold painting, lacquer colors or oil paints are applied to glass but are not affixed by firing.

In enamel painting, enamel colors are painted and then fused onto the surface in a low-temperature firing.

In gilding, gold leaf, gold paint, or gold dust is applied to glassware and sometimes left unfired; low-temperature firing, however, is necessary for permanency.
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