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Tall bottle, fired in oxidation then re-fired in reduction.
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Introduction

[image: ]
Bottle with cobalt blue, oxidation fired.
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Copper green bottle fired in oxidation.
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Bottle with rutile colourant, fired in reduction.

The first time I saw a crystalline glaze was mind-boggling. Although I had been working exclusively in porcelain, I had never seen anything quite so intriguing. Images of thistledown blowing in the wind and floating galaxies came to mind. How did the potter do it? I wanted to find out.

Since that first exposure at a craft show 40 years ago, I have seen many different types of crystalline glazes and met hundreds of potters working in this technique. And yet, I still find the process fascinating.

Creating crystalline glazes involves more than a methodical procedure comprising recipes and firing schedules. It requires an understanding of what crystals are, how they grow, how the ingredients in the glaze work together, and how each material reacts in the melt. Knowing the glazes well and mastering when to use them are skills that require research, time, and sensitivity to artistic expression. Perhaps working with porcelain and using crystallines is where technology and art are most compatible. It seems natural to pair the two.

However, using a crystalline glaze does not guarantee that the piece will be aesthetically pleasing. Too often, it camouflages an unsuitable form or a poorly made pot.

Some potters, although intrigued, have been too intimidated to try this technique. It has been described as difficult, with a high failure rate. This book attempts to demystify the process and provide an understanding of the materials. It offers information needed to work in this medium and minimise losses. I hope you find this guide useful for developing your own new and exciting glazes and making uniquely beautiful pots.




1 Natural crystals
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Quartz crystals, (white) with mica crystals (gold). Ontario, Canada.
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Selenite gypsum, Chihuahua, Mexico.
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Ice crystals in a puddle.

From snowflakes to diamonds, humans have always been fascinated with crystals. Throughout history, crystals have played an important role in religious and healing ceremonies. Imbued with mystical powers, forecasting the future, or used as body adornment, they have been valued, traded, and crafted into many of the basic materials of our daily lives.

But what are crystals? Simply put, they are substances whose elements are arranged in three-dimensional patterns that fit together and repeat themselves, giving their characteristic shape.

Billions of years ago, the Earth was a mixture of hot gases and dust remaining from the formation of our sun. As the materials amalgamated and cooled, the Earth grew and distinct layers formed. The Earth’s mantle consists of magma and super-heated rock with temperatures ranging from 1000°C near the crust to 3700°C closer to the core (1832°F to 6692°F). This differentiation occurred because of the varying densities of the different minerals.

Differences in density and pressure can sometimes cause magma to rise to the surface, where it erupts as volcanic lava. As the lava cools, the movement of its constituent molecules slows and, depending on its composition, it solidifies at specific temperatures and forms lattice structures we call mineral crystals. Additionally, rocks can be described as aggregates of minerals. All minerals are crystalline.

The crystal lattice takes six specific forms: cubic, hexagonal, tetragonal, orthorhombic, monoclinic, and triclinic. Each of these types contributes to the diversity of crystal shapes. The angles at which atoms are bonded and the distance between them create the geometric patterns characteristic of specific crystal types.

Most crystals require a medium in which to grow. Magma when cooled produces minerals. Water provides a growth medium for ice crystals and in water-based solutions, such as seawater, crystals form and grow through evaporation, becoming salt.

When solutions cool slowly and excess molecules can no longer be contained, they align themselves on a nucleation site, or ‘seed’ (a single crystal from which a larger one grows). Crystals cannot form within a liquid without some sort of seed.

When conditions are ideal, crystals may start growing in many different locations within a solution. They will continue to grow until something foreign gets in their way, or until the saturated material needed for growth is depleted. Many appear in clusters, and most rocks contain several different kinds of minerals.

Several factors, such as composition, temperature, pressure, and time, influence their formation, growth and type. Since most materials are more soluble in a liquid at higher temperatures, an increase in temperature leads to saturation. Larger crystals tend to grow if cooling takes place over a longer period of time, or if a solution is still saturated with growing material.

Smaller crystals develop when solutions cool quickly. For example, sugar derived from plants when melted and cooled rapidly forms a glass, and appears as transparent hard candy. The molecules do not have enough time to order themselves into a crystalline structure. If the same sugar is added to water in large enough proportions and cooled slowly, it will form a saturated or supersaturated solution and will, over time, grow the beautiful crystals aptly named ‘rock candy’.

Some crystals are so small that a powerful microscope is needed to see them. Others are as huge as a boxcar. Regardless of size, each mineral produces crystals with the same molecular structure.

Crystal growth is also dependent on space. If the space is confined, they compete for room to develop and may form imperfect, irregular shapes. In contrast, open cavities, such as those found in geodes, allow for the growth of well-formed, often spectacular crystalline structures.

Almost all inorganic compounds are crystalline at room temperature, with the exception of glass and liquids. When glass cools, it appears to solidify, but whether it is a true solid is still a matter of scientific debate. It does not have a crystalline structure and its molecules are random.

Rocks that are deeper in the earth are subjected to heat and pressure and can react to form new minerals or recrystallize. Examples include microscopic calcite crystals in limestone growing larger, limestone metamorphosing into marble, or carbon becoming diamond under immense pressures.

Crystals play an integral role in our everyday lives, from the accurate splitting of seconds in advanced timekeeping instruments to the launching of a spacecraft. Radios, televisions, cell phones, fibre optics, computers, auto ignitions, hearing aids, pacemakers, and innumerable other devices incorporate solid-state components (silicon chips). Crystals help regulate power supplies to our cities and control our mass transportation systems. They are used in ultrasound equipment and lasers for diagnosing diseases. The list is endless.

There are just not enough natural crystals available to satisfy the needs of technology. They may be too valuable, the wrong size or shape, or not pure or perfect enough. More ore deposits must be found, explored, mined, and developed to satisfy the demands of advancing technology. Because of this, some crystals used by industry are grown in commercial laboratories using natural minerals and elements to suit specific needs. Examples include gemstones such as diamonds, sapphires, rubies, and emeralds.

Crystals have been forming on Earth for billions of years, and new crystals continue to form, both in nature and in laboratories. They shape the Earth’s landscape by contributing both beauty and important materials to our daily lives.
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Amethyst with hematite, Ontario, Canada.
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Brucite, Pakistan.
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Pyrite, Bolognesi, Peru.




2 The history of crystalline glazes

[image: ]
Art Nouveau style vase, 1904, by Hector Guimard for Sevres Manufacture, France, early twentieth century. Image courtesy of DeAgostini Picture Library/Scala, Florence.

Pottery making, one of the world’s oldest crafts, predates history; comparatively, crystalline glazing is in its infancy. Until 140 years ago, there were no crystalline glazes or, if they existed, they were probably not understood, perhaps developing accidentally while the potter was trying to prolong the cooling of the kiln.

Most crystalline glazes are created on porcelain. China clay, known internationally as kaolin, is more commonly found in China than elsewhere, and the Chinese have been credited with the discovery of porcelain. With proper additions to the clay and higher temperatures in their kilns, Chinese potters were able to achieve hardness, whiteness, and translucency. As porcelain became more widely available, pottery became finer and the glazes suited to this form grew in demand.

The Song Dynasty (ad 960–1279) was known for its iron-rich tenmoku glazes, described as ‘hare’s fur’, which contained microcrystals. The ancient Chinese oil-spot glazes also contained very small crystals, which were most likely unintentional.


Development of crystalline glazes in continental Europe

When kaolin deposits were discovered near Alençon and Limoges in France in around 1768, porcelain manufacturing in Europe started using this local material. Because kaolin is iron free and allows the clay to be fired to a higher temperature, the objects became more refined, and new glazes were developed.

In 1800, Alexandre Brongniart became the director of Sèvres National Porcelain Factory in France. During the five decades he worked there, he was the first to successfully oversee the manufacturing of European hard-fired porcelain; he also oversaw the creation of new enamel colours, and installed more efficient and cost-effective kilns capable of reaching higher temperatures.

Charles Lauth and George Dutailly, two chemists at Sèvres, discovered crystal deposits in glazes made with zinc silicate and titanium dioxide, but they chose not to develop the procedure. Instead, they issued a warning to other chemists about these ‘contaminants’ and how to avoid the ‘problem’. A cup they made with a crystalline glaze was donated to the manufactory’s museum. This cup and the date 1885, established the documented beginnings of crystalline glazes produced at Sèvres.1 However, the factory did not start formally producing crystalline glazes until 1897. The artist-potter Taxile Doat began working at Sèvres in 1877; although his work style was academic, he experimented with crystalline glazes. Doat left Sèvres in 1905 and emigrated to America where he continued working with these glazes at the University City Pottery in St Louis, Missouri.

Adolphe Clément, a chemist at the Royal Copenhagen Porcelain Manufactory, Denmark, disregarded the warning and began experimenting with zinc silicates. In 1886, he donated examples of his results to the city’s mineralogical museum. Seven years after leaving Royal Copenhagen, he published a report of his research into these glazes to the Congress for Applied Chemistry in Vienna.2

A chemist named Valdemar Engelhardt succeeded Clément at the Copenhagen factory in 1891. He developed crystalline glazes for artistic application, which became internationally known. At the Chicago exhibition of 1893, they were much acclaimed.3

[image: ]
Vase with twisted base, 1894-1900. Designed by Valdemar Engelhardt for Royal Copenhagen. Copenhagen, Denmark. Image courtesy of The Newark Museum of Art/Art Resource/Scala, Florence.

The Royal Porcelain Manufactory of Berlin was the first to market crystalline glazes commercially. In 1878, the company established the Techno-Chemical Research Institute. Albert Heineche, head of the Institute from 1888–1914, started concentrating on crystalline glazes in around 1898.4 10 years later, Wilhelm Pukall, a chemist at the Manufactory and head of the Royal Ceramic College, also worked with crystalline glazes and published the results.

The Meissen Porcelain Manufactory in Germany first began producing crystalline glazes in 1898 and exhibited them at the Paris Exhibition of 1900.5 Also at the turn of the century, the Rörstrand Porcelain Manufactory in Sweden started producing Japanese-style porcelain forms with crystalline glazes.

From the mid-eighteenth century to the outbreak of World War I, most ceramic work was made in large factories and was usually cast. Separate workers performed each step along the road of production; an individual piece might be handled by dozens of workers. An artist designed the object, someone else prepared the clay, another cast the piece, a chemist made the glaze, and others were responsible for glazing and firing. Most of the ware produced around this time was very highly decorated with paintings or transfers of florals, animals, and a myriad of other images in the preferred style.

It was not until the Art Nouveau movement (1890–1910) that a simpler glaze became popular. The single glaze on a straightforward form began to appeal, perhaps as a relief from the overdecorated work preceding it. Crystalline glazes, with their subtle colour variations, random occurrence, and impressionistic appearance, better suited the natural and sensuous lines of the Art Nouveau style. Industrial ceramicists, interested



Development of crystalline glazes in England
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Crystalline vase by Pilkington’s Tile and Pottery Company. Image courtesy of Salford Museum & Art Gallery, Salford, England.
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Vase, 1926. Ruskin Pottery (1901-1935). Image courtesy of Museum Associates/LACMA/Art Resource NY/Scala, Florence.



Development of crystalline glazes in the United States




[image: ]
Globular vase with ‘leopardskin crystal’ glaze, 1914. Manufactured by Fulper Pottery Company. Flemington, New Jersey. Image courtesy of The Newark Museum of Art/Art Resource/Scala, Florence.
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Vase, c.1912-1915. Fulper Pottery Company (1899–1935). © The Metropolitan Museum of Art/Art Resource/Scala, Florence.
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Teco Crystal vase c.1904. Collection of Richard D. Mohr. © Toomey & Co. Auctioneers (Rago/Wright).





Adelaide Alsop Robineau
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Adelaide Alsop Robineau. Vase with stand, 1910. Porcelain. Image courtesy of Everson Museum of Art. Museum purchase, 16.4.15.
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Adelaide Alsop Robineau. Vase, 1905. © The Metropolitan Museum of Art/Art Resource/Scala, Florence.
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Vase, 1912-1913. © The Metropolitan Museum of Art/Art Resource/Scala, Florence.





Crystalline glazing in the twentieth century
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Small Porcelain Vase, n.d., David Snair (d. 1999). Porcelain, 3 1/4 × 1 1/8 × 1 1/8 in. Gift of June Shealor, 86.2 © Canton Museum of Art.



Studio potters



	The International Symposium of Crystalline Artists, founded in 1982, consisted of 20 potters who exchanged data on these glazes in a newsletter; the group disbanded in 1988.

	In 1987, a show of crystalline-glazed pottery produced by potters from Belgium, East and West Germany, France, the Netherlands, Austria, and Switzerland took place in Höhr-Grenzhausen, in what was then West Germany. The show received international attention. A catalogue was published featuring the artists and their work.

	In 1993, Derek Clarkson, a British potter, organised a show at the Manchester Art Gallery, England. Historic crystalline pieces were featured, together with the contemporary works of crystalline potters from England, Europe, the United States, Canada, and Japan.

	In April 2005, the International Exhibition of Crystalline Glazes took place in Vallauris, France, the ‘city of potters’. Twenty-four potters from across Europe, Canada, and the United States participated in an exhibition. I was the guest speaker at the symposium.

	In September 2005, in Kansas City, Missouri, a two-day crystalline glaze conference and exhibition took place. More than 100 potters gathered for discussions and to exchange ideas. I also spoke at this event.

	In May 2006, a five-day workshop took place at the studio of Kris Friedrich in Palm Springs, California. Potters shared glaze recipes and brought their bisque-fired pots to be crystalline-fired in one of Friedrich’s several kilns.

	Also in 2006, a show in Leeuwarden, Netherlands, featured the work of 14 crystalline artists.

	In March 2007, as part of the Canadian Clay Symposium, I conducted a five-day workshop on crystalline glazes at the Shadbolt Centre for the Arts in Vancouver, British Columbia.

	Bill Campbell of Cambridge Springs, Pennsylvania, held a workshop and exhibition at his studio and gallery in September 2007. Thirty-nine potters specializing in crystalline glazes participated.

	In 2008, 18 potters from around the world exhibited their crystalline glazes at the Keramikmuseum Mettlach in Germany, which was sponsored by Villeroy & Boch as part of the 260th anniversary celebration of the company. The exhibition then travelled to two other German museums (Potzellanikan – the State Museum for Porcelain in Selb, and Museum Schloss in Fürsternberg) before making its way to the Dehullu Gallery in Gees, Netherlands in 2010.

	In 2009, 51 crystalline glaze potters participated in a three-day workshop at the studio of Phil Hamling in Warwick, New York. Demonstrations were given for several methods of achieving reduction of crystals in an electric kiln.

	In 2011, the National Council on Education for the Ceramic Arts (NCECA) took place in Tampa, Florida. As part of the conference, an exhibition of crystalline-glazed pottery was held at the nearby Dunedin Fine Art Center. Glenn Woods organised a panel discussion with renowned crystalline glaze artists Ginny Conrow, Phil Hamling, Jamie Kozlowski, Marsha Silverman, and me. We collectively addressed the various approaches crystalline glaze artists take and what they strive for as they seek perfect crystalline glaze results.

	In 2013, a five-day Congress of Crystalline Artists, organised by José and Maite Mariscal took place in La Bisbal d’Empordà, Spain with participants from around the world. The event featured an exhibition, presentations, demonstrations, a throwing contest, and a ‘Night of Fire’ celebration held in the town square.

	Almost every year at the Dunedin Fine Arts Centre, the Pottery Boys – Glenn Woods and Keith Herbrand – organise workshops, several of which feature crystalline glazes.
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© Jose MARISCAL Paneque.
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