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Tile frieze for the Royal Sussex County Hospital, detail: all tiles are made from porcelain, using a variety of decorating techniques, such as intaglio featured in Chapter Five, and transfer printing in Chapter Seven.
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A detail from a freeform panel for a kitchen, showing passion flowers and goldfinches, as favourite plants and birds requested by the client: the tiles show a combination of decorative techniques, from washes of slips with coloured glazes to digital transfers taken from watercolours for the flowers and birds.











INTRODUCTION



I f you ask anyone to define what a tile is, they will most likely describe a flat piece of fired clay, often square, that is stuck onto a wall or a floor with others of their kind side by side. They may also mention that tiles can be decorative and make surfaces waterproof.
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Bird tile with glaze decoration, as an example for how making processes are followed through in this book: the modelling is featured in Chapter Five, and the glazes use the recipe for high temperature earthenware glazes, given in Chapter Two.








While technically correct, this describes only a limited aspect of what tiles can be, especially if they are handmade. For artists and makers, tiles are a form of artistic expression. For architects and designers, tiled surfaces can add texture, colour and pattern to spaces. And for those who are just beginning to explore the world of ceramics, tiles provide an opportunity to try out decoration, glazing and modelling – all important aspects of working with clay.


Making tiles is closely embedded within the craft of ceramics, in the knowledge about clays, exploring surfaces, firing and glazing, and using moulds. Some people dismiss tile making as a poor cousin to ‘proper’ ceramics, because they see tiles as flat and as lacking the volume that a vessel might have. While it is true that tiles are largely, though not always, two-dimensional, many tile creations re-join the three-dimensional world their own way, either by being sculpted themselves or by being installed in interior and exterior spaces. For many makers, tiles are an extension of their ceramic practice: with tiles they can reach out into the realm of the built environment, become part of fine art practice, or work co-operatively for community and public art projects.


When this book was first conceived, it was to be aimed at makers of intermediate skill level. However, making distinctive tiles encompasses so much more than a basic knowledge of pottery. Depending on the techniques involved, skills in drawing and painting, surface design, printmaking and sculpture came to the fore in the chapters of this book, and I wanted to enable practitioners of these adjacent disciplines to transfer their skills to tiles as well. They may not know much about clay, but they are knowledgeable in their own area of expertise. With this in mind, this book covers the basics of ceramics by providing enough knowledge to be able to make tiles. It is often at the junction of disciplines that new and creative work emerges, and I hope that this book will encourage this fusion of skills.


Furthermore, I hope that this book will also be of interest for those commissioning handmade tiles, and for architects and interior designers who use tiles for their projects. Getting your hands dirty with practical work, or at least learning more about the processes involved, can lead to a deeper understanding of the products and the expertise of tile makers.


This book draws on the work of a large group of makers, each of whom is a master in their own particular niche. This contributes a level of diversity and detail that more basic demonstrations and descriptions cannot match. Most of the techniques are explained through pictures in sequential instructions. In our age of the internet, when many resources are at our fingertips, it is still relatively rare to see skilled makers at work with enough information to emulate what they are doing. I hope that this book will fill this gap and is taken into the workshop as a working guide, even if it gets splattered with slip and glaze!


When I was writing the book, I realised that each chapter could have become a book in its own right, and it was sometimes difficult to decide what to keep in and what to leave out. With some techniques, I have only covered the basics, with references to further study in the appendix.




CHAPTER 1
 

THE TILE MAKER’S STUDIO


T his chapter introduces the equipment needed for making tiles, including suggestions for improvisations for those who do not yet have a dedicated workshop. The basic requirements for a tile studio are similar to those of a general pottery: sturdy work surfaces; racks for drying; a kiln to fire the ware; and a cool but frost-free place to store clay. In addition, a slab roller is a great asset for tile making but not strictly necessary, at least not in the beginning.
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A tile studio in a converted garage, showing a work surface, tile racks, kilns and a hand extruder.









BASIC EQUIPMENT


Workbench and drying racks


A sturdy work surface set at the right height is very important. Tile making is physical work that is often done standing up, and the workbench has to be stable enough to withstand some rough handling without flexing and wobbling. A good height for working while standing is 90cm (3ft), and in the absence of a workbench, a kitchen worktop would make a usable substitute. For some jobs, such as wedging clay, it is helpful to have a second workbench set at a lower height, about 70cm (2ft 4in). A hobby bench with adjustable legs would be suitable for this.




Catering equipment is a good choice for tile studios, because food and clay preparation share a lot of common ground. With both activities, you manhandle dough, weigh and mix liquids and generally need surfaces that are easy to clean. While this equipment is expensive when new, old stock is often available second-hand, when businesses close down. Some of this equipment can be multi-functional: for example, catering tables are often fitted with storage drawers or shelves, and if space is limited, castors add extra flexibility within a studio setting.
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Catering table for flexible use in a tile studio: the steel construction provides a stable work surface. The drawers hold tools and could be replaced with shelves for drying tiles if required.
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Stainless steel bakery racks are ideal for drying and storing tiles.








Bakery racks are ideal for drying and storing tiles because they have closely spaced removeable shelves. Castors mean that they can easily be moved to different parts of the studio. To begin with though, a racking system can be improvised with boards and spacers, as shown in the section ‘Making Slabs’ in Chapter Three.



Clay stores


Clay stores are generally cool places and, if possible, positioned away from the rest of the studio. Clay will stay damp better in colder environments, away from hot kilns and even average room temperatures. A basement, a shady wood store or shed would be suitable, but for first projects you could simply buy smaller quantities of clay that will be used up before they have a chance to dry out.





Kilns and kiln equipment


A kiln, or access to one, is the most important requirement for making tiles. There are many types of kiln available, and the choice can be bewildering at first. For general studio use, they can be divided into front and top loaders, electric and gas-fired. Front loaders are ‘cupboard style’ kilns that are accessed from a front door. Top loaders are like a box with a lid and are packed and emptied from the top. The choice is largely personal. Some tile makers go for front loaders because they prefer a rectilinear kiln chamber as most tiles are square. Top loaders are most often round or oval, though square ones are available too. Packing larger front loaders can be more strenuous on your back than filling and emptying top loaders. In recent years though, front loading studio kilns with pull-out bases have become available, which ease the strain during loading and unloading.




For a first kiln, a size between 1 and 7 cubic feet is a good choice. You can buy second-hand, but bear in mind that older kilns are often less efficient and may need to have elements replaced and other repairs much sooner. It is useful to have two kilns: a small one for firing tests and small pieces quickly and efficiently, and a larger kiln for production work and projects. If you do not have your own kiln, you will have to find someone to fire your work for you. Some ceramic studios and workshops offer these services for a fee.


Most tiles described in this book have been fired in electric kilns. These kilns fire with an oxidising atmosphere, which means that the kiln has sufficient supplies of oxygen to react with the glazes and clay bodies to give stable results. Some potters prefer to fire with combustible materials such as gas, oil or wood to have the option of firing under reduction: during a reduction firing, the kiln’s air intake is restricted to reduce oxygen. This converts any oxides inherent in the clay or glaze into their unoxidised metallic states, which can result in dramatic colour changes in glazes. However, oxidation firings are also possible with these kilns.


Many kilns come equipped with devices to monitor or control the firing. Any type of kiln, whether gas, electric or self-built, can be fitted with a pyrometer, which measures the temperature within the kiln. It consists of a probe that sticks through the kiln wall and is usually located around the middle of the kiln. The probe can be linked to a simple display showing the temperature, or it can be connected to a controller mounted on a wall near the kiln. A kiln controller can be set to sequence the firing: at programmed temperature settings, also called ramps, the kiln automatically switches over to a different firing cycle. In a studio setting, controllers are only used for electric kilns. Kilns using combustible fuels have to be fired and regulated manually.
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Front loader versus top loader kiln: the front loader on the left has a volume of 200 litres (7 cubic foot). It has a pull-out drawer floor that makes loading and unloading easier. A kiln of this size can be wired for single- or three-phase electricity. The top loader on the right has a capacity of 43 litres (1.5 cubic foot) and is ideal for tests and smaller projects. It is fired using a standard 230V plug.
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A wood-fired reduction kiln, built by Chris Lewis for his pottery near Newhaven in Sussex, UK. This kiln is based on a traditional design from Far-East Asia. The firewood is often in direct contact with the pots, which get covered in ash and embers during the course of the three- to four-day firings. This method of firing, although a bit unpredictable, can result in beautiful rich surface colours and texture.
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Pyrometer and kiln controller: the picture on the left shows a typical location for the pyrometer around the middle of the kiln. The picture on the right shows a simple controller that can be set for two ramps: it is currently on the second ramp, indicated by the red light. The display at the top is showing the temperature inside the kiln.









Kiln shelves and tile cranks


Tiles are generally fired on kiln shelves. These are made of refractory clay, which means that the shelves can withstand high firing temperatures and repeated heating without warping or cracking. Kiln shelves come in various sizes and thicknesses and must be the right size for your kiln. Most kilns come with a set of kiln furniture. Making tiles tends to require more shelves than a standard set includes, and additional shelves may have to be bought from specialist suppliers.
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Kiln shelves of various sizes to fit the front-loader kiln: a thick base shelf is seen on the right, followed by a shelf of standard thickness. The thinner shelves in the middle are ideal for tiles. The shelves have been coated with bat wash.








All new kiln shelves have to be painted with a layer of ‘bat wash’, ‘bat’ being the traditional term for a kiln shelf. Bat wash is made from mixing 50 per cent china clay and 50 per cent alumina in water. Both materials have a very high melting point, so that the coating will retain a somewhat powdery surface when fired, preventing the clay from sticking to the kiln furniture. Glaze drips too can be more easily removed from the surface of the shelf.


For projects using commercial tiles you may consider using tile cranks. These are a type of firing support that allow the tiles to be slotted into frames. They save space in the kiln and the tiles are heated more evenly from all sides, so that firing can be faster. As they are mostly used for commercial tiles, they are made for specific tile sizes, such as 150 × 150mm (6 × 6in) or 100 × 100mm (4 × 4in). Handmade tiles vary in size and often do not fit tile cranks. However, some tile makers have adapted these cranks to their particular circumstances, as shown in the section ‘Glazing Tiles’ in Chapter Three.
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Tile cranks at Reptile Studio: as these are used for most of their projects, they are glued together with tile crank adhesive for stability and ease of handling. For occasional use, they can be assembled without glue so that they can be dismantled and take up less space when stored.









Slab rollers


When you begin tile making, you will probably process and roll the clay by hand, but for larger projects a slab roller can considerably speed up production. There are different models available, and it is best to try these out before committing to buy one, as they vary in ease of use. Most have gearing mechanisms and manual adjustments for achieving the desired thickness of clay.
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Slab roller by Gladstone Engineering, with a gearing mechanism for rolling: the thickness of the slab is adjusted by the handle at the top.








In my own studio I have a custom-made rolling bench without gearing, assembled simply from scaffolding components. The roller is a piece of industrial steel tube, fitted with handles and filled with lead shot, and is manually moved to roll over the clay, flattening it through sheer weight. The roller is set on heavy-duty steel edges that provide a 40mm (1.5in) deep bed. The bed can be built up with boards to roll the clay down to the required thickness (pictures of the process are shown in Chapter Three). Although larger than a geared roller, it can serve as a second workbench and wedging area when not in use for rolling clay.
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Custom-built slab roller made from scaffolding components and industrial steel tubes: This method is much faster than using a geared roller, but physically harder because the inertia of half a tonne of steel and lead have to be overcome for each rolling.









Containers and scales


Lidded containers of different sizes are required for glazes and slips. Recycled food containers are useful for smaller quantities and tests, and buckets holding between 1 to 10 litres are needed for larger batches.




A set of scales is essential for weighing out materials. Most makers now use digital scales, but balance scales are equally suitable. For glaze tests and colouring oxides you will need a smaller set that weighs out in milligrams. Some digital scales incorporate these two types of scales in a single unit.
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A selection of sieves and brushes, some labelled for white materials.









Sieves and brushes


Sieves come in different diameter and mesh sizes. An 80 mesh sieve is sufficient for most glaze batches, engobes (finely ground clays coloured with pigments and/or oxides) and general use. For glaze tests small cup sieves are useful, including one with a 200 mesh for some oxides and stains. Separate sieves should be kept for white slips and glazes because residue from dark glazes can show up as contamination in light ones.




Lawn brushes are the traditional choice for stirring and sieving, but long-handled paint and radiator brushes make for good cheaper alternatives. As with sieves, it is good practice to reserve some brushes for white materials only.



A basic kit of hand tools


A collection of essential tools such as rolling pins, canvas cloths, modelling tools and knives, kidneys, wires and boards will get you started, and this will likely expand as you progress. Every maker builds up their own collection of tools over time, favouring particular ones over others. Additional tools for specialised use will be featured in the upcoming chapters.
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A collection of hand tools: 1 spring-loaded tile cutter, 2 long rolling pin, 3 wooden guides for rolling out slabs, 4 guides for cutting slabs, 5 sheets of canvas for rolling slabs, 6 bristle brushes for mixing glazes and slips, 7 soft bushes for applying glazes and slips, 8 small brushes for painting, 9 wooden modelling tools, 10 steel modelling tools, 11 scalpel and potter’s knife for cutting tiles, 12 trimming tools, 13 stamps and cutters for embossing clay, 14 kidneys for smoothing clay, 15 sponges for cleaning tiles, 16 steel ruler for measuring and cutting tiles.










CHAPTER 2


MATERIALS FOR MAKING TILES


T he materials used for making tiles are essentially the same as for other types of ceramics. Although there is a bewildering array of individual ceramic ingredients available from pottery suppliers, most of what we use for tiles falls into three categories of mixes of these ingredients: clays, slips and glazes. Clay gives shape and body to the tile, and slips and glazes enhance the surface. For most purposes, clay comes ready mixed in a plastic state, whereas slips and glazes are mixed from powdered ingredients.
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Clay, slip and glaze – the plastic and liquid states of most tile materials used in this book.








All ceramic materials are derived from mineral deposits of the earth, and clays, glazes and slips are mixtures of these deposits. Although the proportions of raw materials are different for each mixture, the similarity of ingredients implies that it is possible to find the right slip and glaze for each clay and each purpose.



CLAY


For most potters and tile makers, clay comes in plastic bags. This is convenient from a practical point of view, but in order to understand clay as a raw material, it is helpful to know a bit more about its origins. Clay is of the Earth. It is a by-product of the geological processes that formed our planet, and of the erosion that shaped its surface. Daniel Rhodes’ book Clay and Glazes for the Potter gives a great insight into this subject in an accessible yet scientific way. Written before lavishly illustrated manuals such as the one you are holding became the norm, Rhodes had to express detail with words alone, which continues to make reading his writing a pleasure. I came across his book as a student and remember feeling immensely moved by how closely ceramics is linked to landscape and the natural world, and how all the materials a potter uses – not only clays but most of the other materials too – come directly from the Earth and its grand historic transformations in space and time.




If we go back about four and a half billion years ago, the Earth was a mass of molten rock. Gradually, as the Earth cooled, the upper layer solidified into harder plates, topped by a crust, and plate tectonics began. Later, the formation of mountains led to the crystallisation of igneous rocks such as granite.


As the Earth continued to evolve, moisture in the atmosphere began to condense, and water in the form of torrential rain became the most important agent of transformation of the landscape for hundreds of millions of years.


Chemically speaking, the crust of the Earth is predominantly composed of silica (silicon dioxide) and alumina (aluminium oxide), and the same applies to clays. Small amounts of other oxides and fluxes are also present in both. This is because clay is essentially a product of the decomposition of the Earth’s crust through surface erosion. We think of rock as hard matter and insoluble, but over long periods of time water can wear away mountains and leach out mineral components. The abrasive effect of rainfall and the grinding of rocks in streams and glaciers breaks the crust into smaller and smaller pieces and dissolves what is soluble. Water seeps into rock crevices, causing further cracking and disintegration when the water freezes. Glaciers and wind do their bit to add to this process of weathering and erosion.


Eventually the particles are small enough to be deposited in lakes and oceans as stratified layers of silt and sand. Over time, these layers may be altered by heat and pressure to form new types of rock, thrust upwards again through tectonic movements to form new mountains and ridges, only to be once again worn down and re-deposited. The clay you use may have gone through several of these cycles of geological upheaval and transformation over a long period of time.


Clay represents an extreme end point of erosion, where rocks have been worn away to sand, then even finer to silt particles, and then ground even finer still to clay particles. Clay particles have become so small that they cannot be seen by the naked eye. Typically about 250 particles or more would fit across a full stop.


Rhodes’ summary of this process gives a glimpse into his pithy and poetic style, with the unexpected turn that all this geological change has happened just for the benefit of us, the makers of pottery and tiles:




A characteristic product of this grinding maw of geology is clay. It is an end product of the weathering of rocks. As mountains and hills are worn away by water, the resulting debris, ground ever finer by the action of water, is finally laid down in still estuaries and deltas, sorted out as it settles in the water to various particle sizes. Later these beds of disintegrated rock, from which most soluble matter has been removed, may, by gradual geological upheaval, be elevated to dry land, where they await the potter’s spade. (Rhodes, Clay and Glazes for the Potter, 1973, page 5)





Clays can be categorised as primary or secondary clay. Primary clay has remained at the point of origin, created solely by the degradation of the original rock. It is generally white, without impurities and relatively rare, though it occurs worldwide. Cornish china clay in the UK, Kaolin deposits in the south-eastern states of the USA, and large deposits in the southern part of China are examples of this type of clay. Primary clays are found in pockets among their rocks of origin and contain a lot of gritty material, which has be washed or sieved out, a complex process that makes these clays expensive. One ton of china clay, for example, produces 10 tons of spoil, which in the UK was deposited in conical tips over large areas of the Cornish countryside. These types of clay also tend to be ‘short’, which means they are not very plastic and dry out quickly. China clay is an important component in white clay bodies such as porcelain, and widely used in slips and glazes.


Secondary clays have been transported by water – often several times – and have picked up impurities in the process. Repeated sedimentation has resulted in much finer particle sizes. They tend to be more plastic because they have picked up organic matter over time. They fire to a red, buff, brown or even black colour because they tend to contain iron and other oxides. They are much more common and cheaper than primary clays, because they are often dug directly from the ground and can be used with less processing. Ball clays are secondary clays too, but generally pale in colour.


To get back to our clays in plastic bags, these are mixtures of natural clays and other materials such as feldspars and fluxes, put together to strict formulas that make them more consistent in use. This way you can buy clays for different colours, firing temperatures and fabrication processes. As far as temperatures go, clay are usually categorized as ‘stoneware’ or ‘earthenware’. Stoneware clays can be fired to higher temperatures, up to around 1,300°C (2,372°F); earthenware is fired between 1,000°C (1,832°F) and 1,160°C (2,120°F).
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Great Treverbyn Tip, St. Austell, Cornwall: china clay spoil tips such as this one, previously considered an eyesore, have become part of the landscape, held dear by locals and tourists alike.
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Clay pit at Aldershaw Tiles near Battle, East Sussex: this secondary clay, which fires red, is dug on site and used with little processing for their architectural tiles. ALDERSHAW TILES








Clay is an amazing material: it is abundant and ubiquitous, and has been used all over the world for thousands of years. It is infinitely malleable and able to hold its shape while in the plastic state. It dries to a hard condition and, if subjected to high enough temperatures, can be made permanent and able to remain intact for millennia.



CLAYS FOR MAKING TILES


The tile maker’s main challenge is to find clays that stay flat without warping throughout the production process. For this you need an ‘open’ clay. This type of clay contains an addition of non-plastic material such as grog or molochite. These additions are made from fired ceramic material that is crushed to a sand-like consistency, and then sieved and graded to various particle sizes. These materials will open up the structure of the clay to allow the water content to escape more easily during drying and firing. Grog is buff in colour, and more suitable for darker clay bodies. For white clay, molochite, made from crushed high-fired kaolin, is the preferred choice. Typically, tile bodies contain between 10 to 40 per cent grog or molochite.





Clay through its various stages


Plastic clay


This is the stage when clay is malleable, and when most forming processes are done. Plastic clay contains at least 25 per cent water: if you wrap it up well, you can keep clay damp almost indefinitely. Traditionally, potters used wet hessian sacking for this, but nowadays polythene sheeting is the preferred material. Partially processed clays, such as rolled-out slabs, can also be kept damp until you are ready to use them. When wrapping clay, it is important to include the underside, otherwise the clay will dry out into the board.
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Some examples of suitable commercial tile clays: White St Thomas, a stoneware body with good handling qualities; Magma White with added molochite; Crank, a stoneware clay that is quite course with a toasted colour; White Earthenware is a fine clay for sgraffito work; Grogged Red Earthenware has a warm red colour, can be fired up to 1,160°C; Vulcan Black Stoneware with fine grog for special projects requiring a black body, fires up to 1,240°C. HESKETH POTTERS SUPPLIES










Drying clay


Water in plastic clay is held like a film between the plastic particles of the material. As the clay begins to dry, this water evaporates from the surface, drawing further moisture from the clay by capillary action. This makes the particles move closer together, which in turn causes the clay to shrink. Therefore, very plastic clays, which contain a lot of fine particles, shrink more than more open clays, in which added grog has increased the overall particle size and created spaces between the particles. These open clays are preferred by tile makers because they tend to stay flat during drying.




The speed of the drying out process depends on the humidity and the temperature of the air. Lower humidity and higher temperatures mean faster drying of the clay. In practical terms, you will notice that in a cold studio your tiles will take much longer to dry than when the kiln is on and the studio is hot. This is because warm air can hold more water than cold air, and the water in the clay will vaporise more easily at those higher temperatures.


During drying, the clay goes through a leather-hard stage. At this stage, most of the shrinking is completed, although the clay will still feel slightly damp. You will be able to pick up your tiles without distorting them, and they will feet cold to the touch. This is also the stage that is suitable for some forms of decoration, like intaglio and sgraffito work, which are discussed in Chapter Four.


Tiles have to be dried carefully and slowly to avoid cracking and warping. A hot or draughty place, for example, can cause the tiles to curl up, as the top side and the edges will dry and shrink before the centre of the tile. When the clay is bone dry, it will become paler in colour than how it looked in its plastic state. It also feels lighter, because much of the weight of the water has gone. Your tiles will be smaller too: from the plastic to the dry stage, they will have shrunk between 5 and 8 per cent. The tiles are more brittle now compared to the leather-hard stage and can easily break if they are not handled with care. Even when the tiles feel dry, they still contain some water, depending on the humidity in the air around them. The remaining water in the clay will be driven out during the early stages of firing.
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Clay for recycling has to be bone dry to be able to absorb water quickly and easily.









Recycling clay


Clay in its bone dry stage can be easily recycled and returned to workable plastic clay by ‘slaking it down’, which means dissolving it in a bucket of water. When the clay has turned into a mush, it can be scooped out onto a plaster slab and left to dry until it is firm enough to be wedged up again.





Firing clay


Firing clay is the quintessential process of ceramics: a malleable and crumbly product of the Earth will be made hard and durable through heat. Profound changes happen during this process. The first stage of firing completes the drying process. No matter how dry the clay seems when it goes into the kiln, a large amount of water must still be driven off as steam. The steam within the clay must be given time to evaporate, so firing has to be done slowly during the early stages. If fired too quickly, the steam can cause explosions within the clay, and the tiles will shatter and crumble. This applies particularly if the tiles are thick. All vents of the kiln are left open at this stage to let the steam pour out.




When the kiln has reached around 350°C (660°F), the residual free water will have evaporated. However, the tiles still contain chemically combined water, which is held in the molecular structure of the clay. In terms of weight, chemically combined water makes up about 14 per cent of the total weight of your tiles at this point, which is a considerable amount. As before, this water is driven out as steam, so you will still have to fire slowly with open vents. At around 500°C (930°F) this process is complete. The clay is now completely dehydrated and cannot be slaked down in water, recycled and made plastic again.


All clays contain an appreciable amount of silica or quartz. As the temperature in the kiln rises, the quartz crystals start to arrange themselves in a different order. When 573°C (1,064°F), is reached, the crystals undergo a change from alpha to beta quartz. This is called the quartz inversion point. Your tiles will expand slightly at this point – by around 2 per cent. This change is reversible, so when the kiln cools down, the tiles will contract again by the same amount. As these changes happen suddenly, it is important that the kiln is still fired slowly, so that the ware has enough time to heat through to expand and contract evenly. If you fire too fast, the tiles may develop irregular cracks across them, because the edges are more exposed to the heat and shrink and expand faster than the middle of the tile. This is called ‘dunting’.


To sum up, the safest way is to fire the kiln slowly until you can be sure everything in the kiln has passed the quartz inversion point. From a practical point of view, this temperature is around the 600°C (1,112°F) mark. Once this point has been passed, the kiln can be turned up to a faster firing schedule.


As the kiln heats up further, more changes happen: the clay begins to harden and the particles are starting to fuse together, which results in further shrinkage of the clay. This is called the process of vitrification, meaning the formation of glass, which gives the clay its fired strength. Full vitrification is the top temperature that a clay can be fired to. A fully vitrified clay body is so dense that it is impervious to water. High-fired quarry tiles and porcelain bisque are examples of this. When wetted, the water remains on the surface and does not sink in.


However, not all tiles have to be vitrified. For example, decorative wall tiles are often fired below the vitrification point of the clay. This means that the tiles are still able to absorb some water, but as most are glazed, the glaze provides enough water protection for interior work. Worktops and floor tiles, where strength is important, need to be higher fired, though not necessarily to vitrification. For exterior work in the temperate zones of the world though, tiles have to be vitrified to be frost resistant. Unvitrified tiles would absorb water from the atmosphere. When this water freezes, it expands within the tile, causing it to crack and flake.


Clay bodies harden and vitrify at different temperatures, depending on their composition. Red earthenware bodies begin to harden at around 1,000°C (1,832°F) and vitrify between 1,100 and 1,180°C (2,012–2,156°F). Stoneware and porcelain bodies have to be fired to around 1,260–1,300°C (2,300–2,372°F) to be fully vitrified. When using commercial clays, the temperature margins of the clay are stated by the manufacturer. If you fire clay beyond its vitrification point, it will start to bloat and gradually melt into a liquid stage. Usually, this is to be avoided of course, but some red earthenware clays can be used as slips and glazes over stoneware bodies to good effect.


Most tiles go through at least two firings: a first one for ‘bisque’, which hardens the clay but leaves it porous enough to absorb water during the glazing process, and a second firing to the temperature of the glaze. The bisque is fired slowly as described earlier. Firing schedules vary for every kiln, but as a rough guide a rise around 60°C (108°F) per hour is recommended, with a ten-minute soak at 600°C (1,112°F). After that, firing can be speeded up to around 100°C (212°F) per hour until you reach top temperature for the bisque, usually 1,000°C (1,832°F). A 20–30 minute soak will help to even out the top temperature within the kiln. For bisque, the vents remain open throughout the firing.




[image: image]




A dunted tile, front and back view: a crack has developed due to firing too rapidly around the quartz inversion point. If dunting happens on the way up, the crack tends to open up, as in this picture. If it happens on the cooling cycle of the kiln – which is rarer and typically occurs in small kilns, which cool more quickly – the cracks tend to be hairline and are sometimes hard to spot.
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Transformation of a porcelain tile: the first tile is in its plastic state, the second has dried ready for firing, the third has been fired to 1,260°C (2,300°F). Note the shrinkage that has occurred at each stage, and the change in the colour of the clay.








The glaze firing can be faster, because the water and organic impurities are no longer in the clay. The kiln temperature can be allowed to rise at around 100°C (212°F) per hour. Quarts inversion happens in every firing, so the 600°C (1,112°F) mark has still to be navigated before turning up the kiln. After this point, the temperature can rise at 200°C (300°F) per hour up to the top temperature for the glaze. A 30–60-minute soak at this temperature is usually sufficient to melt the glaze throughout the kiln.



Heatwork and the use of cones


So far, we have been defining the firing process in terms of temperature, but what happens in the kiln is more complex. The crucial requirement for the fluxing of clays and glazes is not necessarily the absolute temperatures as read by the pyrometer. Much more important is the total amount of heat that has gone into the firing over time, the so-called ‘heatwork’. If we compare two firings to the same temperature, a slower and longer firing will have produced more heatwork than a faster one.




Assessing heatwork is an important consideration for tile makers. Compared to kilns filled with pots, tile kilns tend to be more densely packed because of the additional kiln shelves, resulting in a greater overall mass that has to heated up during the firing. This means that more heatwork is required to reach the desired temperature, so much so that this additional heatwork can cause the ware to over-fire.


As measuring heatwork cannot be done by pyrometer alone, we need to use pyrometric cones to assess the firing. These cones are small tapered pieces of ceramic material, formulated to melt at certain temperatures, or, put more correctly, when a certain amount of heatwork has occurred. Because their composition is of a ceramic nature, they react to heat in a similar way to the ware in the kiln. Cones are placed so that they are visible through the spy hole of the kiln. A cone chart in the appendix of this book specifies the right cone for each temperature, for different firing cycles.
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A kiln packed with porcelain bisque tiles, which will be once-fired to Cone 8: the shelf at the bottom is a standard kiln shelf about 25mm (1in) thick, the tiles are on thinner shelves to save on heatwork. The gap at the bottom is larger to equalise the heat throughout the kiln. The cone is placed opposite the spy hole, so that the heatwork within the kiln can be assessed during the firing. For this firing, the cone melted when the pyrometer was showing 1,240°C (2,264°F), much lower than the temperature of 1,260°C (2,300°F) specified on the chart.
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Firing with three cones for greatest accuracy: the picture on the left shows cone 8 for the target temperature placed in the middle, with cone 9 to the left and cone 7 to the right. The drawing on the right shows the cones after firing: cone 8 is bent over; cone 9 is just beginning to move; and cone 7 has molten completely.








The effects of heatwork are more pronounced at higher temperatures: porcelain bisque tiles, for example, would normally be once-fired to maturity at 1,260°C (2,300°F). On the cone chart, this temperature equates to Cone 8, which means that Cone 8 would melt at this point in an average kiln. However, in a more densely packed tile kiln, Cone 8 will be melting when the pyrometer is showing a temperature lower than 1,260°C (2,300°F).


If absolute certainty is required, a group of cones is placed behind the spyhole: one cone below the desired temperature, one for the temperature required and one for the next higher temperature.



SLIPS AND GLAZES


Slips and glazes are ceramic coverings to enhance the surface of the clay. They can be applied by brushing, dipping, pouring or spraying. Their technology encompasses a vast field of knowledge and acquiring the expertise to formulate your own recipes can take a lifetime. Extensive details on this are outside the remit of this book, but there are many resources available on this subject for further study, some listed in the Appendix. This book will focus on the practical aspects of using these materials for tiles, and by including recipes for the individual techniques described in the following chapters. This hands-on approach should give you a starting point to develop your own formulations over time, and to identify the types of surfaces you are interested in for further study.




Glazes and slips can be bought commercially in powder or liquid form. While this may seem an easy option, you are buying an unknown entity, and to alter them is guesswork and can be difficult. They are also more expensive than batches mixed from raw materials. For these reasons, most makers prefer to develop their own formulations. Knowing what went into them means that adjustments for different temperatures, textures or colours can be more easily achieved.
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Test strips of commercial stains and oxides in slip: different amounts have been added to give colours of varying hues, shown here under a transparent glaze and unglazed.










Ingredients for slips and glazes


Most ceramic raw materials are supplied in powder form. There is a vast array of materials available for the potter, and simple classification is difficult, because glaze ingredients can have many properties that affect glazes and slips in different ways and at different temperatures. Daniel Rhodes book Clay and Glazes for the Potter (listed in the Bibliography) gives a comprehensive account of any materials you may encounter. Below is a list of the ingredients used in the recipes for this book with their most important functions.




White slips, glazes and clay bodies can be coloured by adding oxides and commercial stains. Oxides are generally stronger colourants and are added in smaller quantities. Their colours tend to be more muted, and some also act as fluxes and can react strongly with the slip, glaze or clay body. Commercial stains also contain oxides, but these have been processed and refined to give a wider and brighter palette of hues. Adding colours means testing is required to determine the right amount of oxide or stain needed.























	COMMON GLAZE AND SLIP INGREDIENTS USED IN THIS BOOK







	British term


	American term


	







	Basic materials for glazes and slips


	


	







	China clay


	Kaolin


	Provide alumina or clay component for glazes and engobes.







	Ball clay


	Ball clay







	Calcined china clay


	Calcined Kaolin


	A pre-fired and reground form of china clay, sometimes needed to reduce the shrinkage of slips.







	Flint


	Silica


	Provide silica (glass-forming component) for glazes and engobes and acts as a filler to stabilise glazes and slips.







	Felspar


	Felspar







	Cornish stone


	Cornwall stone, Carolina stone


	







	Nepheline syenite


	Nepheline syenite


	







	Fluxes (cause the glaze to melt)


	


	







	Whiting


	Whiting, calcium carbonate


	Used as fluxes in high temperature glazes, a source of calcium in glazes.







	Wollastonite


	Wollastonite







	Lead bisilicate


	Lead bisilicate, Ferro Frit 2602


	Used as a lead-based flux in lower temperatures glazes.







	Borax frit


	


	Used as alkaline fluxes in lower temperatures glazes.
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