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INTRODUCTION



Inspiration for ceramic surfaces and glazes can come from many different influences, such as the world around us or exposure to impactful experiences in life that inform our creative paths. Ultimately, the skill lies in taking those influences and directing them into something meaningful and authentic to you. So often in ceramics practice, there is a mismatch between surface and form, resulting in a piece that feels unresolved or underwhelming. Arguably, this disconnect could be attributed to how glaze, as a subject, is often approached from the viewpoint of science and theory without proper considerations for aesthetics and how to connect practical knowledge with developing a strong creative identity. The aim of this book is to bring a fresh and innovative approach to glaze development. It is intended to be an inspirational resource to help you realise the possibilities that can be achieved with a focused approach to surface and form – strengthening the link between the two.
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Sketchbook and glaze research by Louisa Taylor.











ABOUT THIS BOOK


The beating heart of this book is the relationship between photography and ceramic surfaces. Photography offers a unique perspective, helping you understand and articulate the specific qualities you seek in a glaze – whether it’s capturing an ambience or ‘mood’, a sense of place or environment, or identifying distinctive colours and textures of interest. It can also help pinpoint your creative interests and enable you to unpick and dissect the things that inspire you. Beyond this, photography acts as a gateway to supporting your creative practice, complementing other research methods such as sketching, drawing and maquette making.


Chapters are categorised thematically – Land and Sea, Seasons, Natural World, Urban Environments, and Food and Drink. Each chapter features beautifully curated photography by Simon Punter, paired with inspiring glazes and surface techniques designed to emulate and communicate the chapter’s theme. The final chapter consists of an extensive library of glaze examples and recipes organised into their firing temperatures: Earthenware 1020–1180°C (1868–2156°F/cone 06–4), Mid-temperature 1200–1220°C (2192–2228°F/cone 5–6), and Stoneware 1220–1300°C (2228–2372°F/cone 6–10) oxidised and reduction. The intention of this book is to act as a visual guide – to stimulate new ideas and direction with your glaze aesthetics or to return to in moments when you need inspiration, so you feel confident and assured as you progress ahead.


Be mindful that it takes time and perseverance to develop a coherent body of work, but with a thorough and rigorous approach, you soon will be able to navigate your own creative path and achieve unique outcomes that excite and intrigue you. You should think of the examples demonstrated in the pages of this book as building blocks for you to expand and develop further over time. Therefore, always keep an open mind and allow yourself to play and experiment – there are no mistakes to be made, only discoveries, so enjoy the process!




CHAPTER 1


GLAZE PRINCIPLES


The focus of this chapter is to provide a broad overview of the science behind glazes, bridging the gap between the practical mechanics of glaze theory and its application in developing a successful glaze identity. The aim is to establish a solid foundation of understanding which you can then build on with experience and further reading.
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A button test provides valuable insight into how individual ceramic materials behave at high temperatures. This example was fired to 1260°C/2300°F (cone 8).











WHAT IS A GLAZE?


A glaze is defined as a thin layer of glass fused to a ceramic surface. It is comprised of ceramic materials called oxides that are combined in varying amounts to promote desirable attributes. The basis of a standard glaze consists of three principal components – glass formers (silica), fluxes and alumina (stabilisers). Silica is the key glass component in all ceramic glazes and is found in abundance around the world. It has an incredibly high melting point of 1710°C (3110°F) – a temperature far beyond the reach of a studio kiln, as well as being too high for most clay bodies. Therefore, fluxes are required to lower the temperature of the silica to one that is more attainable and better suited to the clay body and intended glaze.


A glaze typically requires a combination of fluxes – defined as the primary or secondary flux to promote specific attributes to the glaze, such as gloss, mattness, strength, durability, and chemical stability. Examples of primary fluxes include sodium, potassium and lithium for high temperature glazes, and lead and boron for low temperature/earthenware glazes. Common secondary fluxes include calcium, magnesium, strontium, barium and zinc.


The third element of a glaze is alumina – a clay-type material that brings stability and viscosity to the glaze and aids adhesion to the ware. Sources of alumina include: china clay, red clay powder, ball clay and feldspars (which contain alumina naturally). Each material within a glaze has a role to play, providing either the glass former (silica), flux or alumina component. Importantly, the behaviour of the glaze materials is largely determined by their chemistry – the glass formers (silica) are acidic, fluxes are primarily alkaline, and alumina is generally amphoteric (neutral).


Glazes high in glass formers (silica) will produce shiny or glossy surfaces, compared to glazes with higher proportions of calcium, magnesium and/or alumina which increase the melting point of the glaze, making it appear matt/non-reflective. Most glazes without any colouring additions are typically transparent or milky in appearance. Colour in glaze is achieved from two main sources – metal oxides (also referred to as colouring oxides) and commercial glaze stains. Metal oxides are inorganic pigments mined from the earth, the most common oxides used in glazes being copper, cobalt, manganese and iron. The colour of oxides in their raw state is not indicative of their final firing colour and some oxides are impacted by the chemistry of the glaze and firing conditions. For example, copper oxide in an oxidised firing can range from blue turquoise in low alumina, alkaline glazes to dark metallic green in high silica glazes. This is in contrast to the impact of a reduction firing on copper, which can produce deep blood-red and purple colours. Oxides can bring warmth and tonality to a glaze and only require small amounts of 0.25–5% to colour a glaze.


In comparison, glaze stains are commercially produced by the ceramics industry and offer a broad spectrum of appealing colours that resemble the same colour in both the raw and fired state. They offer consistent results and colours that would be difficult to achieve using oxides, such as reds and yellows. Glaze stains require larger amounts to colour a glaze, anywhere from 2–12%. Oxides and stains can be used independently or in combination with each other.


Alongside colouring oxides and stains, glazes can be made opaque or white with the addition of opacifers – a group of minerals that obscure the colour of the clay body underneath. They are added to glazes in amounts of 2–8%. Examples of opacifers are Tin Oxide (bright white), Titanium Dioxide (creamy white and mattness) or Zirconium Silicate (white). Opacifers can be used with colouring oxides to produce pastel shades and creamy tones.





GLAZE MATERIALS


Many raw materials used to make glazes derive from weathered igneous rocks, limestone (chalk), and clay deposits. They are processed and sold via a pottery supplier (see Suppliers list at the back of this book). You can also source your own materials locally, such as wood ash or chalk if you intend on making natural-type glazes. At the bottom of the page is an overview of the most common materials used in the production of ceramic glazes and their role within a glaze:


















	PRIMARY FLUX - Alkali Metal oxides (R2O)


	SECONDARY FLUX - Alkaline Earth oxides (RO) & Metallic Oxides (RO)











	
Potassium (K2O): Potash Feldspar, Cornish Stone, Volcanic Ash, Unwashed wood ash


Sodium (Na2O): Soda Feldspar, Nepheline Syenite, Sodium Frits, present in other feldspars including potash, wood/volcanic ash and Cornish stone


Lithium (Li2O): Lithium carbonate, Petalite, Spodumene, Lepidolite



	
Calcium (CaO): Whiting (calcium carbonate), Dolomite (contains magnesium and calcium), Wood ash, Wollastonite, Frits (e.g. calcium borate frit), Bone Ash, Colemanite, some feldspars


Magnesium (MgO):Talc, Dolomite (contains magnesium and calcium), Magnesium Carbonate


Barium (BaO):Barium Carbonate


Strontium (SrO):Strontium Carbonate


Zinc (ZnO):Zinc Oxide








	GLASS FORMER (RO2)


	STABILISER (R2O3)







	
Silicon Dioxide (SiO2): Silica, Flint, Quartz, Present in many ceramic materials including feldspars, clay, and silicates


*Boron (B2O3): Borax (soluable), Colemanite, Gerstley borate/Gillespie borate, Frits, including calcium borate frit, standard borax frit



	Alumina (A2O3): China Clay (Kaolin), Ball Clays, Powered red clay, feldspars, calcined/hydrated Alumina










*Boron is the odd one out, whereby it is both a glass former and a flux. Although its main use in glaze chemistry is as a powerful flux.








COLOURANTS AND OPACIFERS


The colour, opacity and texture of a glaze can be altered with the addition of metal colouring oxides, commercial stains and opacifers. The following chart provides suggested amounts to add to your glazes. Note, the outcome is largely determined by the kiln atmosphere (oxidised/reduction) and the flux used in the glaze. Therefore, always test your glazes before applying to the final works.




















	COLOURANT
 

	AMOUNT %


	COLOUR







	Cobalt Oxide/Carbonate


	0.25-2%


	Light to strong blue







	Copper Oxide/Carbonate


	0.25-3


	Oxidised: light to strong green or turquoise blue Reduction: green/black to blood red







	Red Iron Oxide


	1-12%


	Oxidised: Mid - strong brown Reduction: pale blue/green to dark brown/red







	Black Iron Oxide


	1-12%


	Mid - strong brown (less refined than red iron oxide)







	Yellow Iron Oxide


	1-12%


	Pale - light brown







	Manganese Dioxide


	1-6%


	Dark brown- plum purple







	Chrome Oxide


	0.25%-3%


	Grass green, brown (zinc glaze), pale yellow (less that 0.5%), pink (in combination 0.25% with 6% tin)







	Rutile


	1-8%


	Tan brown – iridescence







	Nickel Oxide


	0.25-3%


	Grey – brown







	Vanadium Pentoxide


	1-8%


	Light tan to mustard yellow - textured







	Commercial Stain


	1-12%


	Broad colour range







	OPACIFERS
 

	AMOUNT %


	COLOUR







	Tin Oxide


	1-8%


	Bright white







	Titanium Dioxide


	1-8%


	Cream, mattness







	Zirconium Silicate (Zircopax)


	1-10%


	Bright white

















GLAZE RECIPES


The base recipes featured in this book are calculated to a total of 100% with colourants and opacifers given as additional amounts. This allows for greater flexibility should you wish to experiment with colour, tone and texture. The benefit of using percentages is that it can be interpreted as a unit of measurement – typically grammes, e.g 30% = 30g.


Table for guidance amounts


Here is a helpful guide for calculating a batch of glaze from a test amount to large bucket.


























	Recipe
 

	X 1


	X 3


	X 10


	X 20


	X 50







	Base Total 100% (+ additions)


	100g test amount


	300g


	1000g


	2000g


	5000g







	Water


	80-100ml


	300-400ml


	1-1.5 litre


	2-2.5 Litre


	5-6 Litre













Water guide: Approximately 80–100ml for 100g weight. Note, some raw materials, particularly from the clay-based group (china clay, ball clay), are thirstier than others and may require more water. On the contrary, frits and some refractory materials are less absorbent, and therefore need less water. To help replicate your results, you can try one of the following methods:




• Simply record how much water (millilitres) you added to the glaze powder to achieve the desired consistency.


• Weigh a sample amount of 100ml and note the weight in grams.


• Apply specific gravity formula by dividing the weight of the glaze (mixed and prepared) by the weight of water (water has a density of 1 gram per 1 millilitre), e.g 150g glaze ÷ 100mls water = specific weight 1.5. Each glaze will differ but in general a glaze used for dipping and pouring will typically have a specific gravity range of between 1.45 to 1.60.








PREPARING THE GLAZE


To prepare a glaze, you will need a set of digital scales or traditional balance scales that can weigh amounts of 0.1g. It can also be helpful to have a smaller, precise set of scales that can weigh amounts of 0.01g, specially for colouring oxides and pigments where less material is needed. Access to extraction is preferable, but if not possible then make sure you are preparing your glaze in a well-ventilated room. Always wear a suitable dust mask and protective gloves (see Health and safety).
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Essential equipment for glaze preparation includes a set of digital scales, mixing bowls, sieve, brushes, spoon and a protective face mask.
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A precise set of scales is useful for weighing the small amounts needed for colouring pigments.








You will need a measuring jug and two clean bowls – one bowl for the scales, and the other bowl to dispense your weighed materials into. Work cleanly and wash and dry any utensils when interchanging materials to avoid cross-contamination. Start by placing your bowl on the scales and weigh out each ingredient listed in the recipe and dispense into the secondary bowl until you have completed the recipe.


Take a clean bowl and pour in the water content first, then slide the weighed materials into the bowl. This method will help prevent dust from becoming airborne as it is decanted. You will notice the materials begin to slake down and bubble in the water. The longer you leave the materials in the water to soak, the easier the glaze will be to process later (ideally an hour or so).


The next step is to process the glaze through a sieve to blend the materials and bring them together as one consistent liquid. Glaze sieves are typically made from wood or plastic and have a sheet of mesh lining the base, in which the glaze is passed through. The grade of the mesh size corresponds to a number system ranging from 20–300; the larger the number, the finer the mesh (the number of holes per linear inch). This is important in relation to the glaze you are making. Earthenware glazes benefit from being processed through a finer mesh size of 120–150 as this refines the particles to a smaller size and aids the melt of the glaze. This is less of an issue with higher temperature firings as the glaze will melt regardless of size, and therefore mid-temperature and stoneware glazes can be processed through a lower-grade sieve mesh of 60–80. Sieves for glaze tests are usually one size with a fine mesh and very useful for preparing small amounts.


Place your sieve on top of two wooden slats aligned over a suitably sized container. Proceed to pour the glaze mix into the sieve and use a rubber kidney or brush to distribute and blend the materials through the mesh. You may have to do this in stages if you have a lot of liquid to process. Repeat this step at least twice. High temperature glazes with colourants such as oxides or stains benefit from a final pass through a 120 sieve to prevent speckling. When ready, decant the liquid into a container with a secure - fitting lid. Use a marker pen to write the glaze reference on the lid and side so you can reunite the two. Always thoroughly stir your glaze before applying to your work.





Step by step: Preparing the glaze
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Step 1: Weigh each material individually into a clean bowl.
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Step 2: Add water and stir the materials. Add more water if the mixture is too thick.
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Step 3: Process through a sieve at least two times and decant into a lidded container.












GLAZE APPLICATION


Glazes are best applied to clean, dry, bisque ware. There are three main methods conventionally used to apply glaze, these being:
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Dipping – Applying a glaze to ceramic ware by submerging or part-submerging the object into a liquid either by hand or using glaze tongs.
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Pouring – Coating the ceramicware with glaze by allowing the liquid to flow directly over the exterior or within the interior of a piece using a jug or container.
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Spraying – Using a spray gun powered by compressed air to apply an even coat of glaze to an object that would be difficult to glaze using the traditional methods.


The glazes in this book best suit the methods as described above, but it is possible to turn a dipping glaze into a brush-on glaze with the addition of a thickening agent called Carboxymethyl cellulose (CMC). An example of a ratio: approximately 20g of CMC powder to 1 Litre of water.


There is also potential to be creative with your application methods to add further visual interest to your surfaces, such as overlapping glazes or experimenting with dripping, trailing, sponging, and stencilling techniques. Examples of these techniques used in practice are demonstrated throughout the chapters in this book.






GLAZE THICKNESS


Many common glaze faults can be attributed to poor application and incorrect thickness of glaze. Here are some tips to help you get this right:




1. Earthenware glazes require a thinner application of glaze compared to stoneware glazes. A general rule of thumb is: earthenware glazes = the glaze liquid should be the consistency of milk; mid-temperature and stoneware glazes = consistency of cream.


2. You can use the thickness of your thumb nail as a rough gauge to check the glaze layer when applied to the bisque.


3. Use a pottery needle tool to lightly scratch the surface of the glaze layer. If the line feels scratchy, then it is likely that the layer is too thin; if the glaze layer is flaky and comes away in chunks, this is an indication it is too thick. You should aim for a thickness of 0.25-0.5mm for earthenware glazes, and 0.5–1mm thick for stoneware glazes. This method is useful in conjunction with the spraying technique to ensure an even coating of glaze.


4. Use specific gravity formula technique (see Glaze Recipes above) to record consistency of glaze and ensure correct thickness.
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Use a needle tool to scratch through the glaze layer to gauge its thickness.











GLAZE TESTING


No glaze recipe is infallible due to the many variables at play such as differences between sourced materials, clay body, firing nuances, glaze application and so on. Therefore, it is important to make a test sample batch of glaze (100g) before you commit to glazing a piece of work so you can feel confident your glazes will yield the best results. Consider this book to be a launch pad of ideas and possibilities. The aim is to encourage you to continue to experiment, explore and build on this knowledge to accelerate your own ideas to the next level of development.


The glazes illustrated in this book were created using a line blend method, whereby small increments of a colouring oxide, stain, and/or opacifier were added to a base glaze in repeat amounts, e.g. 0.25 per cent (0.25, 0.5, 0.75, 1, 1.25). The benefit of this technique is that it allows us to review the progression of colour or variation in the glaze surface simply by increasing the strength of the addition.


To accommodate this method, the design of the test tile consists of six boxes – one to illustrate the base glaze without any additions, followed by five boxes for each additional amount. An extra space is given at the end of the tile to write a description or reference code. The tiles were made by rolling a large slab of clay onto a plaster former and cutting it into equal strips. You can also make separate tiles and test glazes individually if you prefer.


Start by preparing 100g of base glaze without any additions. Use a teaspoon or syringe to pour the first sample amount on the tile. Hold the tile at an angle, allowing the glaze to pool at one end as it dries. This method will help determine whether the glaze benefits from a thicker application.


Next, weigh your first addition (e.g. 0.25g) and mix it into the glaze liquid. After thoroughly mixing, sieve the glaze and apply it to the tile using the same technique described earlier. Repeat this process, adding the same amount of the additive each time, until all your tests are complete. Once finished, clean the tile using a damp sponge. Then, label the tile with a reference code or description using either an underglaze pencil or a strong solution of red/black iron oxide mixed with a little water.
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Repeat amounts of 0.25g of copper carbonate were added to a base glaze to produce this graduation of colour, revealing the full spectrum of possibilities. (Chapter 8, Earthenware: Glaze tile EW27.)
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Use a teaspoon to pour a sample amount of glaze onto a section of the tile.











FIRING


The firing is a critical part of ceramics practice and is typically completed in two stages – the first being the bisque firing (also referred to as ‘biscuit’), followed by the glaze firing. All the glazes in this book have been applied to bisque ware – an in-between stage whereby the clay has become ceramic but porous enough to accept glaze. The temperature at which the bisque is fired to depends on the final temperature of your glaze. The body of low temperature/earthenware glazed ceramics remains porous after being fired and therefore it requires a high bisque firing to 1120°C–1180°C (2048–2156°F/cone 02-4). This helps to reduce crazing of surfaces and the ceramic absorbing moisture over time. High temperature glazes above 1200°C (2192°F/cone 5) only require a low bisque temperature of 1000–1060°C (1832-1904°F/cone 06-04) because the clay body and glaze mature together during the firing. The clay body becomes vitrified (unable to accept water) and therefore porosity is not an issue in the same way.


The glazes featured in this book were predominantly fired in an electric kiln, oxidised atmosphere. Many of the featured stoneware glazes can be fired in both oxidation and reduction atmospheres and examples are given where possible. For ease of reference, the glazes are categorised into the following temperature groups:






















	


	°C


	°F`Cone #


	







	Earthenware:


	1020-1180°C


	1868-2156°F


	06-4







	Mid temperature:


	1200-1220°C


	2192-2228°F


	5-6







	Stoneware/porcelain:


	1220-1300°C


	2228-2372°F


	6-10













A typical glaze firing can take around 10-14 hours to complete. Here is an example schedule – also used to fire the featured glaze samples:


Ramp 1: 80°C/176°F per hour up to 600°C/1112°F


Ramp 2: 150°C/300°F up to 1080°C/1976°F/cone 04 (earthenware) or 1280°C/2236°F/cone 9 (stoneware)


Ramp 3: Soak ten to fifteen minutes






PYROMETRIC CONES


It is good practice to include a set of pyrometric cones to record the heat work/temperature of the firing. Pyrometric cones act as a witness during a firing and can help you understand any issues should they occur. Ideally in the set you should include:




1. Guide cone – the first cone to melt and indicate the temperature point has been exceeded


2. Firing cone – this is the desired temperature point. The cone will melt into a strong arch shape when the temperature has been reached.


3. Guard cone – temperature above the firing cone. A back-up cone which is above the desired temperature and there to indicate if the temperature has been exceeded.
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Pyrometric cones placed in the kiln chamber serve as a firing record and provide a useful way to track the heat work during firing.











COMMON GLAZE FAULTS




















	Fault
 

	Description & Reason
 

	 Remedy







	Crazing


	Poor glaze fit – fine intricate network of cracks within the glaze surface caused by the glaze contracting more than the body


	
1. Substitute or reduce materials with high expansion rates (feldspars) for those with lower expansion rates (lithium or talc)


2. Increase silica amount by 5% or add 5–10% of low-expansion frit such as calcium borate frit








	Shivering


	Poor glaze fit - the glaze layer flakes away from the body in shards or slivers. The glaze layer is under extreme compression and becomes too loose against the clay body. This can be attributed to the glaze, clay body, or both


	
1. Try additions of 10–15% feldspar or high expansion materials to the recipe to improve the glaze fit


2. Reduce silica amount by 5%-10%








	Crawling


	Glaze pulls away in globules, exposing the clay body underneath. Caused by high surface tension in the glaze


	
1. Avoid overhandling the bisqueware. Make sure it is dust and grease free


2. Don’t apply glazes too thick


3. Glazes high in alumina can be prone to crawling, add 5-1-% borax frit to improve the fluidity of the glaze








	Dunting


	Sharp hairline crack or split in the fired ware caused by too rapid cooling at critical silica inversion points 573°C (1067°F) & 226°C (437°F)


	
1. Slow cooling of kiln


2. Improved making in the cross section (even thickness of walls)


3. Ensure glaze is not applied too thick as this increases tension in the ware








	Pinholes


	Small holes and pits within the glaze surface, caused by bubbles of gas released during the firing


	
1. Heavily grogged clay bodies and viscous glazes are more suspectable to pinholes


2. Increase bisque temperature or include a longer soak time of 30 minutes


3. Include a longer soak in the glaze firing of 10-15 minutes
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