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Disclaimer

Safety is of the utmost importance in every aspect of glass casting. The practical workshop
procedures and the tools and equipment used are potentially dangerous. Tools should be used in
strict accordance with the manufacturer’s recommended procedures. The author and publisher
cannot accept responsibility for any accident or injury caused by following the advice given in this
book.

Acknowledge ments

| have to say a massive thanks to everyone who has helped and encouraged me during the writing of
this book — especially to Mark Radford for being a whip, proofreading and generally supporting me in
everything | do; my two glass artist buddies Jenny Ayrton and Toni Fairhead, and my mum for
proofreading and cheerleading me along too. | have had the pleasure of working with Nicola Simpson,
who is an excellent photographer with a huge amount of patience. Most of the photographs in this
book have been taken by Nicola, unless otherwise attempted by me. We worked with Zephia Hood,
who did some wonderful styling for the flat lays as the chapter openers. | had some incredibly helpful
step-by-step testers — Mim Brigham, Pippa Brown, Justine Hadfield, Sarah Pursey (Brown) and
Marion Smith — thank you to all of you, and to mum and Brian for being the guinea pigs and loving it. I'd

6


http://www.crowood.com

also like to thank all the fabulous artists who lent me books, expressed an interest in testing, helped
me, or provided images for the book too; you know who you are. Especially to Angela Thwaites for
sharing her ‘mixing with the best’ research, Silvia Levenson for sharing some of her top tips, and John
‘The Pot’ Newton for the story.

To Plymouth College of Art, the University of Sunderland, Pilchuck and Northlands where | have
learned so much — keep being those hotbeds of glass education, championing glass art and
encouraging others to practise it.

Finally, thank you to Judith Noble and Mark Radford for getting me to commit to actually writing.



CONTENTS

FINDING INSPIRATION AND DRAWING

SETTING UP A STUDIO

MATERIALS

GLASS PREPARATION AND KILN FIRING

OPEN CASTING AND SLUMPING

LOST-WAX CASTING

PART-MOULDS

BURN-OUTS

9

CORE CASTING

10 DE-MOULDING AND FINISHING

11 REUSING MATERIALS

GLOSSARY OF TERMS

LIST OF SUPPLIERS

REFERENCES AND FURTHER READING

INDEX






Ilvy trunk that was removed. (Photo: Nicola Simpson)
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CHAPTER ONE

FINDING INSPIRATION AND
DRAWING

Generating ldeas

Generating your own ideas for glass casting is like making artisanal bread.
It requires patience and time to prove. To develop depth and flavour, for an
intense taste sensation, you want your idea to resonate in you. Spark a
few of the senses: sight, touch, taste or balance maybe? But to do that
you need to let your idea mature. Through step-by-step projects, | will give
you the main ingredients and some ideas to get you started. However,
working through the projects with your own ideas will be the food that
feeds your soul. It will be what encourages you to keep on trying through
those times when your cast (or bread!) doesn't come out as you expected.

My advice on how to generate ideas and find inspiration would be to
draw, sketch, paint and photograph. Make models, allow your idea to
develop from the first thought that pops into your head. People’s thought
processes tend to start in fairly similar places. It is the kneading, stretching
and exercising of those thoughts that encourage your own creativity to
grow.

Whatever you do, only you can be you. Experiment and allow yourself
to make mistakes. Something going awry is an opportunity to learn, and
sometimes happy accidents can be the best way to explore these
processes and discover your inspirational pieces. After all, the fun part is in
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the making.

To find inspiration, look in books, magazines and at news stories. | find
reading a good source of inspiration as it's easy to relate to a narrative.
You could think about current topics of conversations, or visit museums and
art galleries. If you are stuck for inspiration, look at what's around you, the
place, the people and the objects. There is an abundance of inspirational
images and forms. If you are not inspired yet, pick something of interest to
you and study it. Close your eyes and try to draw it. Failing that, go for a
walk with your sketchbook or a camera. Get out into nature.

It could be that you decide to emulate or replicate something you find;
this can be a great exercise in working through the processes. The
photographs here show a rather big, beautiful ivy trunk growing through a
garden wall; someone decided that it would be a good idea to stop this
growing but unfortunately that left a gap in the trunk. The gap became an
opportunity, a challenge to cast glass in the same shape to fill it.

On a daily basis | walk under a railway bridge. Lots of cars travel under
this bridge too. It's noisy, home to loads of pigeons, and feels somewhat
under-appreciated. People travel past, fast, both under and over this
bridge on a constant basis. It's easy to overlook the things we see every
day. | love this bridge, the walls, the stone, the moss, the dirt. The water
trickling down some of the bricks, the mortar, the blank spaces where
there used to be posters. | am inspired by the lines, the tone, colour,
texture and forms. Sometimes | am too embarrassed to stop and take
photographs of this wall. Instead, | started video recording the wall as |
walked past. This way | could replay the journey and gain inspiration and
ideas from it. With a lot of drawing, | was able to cast my own glass wall.
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Inspiration opportunity: ivy growing through the wall. (Photo: Amy Whittingham)

Brick wall under a railway bridge. (Photo: Amy Whittingham)

In short, don’t be afraid of looking like an artist, you are one! Get out of
the house and go somewhere. See if there is anything you notice on the
way that piques your interest. If not, when you get there sit and look and
draw, look and draw till you get bored of it. Sometimes boredom is where
our best ideas come from.

Drawing

Drawing is an essential part of the design process. Even if it is on a scrap
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of paper or a napkin, scribbling it down will allow you to establish your
idea. Think of paper like the sieve for sifting flour; you don't need to do this
but ultimately you get a better end result. Getting a sketch onto paper will
help you to consider the form and visualize how this will look in glass.
Drawings will also aid with working out how the form may be translated
into glass. Drawing or sketching glass is hard to do on white paper. Try
using coloured paper and chalk pencils to create the lighter outlines and
highlights that glass forms have. This will help when you are translating
your ideas onto paper. Remember there’s no pressure for these drawings
to be perfect, nobody’s going to be scrutinizing them; they are your way of
communicating your ideas with yourself. With practice you will find drawing
a natural part of the making process.

A great exercise | did with a class once involved all of us going outside
and drawing the same building for a set amount of time; in this case it was
half an hour. It was such an excellent teaching and learning activity
because everyone was so involved in the task with the little time given,
they didn't get a chance to be concerned about how they were drawing or
how good it was. The self-consciousness of drawing was removed and
then quickly replaced by another challenge, the time constraint. On
returning to the class each person was given a piece of card and a glue
gun. Then there were an additional thirty minutes to cut up and create that
drawing in model form. This timed activity had the same effect when it
came to the model making. Both drawing and model making became
intuitive and more fluid instead of tentative and repressed.

TRY THIS

Use coloured paper and chalk pencils or pastels to draw a glass form.

Model Making
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Once you have drawn your idea and have a sketch of what you would like
to cast in glass, then you will need to make a model. Glass casting differs
from most other glass-making techniques as you are not directly
manipulating the material. Glass is placed into an investment mould, in a
kiln, and is cast into a form. In order to create a mould for glass you need
to make a model of the form in another material first. There are several
ways you can do this and this is probably the most frustrating part about
working in glass casting. You not only need to have a good knowledge of
glass but how other materials work too to be able to create forms that you
want. The projects in this book will help build a good foundation of glass-
casting techniques and model-making options.

Maquettes

As glass casting can be an expensive endeavour, it is good practice to try
and work out as much as possible about the final form before you embark
on the mould-making process. Make a maquette of your sketch in a
transparent material to get an idea of what the shape will look like from
different angles, as well as help you to figure out how to cast it into glass.
Maguettes will determine whether the form will need to be cast in an open
mould, or, if the form is more 3D and has undercuts, whether it needs to
be a lost-wax cast or a burn-out mould.

When pitching a design for some awards, | created a to-size model of
the final glass award in acetate. This enabled the clients to physically
connect to my drawing proposal. The model gave an indication of the size
and feel of the design and allowed me to check if the angles and
measurements would allow the piece to stand upright without tipping over.

Easy-to-use, transparent materials for maquette models are acetate,
laminating pouches, used plastic milk cartons, plastic pockets and some
transparent food packaging. If you can create the model with a glue gun or
sticky tape and some plastic, it is often easier to translate that form into a
master model made out of plaster, wax, rubber or clay. If the maquette is
made well then it can be used as your master model to take moulds from.
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To make a plastic or card maquette more rigid, you can always mix and
pour plaster into it. Set plaster when kept damp can be cut, carved, filed
and even polished to create completely unique master models. Pouring
plaster into a box or old carton will give you a basic form that you can draw
on and sculpt.

Master Model

The beauty of glass casting is that your master model can be created in
any material. You can use formers in card, wood, modelling clay, plaster,
found objects, rubber, Styrofoam, wax, glass... the list is endless. Spend
time sculpting and constructing your master model as this will be the object
that gets translated into a glass cast through a series of processes
depending on the choice of material and intended outcome. Most master
models are the positive form. It is possible to cast the space around the
form too; this is known as the negative.

Bear in mind that just because a material looks easy to use doesn't
mean that it will be the best one for you to create your master model with.
For example, if you would like to create flat surfaces and straight line
edges, modelling clay may not be the easiest material to use. Card, glass
sheets, acrylic or even plaster can be used to create flat surfaces and
straight edges. In the same sense if you wanted to create a fine detailed
3D model, oven-bake sculpting clays are excellent for model-making as
you can bake them then cut, file and edit by adding more material and
bake again to harden — meaning you can work on all sides of the object
without inadvertently squishing the other side.

TRY THIS

As an immediate model-making exercise, take a found object and sculpt a miniature version of
it in card or wax.
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Sculpt a wax miniature version of a spade.

Positive and Negative Forms

The main thing you will need to note and learn through this book are the
materials that can be directly invested to make glass casts, e.g. rubber or
clay for open casts and wax for 3D forms (these are covered in the next
few chapters), alongside the materials that need other part-moulds making
of them to be translated into wax and then invested. As you are making
moulds from master models you can also use these materials — plaster,
rubber and wax — to work through positive and negative versions of the
master model.

Here are two examples to illustrate how this has been used:
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Rockpool, positive rocks and negative pool. (lllustration: Amy Whittingham)

1. Imagine a rock pool. You could cast in an opague glass the texture of
the rocks in a bowl form, creating a positive of the actual rocks. Or
you could cast in clear glass the water in the pool itself, creating a
cast of the negative space in the pool.
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Positive hand and negative space around the hand. (lllustration: Amy Whittingham)

2. Imagine you want to cast a set of hands. You could cast the hands in
glass or you could decide that you would like to cast the space around
the hands instead. Both of these options would start with the positive
hands, then a skin-safe product is used to create a negative mould of
them. From this point, the materials you choose to use in the negative
mould can be altered. The materials you use depend on whether you
are creating a positive version of the hands using wax or a negative
cast of the space around them, which could involve using rubber,
plaster or investment.

| like to think of it like this: | am either casting the positive form or | am
casting the space around the form, which is known as the negative. This
can be confusing as essentially each form is physically positive. Don't
worry though, the distinction will become evident as we work through the
projects in the book. First things first: in the next chapter are some of the
basics for setting up your own glass-casting studio.
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Flat lay of health and safety kit. (Styling: Ze phia Hood and Nicola Simpson)
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CHAPTER TWO

SETTING UP ASTUDIO

The Basics

Glass casting has the potential to be a bit of a messy business. Having a
designated space to make moulds and handle glass in makes casting that
much easier. Setting up a studio can be simple, and knowing what
materials you are using and having the right personal protective kit to wear
means at least you are not putting yourself or anyone else in harm’s way.
These are the bare minimum requirements you need to be able to create
your own studio for casting glass. After discussing these | have also
covered some of the bonus items, which are not essential straight away
but are luxury extras to aim for. If you have a bit of space and can get
access to the four below, you are pretty much good to go on your casting
adventures.

* Akiln

* Alevel surface

» Extraction or ventilation

» Water and drainage system

A Kiln

A kiln is an insulated heating chamber (like an oven) that is capable of
going up to temperatures of around 1,000°C (1,832°F). Kilns are available
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to buy new and old. They do crop up on online auction sites occasionally,
so keep an eye out and do your research. Don't despair though — it isn’t
essential to have your own kiln. If you don't already have your own, you
may find that it is worth contacting local glass makers or artist’s studios to
see if they hire out space in their kilns. This way you can determine which
type of kiln would be good for the glass projects you like to do without that
initial expensive investment.

Kilns can be used for firing glass and ceramics, although some glass
kilns do not reach the higher temperatures required for ceramic firings. |
have mentioned this because unless you are melting your own glass from
the raw ingredients, you will not need your kiln to fire up to temperatures
this high. The top temperature range required for casting glass, using all
types of ‘ready-made’ glass from bottle glass to Bullseye sheet glass, is
unlikely to exceed 900°C (1,650°F). | have an old ceramics kiln that has
heating elements around three sides, which works perfectly well for the
glass-casting projects | do.
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Front-loading glass kiln at Plymouth College of Art.
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Kiln controller at Flameworks Creative Arts Facility.

Investing in a programmable kiln controller is definitely necessary if you
want to use your own kiln. Essentially all types of kiln can be used for
glass casting as long as they have a programmable controller. The
controller and therefore the programme or ‘firing cycle’ is potentially more
important than the kiln in terms of your glass-casting success. This will be
covered in more depth within each project, but the firing cycle is used to
control the rate of temperature change, so as not to shock and crack the
glass as it heats and cools. It may not be obvious when you are thinking
about purchasing a new kiln, so double check that it comes with a
controller included as some are sold separately.

A lot of glass-fusing kilns have heating elements inside the lid. The heat
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from the top allows an even surface on a flat piece of fused glass. Great
news, these fusing kilns, known as top loaders, will work for shallow open
glass casts and relief moulds. Due to the internal height of these kilns, they
may also work for some of the deeper casts, but it is advisable to take
measurements before you make any moulds. Measuring the internal
dimensions of your kiln is good practice anyway, as you really don’t want to
go all the way through the mould-making process only to discover that your
mould will not fit in your kiln. Take a couple of centimetres off each
dimension to ensure that there is still sufficient air flow around your mould
within the kiln.
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Top-loading glass kiln at Plymouth College of Art.

If you are interested in casting deeper moulds, then a front-loading kiln
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or deep top-loader may be better for you. These taller kilns have elements
that are built into the walls of the kiln and sometimes also in the base.
Generally, these kilns will provide a more even temperature for lost-wax
and larger casting projects as the heat can penetrate the mould from
around the sides, not just the top down. Some kilns may require test firing
to determine whether the temperatures need to be adjusted to make
allowances for where the heating elements are.

If you are really struggling to find access to a kiln and just want to get
started with some of the smaller casting projects for jewellery, then a bead
annealing kiln may be the answer. | have a Kilncare one which is tiny but |
love it because it has a no-fuss, single-phase 3-pin plug, which can be
used at home, and has a controller built-in which is programmable. It has
four programmes, where you can amend and store firing cycles to suit your
purposes. | use this frequently for small open casts, burn-outs and lost-
wax cast jewellery pieces. It's a great starter kiln as it is so versatile in its
uses, from annealing glass beads in lampwork to glass fusing, slumping
and casting. | have a friend who even uses hers for enamelling on metal
and firing precious metal clay.
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Top-loading ‘coffin’ kiln at Plymouth College of Art.
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Alevel table.

A Level Surface

This seems like a really obvious and essential item to be talking to you
about, but | found out the hard way how necessary a level working surface
can be. Make sure your table top or side is stable and level. An uneven
surface can adversely affect any moulds you make and therefore the depth
or evenness of the glass you cast into it. This is particularly evident when
making open cast moulds. Sometimes this can be corrected in the kiln but
it can be a time-consuming step in an already complicated kiln-loading
process.

You will need a table with an easy-to-clean surface. Wooden tables will
need oiling to create a barrier on the surface in order to make it easier to
clean mould materials and spillages off. You can use anything from linseed
oil, which can be expensive, to WD40 to coat the table. | recommend
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working on plastic or wooden boards (old chopping boards are great) as
you can pick them up and clean them with ease and move whatever
moulds you make out of the way without disturbing them. | have an
additional board that is the same size as my table with carpet glued to one
side so that | can easily get this out as a glass-cutting surface and store it
out of the way when | am finished. Carpet tiles are also great for this. If |
am making a lot of moulds or using silicone that is particularly messy, | will
cover the work surface. Thin plastic sheeting or old lino stuck down
underneath with gaffer tape works well.

RN

Extraction.

Extraction or Ventilation

As you venture into the exciting world of mould making for glass casting
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you will by necessity encounter a lot of dust-causing materials. Some of
these materials, particularly investment powders, are incredibly harmful to
our lungs with prolonged exposure. In addition to this, when you are firing
your kiln some of these materials will give off harmful gases which you
won't want hanging around in your studio space either. Therefore, an
extraction unit, or a well-ventilated area and a decent respirator, is an
essential consideration for your glass-casting studio. If you don't have
access to extraction, it is pretty easy to set up a mixing station on a table
outside, but make sure while mixing investment powders and silicone that
you are wearing a respirator. Also, when not in use the respirator will need
to be stored in an airtight container to prolong its working life and
effectiveness for the job in hand. Ironically | use a bread bag.

If you are looking to purchase extraction equipment, hydroponics
suppliers have a wide range of extractor fans for gas removal from the
space you are in. These are not too expensive and are easy to set up with
ducting to outside. These extraction units will remove the air in the space,
refreshing it every minute or so depending on the equipment specification.
They are more effective if attached to a metal hood to funnel the air up and
away from you when you are working. They will not remove heavy dust
particles. These can be dealt with by a vacuum cleaner set up with a HEPA
filter or a more expensive dust particle extraction unit. By creating clean
working practices — wearing an apron or jumpsuit, wet-wiping surfaces and
storing powders in sealed bags or boxes — you should be able to keep
dust creation and exposure to a minimum and therefore reduce any
adverse health effects.
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Three buckets - a basic drainage system.

Water and Drainage System

Finally, the fourth element on my list for setting up a studio is water and a
decent drainage system. The latter is particularly important as plaster and
investment material, if continuously washed down the drain, will start to set
and eventually block your system. If you are lucky then you may have a tap
close to your studio space, but your drainage system can be as simple as
three buckets: one bucket for mixing plaster or investment powders in; one
for washing the mixing bucket up in; and the third for pouring the dirty
water into it. This three-bucket method is essential to protect your drains
and the environment. Leave the third bucket sheltered but not covered to
settle. | normally leave mine under a work surface or outside. The
investment material will sink to the bottom of the bucket and cleaner water
can then be syphoned off the top. When bucket number three is starting to
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get full, drain as much water off the top as you can and then leave the rest
to evaporate. Then you will be able to scrape the solid plaster and
investment waste into a bin liner to dispose of with industrial waste. It is
surprising how much material collects in the bottom of this bucket. If you
do have a sink in your studio, then a sink trap system or a dedicated
washing bucket is recommended to avoid blocking the drains.

IMPORTANT INVESTMENT POWDER SAFETY RULES

1. Keep powders stored in lidded containers.
2. Work in a ventilated area.

3. Wipe surfaces clean.

4. Wear a respirator.

5. Wear an apron.

Bonus Iltems

If you have the four basics — a kiln, a level surface, extraction or a
ventilated area, and three buckets — then you are ready to move on to
trying some of the projects in the book. Come back to continue reading
about the bonus items once you have had a play.

If and when, like me, you get the glass-casting bug, here is an unbiased
overview of some extra equipment worth considering to improve your
glass-casting projects. A great piece of advice is to invest in machinery
that you are going to use most frequently, as the kit you don't need all the
time takes up valuable workshop space, and can always be borrowed or
hired. These are not in any particular order, and | am not suggesting you
need all of them:

e Vacuum chamber
e Glass saw
e Linisher
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» Flatbed grinding wheel
» Handheld engraver

* Lathe

* Handheld grinder

» Sandblaster

Most of them are used for ‘cold’ finishing processes and will save lots of
your time, sweat and tears when grinding, etching and polishing cast glass,
with the exception of the vacuum chamber which is used in the mould-
making process.

Vacuum chamber.

Vacuum Chamber

If you are interested in pursuing the challenge of creating precise moulds
with fine details on the surface, then a vacuum chamber will greatly
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improve results. They can be used to degas both silicone moulds and
investment moulds. The vacuum chamber uses a compressor to remove
the air from within a sealed unit. The units vary in size: a 20-gallon
chamber, for example, measures 275mm x 114mm x 207mm (11 x 4.5 x 8
inches), which is big enough for a bucket with mould mixture to be placed
inside and picked out again easily. The increase in pressure within that
space forces any bubbles trapped on the surface of a model within your
silicone or investment material to expand and rise. | normally use this twice
in the investment process: just after | have mixed the material | put the
bucket in to degas for two minutes till the mixture has expanded and large
bubbles have risen to the top to pop, and then once again after | have
poured the mixture over my model for approximately another two minutes. |
only use this process for small- to medium- scale moulds that are poured
into a container or cup that is larger in height than the volume of mould
material required to cover the model. If your container is too shallow, the
expansion that happens during degassing will cause the mould mixture or
silicone to overflow. Vacuum chambers are also available to hire if you
wanted to give one a try.
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Wear eye protection, ear defenders and grippy gloves to feed the glass slowly through the
saw.
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Using a basic tile saw to cut the sprue off cast glass.

Glass Saw

All glass saws are water-fed and pretty noisy; always wear ear defenders,
grippy gloves and eye protection when using them. Some cheap tile saws
have the ability to cut cast glass. Make sure you have topped up the water
reservoir, and guide the glass through the blade slowly. As you get towards
the end of the cut, slow down even more; sometimes the end bit of glass
will break off in an unwanted direction as it is the weakest point. The glass
cut will have a rough, slightly chipped edge, which will need to be cold-
worked. Allow for this when you mark up your cut line. Once you have
finished with the saw, drain out the water and spray the blade with WD40
to keep it from rusting up and to prolong its use. For cutting thick glass on
these saws you may need to cut in one direction on one side of the glass
then remove the glass, turn it over, line it up and cut from the other side.
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This can be the case with awkwardly shaped glass casts too, although it
may be easier to use a plaster support by mixing plaster into a plastic bag
(with no holes in) and setting it around your object in the position it needs
to be in to perform the cut. Alternatively, you can use a multitude of
wooden wedges to prop the glass in position.

Specialist glass saw at Plymouth College of Art.

There are specialist glass-cutting saws with thin diamond-sintered
blades, which are much more expensive and will cut glass like butter.
Inevitably the results will still need to be cold-worked as the saws do not
polish as they cut. Lost-wax casts will usually have excess glass from the
reservoir section, which will need removing unless you can design these
into the final form itself.

Linisher
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A linisher is essentially an upright belt sander with water spray to keep
your glass cool. It has changeable belts in different grades from rough to
smooth. The belts have markings and arrows on them to indicate the
specific direction to put them onto the machine; the arrows should go up at
the back. The belts are made to work in the direction that the roller spins.
When in use, the belts are in tension, otherwise they are best stored hung
up next to the machine. Some linishers are fitted with a plate or rollers
behind the belt, which you can use to push against. You do need to be able
to hold your glass firmly against the machine but you don't need to use too
much pressure. You do not need to soak most of the grinding belts before
use, but giving the orange polishing cork belt (which appears to be rough)
a twenty- to thirty-minute soak will soften it up before use, prolong the belt
life and improve its effectiveness. When polishing, pressing up against the
plate will help to bring the surface to a polish. Move the piece around so
that you are not focused on one point for too long. Heat can build up
quickly during the grinding and polishing process. That is part of the reason
why these machines are water-fed — to stop the build-up of heat, which
can cause cracking.
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Linisher at Flameworks Creative Arts Facility.

Hold glass firmly to use the linisher.
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Both flat and curved surfaces can be ground on the linisher.

Linishers are excellent workhorses for grinding and polishing glass. The
downside to these machines is that they are large, expensive and require
regular maintenance. The routine is mainly general cleaning or replacing
the water and lubricant if it has a recirculating water pump system. Some
are mains water-fed, which is something to consider as they require more
thoughtful set-up but less attention long term. Due to the water usage, they
can also make everything else in about a one-metre radius soaking wet.
They need to be positioned in a studio where there is at best floor
drainage, especially for a mains water-fed machine, and at worst a mop
and bucket. They also need an electrical source that is protected from
water spray. Oh, and don't forget your own water-proofs and wellies.

Flatbed Grinding Wheel
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There are a few main types of flatbed grinding wheel: ones that have a
thick steel plate onto which you add grit; diamond-impregnated resin-
coated grinding beds; and ones that have a steel plate used with
interchangeable magnetic discs. The magnetic ones are similar to the
linisher in the sense that the discs can be changed from rough to smooth to
allow you to work through the polishing process. The magnetic discs wear
down and may need replacing more frequently, but they are cleaner and
allow transition through the grades. Both the resin-coated and magnetic
flatbeds tend to grind glass faster around the outer edge of the wheel, as
the rotation of the wheel is faster the further from the central point you hold
your work.

Flatbed grit grinder at Plymouth College of Art.
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Flatbed magnetic disc grinder at Plymouth College of Art.

When working on these machines you need to hold your glass firmly
with a medium downwards pressure. Move your glass across the grinding
bed and occasionally rotate the piece in your hands so you are not always
holding it in one direction.

The grit-grinding wheels tend to wear the glass down faster nearer to
the centre of the wheel as this is where the fresh grit and water drip onto
the bed. Why would you want a flatbed that only had one grade of grit?
Well, if you have a lot of space these machines are industrial in capacity
and usually used with the coarsest of grits to remove material and flatten
surfaces. Generally, they are considered to be longer lasting and more
affordable as the grit aluminium oxide or silicon carbide is a relatively
inexpensive material and the steel might only need relevelling once every
few years.

Handheld Engraver

There are various makes of these and some of them are relatively
inexpensive. Only ever use a handheld engraver that is cordless or has a
flexible shaft attachment. The main consideration is that most are made to
be used dry, whereas you will need to use water to keep the glass cool.
This way the electrical element of the motor can be kept away from the
wet glass processing space, eliminating risks of electrocution or damage
to the equipment. Handheld engravers with variable speed adjustments are
incredibly versatile: they can be used for engraving processes from etching
to drilling holes, and even polishing glass, which requires slower speeds.
There are lots of diamond-, metal-, stone-, rubber- and felt-headed bits
that you can buy; there are even mini grinding and polishing Velcro disc
sets available much like that of the larger handheld grinder, which will take
your glass surface from matt to shiny. An adjustable chuck or removable
collets in different sizes are essential as some of the brands for these bits
come in shaft widths ranging from 2mm up to around 6mm.
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Lathe at Plymouth College of Art.

Lathe

There are three types of lathe, with separate applications in glass casting
and in cold glass finishing.

» Wood lathes and plaster lathes are perfect for turning your own original
master models. Depending on what material you prefer to work with,
the wood lathe has the benefit of being able to create fruitwood turning
moulds for blowing hot glass into as well. The plaster lathe has the
benefit of being able to cottle and pour your plaster blank into the chuck
and on the same day turn and carve your form. Both materials can be
polished to create smooth surfaces for the best quality when casting
moulds from them.

» Aglass-grinding lathe can be used for engraving, grinding and polishing.
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There is a large selection of diamond-sintered cutting wheels with
varying profiles that are available for these lathes, alongside cork and
felt wheels that are used for polishing glass with pumice and cerium
respectively. With a thin-width wheel, you could easily remove
unwanted material from a cast similar (but slower) to using a glass
saw.

Handheld Grinder

There are two types of these hand machines: they do exactly the same job
but are powered differently. One type is pneumatic (air powered), which
means it is lighter to hold but you will also need to purchase an air
compressor to power it. The other type is electric — normally 110v, so it will
need an electric transformer. The electric ones weigh double that of the
air-powered ones so consider how often and for how long you are going to
use it before purchasing.

Both are best used in a wet room or outside. These handheld machines
are water-fed so be warned, you will get very wet. They are a great
alternative to any of the static polishing machines like the flatbed grinders
and linisher mentioned previously. They have interchangeable disks that go
from rough to smooth for grinding and polishing. They have been widely
used in the stone polishing industry and therefore there are loads of grades
of pads for both glass and stone, which | have had no problems
interchanging. They are brilliant if you need to polish a glass cast surface
that is heavy or cumbersome to hold. With most other machines you hold
the piece of glass to the machine, whereas with these handheld motors
you move the machine over the glass. If your piece of glass is on the small
side (smaller than a 10cm cube) you may need to set it into a block of
plaster or clamp the glass down to hold it in place.

There is a definite knack to using these and, as with all polishing
techniques, they take a long time to learn. Make sure you wash and clean
the glass and pads before and after each use to avoid contamination. The
most frustrating thing with these machines comes when polishing a flat
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surface, as it is held by you. If you lose concentration, you can end up
causing slight rounding on the surface. This can only be corrected by going
right back to the start.

Sandblaster at Plymouth College of Art.

Sandblaster

These machines are primarily used for surface decoration of glass after it
has been in the kiln, although they can be used before to great effect too.
They do the opposite of polishing. If you have a shiny surface and you
sandblast it, that surface will then become matt. The most common type of
sandblaster for glass studios has a blasting cabinet, compressed air unit
and extraction filter. They do take up a lot of space and are quite noisy
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when in use. They are also better kept away from any glass pieces that
are going to be polished, as the grit (commonly aluminium oxide, not sand)
can cause an unwanted scratch on a surface. That said, this is another one
of those versatile machines, because there are so many possibilities for
surface decoration on cast glass and interior surfaces within cast glass
that can be created with sandblasting.

There is an array of materials that can be used to mask the surface of
the glass and control the areas that are left exposed to be sandblasted
and become matt. These can be as organic and simple as painting on PVA
glue, which acts as a resist, or as advanced and digital as using a plotter
vinyl cutter to create stencils. There are also companies who will expose
specialist photoresist film called Rapidmask or Rayzist (USA) with text or
artwork, which will give sandblasting a precise and professional finish for
any awards or trophy commissions. | tend to use a sandblaster to even out
a surface that | have cut and engraved or to provide a contrast against a
polished surface. They are also essential in preparing casts for acid
polishing.

Of the bonus items | have mentioned, some are more attainable and
realistic than others. As you delve further into the realm of glass casting,
there are even more specialist pieces of equipment that are all geared
toward time-saving and large-scale production.
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Flat lay of silicone and Gelflex. (Styling: Zephia Hood and Nicola Simpson)
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CHAPTER THREE

MATERIALS

This chapter will give an overview of the main materials used in glass
casting, the materials needed after the initial master model-making stage,
and how to take these master models through to the investment stages. It
will also include some of the health and safety considerations for each
material. It is recommended that you request the data sheets and COSHH
information from the suppliers and become familiar with them before use.
Ultimately you are responsible for creating your own good working
practices and ensuring you use these materials safely. Different types of
glass, glass preparation and the reusing of these materials are covered in
later chapters. Excluding the glass, there are seven main material types
used in glass casting:

* Glass investment powders
» Plaster

* Modelling clays

» Wax

» Skin-safe products

* Rubber

* Polystyrene foam

Glass Investment Powders

In order to be able to cast glass into your desired form, you will need to
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make a mould for the glass to flow into. This is known as an investment
mould. It acts as a container for the cold chunks of glass to be placed into
and then, when heated up in a kiln, melt into. These investment powders
are mixed together to form a strong hollow shell that can withstand
temperatures of up to 900°C (1,650°F), and afterwards can be easily
removed from the surface of the glass that has been melted inside.
Investment powders are essentially made up of a setting or binding
material (normally pottery plaster) and a refractory material (silica,
commonly in the form of quartz, flint or molochite), which is able to
withstand high temperatures. A plain plaster mould would crack and break
when exposed to temperatures above 40°C (104°F). By adding the
refractory material, the even distribution of the two powder particles
support each other to withstand the heat in the kiln, creating an investment
mould that retains its integrity at glass-casting firing temperatures.

The most basic of investment mixtures is a combination of equal parts
water, plaster and silica. Before you rush out and buy all these materials
though, there are a few other products available that will go a long way
towards ensuring your success as a beginner in glass casting.

Crystalcast

For the projects within this book, | have used a premixed investment
powder called Crystal-cast. It is an undisclosed recipe, presumably a
combination of plaster, some form of silica and olivine sand. The premixed
refractory and binding ingredients create an excellent product for beginners
starting in glass casting. As Crystalcast has been specifically designed for
glass casting, with the simple addition of water you are able to quickly
make your own investment moulds. The investment material has been
developed to provide maximum mould strength with an excellent ability to
replicate minute surface details. Once cast, it removes easily from the
glass surface, leaving little to no mould residue. As the investment material
expands and contracts at a similar rate to glass, it is excellent for both
open casts, lost-wax and internal core moulds, without any complicated
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changes to the recipe.

BASIC INVESTMENT MIX FOR GLASS CASTS
Water : Silica : Plaster
1:1:1
600ml : 600mI : 600ml

CRYSTALCAST INVESTMENT MIX

Water : Crystalcast
32:100
480ml : 1,500ml

Measure by volume 32 parts water to 100 parts Crystalcast.
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Add the Crystalcast to the cold water.
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Mix together until it resembles a smooth, thick porridge consistency.

With the simple addition of fibreglass strands or mesh in outer layers,
Crystalcast can be rein-forced easily for larger scale moulds. Using this
product and similar premixed powders eliminates a lot of the risks that can
be present when you first start moving into the realms of glass casting.

Castalot

Once you have practised this process and are feeling more confident with
the results, there are lots of alternative investment recipes and products
available. Castalot is another premixed investment material that can be
used for creating slump moulds and open casts. This product has the
benefit of being able to with-stand approximately ten multiple firings; it can
be used to create reusable moulds. Be extra careful when creating the
form as it must have no undercuts whatsoever, otherwise the glass will not
come out of the mould without having to break it.

Health and safety for glass investment powders

All types of silica required to create investment moulds, including those
premixed in Crystal-cast, are classed as a carcinogenic. Prolonged
exposure can cause silicosis of the lungs. Treat this material with the
utmost care and respect. Always wear at least a P3 or FFP3 disposable
mask or, better yet, a respirator, and work in a well-ventilated area. Be
conscious of not creating any excess dust; this includes not patting down
your clothes or apron as the particles will become airborne.

CRYSTALCAST TOP TIP

Crystalcast is not to be confused with Crystacal, which is an incredibly hard type of plaster.

Plaster
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While plaster is one of the investment powders that can be mixed with a
refractory material to create glass casts, plaster on its own cannot be
used to cast glass. There are, however, other uses for pottery plaster that
warrant mentioning.

Dry

Plaster powder can be used directly on the kiln shelf, then glass can be
slumped onto or fused over it to create textures in the back surface. Glass
will not stick to plaster powder. It can be carefully sieved on to a kiln shelf;
it is a quick and cheap alternative to kiln wash. Dry plaster can also be
used to support cast glass pieces in the kiln. For example, plaster powder
can be packed around a small cast piece with a single surface exposed to
fire polish; this protects the rest of the glass from the effects of heat and
gravity.

Mixed

Plaster, when mixed and set, is hard and can be lathed, cut, carved,
sculpted and polished to create master models and forms to take moulds
from. It is also used to make part-moulds (covered in a later chapter) to
create waxes for glass casting. If you need a dry plaster block, to recycle
clay on, for example, leave it in a warm place for a week and the moisture
will naturally evaporate from the material.

Modroc

Modroc is a flexible gauze that has plaster powder attached to it. Wet this
material with tepid water and rub it to activate the plaster. It can be used
for master model making by folding and crumpling strips over forms. It will
attach to itself and will set hard after ten minutes. It can also be used for
creating a hard reinforcement or backing for flexible moulds. Two to three
layers of Modroc will support thin skin-safe moulds and rubbers so that
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they do not flex and distort when plaster is poured into them.

Health and safety for plaster

As with any powders, try not to allow plaster dust to become airborne.
Don't pour mixed plaster down the drain. Do not use plaster to cast from
the skin. Plaster sets hard and can cause trapping and burns; as it sets, an
exothermic reaction happens which creates heat. There are other materials
developed for casting the body, mainly alginate (discussed later in this
chapter).

Modelling Clays

Some modelling clays can be invested in an open cast mould, where the
clay is accessible, flexible and easy to remove. All of the clays can be
used to make master models. These 3D master forms cannot be used
directly for investment moulds as they cannot be steamed or burned out.
These master models will need part-moulds taking from them to be
translated into wax and then invested for glass casting.
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Pottery clay used for model and mould making.

Pottery Clay

This is an inexpensive and quick way to make master models. This clay is
also good for sticking a wax model down to a surface and sealing mould
walls in order to pour liqguid mould mixtures into them. A cheap, smooth,
buff clay will easily pick up surface details for mould making. There are
some downsides to using clay: make sure that you are thorough when
removing clay from any investment moulds as any clay that remains will
stick to the surface of your glass and become a blemish on your form.
These clay imperfections can be difficult to remove and may require
machinery to tidy up the surface of glass casts, either a hand engraver or
sandblaster. Whatever pottery clay you decide to use is reusable (see
Chapter 11 for information on clay recycling).
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Health and safety for pottery clay

Most clay bodies have silica in them. If left to dry this creates a dust and
can easily be breathed in. Wipe down all work surfaces and tools, rinse out
rolling mats and aprons at the end of the day and leave to dry. By cleaning
up as you go and working with clay only in its damp form, you will be able
to avoid the creation of dust.

Oven-Bake Clay

Brands Sculpey or Fimo are specially formulated modelling materials that
can be manipulated and then fired in your home oven. This material when
fired becomes rigid, and sculpting or carving can be continued on the form.
If you are looking to improve your model-making abilities, this material will
allow you to do that. It doesn’t dry out so quickly or have the stickiness and
nuances that working with ordinary ceramic clay presents. Once you have
baked your master model, you can use either a hot melt rubber, silicone or
plaster part-mould to replicate the master and transfer it into a wax.

SUPER SCULPEY TOP TIP

You can use a hair dryer to ‘bake’-harden Super Sculpey.

Modelling Plasticine

Newplast and Monster clay brands are similar to the oven-bake clay
except that they cannot be baked to set hard. These materials are popular
with model and prop makers for their ease of manipulation and sculpting
ability. This material is easy to use and will stay in position hard enough to
be able to take moulds from it. Again, once you have created your master
then you can use silicone or plaster part-moulds to replicate this model.
Due to the pliability of this material, hot melt rubber is not a suitable
material to use to create a mould; the material will melt and deform. Once
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a mould has been taken, modelling Plasticine can be reused time and time
again.

Wax

There are many types of wax on the market with different qualities, which
means you can use them for various applications: melting, pouring,
painting, carving and modelling. The lost-wax process and being able to
burn out wax from investment moulds is essential for translating 3D models
into a glass form and will be covered further in the respective Chapters 5
and 6.

Melting wax is best achieved using a double boiling system or bain-
marie, a glass (Pyrex) bowl in a saucepan of water. Think melting
chocolate but with wax (which unfortunately doesn't smell as nice). You will
need to have good ventilation or bring the wax melting process outside, as
the fumes can sometimes be headache-inducing. The double boiler is the
most effective method of heating the wax evenly and controlling the
temperature. It is not recommended to melt wax directly in a saucepan, as
it is easy to overheat the wax and wax is flammable; however, it is possible
with the use of a thermometer. Alternatively, you could use a slow cooker
that is never going to make its way back into the kitchen, or most recently |
purchased a beautician’s melting pot for waxing, which is perfect for
melting small amounts quickly without overheating.

Microcrystalline Wax

A fairly rigid castable and carvable wax that is easily melted, steamed and
recyclable. It is hard to see the surface quality of this wax due to its lack of
colour so | recommend adding a dark candle wax dye or pigment to the
wax while melting it. Alternatively, it can be mixed with Type B brown wax
to add a bit of colour; this also adds flexibility to the material. The
recommended melting and pouring temperature for microcrystalline wax is
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71°C (160°F).

Type B Modelling Wax

Available in two colours, brown and yellow; apart from the colour they are
exactly the same. Type B is an excellent model-making material as it can
be directly manipulated with the heat of your hands to create intricate
forms to cast in glass. Using this wax can be quite messy as it gets sticky
when warm. Five minutes in a cold place or freezer will alleviate the
stickiness and stop the wax from bending under its own weight when it is
being manipulated into tall or thin shapes. Wire armatures may be used for
reinforcement but ensure that they are completely encased in wax and you
will be able to remove them from the mould once the model has been
invested. Alternatively, if you need a wire armature in your model but know
that it will be tricky to remove, consider using thin copper wire, which could
be deliberately left inside the mould, becoming an integral part of the final
glass cast. As copper has a similar expansion and contraction rate to
glass, it is one of a few metals that can be invested inside glass without
causing the glass to crack on cooling.
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Type B modelling wax can easily be manipulated and used to join other waxes.

Type B modelling wax can be melted and carved. It may also be used
to join other types of wax together, plus it can be mixed with
microcrystalline and green wax to change and add flexibility to these more
rigid waxes.

Green Wax

This is a hard and rigid wax that is easy to cast and carve with hand tools
for the lost-wax process. It melts at a slightly lower temperature to other
waxes, around 65°C (149°F), and cools very quickly, making it the perfect
wax for pouring into and painting onto rubber moulds for repeatable forms.
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It also releases incredibly cleanly from these moulds, picking up minute
surface details. It is by far the best wax for use with silicone, Gelflex and
alginate moulds that have been taken from the skin. However, if the mould
Is enclosed sometimes this wax can cool too quickly and trap air bubbles
on the surface touching the mould, but at least there is not a long wait
between pours to ascertain if the wax poured has been successful.

TOP TIP

Silvia Levenson’s top tip is to melt a coloured crayon into the wax so that the surface is visible.

Pink Wax Sheets and Sprues

These come in a range of thicknesses of flat sheets and round sticks
known as sprues and are commonly used in jewellery casting and dentistry.
They can be cut and shaped easily with a scalpel, and used either to add
detail to other waxes or as models in their own right. When you are
modelling using these wax sheets, you will need to be very conscious of
the thickness of your model and the characteristics of the glass you are
going to be casting with. Most types of glass will struggle to flow into
spaces much thinner than 2mm. You will need to adjust your firing cycle to
lengthen the time at top temperature to accommodate the time it will take
for the glass to fill this space and the air bubbles to escape. A lead-based
crystal glass will cast into thinner forms but it will still require a longer soak
at the top temperature to melt into these thin spaces. The sprues can be
attached to undercuts on your model with modelling wax, a candle or small
soldering iron and used as air vents for awkward shapes.

WAX TOP TIPS

»  Wax melted and poured into a mould wil