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Shaping Colour:
Density, Light and Form in Solid Glass Sculpture
Appendix II: Summary of results for practical
application

Creating bespoke glass colour for kiln casting

In the course of this project, I have developed a practical method for
melting multiple samples of coloured glass, in amounts from 100 g to
1500 g, in a kiln. The coloured glass can be used for hot-casting straight
from the crucible, or for kiln casting by suspending the inverted glassfilled crucible as a reservoir above a refractory mould. This summary is a
description of the processes required for melting coloured glass in a kiln
and using it for kiln casting. It includes a chart with images, detailing
oxide amounts required to achieve basic colour results using a single
colouring agent, to provide a starting point for development of a bespoke
colour palette.

A. Melting coloured glass
When melting coloured glass, the first step is deciding on the required
colour and estimating the oxide percentages. The following table and
images provide a starting point.
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Oxide,

very light

light

medium

dark

Cobalt oxide, 6 cm

0.0005%

0.001%

0.005%

0.025%

Cobalt oxide, 3 cm

0.001%

0.0025%

0.01%

0.05%

Copper oxide, 6 cm

0.05%

0.1%

0.5%

1.5%

Copper oxide, 3 cm

0.1%

0.2%

0.8%

2%

Chromium oxide, 6 cm

0.005%

0.01%

0.05%

0.25%

Chromium oxide, 3 cm

0.01%

0.02%

0.75%

0.5%

Nickel oxide, 6 cm

0.005%

0.01%

0.02%

0.05%

Nickel oxide, 3 cm

0.01%

0.02%

0.04%

0.1%

Red iron oxide, 6 cm

0.1%

0.5%

1%

2%

Red iron oxide, 3 cm

0.3%

0.75%

1.5%

2.5%

Neodymium oxide, 6
cm

1%

2%

4%

8%

Neodymium oxide, 3
cm

1.5%

3%

6%

15%

Cerium & Titanium
oxides 1:1, 6 cm

1.5%

2%

3%

5%

Cerium & Titanium
oxides 1:1, 3 cm

2%

2.5%

4%

6%

glass thickness
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3 cm3 and 6 cm3 cubes coloured with cobalt oxide. From left: 0.00025%,
0.0005%, 0.001%, 0.0025%, 0.005%, 0.01%, 0.025%, and 0.1%.

3 cm3 and 6 cm3 cubes coloured with copper oxide. From left: 0.01%,
0.05%, 0.1%, 0.25%, 0.5%, 1%, 1.5%, and 2%.

3 cm3 and 6 cm3 cubes coloured with chromium oxide. From left: 0.001%,
0.005%, 0.01%, 0.025%, 0.05%, 0.1%, 0.25% and 0.5%.

3 cm3 and 6 cm3 cubes coloured with nickel oxide. From left: 0.0025%,
0.005%, 0.01%, 0.02%, 0.03%, 0.04%, 0.05%, and 0.1%.
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3 cm3 and 6 cm3 cubes coloured with red iron oxide. From left: 0.1% (6cm3
only), 0.3%, 0.5%, 1%, 1.5% (3 cm3 only), 2% and 3% (3 cm3 only).

3 cm3 cubes coloured with cerium oxide and titanium dioxide in the ratio
1:1. From left: 1%, 2%, 3%, 4%, 5%, and 6% of each oxide.

3 cm3 cubes coloured with neodymium oxide, in fluorescent light (top) and
incandescent light. From left: 0.25%, 0.5%, 1%, 2%, 3%, 4%, 8%, 10%
and 15%.

Many hues can be achieved by combining colouring agents. Most combinations
are intuitive; a mixture of cobalt oxide (blue) and chromium oxide (green) will
result in blue-green. Exceptions are combinations including neodymium oxide; a
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mixture of neodymium oxide (purple, changes to blue in fluorescent light) and
praseodymium oxide (lime green) in the ratio 5:1 results in salmon pink in
daylight, for example. This unpredictability of results, combined with its colour
changing properties makes experimentation with neodymium particularly
exciting. In the following example of a combination of neodymium, cerium and
titanium oxides, not only the value (darkness) changes with an increase in oxide
amount, but also the hue.

Glass coloured with mixture of neodymium oxide (NdO), cerium oxide (CeO) and
titanium dioxide (TiO2) in the ratio 2:1:1, photographed in fluorescent light (top)
and incandescent light. From left: 0.25% NdO, 0.125% CeO, 0.125% TiO2; 0.5%
NdO, 0.25% CeO, 0.25% TiO2; 1% NdO, 0.5% CeO, 0.5% TiO2; 1.5% NdO,
0.75% CeO, 0.75% TiO2; 2% NdO, 1% CeO, 1% TiO2; 2.5% NdO, 1.25% CeO,
1.25% TiO2; 3% NdO, 1.5% CeO, 1.5% TiO2; 4% NdO, 2% CeO, 2% TiO2; 6%
NdO, 3% CeO, 3% TiO2; 8% NdO, 4% CeO, 4% TiO2.

I have been melting glass in the following amounts: 100 g to 150 g in small
hemispherical crucibles, for small colour tests; 800 g to 1500 g in tall crucibles
for small objects and for making frit; 25 kg to 75 kg in a furnace.
The process is roughly the same, except that for kiln melts, the whole amount of
glass batch or frit mixed with oxides is placed in the crucible at once, whereas in
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the furnace, the glass is added in stages, just like it is done for melting clear
glass.
The actual oxide amounts are calculated as in the following example for 540 g of
light blue glass using 0.001% of cobalt oxide:
Because of the weight loss during the melt and the glass clinging to the crucible
during the casting process (the combined loss of weight is approximately 33%),
the required batch amount is approximately 800 g.
800 g x 0.001% = 0.008 g of cobalt oxide. As this is almost impossible to weigh
out, a prepared glass frit containing 0.1% cobalt oxide is used instead. 0.008 g
oxide = 8 g 0.1% oxide frit. (The preparation and use of frit is explained in
section E.1, page 209.)
800 g batch are mixed with 8 g of 0.1% cobalt frit by swirling around in a closed
jar for approximately 30 seconds. After an interval of approximately one minute
to allow the dust to settle, the mix is transferred to a crucible with an
approximate volume of 1.7 litres, which has been marked with an underglaze
pen. (I keep a notebook just for colour melts. Every entry contains the date,
glass and oxide amounts for each sample, the kiln ID if more than one kiln are
used, and the firing cycle. Later, the results are added in red pen. My numbering
system allocates a number for each firing and a number per sample, for example
the fifth sample in the sixth firing would be no. 6-5. This number is marked on
the crucible.)

Tall crucible with glass batch, and with glass after firing (left). Crucibles with
batch are set up in a kiln on trays with calcined alumina, ready for firing
(right).

The crucible is placed on a stoneware tray filled with calcined alumina, to
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avoid damaging the kiln in case of spillage (The alumina protects the tray
in case of a small spillages.)
The following firing cycle is used:
ºC

ºF
360ºF/h -> 1112°F (4 hours)
FULL -> 2300°F (4 hours)
HOLD 2 hours
END

200ºC/h -> 600°C (4 hours)
FULL -> 1260°C (4 hours)
HOLD 2 hours
END

For 100 g to 150 g of batch, the soak (hold) time is reduced to 30
minutes.

Slip cast and bisque fired crucibles (left). Mixing batch with oxides. The
crucibles are placed in trays for firing (right).

B. Crucible kiln casting
Colour melting in a kiln for kiln casting only became viable with the
invention of crucible kiln casting, the use of crucibles full of glass as
reservoirs for kiln casting. Initially, the glass that was melted in a small
crucible in a kiln was left in the crucible for hue tests (which were not
ideal for assessing colour, as they could not be viewed in transmitted
light) or hot-cast as follows: the crucible was removed from the kiln with
tongs at 1240ºC (2264ºF) and the glass was poured into graphite or steel
moulds. The resulting blocks were then cold worked, or used for kiln
casting. This process is suitable for hot-casting, but uneconomical for kiln
casting. Crucible kiln casting reduces the amount of steps required as well
as the energy consumption: instead of casting and annealing blocks, the
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crucible is left to cool naturally in the kiln, then returned to the kiln for
casting the glass directly from the crucible.

Crucible kiln casting. Before (left) and after the firing (right).

The set-up for crucible kiln casting is simple: the crucible is suspended upsidedown on soft kiln bricks above the mould. In the images above, the crucibles are
supported by the back wall of the kiln. Care needs to be taken to leave enough
space between crucible and mould; if the crucible sticks to the glass, it will cause
cracks.
The following firing cycle was used for 6 cm3 cubes with angled cube-shaped
voids.
ºC
50ºC/hour -> 220ºC
[4.4h]

ºF
90ºF/hour -> 430ºF
[4.4h]

50ºC/hour -> 680ºC
[8.8h]
100ºC/hour -> 840ºC
[1.6h in theory – in
practice longer,
depending on kiln]
AFAP -> 480ºC (as fast
as possible)
2ºC/hour -> 430ºC [25h]

50ºC/hour -> 680ºC
[8.8h]
180ºF/hour -> 1544ºF
[1.6h in theory – in
practice longer,
depending on kiln]
AFAP -> 900ºF (as fast
as possible)
3.6ºF/hour -> 800ºF
[25h]
7.2ºF/hour -> 680ºF
[17.5h]
25ºF/hour -> 176ºF
[20h]
END

4ºC/hour -> 360ºC
[17.5h]
14ºC/hour -> 80ºC [20h]
END
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HOLD 2-4 hours (to finish
drying moulds and
remove chemically bound
water)
slow through the quartz
inversion point
HOLD 4.5 hours (for
casting)
HOLD 10 hours
(annealing)
annealing
annealing
annealing

Length of cycle: approximately 100h (4.2 days; 5 days to cool down
completely). The long annealing time is necessary because of the extreme
thick-thin variations within the shape.
For small colour tests, ceramic moulds have been designed to
completely support the glass-filled crucible during the casting.

Plug for taking plaster mould off and resulting plaster mould for slip-casting clay
kiln casting moulds for basic tests.

The shape of the mould is rectangular, 5 cm x 5 cm, widening towards the
top to 10 cm x 10 cm. It is 10.5 cm tall. The plug for taking a plaster
mould off is turned on a lathe and modified on a flatbed grinder. Multiple
plaster moulds for slip-casting can be taken off the plug. Any stoneware
or earthenware slip can be used, as the moulds are only fired to 850ºC
(1562ºF) maximum. The moulds are re-usable and need to be coated with
a separator (Bullseye kiln wash was found to work well) before each
firing.

The crucible kiln casting process for small tests.
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The following firing cycle was employed for kiln casting small tests (ca. 5
cm x 5 cm x 1.5 cm or 2x2x0.6”):
ºC
150ºC/h > 600ºC (4h)
AFAP > 840ºC
HOLD 2h
END

ºF
270ºF/h > 1112ºF (4h)
AFAP > 1544ºF
HOLD 2h
EN

C. Equipment required for glass colour testing and melting
•

A kiln capable of reaching temperatures of 1300ºC (2372ºF) with a
controller with glass annealing capability. If batch is used for melting,
air extraction is recommended.

•

Scales with a capacity of at least 3 kg and increments of 0.01 g. (I am
using 3 pairs of scales: jeweller’s scales capable of 100 g with
increments of 0.01 g, scales capable of 5 kg with increments of 0.1 g,
and for weighing ingredients for furnace melts, scales capable of 50 kg
with increments of 1 g.)

•

A high-quality dust mask to be worn when working with glassmaking
materials, oxides, or any sort of silica dust.

•

An underglaze pencil for marking crucibles.

•

A blunger or a drill with mixer attachment for making ceramic slip for
crucibles.

•

A light metal bowl for weighing oxides.

•

Glass or plastic jars with lids for mixing glass with oxides.
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D. Materials required for carrying out colour melting and
testing in a kiln
D.1. Glass
Glasma pelletized batch (Glasma Studioglass MRJ 702 A) and/or
Bullseye clear medium frit 1101-0002 (size 1.2 to 2.7mm) or 1101-0001 fine frit
(size 0.2 to 1.2mm) or any other soda-lime glass frit.

D.2. Selected colouring agents
Cerium oxide (CeO) [Clear. Luminescent blue in UV light. Yellow in combination
with titanium dioxide. Requires melting temperatures of 1240º or more.]
Chromium oxide (CrO) [Green]
Cobalt oxide (CoO) [Blue]
Copper oxide (CuO) [Turquoise blue]
Neodymium oxide (NeO) [Purple in daylight and incandescent light, steel blue
in fluorescent light.]
Nickel oxide (NiO) [Brown to black]
Praseodymium oxide (PrO) [Lime green]
Red iron oxide (Fe2O3) [Olive green]
Titanium Dioxide (TiO2) [Clear. Yellow in combination with cerium oxide.
Promotes devitrification.]
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D.3. Other materials
Pottery plaster
Soft soap
Clay (Valentines stoneware crank, Valentines white stoneware B17C)
Calcined alumina
Molochite Dust
Molochite 120
Soda ash
Sodium silicate
Sodium dispex
Refractory mould mix, for example crystalcast (Gold Star Powders)

E. Processes
E.1. Making oxide frits to facilitate measuring of small amounts
In order to facilitate measuring small amounts of colouring agents, frits
containing 1% and 0.1% of Chromium oxide (CrO), Cobalt oxide (CoO),
Copper oxide (CuO) and Nickel oxide (NiO) need to be prepared:
The glass or glass batch is mixed with the required oxide amount and
melted in a kiln, using the following firing cycle:
ºC

ºF
360ºF/h ->1112ºF (in 3 hours)
2300ºF AFAP (as fast as possible)
HOLD 2 hours
2264ºF AFAP
HOLD for casting

200ºC/h ->600ºC (in 3 hours)
1260ºC AFAP (as fast as possible)
HOLD 2 hours
1240ºC AFAP
HOLD for casting

The crucible is removed from the kiln with tongs and poured into a
galvanised steel bucket filled with cold water. Heat-proof gloves and a
face shield should be worn.
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Oxide amounts are converted into frits using the following table:
oxide

1% frit

0.1% frit

1g

100 g

1000 g

0.1 g

10 g

100 g

0.01 g

1g

10 g

0.001 g

0.1 g

1g

0.0001 g

0.01 g

0.1 g

13

E.2. Making crank stoneware crucibles
Materials:
Valentines stoneware crank
Valentines white stoneware B17C
Molochite Dust
Molochite 120
Soda ash
Sodium silicate
Sodium dispex

Crank slip recipe and instructions:
50 kg stoneware crank (4 bags)
250 g molochite dust
100 g molochite 120
100 g sodium silicate
50 g soda ash
¾ tsp sodium dispex
4600 ml filtered water
Weight of slip: 170 g - 180 g per litre

Use of a blunger is recommended, but a large bucket and a drill with
mixer attachment will serve purpose.

Blunger and 1.7 litre crucible moulds.
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Instructions:
Pour 4000 ml of water into the blunger. Cut the plastic clay into small
lumps and add to the water. Turn on blunger after ca. 10 kg of clay, and
keep mixing throughout. Stop adding clay when the mixture turns
viscous; wait a few minutes before adding more. Add sodium silicate
mixed with hot water (the rest of the total amount of water), and soda
ash before mixture turns stiff, usually after about half the clay has been
added. Add molochite in stages at the end. Adjust viscosity using sodium
dispex.
Mix for ca. 2 hours. Leave the slip over night. (It will stiffen, but turn
liquid again with renewed mixing). Mix again and weigh. Adjust the weight
if necessary (more clay will render the slip heavier, more water, lighter).
If required, adjust viscosity using sodium dispex. The slip should be ready
for use.
Pour the slip into a dry, preferably warm plaster mould, leave for ca. 30
minutes for small crucibles, or ca. 1 hour for tall crucibles. Stir slip before
pouring out to achieve an even wall thickness. Pour out half the slip, swirl
around vigorously, then pour out the rest. (Because of the molochite dust,
the slip is very viscous and will form ridges if not stirred and swirled).
Small crucibles will come out of the mould after about an hour. I have
found it best to leave the tall crucibles in the mould over night, covered
with a plaster or wooden bat.

Crucible shapes and sizes:
Crucible moulds are made by turning a plaster plug (model) in the
required size and shape on the lathe, then casting plaster moulds of the
plug. A standard pottery plaster is used.
Crucibles for small tests are hemispherical, 10 cm in diameter, 5 cm high.
These hold 100 to 150 g of glass batch or frit.
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Crucibles for casting 6 cm3 cubes are cylindrical, 19 cm high and 12 cm in
diameter. With a volume of 1.7 litres, they can hold 1 kg to 1.3 kg of
batch. 1300 g of pelletized batch results in roughly 1100 g of glass, 390
ml in volume.

Slip-casting moulds with crucibles.

Slightly larger crucibles, capable of melting approximately 1.5 kg of batch,
are 21 cm tall and 11 cm in diameter at the base, widening to 15 cm
diameter at the top.
The crucibles can be used un-fired, but this is not recommended, as
contamination of the glass with clay particles is more likely when using an
un-fired crucible. Contamination is a problem in any case; care must be
taken that no loose bits of clay are in the crucible when the batch or glass
frit is added.
The following cycle was employed for firing dry stoneware crucibles:
100ºC/h -> 600ºC (6 hours)
AFAP/h -> 1140ºC (or any temperature between 1120ºC and 1260ºC)
END
[180ºF/h -> 1112ºF (6 hours)
AFAP/h -> 2084ºF (or any temperature between 2050ºF and 2300ºF)
END]

16

F. End note
This research is still very much in progress. Processes are constantly
being developed and improved. A big concern is the reduction of energy
consumption, and a testing cycle exploring the lowering of top
temperatures and shortening of firing cycles is in planning. Certain
materials and processes need improvement; the crucible material, for
example, is far from ideal: the glass shows contamination by clay particles
at times, and the crucibles sometimes split at the base or crack at the
glass line. Slower firing and cooling rates seem to minimize these
occurrences, and further development of the material is planned.
There is much scope for further exploration of colour in glass. The
investigation of volume colour is only at its beginnings; a good starting
point for further work on the subject is provided in this document.
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