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Variations

The coaster and tile designs covered so far have
all been simple designs with either two layers of
glass or two layers with a few small elements on
top. A variety of other, more complicated tech-
niques are illustrated on these pages. Many of
these techniques are discussed in greater detail in
later chapters of this book.

Reactive glasses. A simple design such as this one gains
additional impact when the two glasses react with each
other to create the thin dark line between the blue and the
vanilla glasses. (Photo by the author.)

Strip construction. One way to achieve two layer
thickness without placing one layer of glass on top of
another is to cut strips of glass and then arrange them on
edge to form the tile or coaster. For best results, the strips
should be about 5/16 to 3/8” (7 to 9mm) wide. After
cutting, arrange the strips edge to edge and then fuse fully
to obtain the finished pieces shown above. (Photo by the
author.)
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High temperature. When larger pieces, such as those
created by pot melts, combing, or other high temperature
firings, are cut into coaster size pieces, each tile will be
unique. (Photo and design courtesy of Brock Craig.)
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Air bubble inclusion with powder and stringer. This
coaster starts with a piece of Bullseye textured reed glass,
placed reed side up on the kiln shelf. Powder is lightly
sifted onto the reeds and stringers added to create the
design. A second square of reed glass is placed reed side
down criss-crossed on top of the first square. After fusing,
a pattern of small bubbles is trapped with the powders and
stringer between the layers of reed. (Design by Samantha
Allen, photo courtesy of the artist.)



Molds for slumping

Molds with steep rims, such as this one, are difficullt to use
because the sides will draw in as the glass slumps. (Photo
by the author.)

Molds to avoid or use with caution

Not all molds are created equal. Some work
much better for slumping than others. Some are
designed for other purposes and may not work
well in the kiln. And some molds are designed in
ways that make slumping more difficult.

When purchasing any mold, it’s a good to idea
to examine it carefully to determine if it will be
easy to use for slumping, or if it will be difficult
to use. A few moments of reflection prior to the
purchase can save hours of frustration later on.

For instance, many unglazed pottery pieces (also
known as “bisque ware,” or simply “bisque”)

Because of the higher temperature required, molds with
rippled edges, such as the two illustrated below, are more
difficult to slump than molds without textured rims.
(Photo by the author.)
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An example of a piece that was slumped on the mold to the
left. The dogboned edges are curved, rather than straight.
(Photo courtesy of Samantha Allen.)

make great slumping molds, but not all do. Just
drilling a hole in the bottom of a piece of pottery
doesn’t make it a perfect mold for slumping.

Examine the mold to determine if it was made
for slumping. Turn the piece over and examine
the underside. Molds made for use as pottery
have a finished bottom, allowing the mold to sit
firmly on a flat surface. Molds made for slump-
ing often have an unfinished underside. In
addition, molds made for slumping often have
sides that raise the bottom of mold slightly off
the kiln shelf. This, along with one or more large
ventilation holes in the mold sides, allows for
good air circulation beneath the mold as it heats
and cools.

Although this mold was made for slumping, the steep sides
make it much more difficult to use successfully. (Photo by
the author.)
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Don't eliminate a mold from consideration if

it turns out to be a piece of pottery with holes
drilled in the bottom. And don’t automatically
assume that a mold made specifically for slump-
ing is a perfect mold. Instead, examine the way
the mold is designed to get an idea of how it will
perform in the kiln.

Watch out for are rims that are very narrow or

steep. This makes slumping more difficult and
can lead to dogboning, where the center of the
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sides draws in as the glass slumps. Particularly
deep molds, as well as molds with steep sides,
should be used with caution. These can slumped
successfully, but rarely do beginners have success.

Use molds with texture with caution. Molds with
wavy edges, for instance, can be slumped but are
more difficult to use than molds with smoother
rims. Use caution when firing any mold that has
anything other than a smooth surface.

Amy Buchwald,
“Falling Away.”
Torchworked, fused,
and slumped glass on
an aluminum frame.
(Photo by Charles
Buchwald, courtesy of
the artist.)



Chapter 11

Troubleshooting

Cracked glass ¢ Unwanted air bubbles e Dull patches and devitrification ¢ Baked on
kiln wash e Uneven fused edges ® Uneven slumping e Sticking to the slump mold e

Fused panel slightly bowed

Unfortunately, not all glass projects emerge from
the kiln in pristine condition. Sometimes the
item is cracked, sometimes there are unwanted
bubbles, sometimes the edges aren’t rounded
properly, the surface looks hazy, or a piece
slumps crooked or misshapen. Here's a discus-
sion of possible problems and their solutions.

Cracked glass

There are few things more frustrating to the glass
artist than opening the kiln to find that the piece
you've fired has cracked. The only bright spot

is in figuring out why the piece cracked so it
doesn’t happen again.

First, let's assume you didn’t drop the piece.
Let’s also assume you didn’t remove it while it
was still warm and then “accidentally” put it on
something cold or splash it with water.

Now that we've set those obvious reasons aside,
let’s try to figure out the less obvious reasons for
glass to crack. You can learn a lot by examining
the nature of the cracks. Do they go all the way
across the glass? How are they shaped? Is the
piece broken entirely or still intact? What's the

When thermal shock occurs, it's
possible for the force of the break to
shatter the glass into several pieces.
This break occurred during the initial
heating phase and the edges were
rounded during later stages of the
firing. (Photo by the author.)



Troubleshooting

Poor annealing often shows up as an S-shaped crack in the center of the piece
of glass. The crack can split the piece into two or it can stop mid way through.
Often it will continue to grow with time. Annealing cracks can emerge
immediately after firing or they can show up many months later. Full piece

above, detail to the right. (Photos by the author.)

shape of the broken pieces? By analyzing the
kind of cracks you're experiencing, you can deter-
mine what caused them, then change your kiln
processes to prevent their re-occurrence.

¢ Cracks with rounded edges that break the
glass into several pieces

These cracks, which can occur with such force
that they split the piece into two, three, or even
more pieces, are caused by thermal shock. The
edges of the pieces are rounded because the crack
occurs early in the firing cycle (usually around
300 to 500F/150 to 260C) and the edges round
during later phases of the firing. The cure for
thermal shock is to fire more slowly during the
initial phase of your firing (below 1100F/600C.

In most cases this kind of thermal shock splits
the piece into two or three pieces. Since the edges
round during the firing, it's not usually possible
to fit them precisely back together and refire.

e Curved crack across the middle of the piece

Improper annealing causes this kind of crack.

It most often shows up as a gentle curve (often
S-shaped, but sometimes as straight lines) that
run across the middle of the piece. Sometimes
the crack will curve sharply as it nears the edge
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of the glass. The piece can be split in two by the
crack, but often the crack only goes part of the
way across the piece and it remains intact.

The cure for this problem is proper annealing.
Lengthen the soak time at the annealing temper-
ature and cool more slowly in the bottom half
of the annealing range. Pieces that have already
been cracked can be re-fused and then properly
annealed to repair the crack, but in almost all
cases the line of the repaired crack will be visible.

e Slit marks, usually on top side of a piece

These cracks, which look like deep knife slits

on the top of a piece, are also caused by ther-
mal shock. They are most likely to occur during
slumping and are caused by being too close to a
kiln’s top elements, often while slumping on a
bowl mold. The temperature difference between
the very hot top of the piece and the cooler bot-
tom side leads to thermal shock and causes the
slits to form.

¢ Cracks where two different glasses come
together.

Glass incompatibility causes these cracks. The
cracks can be very small or they can cause the
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Surface techniques for fusing

A typical reaction between a blue glass containing copper
and a second french vanilla glass containing sulfur. The
reaction creates the dark line where the two glasses touch.
(Photo by the author.)

¢ Glasses containing lead may react with
glasses containing either selenium or sulfur

This reaction, which tends to leave a more gray-

ish tint, is less prevalent than some of the other

reactions, but it can be used to marvellous effect
when it does occur. For an example, see the Karl
Herron piece on page 115.

e Silver will react with glasses containing
either selenium or sulfur

The reaction between silver and selium/sulfur
glasses is usually very strong. They can be made

Image of a pot melt made with turquoise blue and french

vanilla glass. The blue has reacted with the vanilla to create

the dark brown color. (Photo by the author.)

The reaction between silver and glasses containing sulfur
or selenium is particularly strong. The dark circles in this
piece were punched from silver foil and fired on top of a
reactive layer of glass. (Photo by the author.)

even stronger by using the silver on top of the
reactive glass, rather than as an inclusion. If the
silver used is thin (as in foil or leaf), then the
metal will melt into the glass and leave a smooth
finished surface.

In addition to silver wire, leaf, and foil, it's pos-
sible to create this reaction using a silver nitrate
solution. Just mix a few crystals of silver nitrate
with water and spray on the glass before firing.
Silver nitrate can discolor the skin, so wear gloves
and handle the solution with care.

The section on metal inclusions in Chapter 13
has more information about using silver in glass.

Given enough time and heat, the reaction between two
glasses will spread, as in the square on the top of this piece.
(Photo by the author.)

113



Contemporary Fused Glass

Index

Photos of finished artwork indicated by bold page numbers.

110 paper, 24-26, 103

3M Corporation, 30, 65

A-14, 109

Abbott, Ellen and Marc Leva,
189, 204

Acid polishing, 176

Adhesives, 27-28

Air bubbles
Creating trapped, 126-127
Inclusions, 126-127
Minimizing unwanted, 95-96,
103, 136-137

Air-dried glass paints, 108

Alginate, 180

Allen, Lisa, 87, 134

Allen, Samantha, 58, 66, 77

Alpha, 165

Aluminum inclusions, 117-119

Anderson, Avery, 9, 207

Annealing, 47-48
see also firing schedules

Annealing crack, 93
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Band saw, 29
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Brady, Lee, 19
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Brock, Emily, 32, 91
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Casting, see kiln casting
Ceramaguard, 26, 73-74, 158
Cerium oxide, 164
Chemical, hazardous, 197
Circle cutting, 37-40
Clay, for casting, 179-180
Clay molds, for slumping, 71
CLR, 190
Coasters and tiles, 58-67
Coefficient of expansion 13-14
metals
Coins as inclusions, 124
Coldworking, 31, 139, 164-171,
173-175
basic process, 164-165
building a studio, 169-171
Colloidal silica, see rigidizing
solution
Combing, 146-149
Compatibility, 13-14
testing, 14
Compressor, for sandblasting,
168-169
Comstock, Geri, 17, 175, 177
Confetti, 20
making, 193
Controller, 22
firing without, 204
Contour fusing, 44
see also tack fusing
Cooling to room temperature, 48
Copper inclusions, 120-122
Copper reactions, 112
Copper-brass reaction, 122
Cork belt, 167, 168
Cordierite, 25
Covington wet belt sander, 167,
171
Cracks, 92-95
Craig, Brock, 66, 67, 96, 129, 130
Creator’s Stained Glass, 40
CRL wet belt sander, 167
Crucible drip, for casting, 187
Cullet, 20
Cuts and scrape, 198
Cutter, see glass cutter
Cutter’s mate, 40
Dalle de verre, 20
Damming, 131-132, 133
Decals, 111
Devit sprays, 27, 47
recipe, 191
Devitrification, 27, 47, 96-97

Diamond hand pad, 31, 139,
163, 164-165, 170
Dichroic glass, 17
Didymium glasses, 30
Displaying, 177
Ditore, Dick, 73, 87, 140, 141,
190
Dremel, 165
Drilling holes, 173-175
Drill press, 173-174
Drop rings, 70, 158-161
Dull patches, see devitrification
Dupille, Michael, 106
E-6000, 27
Ear protection, 196
Edges, uneven, 98
Effetre glass, 16, 19, 200
Elmer’s glue, 27
Enamels, 108-111
Eye protection, 195
Falk, Nina, 48, 90
Fiber blanket, 25, 26, 72-73
Fiber board, 25, 26, 73-74, 149
safety, 197
Fiber paper 24-26, 53, 76
kiln carving, 102-104
inclusions, 125-126
safety, 197
Fiberfrax, see fiber paper
Fiberglass cloth, 101-102
Fire polishing, 171-172
Firing log, 56-57
Firing rate, 62
see also firing schedules
Firing schedules, 199-204
coasters and tiles, 64
combing, 147-148
fire polishing, 171-172
fusing for slumping project, 82
high fire, 142-143
inclusions, 116
pattern bars, 132-133
pot melts and wire melts, 144-
145
powder and frit effects, 105
slumping project, 85
thick item or slab, 138-139
Flameworking, 8, 20
Flexible shaft rotary tool, 165,
174
Flip and fire, 104
Float glass, 16, 200
Floral former, 161
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Foredom, 165
Found molds, 75, 180
Frit and powder, 19, 66-67
making, 191-192
Frit painting, 106
Full fusing, 44, 62
Fusing
defined, 8
glues, 27
basic process, 41-49
Gaffer glass, 16, 20
George, Emily, 121, 122
Glassblowing, 10
Glass cutter, 28, 33-40
Glass cutting, 33-40
Glass fusing, see fusing
Glass saws, 29-30
Glass slumping, see slumping
Glasses, see safety glasses
Glastar, 28, 40
Gloves, for kiln, 30
Gold, 123-124
Gowell, Ruth, 68, 91, 127, 128
Gray, Patty, 147
Grinders, 28, 29, 170
drilling holes, 173
Grits, 163-164
Gritsch, Rudy, 149
Groziers, 28, 33
Gypsum, 181
Hafner, Dorothy, 9, 69, 136
Hair spray, 27
Hand lapping, 165
Hand grinder, powered, 165
Hand pad, see diamond hand
pad
Hearing protection, 196
HEPA filter, 26, 52

Isofrax, 26, 104
Kelman, Janet, 71, 178
Kevlar, 30
Kiln casting
defined, 8
Kiln-formed glass, 8
see also kilnforming
Kilnforming
Kiln glass, 7
see also kilnforming
Kiln, 12, 21-22,
ceramic, 21-22
even heating, checking for, 55
level, checking for, 55
multiple shelves, 55
safety, 194-195
Kiln carving, 102-104
Kiln casting, 8, 179-190
Kiln floor, 50
Kiln furniture, 23
Kiln loading, 54-55
Kiln shelf, 12, 23
Kiln posts, 23
Kiln wash, 12, 23, 50-51
applying to slump molds, 75-
76
applying with brush, 51-52
applying with sprayer, 52
baked on, 97-98
making, 191
mixing, 50-51
reapplying, 52-53
removing, 52-53, 97-98
Klyr-fire, 27, 109, 112
Kremer, Martin, 89
L-square, 34
Lampworking, see flameworking

Lap wheel, 167-168, 170-171

Lathe, glass, 169, 171

Lava cloth, 101-102

Layer, defined, 41

Lazertran, 111

Leatherbarrow, Bob, 8, 20

Leaves as inclusions, 126

Limeaway, 190

Linisher, see wet belt sander

Littleton, Harvey, 10, 11

Loading kiln, 54-55, 81-82

Loctite, 27

Lost wax casting, 184

Mask, 30, 196-197

Material Safety Data Sheet, 197

Melting point for metals, 117

Metal foil and leaf, 123

Metal inclusions, 117-124

Mica, 111-112, 125

Mineral spirits, 38

Minnick, Kari, 68, 107

Mold box, 182

Moldable fiber blanket, 73

Molds, see slumping molds

Moje, Klaus, 11, 35

Moretti glass, 15, 19

Morton system, 40

Moulds, see casting molds,
slumping molds

Mullite, 25

Multiple shelves in kiln, 55

N95, 30, 196

Newren, Marcia, 49, 69, 127

Nolan, Leslie, 111

Noodles, 19

NSK, 165

Organic inclusions, 124-126

Avery Anderson, “The Ancestors.” Kiln-formed, laminated and coldworked. Cast
glass and flameworked bird skulls. (Photo courtesy of the artist.)

Herron, Karl, 88, 115
High fire, 140-143
High temperature firing, 14-151
Higgins, Michael and Francis,
10, 11
History, 8-11
Holes
drilling, 173-175
fusing, 175-176
unintentional, 96-97
Hotbox, Hotsie, 149
Hxtal, 27
Hydrogel, 180
Incompatibility cracks, 93-94
Initial heating, 44
Investment, 181-182
Immerman, Steve, 36, 88, 97,
137, 145
Inclusions, 116-128
Inland, 28
Iridescent glass, 17
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Oven-cured glass paints, 108
Oversprays, 27
Oxley, Alyssa, 103
P100, 30, 196
P-3, 196
Paints, glass, 108-109
Paper currency as inclusions, 126
Parrish, Richard, 69, 102
Pate de verre, 187-188
Pattern bars, 129-135
designs, 130
firing schedule, 132-133
Patties, 20
PearlEx, 112
Pistol grip, see glass cutter
Plaster/silica, 74, 180-184
Pliers, 28
see also groziers, running pliers
Polishing, 31, 164, 167, 168
fire polishing, 171-172
sprays and waxes, 172-173
see also coldworking
Posts, see kiln posts
Pot melt, 113, 143-146
Powder, see frit
Powder migration, 67
Powder manipulation, 105
Powder sifting, 105, 106
Pumice, 164
Randall, Doug, 74, 87, 160
Rapid cooling, 46-47
Rawls, Greg, 131, 135
Reactive glasses, 66, 112-113
Recycled glass, 17, 152, 154
Refractory cement molds, 75
Refractory materials, 24-26
chart, 25
Relief scores, 39-40
Respirator, 30, 196-197
Reuterdahl, Lars, 166
Reverse painting, 110
Rigidizing solution, 26, 73
Ring saw, 29
Rociprolap, 31, 167-168
Roman Empire, 10
Running pliers, 28, 33-40
Safety equipment, 12, 194-198
essential, 198
Safety glasses, 28, 30-31
Santoro, Karuna, 7, 134
Sandblasting, 168-169, 170-171,
174
Saws, 29, 133, 166
Screen printing, 110-111
Sea shells as inclusions, 126
Selenium/sulfer reactions, 112-
113
Separator, 12
Sepp Leaf, 112
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Sgraffito, 105-106
Shards, see confetti
Sheet glass, 18
Shelf, see kiln shelf
Shelf paper, see thinfire shelf
paper
Shelf primer, see kiln wash
Silberschnitt, see Bohle
Silicon carbide, 31, 165
Silicone glue, 27-28
Silk screen, see screen printing
Silver inclusions, 122-123
Silver reactions, 113, 123
Signing work, 176-177
Sinks, 135, 174
Skamol, see vermiculite board
Slabs, 135-139
Slit marks in glass, 93
Slumping process, 79-86, 155-
161
defined, 8
depth, 156, 157
difficult slumps, 157-158
drop rings, 158-161
floral formers, 161
span, importance of, 156-158
Slumping molds, 70-78, 80-81
applying kiln wash, 75-76
glass sticking to mold, 99
materials, 71-75
molds to avoid, 77-78
Smith, Tony, 147
Somaca, 167
Span, 156-158
Spectrum, 11, 15, 47
Speedball, 110
Spider web cracks, 94-95
Spray “A”, 27, 47
Square slumper, 80
Stained glass, 16
Stained glass paints, 108
Stainless steel molds, 72
Stands, 177
Stanley, Terri, 9, 20, 178, 181
Stencils, 105
Sticking to slump mold, 99
Strain point, 47
Stress cracks, 95
Striking, 18
Stringers, 19
bending, 106
making, 192-193
Strip cutting, 35-37
Strip construction, 36, 37, 66

Studio glass movement, 10
System 96, 15, 200
Tack fusing, 44, 100-101, 160
Taylor, Delores, 49, 188
Taurus ring saw, 29
Tested compatible glass, 15-16
Texture, adding, 100-102
Textured tiles, 101
Thermal shock, 45-46, 92-93
Thick items, 135-139
Thinfire shelf paper, 25, 26, 53-
54
inclusions, 125-126
Thomas, Roger, 114
Thompson, 27, 109
Tile saw, 29, 133
Tiles, see coasters
Totem pattern bar, 67, 130
Transfer paper, 111
Troubleshooting, 92-99
Ulano, 110
Undercut, 180
Ultraviolet glue, 27
Uneven edges, 98
Uneven slumping, 98-99
Unifrax, 24
Upper annealing point, 47
Uroboros, 11, 15, 19, 47, 200
Vagen, Veruska, 204
VandenEnde, Els, 139
Varathane, 172, 190
Vitreous clay molds, 71
Volume control, 44
Vermiculite board, 25, 26
Vibrolap, 168
Vitrigraph kiln, 149-150
making stringers, 193
Walker, Jody Danner, 68, 104,
105, 107, 109, 150, 164, 205
Warm glass, 8
Wasser glass, 15, 200
Wax, for casting, 180
Wax, for polishing, 172
Welder's glasses, 30
Welding gloves, 30
Wet/dry sandpaper, 31
Wet belt sander, 31, 166-167, 171
Wet felt, see rigidizing solution
Whiting, 101
Window glass, see float glass
Wire melt, 143-146
Young, Debra Carr, 188
Zetex, 30
Zinc inclusions, 124
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