the temperature reading on your controller or
your pyrometer may differ from the equivalent

temperatures listed on a cone chart.

Heating rates are preset in digital controllers
with the cone fire programs and are listed in the
kiln manual. Your kiln may not follow these
ramp rates exactly due to differing power
supplies, density of the load, or other variables.
The cone fire programs in the controllers take
this into account. The witness cones will indicate
if the kiln is achieving the proper amount of
heatwork.

Hold time or soak time can be an important tool
used in the firing as seen in the following illustra-
tion. One hour of soak time can bring down the
next higher cone. If your cone is bent to a 40
degree bending angle and you would like it to
bend further, the addition of a 15 minute soak
might bring it down to an 80 or 90 degree
bending angle. It may take a couple of firings to
find the exact amount of soak time that you

want.

Short soaking periods may not affect cone defor-
mation to any great degree, but you will
probably see some movement of the cone. Long
soaking periods will affect the amount of
heatwork taking place and should be considered
when holding for extended time in a wood

firing, as an example.

Note: See Chapter 14 for examples of

firing segments.

How to Interpret Cones After the Firing
When you unload the kiln, place your sets of
cones on the table for further study. You may
want to mark each set’s location on the cone or

cone plaque.

You can use a measuring template that shows
the bending angles to measure each cone
(Orton has these) or you can base it on a clock

position.

As you begin to study the measured bending
angles, you can compile all of this information
into a plan that will work for you. The most
important observation would be if your ware
looked okay. As an example: if you are firing a
glaze load to cone 06 and the tip of the cone
was at a bending angle of 60 degrees and the
glazes looked good, then you would want to

aim for this cone position all the time.

You will probably notice over a period of time
that your firings may vary due to load pattern
and density, electrical power differences, and
other possible variables. If the bending angle of
the cone varies to either side of the 60 degree
position you are aiming for and the ware still
looks good, do not worry. This might only be a

few degrees in equivalent temperature.

If the cones begin to vary to a significant
degree, such as 30 or 40 degrees to either side
of the position you usually fire to, this is the
indication of a possible problem such as a
broken heating element or a bad thermocouple.
You may also notice a difference in the look of
the ware. It is now time for a maintenance
check on the kiln. This can also indicate a
problem in fuel-fired kilns so that you can

make changes where necessary.

Adjusting the Kiln

If the cones are not deforming to the desired
position and the ware does not look the way
that it should, there are some simple options to

change this.
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If your kiln has a controller, you can add some
soak time at the maximum firing temperature to
increase the amount of heatwork. An example
would be to add a 15-minute hold to the firing
to increase the bending angle of the cone. The
specific amount of bend will depend on the
load, the heating rate and other variables. It
may take a couple of firings to determine the
correct amount of hold time. This works very
well if you are using the cone fire programs that
are already in the controller. You may also use
the cone offset feature that is built into the con-
troller to increase or decrease the temperature

(refer to your owners manual).

If you have entered custom programs into your
controller, you can also raise your final
maximum temperature set point by 5 or 10
degrees, causing more heatwork to take place
and increasing the bending angle of the cone.
Another option in custom programs is to lower
the heating rate at the upper end of the firing
curve to allow more time for total heatwork to

be developed.

If the kiln has over fired and the cones have
deformed past the desired position, you can
reduce the amount of soak time, you can lower
the final set point, or you can possibly increase
the heating rate if your kiln has that capability.
This will change the amount of heatwork taking

place.

If you have a manually controlled kiln, it is
more difficult to implement any of these
options, but not impossible. You can slow
down the firing by adjusting the control knobs,

as an example.

In a fuel-fired kiln, it is also possible to make
changes such as extending the amount of firing
time to let your firing cone fall further before
ending the firing or adding a soaking period at
the end by adding a smaller amount of the fuel
to hold the temperature at the present point.

Summary

For electric, and some gas kilns, controllers are
precise instruments that allow the firing of kilns
to become easier and more accurate. They ramp
up or down at controlled rates, allow for
additions of hold time, and provide the end user
with input to the firing process. But even in this
age of digital technology, we still measure the
reactions that take place in ceramic materials by
a cone number. The pyrometric cone continues
to be the most accurate and best measuring tool
to provide you with the same results of
heatwork that takes place with your ware.

Cones are the best inexpensive insurance you
can purchase to monitor your firings. They are
also a great tool to use in understanding and
obtaining the best results from your controller
and kiln. Cones should be an important part of
your firing plan. Use the information they
provide so that you can always have the best of
firings.

Tim Frederich was a Product Support Specialist for the
Orton Ceramic Foundation, a former editor of Pottery
Making Illustrated and associate editor of Ceramics
Monthly. He now is associated with Diversified Ceramic
Services, Inc. providing refractory and mineral products to
the ceramic industry. Tim has B.EA. in Ceramics from

Obio State University and has been a potter for over 40
years.
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Firing Tips

Leave Plenty of Room when Stacking
Leave room, lots of room, around pots and
between shelves. If you cannot get them in,
good, leave them for the next firing. Those

extra pots may just ruin the entire load.

One of the chief causes of failure is an over-
loaded kiln. Overloading keeps the heat from
circulating and the kiln from breathing. If you
want good reduction throughout the kiln, leave

room for circulation.

Stagger your shelves and leave inches between
them. Let each pot have its own space and keep
at least a big thumb distance between pots. Do
not crowd the ceiling of the kiln.

On the flip side, a half-load firing is a big waste
of fuel. Get busy and make those extra pots, it
is worth the effort.

A Long Pre-Heat is Unnecessary

What good does a long pre-heat do for a firing?
In most cases, nothing. It is a great waste of
fuel. If your pots are dry, the glazes set and
your kiln is totally dry, then it is prudent to
start the kiln with a great deal of energy. Fill
that box with as much heat as you can muster.
Before a kiln can really get going, you have to
heat everything in the kiln. What takes the most
energy? Shelves, posts, kiln furniture and the
walls. Then the pots begin to warm. Potters
think pots, but engineers think about the entire
kiln and everything else that goes into that kiln.

Consider Candling and the K Factor

If a potter starts the kiln on low and leaves it
for six hours, the heat will begin to soak
through the brick. It destroys the K factor. If
the bricks are heated all the way through, there
goes the heat to the outside. When you fire, you
want to get the firing done before you lose the
K factor. IFBs are wonderful insulators, so why

destroy their best feature?

We are beginning to understand that many
more interesting things happen during cooling
than happen during the rise in temperature.
Observe what happens when you cool slowly,
downfire, or relight your kiln. What happens
when you crash cool from max to 1900°F?

Experiment more in cooling than firing up.

A Very Gentle Warm-Up is Enough

You can warm your kiln to rid it of moisture
and protect your shelves and furniture, without
pre-heating it for hours on end. Gently
warming your kiln is not the same as pre-
heating. I warm my kiln overnight. I keep the
gas very low, leaving a tiny opening in the flue,
maybe a half inch. I use a very small burner,
about 10,000 BTUs. It is really a large pilot
light. I try to warm the kiln to about 400°F.

My plan is to warm and protect the kiln
shelves, melt the wax on the pots, and generally
warm up the kiln box. The secondary benefit is
that the pots almost never crack, even large

platters.

Get a Big Early Shot of Heat

When I start the actual firing, the moisture is
completely gone from the kiln and I can turn
the burners to full on and build heat as strongly

as possible.
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photos : Mel Jacobson

Mel uses a tiny 10,000-BTU burner above his
regular burner to do a very gentle warm-up of the
kiln furniture and pots.

In my opinion, you have to get a big early shot
of heat. Kiln shelves and furniture have to get
hot, then the pots, then the air inside the pots,
then the air in the kiln, and finally the walls of
the kiln. No sense messing around. Put the
burners on full, open the damper, get that kiln
to 1750°F as fast as you can.

By turning the kiln to its most powerful setting
at the beginning, my kiln reaches high energy

and begins to work well extremely fast.

As the kiln gets hot you can reduce pressure.
Light reduction can happen with just a slight
push-in of the damper. Wait for a slight flame

to come from the center peephole.

The hotter the kiln, the less gas you need (in
most cases—there is always one exception).
Reduce for the entire firing; keep it light, with
no belching smoke ever. What comes out of the
stack from any gas kiln should be clean heat
with no smoke; if there is flame you are making
your gas fire outside the kiln and up the stack.

Firing Tips
We’ve Learned
From Industry

* Use lots of air—industry fires with a
clean oxidized atmosphere.

* Use as much added insulation as you
can.A Kaowool/fiber blanket on top
of your kiln adds insulation and slows
the cooling. Add a third layer of bro-
ken brick to the top of your kiln. Put
all those old IFBs to good use.

* No long warm-ups. Fire as fast as you
can, and then control the cooling.

* Bisque fire “bone dry” pots. Use your
kiln top to dry pots and pre-warm
them.

* Make sure your flue is not oversized.
Do not heat the air outside your kiln.

* Fire for efficiency and fuel saving.
Chart everything and keep honest
records.

(Look at the Ward chart on page 124.
Learn BTU costs and understand
them.)

* Chart the bottom-line costs of firing
your kiln. Know the costs and learn to
reduce them with efficient firing. It’s
money in your pocket.

*. Industry does not waste fuel. In many
cases, it is their greatest cost of doing
business. They care about fuel waste
and quickly correct it.

* Look at alternative firing tempera-
tures.Maybe cone 6 or less is in your
future.
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High Gas Pressure Can Cause Low Heat
Nils Lou has some great thoughts about high
gas pressure and what it will do and where it
will go. If you fire with gobs of pressure the
heat will go lower in the kiln; when you fire

with low pressure it seems to go up.

Use a Tuning Brick to Direct Heat

A tuning brick half way down the flame way
will help divert the heat to the top of the kiln.
But, without doubt, you have to find the sweet
spot for that tuning brick. Perhaps it should be
a brick with a small brick on top to forma T

that you can turn as you experiment with it.

Deal with Uneven Firing

Uneven firing is a common problem. A half-
cone difference from the top to bottom is not a
worry, but two cones from top to bottom is a
serious problem. You must consider what you
just read about tuning bricks and gas pressure
changes. Down-firing will help in many cases. It
tends to even the kiln out from top to bottom.

It is important to be able to move heat around
in your kiln. Learn to back off one burner, and
turn the other to high. See if the heat will move
across the kiln. See what happens when you fire
with high gas pressure vs. low gas pressure.
Chart what you change and document the

results.

Heat must move through the kiln, and stacking
the kiln with tight shelf placement can hinder
that, so leave room. Never block the flue
opening with a kiln shelf.

“Tune Your Kiln” for Better Firing

As your kiln ages it will open cracks between
bricks. This opening up of the kiln may affect
the firing. Plug those gaps with Kaowool fiber.
Tighten your metal bracing. Tune the top if you
are using a flat-top. Tighten the bolts just a bit.
(You may have to replace the plywood form
and jack up the kiln a tiny bit and take off the
pressure, and re/tighten the entire top.) Make
sure your arch bricks are tight and still in their
proper place. A rubber mallet used to tap bricks
back in place is prudent. Keep your kiln in
good “tune.” Do not slather wet clay, or kiln
mortar into cracks; it tends to shrink and then
fall out, and often that drip or chunk will fall
into your best platter—the one you need for a
commission. Use fiber—it works. (Soaking fiber
in ITC 100 and ramming it into cracks works
well. It is a permanent fix, and does not shrink

out of the crack.)

A Clean Kiln Fires Better

Keeping your kiln clean, inside and out, is
important. Use a shop vac and clean the floor
and side walls. Keep chunks of broken pots and
kiln pieces off the bottom of the kiln. Clean

and scrape your shelves from time to time.

Check your flue for debris, and slide the vacuum
hose into the base of the chimney to clean it out
from time to time. Make sure bats, birds,
raccoons and other animals are not making a
home in your stack. Look down it from time to
time with a good flashlight. A clogged stack is a
common cause of bad firing. Many potters cover
their stack top with a five gallon pail. Make a
long pole with a hook on the end and slide the
pail over the top of the stack. (See Bob
Anderson’s video for an example of this.)
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Having a wind screen behind your kiln is a
good idea too. Bob Anderson uses plastic
screening hung with bungy cords around his
kiln. He can move them as the wind changes. It
is also good to screen your kiln from view of

the neighbors.

A well-designed, tight, maintained kiln will be
the best cure for the problem of bad firings and
lost pots. The many potters that have written
for this book will give testament to “even, well-
balanced firing.” Remember, the best ecology
system for a pottery is: no lost pots, 100%
perfect firings, every time. The fuel that you
burn is being used to make only well-designed,
well-fired pieces.

Fire Only when Weather Permits

Weather affects firing. If you are experiencing
storms or high winds, it may be best to turn off
the kiln and start again later. A complete load
of pots ruined or the waste of gas fighting the

weather is just not worth it.

Firing with the least amount of fuel that will
still give you heat rise is the best way to fire.
Creep your gas pressure up after you put the
kiln in light reduction. Don’t blast it—that’s not
necessary. Once your kiln goes into reduction,
it’s often best to leave it alone and let it do its

work.

If Your Kiln Stalls

The dumbest people in the world are not those
who make mistakes, but those who make the
same mistake over and over and over. “Hey,
Mel, we fired this kiln 68 times and it stalled at
1900°F every time.” If my kiln stalled even
once, I would change things fast. How often is
the cure for a stalled kiln to turn down the

burners or the gas pressure? Often. Rarely does
a stalled kiln need more gas or pressure.

There is a wonderful tip that if your kiln stalls
you should either take off a foot of your stack
or add a foot to the stack. You must do
something. Turn down the gas, open the
damper, close the damper and see what

happens.

Remember, experience is a
tough teacher—yfirst it gives the

test—and then the lesson.

Keep a Journal as You
Learn to Drive Your Kiln

Take notes when you make experiment with
your firing methods. Your journal will help you
memorize what you do and you will learn to

drive your kiln.

Try everything you can think of—one burner,
two burners, full gas, low gas. Can you move
the heat across your kiln? Put one burner on
low, one burner full bore. Can you fire your
kiln with a brick in the flame way? Move it
around, and see what happens. How do you get
heat to the top, to the bottom? Learn to control
your kiln, not the other way around—don’t let

it drive you.

What happens when you fire a set of all flat
dishes? What happens when you fire a load of
20-inch bottles? Every load is not a perfect mix
of tall, short, thin and fat. How does your kiln
react when you have every kiln shelf you own
in one firing? You’ll soon see why there is no

precise recipe for firing any kiln.
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Chart everything during experiments. You will
be amazed at how your changes will affect your
pots. A good reason for having a smaller kiln is
that it can be fired more often. If you should
lose pots or have a terrible firing, you haven’t
lost very much. It is very difficult to experiment

with a huge kiln as the investment is too great.

Far too often potters get caught up in experi-
ments with new glaze recipes. But firing
changes may affect the quality of your work

more.

When Joe Koons and I did experiments with
temmoku, we were stunned at the subtle things
that happened when we started to fire hotter
and hotter, finishing with cone 13 oxidized.
Without doubt, finding the wonderful colors at
that temperature and atmosphere made all the

difference in our research.

How the Kiln Atmosphere Affects the Glaze

by David Hendley

During firing, a kiln is operating in one of three
conditions: oxidation, neutral, or reduction. This is
simply 2 measure of the amount of oxygen
compared to the amount of fuel in the kiln.An
electric kiln fires neutral because no fuel is being
burned, but a gas, wood, oil, or coal kiln can be
adjusted to be oxygen starved (reduction), have
excess oxygen (oxidation), or have the optimal

amount to combust the fuel (neutral).

When a glaze material is heated, its molecules are
excited and are able to move more freely. Thus
during reduction, the oxygen-starved atmosphere
is able to "steal" oxygen molecules from the glaze
material. For example, the carbon monoxide (CO)
in the kiln and red iron oxide (Fe,O;) can combine
to produce carbon dioxide (CO,) and black iron
oxide (FeO).

Often when you see a glaze recipe it is classified as
an oxidation or a reduction glaze.With two big
exceptions, most glazes will do fine fired in any

atmosphere, with subtle, if any, differences.

Generally, oxidized glazes have a slightly brighter
and more colorful hue, while reduced glazes have a
more muted and earthy look.Variables such as
temperature rise, soaking at peak temperature,
total firing time, and cooling rate often affect the
look and feel of the glaze more than firing atmos-
phere.

The two exceptions, when atmosphere is very
important, are glazes which contain either copper
or iron as a colorant. In reduction, a copper glaze
can produce a bright red glaze rather than the
normally expected blue-to-green. These are the
famous Chinese ox blood or sang de boeuf glazes.
Likewise, in a properly formulated glaze base, iron
oxide, instead of producing the expected brown
glaze, can make a transparent green-to-blue glaze,
the prized celadon glaze. In addition, when a clay
body contains iron, as many do, firing in reduction
will darken and warm the color of the clay, as the
iron changes from Fe,O; to FeO.
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Controlling the Kiln Atmosphere
Tips for Reduction Firing

For years potters sought reduction firing in fuel
kilns to achieve the subtle colors of old Oriental
wood-fired kilns. Gray, tan, oatmeal and soft
blue were the standard colors of the 1950s.

Many potters pushed the limits of reduction
and fired with a great deal of smoke and
carbon. Often the pottery suffered from over-
reduction. It became brittle and the core of the

body was blackened and weak.

Modern potters are learning to fire with soft
reduction and even find that taking the
reduction out of the firing will give them the
very bright and lustrous colors that customers
seek.

You can get reduction several ways: in with the
damper, open the gas pressure some, and turn
down the primary air on your burner. Often it
will be a combination of those things, though I
rarely turn down the primary air; it just stalls
the quality of the flame and makes it dirty. Keep
that flame bright blue.

A great way to study reduction is to turn your
gas pressure up, close the damper a quarter of
an inch at a time and measure the length of the
flame from the peephole. My own rule of
thumb is to keep the flame about two to three
inches long. It will dance, so it is an average.
The back-pressure flame will be largest from
high on the kiln, with hardly any back-pressure
at the lowest peephole near the floor. I always
use the mid-level peep on the front of the kiln.

The same one, every time. That will let me

know from firing to firing if things are the
same. If the kiln is really loaded with pots and
shelves, the back-pressure will be different.
Learn to read that. Remember, each kiln will be

unique.

Avoid Over-Reduction

Over-reduction as a result of too much back
pressure, a damper in too far, and a dirty flame
all lead to poor firing quality. And, without
question, over-reduction wastes a great deal of
fuel. It is important to find a balance of kiln
atmosphere and the quality and color you are
seeking for your work.

When You Finish Firing

When your kiln is done, open it up for a few
minutes, damper out, peeps out, and let it clear.
Then button it up and wait for 1900°FE. When
you cool to 1900°F (especially if you are firing
bright reds), turn on one burner half way, and
open the damper just a bit and hold the 1900°F
for as long as you want, but never in reduction.

Two hours is fine.

Your firing will be terrific. There are always
exceptions to this method however. If your kiln
is full of temmoku and celadon, you probably
will not want crystal growth, so do not
downfire. If you are doing shino and feldspar
whites, let it go for three hours at 1900°F. Hank
Murrow, who helped us understand this idea,
can downfire for 6 hours with his shino glazes.

Amazing surfaces.
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Why Fire Cone 6 Reduction?
by Diana Pancioli

First of all cone 6 saves money. Some say it
costs less by almost a third compared to cone
10. Secondly, it helps preserve the kiln; cone 6 is
much easier on kilns than cone 10. Thirdly, less
gas used means less carbon emissions produced
and a greener planet for polar bears and
humans. Lastly, a reduction atmosphere makes

beautiful glazes, whatever the temperature.

The development of cone 6 reduction glazes was
originally an attempt to ensure that our
expensive new gas kiln would last a long time. It
has. Extending its life was my major goal ten
years ago; saving fuel and reducing emissions

were secondary, until now.

Having fired cone-10 R for many years, I also
thought that it might be fun to add something
to the literature by developing reduction glazes
for a lower temperature. After several years of
firing a handful of glazes at 6R, I applied for a
summer grant to develop a better palette. I
tested hundreds of glazes—anything I could find
that was written for mid-range. The 22 glazes
chosen for my project Glaze Forward are the
product of that summer’s research. (Thank you

Eastern Michigan University.)

My first goal was to lower the temperature of
traditional cone 10R glazes—celadon, temmoku,
iron saturate, shino, copper red, etc. I revised
some favorite formulae to the new lower tem-
perature. The remainder were selected from
many tests; I hoped to provide a range of colors,
surfaces, and bases that would satisfy many
tastes and encourage experimentation by others.

You will find a list of the sources of these glaze
at 21stcenturykilns.com. You will recognize
some of them from cone 10. I renamed all the
glazes according to their surface qualities so that
(a) they would not be mistaken for their cone 10
versions and (b) their names would give my
students a clue about each glaze’s color and
appearance.

I sent some glazes to the Alfred Analytical
Testing Laboratory for leach testing. The results
are reported in the notes at the bottom of each
glaze page. Some testing still needs to be done.

John Hesselberth has been generous in allowing
me to use a version of his software “Glaze
Master” to present the glaze recipes, their
photos, and their chemical analyses for you.
(Thank you John.)

Diana Pancioli can be found at:

dianapancioli.com. Her glaze recipes can be found at
21stcenturykilns.com

Cone 6 Reduction Thoughts
by John Hesselberth and Ron Roy,
authors of Mastering Cone 6 Glazes.

Now that Mel and this fantastic list of con-
tributing potters have shown you how to build
a great fuel fired kiln, we have an additional
suggestion—consider firing it to cone 6 instead
of cone 10. There is essentially nothing that can
be achieved at cone 10 reduction that can’t be
achieved at cone 6 reduction! And that includes
not only plain vanilla gas reduction but also
salt and soda firing. And the fuel saving, while
varying a bit from kiln to kiln and depending
on how well you maintain efficient firing condi-
tions, is conservatively estimated at one third!
Some say it is half. We have to say it again.
One third less fuel!
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How Cone 6 Saves Fuel

How can that be you ask? For only 4 cones?
Well, fuel-fired kilns become less and less
efficient as the temperature increases. While all
modes of heat transfer are involved, much of
the heat is transferred by convection—interac-
tion of the hot combustion gases with your
pots, the kiln furniture and the kiln itself. And
the rate and efficiency of heat transfer in con-
vection is directly proportional to the
temperature difference between those gases and
the pots/kiln furniture/kiln. So as the kiln
becomes hotter the efficiency drops lower and

lower and most of the heat goes up the stack.

Now if you have been firing at cone 10 all your
life and have a set of glaze recipes and clay
bodies that you like and took a long time to
develop, it is understandable that you may be
reluctant to make the switch. But if you are just
starting out working with a fuel fired kiln or, in
particular, have been working at cone 6 in an
electric kiln there is essentially no reason to fire
at cone 10 except “tradition.” We would
suggest it is time to move on and become a bit
greener. Or if you are a production potter
making your living from your pottery and are,
therefore, firing often, why not switch to cone 6

and put the savings into your retirement fund.

While one can debate until the end of time
whether electric kilns or fuel-fired kilns are
“greener” than the other and reach no defend-
able conclusion—there are excellent points to
be made on both sides and anyone who states
one is greener than the other is speaking from
incomplete knowledge. However, there is
absolutely no question that in the same kiln

cone 6 is greener than cone 10. The tiny

amount of additional fluxes (usually boron or,
in oxidation, zinc) that have to be added to
glazes to get them to melt at cone 6 is way
more than offset by the fuel savings (a third
less—or did we say that already?). And we have
seen beautiful examples of shinos, temmokus,
and other traditional cone 10 glazes that were
fired at cone 6 reduction.

And for that matter, cone 6 oxidation produces
beautiful results too if you make one simple
change from traditional electric kiln practices—
cool the kiln slowly.

How to Get Started
OK, you say, you’ve made the case. How do I

get started? Here are some things to consider.

Lots of existing cone 6 glazes will do well in
reduction. Most of the ones in our book
Mastering Cone 6 Glazes (MC6G) will. The
exceptions are the zinc base and its color
variants and, possibly, Waterfall Brown. Any
zinc-containing glaze is questionable in
reduction because zinc oxide is easily reduced to
zinc metal which boils at 907°C (1665°F).
Unless you delay going into reduction until after
your glaze has sealed over (usually about
1000°C [1800°F] or below) the zinc oxide will
convert to zinc metal and go up the stack.

We mention Waterfall Brown because it is
already pretty runny and has a high level of
iron oxide. In reduction, iron becomes a flux
and the glaze is likely to become even more
runny. One MC6G recipe that does work well
in reduction is Raw Sienna. It would be a good
place to start if you want to try MC6G recipes.

For a commercial clay body, look for one that
has less than 3% absorption at cone 6. Stay
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away from ones that say they are good for a
range of cones from, say, 4-9, unless you test
them thoroughly at cone 6. Most clay bodies
only have a useful range for functional work of
a couple cones. Properly vitrified (no water
leakage) cone 6 white clay bodies will work
well at cone 6 reduction, but watch out for any
iron-bearing cone 6 clays that are normally
properly vitrified at cone 6 oxidation. Any iron
in those clays will over-flux those types of
bodies. You may need to mix in some more
refractory clays with them to get the absorption
right. On the other hand, many of the dark
mid-fire bodies sold today are too open to
prevent leakage—they may be just right at cone
6 reduction. You will have to test them to see
how they do.

Another place to look for starting points for
glazes would be Diana Pancioli’s recipes which

are on the website at 21stcenturykilns.com.

Diana has been a leader in cone 6 reduction
and has done as much or more work as anyone
in actually evaluating this firing process. Just be
sure to read her comments on each glaze
carefully. Some are only suitable for work
where durability is not important. But she has
tested many of her glazes and those where the
durability was found lacking are noted in her

“Comments” section.

Glaze Criteria

For durable, functional glazes, look for ones
that meet the criteria for stability that we first
established and published in MC6G—more

detail is given there. Namely:

* They have enough silica (at least 2.5 and
preferably >3.0 in Seger Unity terms).

* They have enough alumina (at least 0.25 in
Seger Unity terms).

* They are thoroughly melted at cone 6. (This
almost always requires at least 0.2 of either
boron oxide or zinc oxide—again, Seger
Unity terms. Glazes containing iron as a col-
orant may require a bit less since iron acts
as a flux in reduction. But glazes with no
boron or zinc are only rarely fully melted at
cone 6.)

* They are not overloaded with colorants or
opacifiers—copper being of particular
concern.

A significant number of schools have already
converted to cone 6 reduction in their fuel-fired
kilns and more are doing so every year. The
cost savings amid tight budgets is just too large
to ignore. The result is that lots of experimenta-
tion is going on with C6R and the literature
will soon be full of people’s experiences. We
would predict that in another 10 years there
will be more written about C6R than is written
about C10R and that hardly any potter just
starting out will fire at cone 10. In fact, we
already hear of quite a number of studio potters
who have already converted or are seriously

considering it.

So we urge you to give it a try. We think you
will like it and never or rarely feel the need to

take your kiln up to cone 10.

John Hesselberth and Ron Roy can be found at:
masteringglazes.com
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Oxidation Firing
Thoughts on “Hank’s Soak”
by Hank Murrow

It has been 7 years and 160 firings in my kiln
since “Shinos in the Fire...an Odyssey” and “A
Doorless Fiber Kiln” were published in
Ceramics Monthly. Many potters have since
shared their experiments with an oxidation
soak during cooling, prompting me to review
my original remarks and try to sum up what I

have learned in those intervening 160 firings.

Though the procedure has been called “Hank’s
soak,” it should be understood that until the
1950s, potters generally fired in large heavy
kilns, whose cooling cycle normally gave a long
clean period for crystalline development. In
1958 I learned to fire in just such a kiln—45
cubic foot and 13.5” hard and soft brick walls.
It was not until 1974 that I built my first fiber
kiln (for a ceramics factory) and realized that
this was a kiln that could fire any way I
wanted. Even at 400 cubic foot capacity, this
lifting fiber kiln did not have a cycle of its own
(the first firing went from cold to cone 8 in four
hours!), and one had to decide exactly how the
firing and cooling cycle should be designed.
After building the much smaller 28-cubic-foot
doorless fiber kiln, and through my studies of
shino glazes, I decided to try a soak in

oxidation to develop better fire color.

After this first firing success with a soak in
oxidation, I determined the best time to initiate
the soak by placing a series of shino draw rings
beside the cones. I began to draw them
beginning with shutdown, and pulling a ring
out every 50°F during the cooling. I was

amazed to find that no color showed until

around 1900°F, with strong color coming
around 1800°F. Since my kiln has a built-in
Oxyprobe, it was easy to tell when it had
cooled to 1800-1900°F, relight the kiln, and set
it for steady state and oxidizing atmosphere.
During the subsequent 160 firings, I have varied
the duration and the temperature of this soak,
and have seen quite spectacular results from this
practice. While glossy glazes have little to gain,
any matte or semi-matte glaze is likely to show
deeper color and a satiny surface from a soak,
and some spectacular oil spot and hares fur
glazes have resulted from the practice. Varia-
tions on “the soak” have become my practice
with this kiln, whether I am firing the ware in

oxidation or reduction.

A wonderful result of this work has been the
continuing experimentation and reporting that
has developed on the two listserves, Clayart and
Claycraft, among potters of varying back-
grounds and practices. Electric kiln users have
joined the discussion, and it seems there is
benefit to be had when added to nearly any
temperature and atmospheric régime. It seems
something of a paradox that so much variety
and breadth of result should come from a kiln
design having so little “personality” of its own.
But then, we are artists, and paradox should be
a staple of our inquiry. Soon, I will begin a
series of fires, both oxidation and reduction,
which will try a soak in reduction during the
cooling cycle to see what might be had from
that practice. I hope that discussion will be just

as lively.

Hank Murrow can be reached at murrow.biz
hankhmurrow@efn.org
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The Study Never Ends Joe Koons has studied this glaze for nearly 50
When Joe Koons and I did the “Hares Fur” years and we continue to do research together to
temmoku experiments (see 21stcenturykilns.com),  find new answers to old questions.

we discovered that increased heat and very low

reduction produced the results we had been

seeking. We ended that study firing the kiln to

cone 13 in an almost oxidized atmosphere. The

color, surface and texture all became fluid at that

temperature. [ presented a paper to the ceramic

engineers at the "National Academy of Science"

in China. They were amazed at the glaze surface

and final temperature that made the project a

success.
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ELECTRIC KILN
SETUP AND FIRING

Electric Kilns: The Entire Story
by Arnold Howard and Frances Darby

Safe Installation of the Electric Kiln
Selecting a Location

In most home studios, the kiln goes in the
garage or basement. An alternate location is a
separate storage building. It is okay to place the
kiln in an unheated building in cold weather.

Room Size & Ventilation

Avoid small, enclosed spaces such as a closet or
small utility room. The kiln room must be large
enough to avoid heat buildup around the kiln.

The minimum spacing between the kiln and
nearby walls is 12”. But in addition to the 12",
plan for generous space around the kiln to
promote good ventilation. Include room for
steel shelves to hold ceramic ware. Maintain a
minimum of 3 feet of space between kilns to
prevent heat buildup around the kilns. Keep
flammable material, such as shipping materials,

out of the kiln room.

Consult building codes for recommended non-
combustible wall material for walls that are

near the kiln. Cement board or masonry tile are

good choices.

An Exterior Wall

Select a room with an exterior wall. You should
vent the kiln, similar to the way a clothes dryer
is vented, using a motorized vent. Fumes are
vented outside through an exterior wall. If your
kiln room has only interior walls, you will need
to vent through the ceiling or floor to the
outside.

Concrete Floor

Place the kiln on a concrete floor. Avoid wood
floors and, of course, carpet. If you place a kiln
on a concrete floor finished with linoleum tile,
place a fireproof material over the tile to
protect it from discoloration.

Be sure the bottom of your kiln is covered with
an outside layer of sheet metal. Over-fired
glazes can eat through the firing chamber insu-
lation and drip onto the floor under the kiln.
The sheet metal bottom prevents this.
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Warning About Fire Safety
Sprinkler Heads

In the kiln room, position sprinkler heads in the
ceiling away from the kiln(s). I know of schools
that were flooded because the sprinkler head,
positioned above the kiln, turned on the fire
alarm. Consider using a higher temperature
sprinkler head in the kiln room or the type that
senses smoke rather than heat. You could also
install a Vent-A-Kiln vent hood, which will
lower the temperature around the kiln.

Electrical Capacity

Before you order a studio kiln, measure the
voltage in your building. (In the US and Canada
it is usually 240 or 208. Both voltage systems
use the same wall outlets, so you can’t tell
voltage by the type of outlet.) If you are not
sure how to use a voltmeter, ask your power
company to confirm voltage, or hire an electri-
cian to check it. If you are in a commercial
location, find out if you have single or 3 phase
power. (Single phase: 2 hot wires and a
grounding wire; 3 phase: 3 hot wires and a

grounding wire.)

Besides knowing voltage and phase, be sure
your building can handle the kiln’s amperage.
Some older sites cannot power a studio kiln
without an expensive upgrade of the electrical

system. See the kiln’s specifications.

In some areas, the power company gives a
discount for electricity consumed during the
night. This is to encourage you to take
advantage of excess generating capacity during
off-peak hours. You might want to ask your
power company if they offer this discount. If

s0, you will need a time-of-use meter installed.

Plan enough space and electrical capacity for
additional kilns if you believe your kiln

program will expand later.

Doorway Clearance

Make sure the kiln will fit through the
necessary doorways to reach the kiln room. Ask
your dealer for the kiln’s exterior width. Some
catalogs include doorway clearance for each
kiln. There is nothing more embarrassing than
receiving a kiln that won’t fit through the
doorway. I know of a school that had to
remove a window to get a new kiln into the
building.

HVAC: Heating, Ventilating & Air
Conditioning

If you are installing a kiln in a school, mall, or
other location with a central heating, ventilat-
ing, and air conditioning system, the building
manager may ask how much heat your kiln will

generate. A good estimate for studio kilns is
23,000 BTUs.

Electrical Installation
Please have only a qualified electrician wire
your kiln circuit.

I recommend an electrical shutoff box near the
kiln in addition to having a circuit breaker at
the electrical panel. The shutoff box is
necessary for direct-wired kilns, which can’t be
unplugged to disconnect the power. The shutoff
box is also important for kilns with plugs. I
recommend disconnecting the power when the
kiln is not in use. If you unplug the kiln fre-
quently, the spring tension on the wall outlet
may eventually weaken. The shutoff box dis-

connects the power without having to unplug

the kiln.
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Do not use your circuit
breaker as a kiln switch.

A direct-wired kiln with a
blade switch box.

Install the kiln within 25" of the fuse or circuit
breaker panel. For every additional 50’ from

the panel, increase circuit wire size by one

gauge.

But do not place the kiln right in front of the
electrical panel. Keep the panel at least 3'— 4’
away. Otherwise, the breakers may trip more
easily on a hot day. This is because a circuit
breaker is triggered by heat, and a nearby kiln

can raise the temperature of the electrical panel.

Use a circuit wire size large enough for the wall
receptacle amperage, even if the kiln amperage
is less than the wall receptacle amperage.
Warning: changing the cord plug on your kiln
may void your warranty.

Do not allow an electrician to use aluminum
wire on your new circuit. Aluminum terminals
corrode worse than copper and require greater

installation care. Avoid using extension cords.

You may have a 240-volt circuit conveniently
located where you will keep your kiln. But do
not assume that the circuit is the correct size.
Dryer circuits are too small for most studio
kilns. Even if you have the correct wall outlet,
you should verify that the wire and breaker
sizes are also correct. Make sure the equipment

grounding wire is properly installed. Sometimes
circuits have been installed by homeowners

with limited electrical experience.

Note: Do not use the circuit breaker to discon-
nect the kiln. Frequently switching the circuit
breaker will weaken it. Instead, use a shutoff
box located near the kiln.

Direct Wiring the Kiln

Large studio kilns above a certain amperage are
shipped without a plug and must be direct
wired. This means that instead of using a plug
and wall outlet, they are connected permanently

to a terminal box mounted on the wall.

Direct wiring is better than a plug and outlet
connection, because if the outlet corrodes, it can
overheat. You can remove the plug and direct
wire the kiln to eliminate this potential
problem. But the kiln will no longer be
portable.

p ’ﬁu |

Direct wiring your kiln will eliminate the danger of a
corroded outlet, but you will sacrifice portability.
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Please follow these guidelines in direct
wiring a kiln:

I Use a supply wire size large enough for the
circuit amperage even if kiln amperage is less
than the circuit amperage.

2 The supply wire must be suitable for 90°C
(194°F).

3 Protect the supply wire with flexible or rigid
conduit.You can also direct wire a kiln by
removing the plug and using the existing
cord.

5 Connect the supply wires at the wall using a

high amperage screw-down connector block.

Make sure all connections are tight.

5 Enclose the connection block in a suitable
outlet box with cover.

6 Place the electrical shutoff box
near the kiln.

The Plug and Wall Receptacle

If you choose to plug your kiln in, the wall
outlet should be installed so that the kiln cord
hangs downward—not upward—from the wall
outlet. Do not place the outlet so close to the
floor that the kiln cord bends at a sharp angle.
In either case, the plug may not seat properly in

the outlet, which will cause the plug to overheat

and corrode.

Make sure the plug is pressed all the way into
the outlet. Heavy amperage plugs sometimes
work their way out of the wall receptacle due to
the weight and movement of the cord. This leads
to poor contact between the plug and outlet.

Remove the plug from the wall every few firings
and check for blackened plug prongs and melted
or discolored plastic. At these signs of heat
damage, replace both the wall outlet and the
kiln’s electrical cord. Make sure the receptacle
feels tight when you press the plug back into the
outlet. A loose receptacle indicates worn springs,
which will lead to overheating. While the kiln is
firing, occasionally touch the cord near the plug,
and the wall outlet cover. It is okay if they feel
warm, but if they are hot, turn the kiln off. Have

an electrician inspect the circuit.

Note: Some people apply a light coating of
oxidation inhibitor to the prongs on the kiln
plug. This helps insure good contact between the
plug and wall outlet. The inhibitor is a paste
available at electrical supply stores.
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Electric Kiln Safety
Following these safety pointers will add very
little extra time to your daily firing routine.

There is little danger of serious burn from acci-
dental contact if you exercise the same caution

you would use with an electric iron.

* Place the kiln on the stand recommended by
the kiln manufacturer.When a kiln is safety
tested, the lab fires the kiln on the stand
designed for it. Cinder blocks or bricks can
inhibit the flow of air under the kiln. They
can also change the kiln’s heating character-
istics.

* Place the kiln on a non-combustible surface.

* Do not install closer than 12” from any wall
or combustible surface.

* Fire only in a well ventilated, covered, and
protected area.

* Do not open the lid until the kiln has cooled
to room temperature and all switches are
turned off.

* Dangerous voltage: do not touch the heating
elements with anything.

* Disconnect the kiln before servicing.

* Do not leave the kiln unattended while fir-
ing. Do not leave a kiln turned on at your
studio while you are at home sleeping.

* Wear firing safety glasses when looking into
a hot kiln.

* Unplug the kiln, or turn off the electrical
shut-off box or circuit breaker when the
kiln is not in use, especially if you are con-
cerned that someone could turn it on while
you are away.

* Keep the kiln lid or door closed when the

kiln is not in use.This keeps dust out of the
kiln. Also, should someone turn on the kiln

while you are away, the closed lid will keep

the heat safely inside the firing chamber.

Never store things on the kiln lid, even
when the kiln is idle. If people become
accustomed to placing papers and other
objects on the kiln, they may forget and do
that while the kiln is firing.

Remove all tripping hazards from around the
kiln. Keep the kiln’s supply cord out of traffic
areas.

Do not let the cord touch the side of the
kiln; it becomes hot enough to damage the
cord.

* Avoid using extension cords.

* Wear gloves when you load and unload your

kiln. The gloves should be thick enough to
protect you from glaze shards and bits of
pyrometric cones that have stuck to shelves,
sharp edges of broken ware, and sharp stilt
marks on the bottom of glazed ware. Razor
sharp glaze fragments can be so small that
they are difficult to see.

* Do not remove the ware from the kiln until

the kiln has cooled to room temperature. It
is possible for thermal shock to break hot
ceramic pieces. The sharp edges of broken
ware can injure hands.

* After firing glazed ware in your kiln, examine

the shelves for glaze particles. Sharp slivers
of glaze stuck to the shelf can cut hands.
Before rubbing a hand over a shelf, be sure
the shelf is free of glaze shards.
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* Fire only approved materials purchased from

a knowledgeable supplier. Do not fire mar-
bles, pieces of concrete, rocks, and other
objects. Rapid heating to high temperature
can cause violent reactions in many materi-
als.

* Avoid firing toxic materials such as moth-

balls inside the kiln. Mothballs create toxic
fumes inside a kiln and can even explode.

* Never fire tempered glass inside a kiln. It

could explode.

* Greenware must be bone dry before firing.

Moist greenware can explode inside the kiln,
damaging the ware and the kiln. Place a
piece of greenware against the inside of
your wrist. If it feels cool, it is too wet to
fire.

Do not fire cracked shelves. They can break
during firing, damaging the ware inside the
kiln.

* Store kiln shelves in a dry area. Moist

shelves can explode inside a kiln.

If you smell burning plastic, turn the kiln off.
Examine the wall outlet and supply cord for
signs of burning.

* As the kiln fires, it is a good habit to place

your hand on the kiln’s power cord to
check the temperature. It is okay if the cord
is slightly warm, but it should never feel hot.
Make sure the plug is pushed all the way
into the receptacle.

* Never place extra insulation around the kiln

in an attempt to conserve energy. The extra
insulation can cause the switch box wiring
to overheat and the steel case to warp.

* Do not wear loose-fitting clothing around a

hot kiln.

¢ Remove flammable materials from the kiln

room. If you fire a kiln in the garage, park
your car outside. Remove the lawn mower,
gasoline, and other flammable materials.
Keep packing materials such as shredded
newspapers out of the kiln room.

* Keep unsupervised children away.

* Keep a Class C fire extinguisher and a

smoke alarm in the kiln room. Mount the
extinguisher near the door to the room.

* Do not breathe brick dust, kiln wash, or kiln

repair cement. Prolonged exposure may
cause lung injury.Vacuum the kiln with a
HEPA filtered vacuum cleaner or a central
vacuum that takes the dust outside.

* Only vitrified ware should be used in a

microwave oven. (Vitrified clay has been
fired to a point where the particles become
glasslike and no longer absorb water.) Non-
vitrified clay such as earthenware is general-
ly not suitable for microwave use, because
the clay absorbs water. The water in the
pores of the clay can expand rapidly enough
in a microwave to cause the ware to crack
or even explode.Ware that has been deco-
rated with metallic glazes should not be
used in a microwave oven.
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Digital Controller Basics

Some controllers are more complicated than
others, but they all do three things. Once you
understand this, you can understand any digital

controller.

1) A controller fires at a heating rate, or speed.
This is usually measured in degrees of tempera-
ture change per hour and is similar to
measuring the speed of a car in miles per hour.
At a rate of 100° per hour, it would take 10
hours for the kiln to reach 1000°.

2) A controller fires to a target temperature.
This is the same as turning the dial on an oven
to 350° to bake potatoes.

3) After the controller reaches the target tem-
perature, it can also hold, or soak, at that
temperature. Baking potatoes at 350° for 45
minutes would be called a 45-minute hold.

The controller fires in segments, or stages. Each
segment has a firing rate, target temperature,
and hold. After the controller has fired the last
segment, it turns off power to the heating

elements.

Cone-Fire Or Ramp-Hold Mode?
The modern digital electric kiln has two firing

modes: Cone-Fire and Ramp-Hold.

Most people use Cone-Fire mode to fire pottery.
It is simple—just enter speed, cone, and hold
time. Ramp-Hold mode, by comparison, seems
complicated. Ramp-Hold divides the firing into
segments, each with a rate, target temperature,
and hold time as explained above. But some
people prefer Ramp-Hold instead of Cone-Fire.
Their reasons:

1) The standard thermocouple (temperature
sensor) used in ceramic kilns is the K-type. Over
its life, the K-type thermocouple drifts in tem-
perature. This means the temperature readout
changes slightly with time and wear. To com-
pensate in Cone-Fire mode for temperature
drift, you calibrate the thermocouple using a
feature called Thermocouple Offset. It raises or
lowers the temperature setting of the thermo-
couple.

To compensate in Ramp-Hold mode for temper-
ature drift, on the other hand, just alter the
target temperature of the segment that fires the
cone to maturity. You don’t have to use Ther-
mocouple Offset.

For example, the witness cone on the shelf
needs to bend just a little farther. Merely add 5
degrees of temperature rise to the next firing.
Instead of programming a target temperature of
2232°F for cone 6, program 2237°F. If the
witness cone is bent slightly too far, you can

easily back off a few degrees the next time.

2) The latest digital kilns have candling and
slow-cool features in Cone-Fire. Candling helps
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dry the greenware; slow-cool gives certain glazes
extra time for full development. In Ramp-Hold,
you can program candling, slow cooling, and

other features merely by adding more segments.

3) You learn more about firing when you
program each step yourself.

4) You can experiment in Ramp-Hold more than
you can in Cone-Fire. Ramp-Hold simplifies the
firing of difficult glazes such as crystalline. If a
friend or teacher gives you the firing schedule for
a glaze, you can modify it easily in Ramp-Hold
to obtain the best results for your kiln and

materials.

5) You want to fire faster than Cone-Fire will
permit. For instance, firing to cone 6 in Cone-
Fire at fast rate takes 9% hours. To fire faster,
use Ramp-Hold.

More on Rate
The most confusing thing about Ramp-Hold
mode is firing rate. Once you understand rate,

the rest of the controller is easy to learn.

Rate is confusing because the rate on switch-
operated kilns is adjusted by merely turning
dials. You don’t have to think about degrees of
temperature rise. Microwave ovens require that
you enter only high, medium, or low, and time

at that temperature.

A car’s speedometer measures speed in miles or
kilometers per hour. To understand temperature
rate, think of a speedometer that measures tem-
perature change per hour instead of miles. This

applies to both heating and cooling rates.

“Does the increase in temperature always
assume a one hour time period?” someone
asked. “If I need to get to 300 degrees in 30

minutes, would I set the ramp for 600 degrees
per hour?”

The answer is yes. Rate is the amount of temper-

ature change, up or down, in one hour.

Note: Degrees per hour is becoming our industry
standard for controllers. A few controllers,
however, use degrees per minute or number of
hours to reach temperature. But once you under-

stand rate, you can soon master any controller.)

Rate = Firing Speed
2000° :

Rate is figured in degrees per hour.

1500°

art :Arnold Howard

Suppose you wanted to fire from room tempera-
ture to 1000 degrees in 2 hours. To figure rate,
divide 1000 by 2 hours. The temperature needs
to go up 500 degrees every hour. Rate = 500
degrees per hour.

If you need to be more precise, subtract room
temperature from 1000 before dividing by 2
hours. If room temperature is 100, then subtract
that from 1000:

1000 minus 100 = 900
900 divided by 2 = 450 rate

224

21ST CENTURY KILNS



14 ELECTRIC KILN SETUP AND FIRING

Segment Firing You are raising the temperature 300 degrees in
Here is a sample 4-segment firing: half an hour. Since rate is measured in hours,
- T and the temperature will rise 300 degrees in 30
s B PN B R N O 038 4 minutes, rate per hour is 300 x 2 = 600.
15000
b et Y %
e V_—?}fta— /Z e Ralgd 253 Segment 3
12 | Z _l_ . . ..
1100 7 0 T ] e 1400 minus 1000 = 400 divided by 2 hours
e a
ool lfedieR= ! ' = 200 rate
7007 ‘I_Oq'_ " :
s B '/ B I_ G T Segment 4
aoo|—/ ke = 4 i e e i = ivi
i // s b “ 1400 minus 1000 = 400 divided by 7.5 hours
fﬁé--- —{ % 4 =i iy = 53 rate
e Ty If you are like most artists, who think visually,
[ [N e, Cr R ‘§ it is easier to understand the controller by
Profle # |f 2+ 1300 1700 | — |5 drawing the program on graph paper. You can
User # 2 ol | j000 | — g .
me—————aee e O T L £ ) e (B even make a rough sketch on plain paper
i |4 | 53 1 (000] — [|2 showing slanted lines for rates and horizontal
The sample 4-segment firing graph. lines for temperature holds.
To master Ramp-Hold mode, first understand
Segment | te. Th ts, target t t d
Go from a room temperature of 100 to 700 rate. 'en segr-nen 5 tatget temperatures, an
) holds will fall into place.
degrees in 2 hours
Segment 2
Go from 700 to 1000 in 30 minutes
Parts of a Segment
Segment 3 2000°
Go from 1000 to 1400 in 2 hours
1500°
Hold
Segment 4 L “Ramp” means to °
raise or lower the ‘, »
Cool from 1400 to 1000 in 71/2 hours 1000° [ temperature. — manaina . —
&Q |  temperature.
Figuring rates for the above program: 500° ¥4
Segment |
700 minus 100 = 600 divided by 2 = 300 rate 1 2 3 4
Segment 2

You are firing from a temperature of 700 to 1000
in 30 minutes. First, subtract 700 from [000.
Answer: 300.
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How the Digital Controller Operates

A digital kiln is not complicated. When you
understand how it works, you may find
greater satisfaction in firing the kiln, because
the controller won’t seem so intimidating.
Knowing how it works will also simplify the
maintenance on your kiln. This information

applies to basically any brand.

The Fuse

The first item in the digital circuit is a 1/2 amp
fuse, which helps protect the controller from
power surges. This fuse is usually located on
the side of the kiln’s switch box. If the con-
troller display ever stops working, the first
thing to check is the 1/2 amp fuse.

The Transformer

The next item in the circuit is a transformer,
which converts the power to 24 volts AC. The
transformer is easy to recognize. It is a square
block wired between the power cord and the
controller. The transformer is needed because
the controller operates on 24 volts.

The Thermocouple

Wired to the controller is a heat sensor, which
is a small rod that protrudes into the firing
chamber. We call this sensor a thermocouple. It
is made of two wires of dissimilar metal joined
together in the thermocouple tip. When heated,
the thermocouple actually produces a small
voltage.

The Controller and Relays
The controller is a computer that converts that
voltage to a temperature.

The controller is a switch that turns on the
heating elements to maintain the correct tem-
perature inside the kiln. But the controller

protection tube lead wire

ceramic block

This is an S-type thermocouple.

cannot turn on the elements directly. It uses an
electromagnet called a relay. When the con-
troller needs to raise the heat, it sends a 12-volt
signal to the relay. That energizes an electro-
magnet inside the relay, which pulls electrical
contacts together. This, in turn, sends power to
the heating elements. When the controller
senses that the heat is about to rise too far, it
shuts off power to the relay. (Some kilns have

more than one relay.)

One of the most common questions ’ve heard
is, “My kiln is making a clicking noise. Is there
something wrong with it?” The clicking is the
normal sound of the relays turning the elements
on or off. Each time a relay receives the 12-volt
signal, the contacts come together and make a

clicking noise.

Another type of relay is the solid-state, which in
theory outlasts the mechanical relay. However,
the solid-state relay is more prone to fail due to
overheating than is the mechanical relay. And
when the solid-state relay fails, the heating
elements stay locked on, overfiring the kiln.
When the mechanical relay fails, on the other

hand, the heating elements usually turn off.

A third type of relay is the mercury relay, noted
for long life. It outlasts the other types of

relays; its service life has been measured in
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millions of on/off cycles. When it fails, the
elements remain off. We have used the mercury
relays for years in our larger pottery and glass
kilns with outstanding results. Optional factory-
installed mercury relays are available for many
of our studio-size kilns.

Type-K and Type-S Thermocouples

You will notice a small rod projecting into the
firing chamber of a digital kiln. It is the
thermocouple, which reads the kiln tempera-
ture. Ceramic kilns use two basic types of
thermocouples: Type-K or Type-S. Most kilns
are equipped with the Type-K, which is less
expensive than the Type-S.

The Type-K shows very little wear below 2000F.
It is ideal for glass, silver clay, and low-fire

ceramics.

Type-S is ideal for porcelain and stoneware. At
these high temperatures, Type-S thermocouples
show little wear. Some people claim that they
last for years of heavy use. Type-S failure is
ordinarily due to breakage rather than to

wear.

Type-K and Type-S thermocouples are not
interchangeable. Some controllers, such as

the Paragon DTC 100, 600, 800, and 1000
series, and Sentry 3-key accept only Type-K
thermocouples. The Paragon Sentry 12-key con-
troller accepts either type, but you must select

The thermocouple must protrude into the firing
chamber /5"— %"

To adjust the thermocouple length, gently change the gap
between the thermocouple and ceramic block. Then securely
tighten the 2 screws in the ceramic block. Caution: Do not
sharply bend the two thermocouple wire ends. Otherwise
they will break.

the correct thermocouple in Options. Some
brands of controllers require a change in
computer chip to accept the Type-S
thermocouple.

photo:Arnold Howard

Type-K

Yellow wire (+ terminal)

Red wire (- terminal)

Brown or yellow outer wire insulation

Is the Thermocouple Type K or Type S?

Type-K and Type-S thermocouples each require different types of thermocouple wires:

Type-S

Black wire (+ terminal)

Red wire (- terminal)
Green outer wire insulation
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If you have the wrong thermocouple type wired
to the controller, the temperature will be

wrong:

Problem: Type-K thermocouple wired to a con-
troller that is adjusted for Type-S: The kiln will
under-fire.

How far the kiln will under-fire depends on the
temperature. The higher the temperature, the
greater the error. At 75°F, the controller will
think the kiln has reached 100°FE. At S00°F
degrees, the controller will think the kiln is at
2000°F.

Problem: Type-S thermocouple wired to a con-
troller that is adjusted for Type-K: The kiln will
over-fire.

The higher the temperature, the greater the
error. At 75°F | the controller will think the kiln
has reached 75°F. At 2000°F, the controller will
think the kiln is at only 500°F.

If the controller is matched correctly with the
thermocouple, you can still get an error in tem-
perature by using the wrong thermocouple
wire. However, the error is not too noticeable:
10-30°F when the thermocouple wire is only a
few feet long. The error becomes greater when

the wire length increases, however.

How To Adjust the Kiln Sitter
Never lubricate the Kiln Sitter. Lubricants will
only attract dust.

Your kiln will arrive
with the firing gauge in
place on the cone sup-

ports and the actuating

photo: Armold Howar

rod inserted through the

Remove the rubber band.

center hole. Remove the
rubber band that holds the gauge in place; then
remove the gauge. Save the gauge for future

adjustment. Do not fire with the gauge in place!

Store the firing gauge, Kiln Sitter allen
wrenches, and storage bag in a handy place
near the kiln along with a small bottle of kiln

wash.

Most people think the firing gauge is only to
keep the actuating rod from bouncing during
shipping. Please do not throw the gauge away!
You will need it to keep the Kiln Sitter adjusted
to factory specifications.

Guide Plate Adjustment
I Check the position of

the actuating rod. (The
actuating rod is easier
to see if you hold a
small mirror inside the
kiln.) The rod should
be centered sideways
in the refractory tube’s
oblong slot. If not, loosen the two guide plate
adjusting screws and move the plate to the
right or left, as necessary.

phoio:AmoId Howard

Step |
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Note: The easiest way to
adjust the guide plate is
to loosen the screws so
that they barely hold the
guide plate in place.
Then gently nudge the

Loosen the screws and
gently nudge the plate.

plate sideways. If you
loosen the screws completely, the guide plate is
more difficult to adjust.

2 After the rod is centered, securely tighten
guide plate screws.

3 Test the full travel of the actuating rod.Watch
the actuating rod inside the kiln as you move
the release claw up and down.The actuating
rod should be free to move within the tube
without touching the sides.

If the rod does not fall freely to the bottom of
the tube, check the guide plate to see that its
slot is parallel to the direction of travel of the
release claw. If not, straighten the guide plate
and readjust rod centering. Be sure to retighten

the two screws securely.

As the Kiln Sitter develops wear, the actuating
rod may no longer fall freely within the tube.
This is usually caused by a corroded tube
assembly. Replace the tube.

photo: Arnold Howard

Trigger Adjustment
I Inside the kiln, slide

the firing gauge over
the end of the actuat-
ing rod and the two
slotted cone supports.
The actuating rod fits
into the firing
gauge hole.

Step |

2 Lift the weight on the
outside of the Kiln
Sitter all the way to
the fully raised posi-
tion. At the end of the
weight is the adjustable
trigger.With the firing
gauge in place, the
trigger should just
clear the release claw,
coming as close as pos-
sible without touching.
If the trigger is too
high to clear the
release claw or if it is
too low, loosen the set
screw in the center of
the weight, move the trigger up or down until
it just clears the release claw, and retighten
the set screw.

Step 2

Check the trigger adjustment with the firing
gauge after every 12 firings.

If the set screw is too loose, the trigger will slide
out of adjustment with repeated use. But if the
set screw is too tight, you can strip out the
threads.
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Release Claw Adjustment
After you have adjusted
the trigger height,
check the amount of
play between the
trigger and the release
claw. Raise the weight
and lower the release

claw over the trigger.

photo:Arnold Howard

Look at the Kiln Sitter
from the side to check
the play between the
trigger and the release
claw. It should be %"
(2 mm). To adjust,
loosen the setscrew on

top of the release claw.

photo:Arnold Howard

Release claw adjustment.
Test the

Mechanical Operation

I With all kiln switches turned OFF, raise the
weight and lower the release claw over the
trigger. The weight MUST NOT be able to
stand up alone, and the trigger MUST lean
against the release claw.

2 With your other hand, hold up the end of the
actuating rod inside the kiln. Let go of the
release claw.The release claw should hold the
weight up while you hold up the end of the
actuating rod inside the kiln.

3 Set the Limit Timer clock.
Push the plunger all the way in
until it locks into position.
(The Limit Timer clock MUST
be set before the plunger will
lock.)

p}voto:ArnoId Howard

4 From inside the kiln, move the actuating rod
slowly downward until the claw releases the
trigger. The weight should fall all the way to
the bottom, releasing the plunger and allow-
ing the button to pop outward to its original
position. Repeat the operation 6—12 times to
loosen the mechanism.

photos :Arnold Howard

Step 4.

For reliable operation of the Kiln Sitter, the kiln
should be level. You can level it by inserting
shims under the stand legs.

The Kiln Sitter:
Replacing The Porcelain Tube Assembly

Replace the porcelain tube assembly when the
movement of the sensing rod becomes sluggish
or when the sensing rod is bent. Be sure the
replacement tube assembly is the correct length
for you kiln.

I Disconnect the power to the kiln.

2 Make sure there is no cone or firing gauge in
the Kiln Sitter.

3 Remove and save the screws at the side of
the switch box that hold it to the kiln and
remove the box, carefully pulling straight out
to avoid damaging the Kiln Sitter tube.You
may need to prop the box on a chair or
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other object as you
lean the box against
the kiln. Leave the
wires attached to the
Kiln Sitter.

photo:Arnold Howard

Note: While you have
the Kiln Sitter out, it is
a good idea to clean
the back side of the
Kiln Sitter with
compressed air.
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4 Remove the 2 screws
holding the guide plate
to the front of the Kiln
Sitter.

photo:Arnold Howard

5 Remove the guide
plate.

6 Remove the 2 screws
that hold the porcelain
tube bracket to the
Kiln Sitter.

7 Remove the porcelain
tube and bracket.

8 Remove the nut hold-
ing the porcelain tube
assembly to the tube
assembly bracket.

bhoto:ArnoId Howard

photo: Arnold Howard

9 You will see a notch
on the top of the
new tube assembly.
Align that notch
with the pin on the
tube assembly
bracket. Install the
washer and nut.
(The washer goes
under the nut on
the front of the tube
assembly bracket.)

10 Remove the release
claw from the old
porcelain tube and
install it on the new
tube.

I llnstall the porcelain
tube bracket to the
Kiln Sitter.

12 Reinstall the guide
plate to the front of [
the Kiln Sitter.Tap the |
guide plate from side
to side until the rod
is centered in the
porcelain tube.
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Note: The easiest way to
adjust the guide plate is

to loosen the screws so
that they barely hold the

photo: Arnold Howard

5 el

guide plate in place.
(Step 12 is the reverse
Then gently nudge the of step 6)

plate sideways. The
guide plate is more
difficult to adjust if you
loosen the screws com-
pletely.

photo: Arnold Howard

I3 After the rod is
centered, securely
tighten guide plate
screws.

| it
Step 3.

14 Reinstall the switch box.Arrange the wires
so they do not interfere with the locking
slide that trips when the weight drops. (You
can see how the locking slide works by lifting
the weight, pressing the plunger, and then
dropping the weight.) Also, arrange the wires
inside the switch box so that wires do not
touch the element connectors or the kiln
case.

Check the Kiln Sitter adjustments before firing
the kiln.

Electric Kiln Firebrick Maintenance

Kilns are hard working tools. After the first few
firings, the steel case of a new kiln discolors
and hairline cracks appear in the firebricks.
This is normal.

Though the insulating firebrick is fragile
enough to carve with a fingernail, it is a miracle
of physics. It can routinely withstand tempera-
tures over 2000°F, which is hot enough to melt
copper, bronze, brass, and aluminum. When
properly maintained, firebricks can survive

many hundreds of firings.

The high temperatures inside a kiln cause
tremendous stresses. Since the insulating fire-
bricks expand and contract with each firing,
cracks appear in the bricks while the kiln is
cold. Do not be concerned with these. The
cracks close tightly when the heated bricks

expand and function as expansion joints.

Cracks in the firebrick bottom usually should
not be repaired. As long as you are supporting
the kiln with the correct stand and a protective
sheet of steel under the bricks, the cracks in the
bottom are nothing to worry about.

If you use silica sand on the kiln shelves, be
careful not to allow the sand to seep onto the
firebrick bottom. The sand will get into the
cracks and widen them.

Do not be concerned with the line of light that
appears around the edge of the door or lid at
high temperatures. That light is due to the
natural expansion of the firebricks and does not
affect the firing.
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Preventive Maintenance
Do not breathe the dust that forms when you
vacuum the kiln or mix kiln wash. Wear a

mask.

Vacuum the Kiln

One of the easiest kiln maintenance tasks is
regular vacuuming. This is especially important
if you fire glazes. Vacuum the kiln before every
glaze firing.

Use the soft brush nozzle on a vacuum cleaner.
Be sure to vacuum the element grooves, the
inner surface of the kiln lid or roof, and the
underside of kiln shelves. Vacuuming the
grooves is essential if clay has exploded inside
the kiln. Pieces of greenware that lodge inside
the grooves can cause element failure. Vacuum
the kiln often if you use silica sand on the
shelves to support ware. Sand can ruin the
elements if it filters down into an element

groove.

As you vacuum the kiln, examine the walls for
glass or glaze particles that have embedded into
the firebricks. Dig these out carefully with a

screwdriver.

Coat the Brick Floor
Coat the firebrick floor of your kiln with kiln
wash. (The kiln wash must be rated to 2400°F.)

I Pour water into a disposable container and
add powdered kiln wash until it has the con-
sistency of coffee cream. Stir until lumps dis-
solve.

2 Apply three thin layers of kiln wash rather
than one thick layer.You can use a small
paintbrush or a Chinese haik brush. Allow
the kiln to dry before firing.

h
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Coat the ﬁrebick floor with kiln wash or glass separator. If you

r

kiln has sidewall elements, hold a piece of cardboard in front of

the elements to protect them from contact with the kiln wash.

If the kiln wash cracks or flakes off, reapply it
only to the bare spots. Do not remove the kiln
wash from the firebrick floor and apply a fresh
coat. This is unnecessary and messy.

Avoid splashing kiln wash onto the firebrick
walls and sidewall elements. Contact with kiln
wash destroys elements, often during the next
firing. Leave the floor uncoated if your kiln has

an element in the floor.

Top-Loading Kilns: Extending the Life of
Top Wall Bricks

The wall area of a top-loading kiln that is most
prone to damage is the top rim of sidewall fire-
bricks. This is because people lean against the
edge of the kiln to load and unload. Place as
little weight as possible on the kiln.

Reduce brick damage by cutting a piece of
plywood about 3”-4" wide shaped to fit over
the edge of the kiln when the lid is open. The
plywood should be curved to the shape of the
kiln. Lean against the plywood instead of
directly against the brick rim. The plywood will

help distribute weight evenly over several bricks.
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Be Gentle with the Kiln

During loading and unloading, do not touch the
sidewalls of the kiln with anything. Do not allow
a shelf to bump into the firebricks. The extra
time and care you give when loading and

unloading may add years of life to your kiln.

Allow only trusted people to load and unload
your kiln. They must be gentle, or your kiln will
quickly show wear. Do not let your students
touch your school kiln until you have given them
a lesson in care of the kiln. Lower the lid (or
close the door) gently. Slamming the lid can
crack the bricks the first time it happens.

Lids with a locking support arm: Fully disengage
the arm before lowering the lid. Otherwise you
can break the lid near the hinge. Lids with a
spring counterbalance: Hold the lid handle and
guide the lid until it is fully opened. If you let go
of the handle too soon, the lid will slam back,
damaging the bricks. From time to time, check
the condition of the lid support or spring system

and the lid handle.

When firing heavy loads, place a spare shelf
directly onto the kiln floor under the posts. The
shelf will spread the weight of the load over the

entire floor.

Most large kilns are designed to be fired on a
kiln stand. It raises the kiln off the floor and
helps to dissipate heat under the kiln. The top of
the stand should be directly under the kiln walls.
A stand that is too small for the kiln will strain
the brick bottom.

The kiln stand should be level and rock steady.

An unlevel stand can stress the firebricks. A

stand that rocks can cause the kiln to move
when jarred, knocking over ware against the

sidewalls inside the kiln.

Remove Melted Glaze from the Bricks

If glaze drips onto a kiln wall or the kiln floor,
repair before the next firing. Otherwise the glaze
will re-melt and embed deeper into the fire-
bricks. Remove by scraping gently with a putty
knife. After removing kiln wash from the kiln
floor, apply a fresh coat to the bare spot.

Repair Cement Techniques
The purpose of the firebricks is to:

e Insulate the firing chamber.
e Support the heating elements.

Do not repair damaged bricks as long as they
continue to insulate the kiln and to support
elements. (An exception: Dust is falling from the
brick roof.) Most firebrick damage is cosmetic
and does not affect the firing results.

Some of the reasons to repair firebricks:
e The lid coating is flaking onto the ware.
* Dust is falling onto the ware from lid cracks.

* Glaze or glass has embedded into a wall

or floor.

® You need to plug a vent hole.

-y,
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These holes in the floor close tightly during firing.
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Coating the Kiln Lid

On top-loading firebrick kilns, the inside of the
lid and top rim of wall bricks can be coated for
longer wear. Liquid Kiln Coating is a refractory
cement that Paragon has formulated for coating
firebrick lids here at the factory. (The door or
lid of ceramic fiber kilns and front-loading
firebrick kilns does not need the coating.) The
coating hardens and protects the firebrick
surfaces. One application lasts through many
firings even though the coating will seem to

disappear after the first firing.

Do not fire the kiln until the coating is com-
pletely dry. If you splash the coating onto an
element, remove as much of the cement as

possible from the element.

Coating that is applied too thick will flake off
the lid after you fire the kiln. If the roof or
inner surface of the lid peels, sand the peeled

area and apply kiln coating to the bare spots.

If you are coating over a freshly patched
firebrick surface, allow the cemented patch to

dry first.

Sand the peeled areas of the lid and reapply the coating.
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Liquid Kiln Coating Instructions

I Shake the container until the liquid coating
is thoroughly mixed. Pour some of the coat-
ing into a bowl. Stir the coating just before
you apply it to the firebricks.

2 Apply the coating with a large, soft sponge
such as the type used for wallpaper. Moisten
the sponge with water squeezing out the
excess.

3 Dip the moistened sponge into the bowl of
kiln coating. Wipe the coating over the lid
surface.Work quickly, and wipe off the
excess. The coating should be thin enough
so that you can still see the grains of the
bricks underneath.

4 Allow the coating to dry completely before
firing the kiln.
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Work quickly and wipe off the excess.
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Repair Cement Basics

We use Paragon’s Liquid Kiln Coating &
Repair Cement at the factory to make lids and
bottoms. It comes in pint bottles.

I The thinner the cement seam, the better.
Try to make the two firebrick surfaces
match as closely as possible for a thin seam.

2 Vacuum all firebrick surfaces that are to be
cemented. Remove all traces of dust. (If you
do not have a vacuum, you can remove dust
with a dry paintbrush or with canned air.
Do not breathe the brick dust.)

3 Spray a fine mist of water onto both fire-
brick surfaces before cementing. Mix | drop
of liquid dishwashing soap to | cup of water.
The soap reduces surface tension of the
water to help it absorb into the bricks. Use
a small spray bottle.

Note: Water is unnecessary if you work
rapidly. The water on the bricks merely
allows you more time to work with the
cement.

4 After you have cemented the firebrick
pieces and pressed them tightly into posi-
tion, do not reposition the pieces.
Otherwise the bond may not hold. If you
move the pieces after the cement has set,
you will see hairline cracks in the cement. In
this case, remove the repair piece and
cement and start over from the beginning.

5 Gently wipe off excess cement from the
brick surface. However, do not sand smooth
until the cement dries overnight.

Speed-Drying the Cement

Sometimes it is necessary to dry the cement
quickly so the patched firebrick piece doesn't
fall out of place. This technique allows you to
patch difficult areas such as a lid or roof.
Speed-drying the cement eliminates the need to
hold a prop against the repaired lid while the

piece dries.

After you have cemented the brick patch, heat
the cement seam with a propane torch. Hold
the torch 5-6 inches away from the firebrick
surface for about 10

seconds.

Move the torch back
and forth so the

firebrick does not get
too hot in one place.

(Otherwise you may
heat-shock the wet

rnold Howara

dry overnight before

Move the torch back and forth
so the firebrick does not get
too hot in one place.

firing the kiln.

You can purchase a
propane torch from a
home improvement center. Buy the type that
has a push-button igniter. When you press the
button, a blue flame appears. When you release

the button, the flame goes out.

For kiln maintenance, do not use the older
manual propane torches. Turning them on and
off is awkward. (You must first turn a knob to
start the flow of propane and then hold a
match under the nozzle.) The push-button type

is much safer and worth the extra expense.
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Powdered Firebrick Filler

Do not fill in firebrick
gouges or low spots
with solid repair cement. b
When applied as a filler, | : v' ;
the cement will break :
out later from the

firebrick due to a

To fill gouges, mix Kaolin
Grog with repair cement.

difference in thermal

expansion between the

cement and the brick.

Fill brick gouges with
Kaolin Grog mixed with

repair cement. (Kaolin

Grog, available from s

Paragon in 5 Ib bags, is Add just enough cement to

powdered firebrick.)

Kaolin Grog filler more
closely matches the coef-
ficient of expansion of
the firebrick and stays in
place. Add just enough
cement to hold the

Kaolin Grog together. Scrape away the excess.

Note: The gouged firebrick floor shown in the
photos does not need to be repaired. We simply
used this as an example. Small gouges in the
brick floor do not affect firing results.
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hold the Kaolin Grog together.
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Making Firebrick Patches

Patching a broken firebrick is not difficult. It
just requires patience and a little practice. Make
firebrick patches to repair the lid, walls, and
floor of a kiln.

Firebrick Sanding Blocks
Use coarse sandpaper

to make a sanding
block. Remove the peel-
away backing from
self-adhesive sandpaper
and stick the sandpaper
to the block.
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Sanding blocks made with
self-adhesive sand-paper.
The block on the right is
made from banding steel.

For sanding small
firebrick sections, you
may need a sanding

block as small as ¥5”x

1”. Banding steel, which
is used to reinforce
shipping crates, makes a
good miniature sanding
block. Bend a 6” piece
of banding steel 90
degrees at one end. The
length of the bend

should be whatever size

photo:Arnold Howard

The left sanding block is

14" wide; the right sanding
block is 1" wide. In the cen-
ter is a hacksaw blade used

block you need, such as  to cut firebricks.

1”. Then cut the

sandpaper to the correct size, peel off the
sandpaper backing, and press the sandpaper
onto the outer bent end of the banding steel.

You can also make sanding blocks from strips
of sheet metal, wood, etc.
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Repairing Damaged Brick
Practice patching firebrick scraps before

working on your kiln.

I With a hacksaw blade,
cut an outline around
the broken brick sec-
tion. Cut a small rec-
tangle or square.

2 Use the hacksaw or

small sanding block to Use this technique to repair
wall damage where the lid
touches the kiln wall.

remove most of the
brick within that out-
line. Then sand the
bottom of the recess
flat and smooth. If the
repair section is small,
you will need a minia-
ture sanding block.
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3 After the recess is
smooth, make a fire-

Step 1.

brick piece to fit into
the recess. The piece
should be a little
smaller in width and
depth so that the
brick seam will be
Yis" or less on all

Step 2
sides. Spend time to

photo:Arnold Howard

make the plug fit
precisely. A thicker
seam than Yi¢” may

difference in
expansion between

photo:ArnoId Howa.rd.

the firebrick and
cement.

photo:Arnold Howard

4 Use a brush, vacuum cleaner, or canned air to

remove the dust. (Wear safety glasses when
using canned air.)

5 Spray a fine mist of
water onto all mating
brick surfaces.

6 Working rapidly
before the water
dries out, wipe fire-
brick repair cement

photr.J:ArnoId Howard

onto mating surfaces.

7 Press the plug tightly
into place. Do not
move it once the
mating surfaces make
contact. Hold the
brick piece for one
minute.

photo:ArnoId Howard

8 Remove excess

cement while it is still
wet. Allow to dry for

24 hours.Then sand ]
the surface smooth if i
necessary. : j

o . a _.EF_-'\'—M""
A B -
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Plugging a Drilled Firebrick Hole
You can make a firebrick insert to fill a drilled

firebrick hole:

I Cut a firebrick that is
the same length as
the width of the kiln
wall and slightly larger [
than the hole you are |
filling.

gt
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. . Step |
2 With a sanding block,
round the firebrick

piece. It should be
6" smaller in diame-
ter than the hole.

3 Coat the plug with
repair cement and
insert into the hole
until the plug is flush.
Wipe off excess
cement. If necessary,
sand after the cement
has dried.

Step 2

Step 3

photo ‘nold Howard
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Cementing Broken Pieces
Broken firebrick pieces can be cemented
together provided there is enough surface area

for the bond.

I Use a brush, vacuum cleaner, or canned air to
remove the dust. (VWear safety glasses when
using canned air.)

2 Spray a fine mist of water onto all mating
brick surfaces. Mix | drop of liquid dishwash-
ing soap to | cup of water.The soap reduces
surface tension of the water to help it absorb
into the bricks.

3 Working rapidly

out, wipe firebrick
repair cement onto
mating surfaces.

photo:ArnoId Howard

4 Press the piece tightly
into place. Do not
move it once the
mating surfaces make
tight contact. Hold
the brick piece for
| minute.

5 Allow to dry for 24
hours.Then sand
smooth if necessary.

photo: Arnold Howard

Step 4
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Cementing Flat Sections 4 After dipping the bricks into the tray, do not
When cementing firebricks together, make the wipe off excess cement. Also, do not be
concerned with trying to cover the entire
brick surface with cement. The cement may
cling to the outer edges and not to the
inner section of the surface that you have
dipped. That’s okay.

cement seam as thin as possible: ¥52”-Y6". If the
seam is too thick, it will break due to the differ-
ence in expansion between the bricks and the

cement.

The ideal way to cement bricks together is 5 Slide the mating surfaces together. If the

cement is mixed with the proper propor-
surfaces together after applying the cement tion of water, the brick surfaces will slide
makes a very thin seam. together smoothly. To achieve a Yie” — %"
seam, slide the surfaces back and forth
about 5 times, sliding about 3” before
changing the direction. Each time you
change directions, the seam will become
thinner. In a few seconds, it will be difficult
to slide smoothly. The cement has set. Stop
moving the pieces.

along mating flat surfaces, because sliding the

I First, the bricks you are cementing should
fit as precisely as possible. Rub the surfaces
with a sanding block, and then rub them
against each other until they slide smoothly.
Vacuum all surfaces.

2 Pour the cementinto a 12”7 x 36”

galvanized steel or plastic tray. 6 Allow the cement to dry.After 24 hours

you can lift the brick sections without

3 Do not spray or soak the mating brick sur-
breakage.

faces in water. That is unnecessary, because
by dipping into a tray, you can coat the
entire brick surface with cement in several
seconds leaving plenty of time to work with
the cement. Of the two surfaces you are
cementing, dip only one surface into the
cement tray. Leave the mating surface dry of
cement.

photo: Arnold Howard
photo: Arnold Howard

Cement in new brick. Cut and sand to shape.
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Wall Repairs
Repairing Firebricks with Element Staples

In some cases, element staples (also called pins)
can hold small broken brick sections together:

I Bend a U-shaped element staple with pliers
to form an L shape.

2 Fit the broken brick piece back into the wall
where it fell out.

3 Grasp an element staple with pliers, and
press the staple at an angle into the broken
brick piece. Use two
staples tilted away
from each other.
(Pressing the staples
in at an angle holds
the broken brick
better than pressing  szep 3.
the staples straight
in.) Press the staples
until flush with the surface of the firebrick.
Be careful to avoid pressing a staple into an
element.The staple should also be short
enough so that it does not touch the kiln
case on the other side of the brick wall.

photo:Arnold Howard

Alternately, you can pin

elements in place where a |
brick groove has broken |
off. This will prevent
elements from sagging

and touching. Press the
element pin over only

one element coil.

Lid Repairs

Repairing Lid Cracks

Dust may fall from cracks in the lid. This does
not affect ceramic greenware, but dust can ruin
glazed ware and glass. Before a glaze or glass
firing, vacuum the lid cracks. If dust continues
to fall even after vacuuming, load the kiln so
that ware on the top shelf is away from the lid
cracks.

You can also stuff the cracks with ceramic fiber.
The cracks must be at least %6” wide.
Hairline cracks are too small to accept the

ceramic fiber.

I Roll the ceramic fiber in the hands to form
a pencil-like strand.

2 Press it into the cracks with a small stick or
putty knife being careful not to damage the
firebricks further.

Sometimes tightening a loose lid band helps to
keep cracks from opening wider:

I Grasp the clamp with pliers to prevent the
clamp from twisting.

2 Tighten the screw to take up the slack in
the lid band. Tighten until the screw feels
snug. Try not to over-tighten.

photo:Arnold Howard

Step 1.

Arnold Howard and Frances Darby
can be reached at: paragonweb.com
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Electric Firing and Tiles,
Commercial Firing
by Stephani Stephenson

Though I love the flame of a gas or wood kiln,
my 21st century kiln is a 35-year-old Cress
electric CHS.

You sometimes see these old behemoths in the
backs of school studios with their wiring fried,
soft brick crumbling, and switches and elements
in disrepair. Ten years ago I purchased a used
one in great condition for $100. I borrowed a
truck and an engine hoist and hauled it to my
studio, where I now keep it on blocks so I can
easily move it with a pallet jack. Over the years
I have come to respect this heavy, boring, dour,
welded box. I have worked it continually, and it
has not let me down.

Electricity Use

Compared to similarly sized kilns, this kiln
draws only 35 amps, which is an important
consideration when sizing up breaker box
capacity, especially in older or residential
studios. With beefy 7”-thick walls and lid, it
doesn’t use much electricity and retains heat
like a greedy miser. In fact, the kiln will keep
ware warm for a week, if the lid is not cracked
for cooling. The ability to slow cool without
the use of a controller or firing down changed
and improved my glaze palette. Following are a

few tips on how I stack and fire tile in my kiln.

Stacking and Firing Tips

I single fire large relief tiles by placing glazed,
bone-dry tiles on clay strips. I make the strips
out of a coarse A clay body. I run strips the
length of the tile and space them 2 inches apart.
I run my finger down the center of some of the

strips to form shallow gutters, which will catch

photo: Stephani Stephenson

Stephani Stephenson’s kiln.

any glaze drips from glazed tile edges.
Sometimes I fire large glazed tiles on a %"
layer of silica sand placed on the kiln shelf. I
rake the sand into an even thickness before
placing the shelf in the kiln, making sure no
sand falls to the shelf or tile below.

To bisque, or fire non-vitreous stained tiles, I
stack tiles on end, just like slices in a loaf of
bread. Bookend each loaf with kiln posts, small
bricks, or tile stacks, to hold the slices snugly in
place. Large unglazed tiles and field tile are

easily fired on end as well.

Allow for Air Circulation

The kiln load, stacked in this way, can have a
good deal of mass and density and can, in fact,
be stacked too densely. You want to put as
much ware as possible into the kiln, yet allow
for some air circulation. When stacking a glaze

load, I keep in mind whether my glazes require
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an oxygen rich or oxygen-deprived atmosphere,
and stack accordingly. (Yes, it is possible to
have a reduction firing in an electric kiln!) T
leave about 2” clearance between the ware on
the bottom shelf and the next shelf up, then
leave about %" clearance for the rest of the
shelves. If you notice incomplete burnout or
over-reduced glazes, open up the load by
inserting a few spacer stilts between tiles or by
leaving a bit more clearance between shelves. If
the kiln seems to stall or take too long to fire,
check your elements and your switches. As the
mass of the load increases, the kiln may fire
slightly slower but should still climb steadily
and readily.

Shelving

My relief tiles are too large and thick for
standard tile setters, but not heavy enough to
need thick refractory shelves. There is no need
to fill valuable small kiln space with excessive
refractory or pay good money to heat thick
shelves. When a commercial tile manufacturer
went out of business, I bought some thin
mullite shelves, serrated on one side. At one
dollar apiece, the shelves were affordable and
entirely sufficient for my cone 04-cone 2 firing

range.

Pay Attention to the Pyrometer

I do not follow a specific regimen with regard
to how and when I turn switches on my kiln.
Timing depends on the mass of the ware, the
stack, thickness, clay body, and glazes. With a
light load, if I turn all switches on to low and
close the lid, the temperature climbs rapidly,
possibly too rapidly for thick pieces or a fine
clay body. Rather than a strict schedule, I pay
attention to the pyrometer and the color and

how much the lid is cracked or closed during
the first part of the firing. I will generally start
with the bottom 2 switches on low and the lid
cracked 1-4 inches. The kiln will usually reach
100°C in 1-2 hours. I then turn the rest of the
switches to low. After another hour, at about
300-400°C, I will turn all switches to medium
and close the lid. If there is an unusually heavy
A load I leave the lid cracked longer and take it
up a little slower to allow for thorough out
gassing. An hour or two later, switches go to
high. I look for a gradual, not spiky rise in tem-
perature. I fire as fast and smooth as I can get
away with, taking 1-2 hours to go through the
first 100°C, then a moderately fast steady climb
all the way to temperature, taking care not to
flip switches through quartz inversion.

Be Present when the Kiln
Is Near Temperature

I have learned to be present when the kiln is
near temperature. Though the kiln has a timer
to back up the cone sitter, both can potentially
fail. I am careful because I have overfired my
kiln. Once I check two pyrometers and the
color, I am there to manually shut the kiln off if
I feel it is hot enough. The kiln’s peepholes are
too small to see a guide cone, but guide cones
can periodically be placed at different places in
the kiln to check against your pyrometer and to
remind yourself about color and temperature.

After Shutoff

Once the kiln shuts off, I usually prop open the
lid 4" with a piece of kiln shelf. Sometimes I do
this right away. Sometimes not. The prop is
long enough to rest on the welded frame, so it
does not damage the underlying soft brick.
Depending on the load, the glazes, and the clay,
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I will gradually insert additional pieces of cut
kiln shelf, being careful not to introduce cool
air during quartz inversion. Take notes and pay
attention to determine the best firing schedule
for your needs.

Generally I fire up from 6-10 hours, depending

on the load, and cool down for 812 hours.

Kiln Maintenance

Electric kilns have long been the salvation of
urban and suburban tile makers and potters
working in rented, residential, basement or
garage studios. In many ways, the dependability
and convenience of electric kilns can lead to
inattention or ignorance in maintenance and
repair. It is so easy to simply flip switches and
forget them. My kiln has § switches and §
elements. Each element is 33 feet long. It will
continue to fire fairly well even when running
three of the five elements. But do not let this
happen! Keep a couple of extra switches on
hand, because they can fail with no warning.
Periodically open the switch box and inspect
the wiring and replace any worn or fried
wiring. Inspect and replace broken or aging
elements and re-pin elements where needed.
Take care of the soft brick and vacuum the
interior of the kiln regularly. Get into the habit
of understanding and maintaining your kiln. I
no longer take my electric kiln for granted. It
has been a real workhorse and has earned its

keep many times over.

Stephani Stephenson can be reached at:
revivaltileworks.com

Downfiring an Electric Kiln
by Carol Marians

“Downfiring” is what potters call the con-
trolled cooling of a kiln—from top temperature
(where the desired cone has properly bent or
“squatted”) to room temperature. Ideally this is
done with the help of a computer control, but
is feasible with “just” a pyrometer. The
important part is “to know when to hold” and

when to let the kiln cool some more.

We downfire in order to achieve the enormous
and exciting variety of colors and textures. that
may be gotten. If a glaze is sensitive to cooling-
and-holding, then it is up to the potter to find
the exact combination to achieve the “best”

result.

Examining a Glaze Up-Close

Note: The recipe for the Chinle glaze discussed
here and micrographs of the glaze may be seen
at 21stcenturykilns.com.

If you were to look at the Chinle glaze with a
30x rock-hounding loupe you would find a
variety of textures and colors. What examina-
tion reveals first is that the smooth uniform
surface of the glaze on your pot turns into a
Pointillist painting. Your glaze tile looks like
what you see from an airplane flying over a
desert.

I. Glassy red rivers, showing mottling. Dark
islands of material submerged under a liquid
surface.

2. Textured islands—pale green, waxy, with
fan-like crystal needles, some of which seem
to float in a glassy red sea.

3. Sheaf like fans of crystals rise on top of
waxy islands. Crystal “sails.”
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4.The waxy islands have scalloped, irregular
edges—like breakers hitting a beach.

5. Fine pink blooms.

6.The pale green islands now look like ice
floes—opaque and thick in the middle,
transparent at the edges. The microscope
transforms this “simple” glaze into a fantas-
tic landscape inhabited by an abundance of
different rocks and structures.

The micrographs were taken of the same glaze
on the same pot, but at different places on the
pot. Pay attention to the systematically
changing width of the maroon rivers, and the
textural difference in the waxy green islands

from one to the other micrograph.

Just to repeat: In this single glaze, fired under
controlled, selected conditions, there are at least
four different kinds of crystalline material:
waxy pale green; needle-like fan; sheets of

reflecting material; lacy pale pink bloom.

Any crystal that can be born and grow in a
glaze does so only within a narrow, “favorite”
temperature range. Crystals grow and compete
for space, forming domains of varying size.
They actually compete for the same materials,
just as different plants in a forest compete for

the nutrients in the soil.

And, just as in a forest, some plants need the
shelter of others in order to thrive, so in a glaze
the crystals both compete and cooperate;
“fighting” over materials, “co-operating” when
crystal A grows on crystal B. Changes in rate of
cooling alters possibility. Change the rate of
cooling and crystal A grows, but instead of
forming a great many tiny crystals, grows a few

giant ones. Change the rate of cooling and
crystal A, which needs high temperatures, stops
growing when it gets too cold! Thus making

“its” materials available to crystal B.

Some Pointers

* Because air/heat circulate in a kiln, and the
kiln bricks and furniture, which absorb about
50% of the heat, radiate it back into the kiln,
a kiln held at top temperature—let us say
cone 6—very well might “drop” its cone 7 if
the heat is held/kept too close to the
desired firing temperature. It is advisable,
therefore, to let the kiln cool at least 50° F
(~27°C) before any holds.

* In the technical literature there are reports
that 1100° F (~593°C) allows some crystals
to grow in glass. These crystals are pro-
duced for a melted glass that then is
“frozen” and finally held at a lower tempera-
ture to allow for crystal formation. It is
probable that the same process can be
replicated in glazes.

* There are reports that high iron glazes fired
to maturity at cone 6 ( 2201°/1205°C) will
form a different and often exciting color
when re-fired to cone 04.The same effect
may be obtainable by holding the cone 6
firing at 1940° F/1060°C.

Getting Started
It is extremely desirable to have a small test kiln
when working out coolings and holds

schedules.

These kilns are as costly as others (cubic inch
by cubic inch); they cost more than larger kilns,
but if you are serious about glaze, and particu-
larly about coolings and holdings they are a

good investment.
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Choosing a single glaze, make up a test batch
that will allow for several tests. Make up
enough so that you have plenty left for later
reference-firings. (You do not want to question
later results, wondering if you weighed things
out correctly, or if a new batch of glaze
material was different from the one you started
with!)

Choose a high iron glaze, or one that hovers
between shiny and matte—some glaze whose
composition promises shocks and surprises!
(Many are the glaze tests we have done because
one sentence in one book suggested something

new and different!)

Picking the Glaze

Most glazes are sensitive to the downfire.
However, just as there are places on Earth
where nothing grows, or so slowly one
wouldn't notice it in a human lifetime, so there

are glazes where the hold times would have to

be hundreds of hours.

Then there are the glazes which will only grow
crystals if held for an hour at say 1600°F
(~871°C). Nothing else will do. But its perfect
holding temperature might be 1450°F
(~787°C) instead, and so on.

So how would you know which properties
make a glaze a likely candidate for something
that happens almost anywhere between sunup

and sundown, i.e., top and frozen?

How Would You Guess Which Glaze to Try?
There are three “lighthouses” to guide you:

|. Contains .1000 Rutile or Bone ash or Zinc

2. Is moderate or high in MgO (the Empirical
Formula has MgO > .1)

3.The Empirical Formula is Al,O3 > .4 or
SiOZZ A|203 <7

All your firings must include a cone below and
a cone above your desired temperature. For
example, for a cone 6 firing you use a cone 5
(cone 6), and a cone 7 as well. (Note: If you are
new to this, be aware that the temperature dif-

ference between cones is NOT consistent.)

Be aware that the “squatting” of regular
standard cones, and the self-supporting ones, is
not the same, nor is the deformation tempera-
ture of junior cones. We recommend standard
cones—either type—or use as visual cones in
the kiln. It does not matter whether you use

self-supporting or regular, just be consistent!

First Firing Test

You begin with a reference firing to establish
the “baseline.” If the result of the reference
firing is a smooth, glassy, transparent, feature-
less glaze even at 30x magnification, it

probably is unsuitable for your purposes.

Second Firing Test

With the next firing, cool the kiln from cone 6
to 1500°F (~ 865°C) at the rate of 150°F per
hour (~83°C).

Third Firing Test

If there is a change in glaze appearance between
the first and second test firing, slow down the
cooling speed of the third firing to 50°F
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(~28°C) an hour. Remember that you need to
cool the kiln at normal rate from top tempera-
ture to 2150°f (~1226°¢c) or you risk overfiring.

Examine your results, observe the changes in
the glaze’s appearance and “feel,” and make
good clear, detailed notes.

Compare the Results
Compare the results of your three firings. You

now might proceed with firings like this:

Firing A: downfire from cone 6 to 1800°F
(982°C); turn kiln off.

Firing B: Let the kiln cool “naturally,” on its
own, to 1800°F (~982°C) then cool at 50°F
(~28° C) an hour to 1500°F (~815°C). The
object is to see if different schedules show any
different results.

About Holds

Holds are an extreme form of slow downfiring.
If you find that a glaze continues getting more
interesting with slow firing in the region 1600°F
(~870°C) to 1400 °F (760°C), you might try a
hold somewhere in that interval.

You get the idea. You think carefully about the
results obtained by different coolings and holds.
You follow your hunches. If you are working
with two similar glazes you might notice that
glazes containing a big amount of material X
“like” being cooled quickly from the top, and
slowly to the bottom. Or that a particular shade

of pink if favored by a slow drop and a long
hold.

Mastering Downfiring

We need to caution you! Mastering downfiring
with all is zigs and zags not only takes hard
work and the ability to absorb a great deal of

disappointment and frustration, but it takes an
enormity of continuous time. Furthermore,
while certainly a small test kiln consumes less
wattage than a big kiln, this is not an inexpen-
sive project. Electricity costs vary quite a bit
from one part of the country to another, so this

may or may not be affordable where you live!

If you are doing this manually—using a
pyrometer—then, ironically, you cannot put
your “holds” on hold! You must stay in the kiln
room, focusing on exactly what you are

doing—even if it takes ten hours (or more).

If you are using an electronic controller, it has
been programmed up front, and there wouldn’t
be any point staying with the kiln while it fires.
You do not need to stay in the kiln room. You
need to be nearby, able to check repeatedly that
all is well.

Firing Multi-Zone Kilns

If you are firing a multi-zone kiln, you must
load it thoughtfully. Multi-zone kilns have
pyrometers in every zone. Each “reports” to the
controller. If there is empty space at the top of
the kiln, or some large “open” area in the
middle, the pyrometer for that zone will give a
“false” report, and cause misfirings. If you do
not have enough pottery to fill the kiln, with
the ware distributed evenly, then add an empty
shelf, and put enough kiln furniture on it to
“fool” the pyrometer into thinking “pots” and

reporting accurately to the controller.

Last: there are no guarantees or givens. I do not
know what the crystals are, how they relate,
nor anything specific about why they form in
certain hold and cool patterns.

Carol Marians can be reached at:
carol.knighten.org
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Have Courage

There are many ways to build a kiln. It is just a
brick box that you fill with heat. Some get
caught up in architecture, some in untried
design, but the bottom line is and always will

be “how does it fire”?

Being wise, prudent and a good home-based
engineer is still the key. Understand why you
fire the way you do and what alternatives you
have. Can you save money by changing your
system? We are a world that is “about change,”

so why not change how you build and fire your

kiln?

Why would you build a kiln with 19th century
ideas? Well, it is being done every day. There is
strong speculation that the wood fired kiln
illustrated in the Daniel Rhodes’ book, Kilns
was never built before publication; it was a
theory of a friend. In most aspects, that kiln
does not fire well and is a total failure in
design. Yet, folks are still building wood-fired
kilns from that plan. No kiln should ever be
built that does not meet tested results.

With the skills you have learned here, you can
now make a kiln on your property—a tried and
true design and a super-firing kiln that is inex-

pensive to operate and maintain.

Research and study are key. Conversations with
potters that have built the kind of kiln you
want will be very helpful. Join the Clayart
listserv (find the link at 21stcenturykilns.com)
and ask questions.

Do an Internet search for information. Go to
the library, but be wary of old books. Read old
books for basic historic information, but don’t
be fooled by pretty pictures of untested kilns.

Learn and understand new concepts like “firing
down.” Understand that more things of interest
happen during cooling than heating.

In most cases, you will be able to build a kiln at
your home studio. Don’t let fear and worry
about rules and regulations stop you. Consider

the variables and start making your plan.

Don’t scrimp on materials. Invest in yourself.
Invest in your future—the far distant future.
Look ahead 50 years.

You have seen what others have done. You
have seen the films and read the stories of kilns

built by potters, just like you.

It is time to plan and then build. Yes, you can
do it. Courage.

Mel

Mel Jacobson can be reached at:
21stcenturykilns.com
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