LOADING A KILN

FOR BEST RESULTS

Laading a kiln for firing is naot 2 simple
matter of placing shelves and slacking
ware. The mare thought and planning
Lthat is put inta loading, Lthe better the
results, Wire ang shelf placement, the
sice of the load, the firing characteris-
tics of the kiln and the type of ware
leing firing ares all impartant factors.

First the Fueniture

Kiln shelves come inall shapes and
sices. For economy of space, il is best
& choose shelvos similar in shape and
sire to your kiln chamber. For in-
slance, Use a rmund or muili-sided
shelf ina round or multi-sided kiln,
Keep the size smull enough so there is
at least 1" of space between the shelf
edge and the side of the kiln or the
Kiln-Siller®, Also allow some room
hetween the top of your ware and the
lid oof the kiln and leave space (or
WILNESS CONCE AMONEST YOUT Warg.

Select posts in heighls to accommadale
the ware you are firing. Loave: some
room betwesan the kiln shelves (or air
ter Honwe, for heal transder and for
removal of fumes.

Half shebves are very useful Lo improve

air movement in the kiln, Use two
sicde by side wilh a 172" space between
them and you don’l lose much
stircking space.

Somme kiln manufactorers recommend
vlacing shelves directly on the floor of
the kiln. Maost suggest using 1" posts to
put the botlom up from the cooler
flocr. This creates an insulating layer
much like a slorm daoor.

Sstters and Stilts

Air movernent in the kiln is clearly a
big conzideralion - one of the most
imporant when loading a kiln,
Ceramics need to heat uniformly to
prevent warping and stresses in the
ware, Ajr nceds to move arcund
shelves amd around individual pisces.

Mates and tiles benefit from the use of
tile and plate setters or stackers. Sheli-
style setters allow air to move under
the Barge (lal abjects so thoy heat more
evenly, Avoid heating barge ilat
ohjccts directly on the coober shelf, [f
you arc firing decoraled tiles or plass,
vertical sellers economire on space,
and sets can be stacked o fit even
e
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Glazed ware needs to be stilted or dry
footed or the melting glaze will stick
the ware to the kiln shelf, ruining both,
Stilts also pravide space for air to
e araurd all sides of the ware.
Porcelain and sloneware can not be
shilted, The stilts embed into the ware
during firing, Instead, use high fire kiln
wash or silica sand on the shelf, Use
prop to prevent sagging of parcelain.

Congider Heat Distribution

It is important to evaluate heat flow in
vour kiln and to make this a consider-
ation in loading. Use pyromelric cones
to determine the heating charactenistics
of wour kiln s you know where the
hot and conler places are. Arrange
your ware with differgnt sized pieces
on the same shelf o allow better heat
flow,

Don't Ovarfill

Perhaps ane of the mast important
faclors in good fired resulis is enough
air te malure the ware - lo burn oul
organics in bisque and develop bost
colors in glazes. Shelf and ware
placement and the use of setters and
slilts can all help this, but here are a
couple more tips:

1. When stacking bisque, inverl bowls
and mugs opening to opening
instead of nesting - this helps air
morve arcund all sides of 4 piece
and prevents black rings and spots
in the bottom of ware.

2. Fire bisque lids and bottoms
tozether. To get the best fit for lids,
fire them on tha piece they match,

This will let the two pieces shrink
together 50 vou get a good tight fit,
Fire all glaze pieces separately.

3. Leave space betweon ware - don't
overfill. There is a mplation to
cram as muech as possible into the
kilr 1o econamize on firing costs.
Ware fircd 106 closely together
creates firing prablems, I you
must overfill, fiee very slowly and
vent adequately,

4, Mix thin and thick-walled pieces
logether thraughout the load -
don’t concentrale them in one
area whore they are competing lor
air and heat.

5. Lse downdrafl venfing to mowve air
throwgh the kil and to remowve
furmes created during firing.

Want #o learn mors?

Read more about Loading A Kiln in the
Orton Firing Line and Technical Tips
pubilications. Each issue is packed full
of artictes b help you learn morg
about firing. tembers of the Chrton
Firing fnstitule receive these pulbdica-
thons al no charge. Single copies are
available to non-members at a por
pssue rate. Odton's 50 minute video,
Key Principles of Suceessfl Firing, is
also an excellent resouree on firing,.

For informaticm on Oton products, see
your Ortan dealer or distributor, For
information on the Firing Inslilute or
publications, contact

Orton Firing Instilnte, PO Gox 2760,
Westerville OH 43086, 614-895-2663.
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UNDERSTANDING
HEAT TRANSFER

How Hast it Teansforrad

Heat moves through the kiin from
hotter to cooler zones by:

1. canvection
2. conduction
3. radiation

Convestion

Convection is the first step in the
healing process in the kiln. Air is
heated as it passes across the warming
kitn elements. As the hot ar rises and
caol air fatls, air currcras are created
which circulate hot air wo cocler
places wt kiln, This heat is transferred
1y the ware, shelves, ele.

The kiln will not ke yniform in
termperature at this 2arly stage of firing
unless the hot air is pushed through
the kiln by mechanical means. Low
cone firings such a5 (322 and (321
depend morc heavily on convection
for hieal dransfer,

The most common type of comvection
wo are familiar with is wind chill. The
cool air passes across the face and
pulls hear from oyr warmer boddy,
which lowers our skin wemperature,

Conduction

When heat mowves through o solid, it
5 conclucted  An example would be
heat moving through the handle of a
saucepan. This is a slow way to heal,
but the handie will eventually get hot,

in a kiln, conduction moves heal
from the inside to the outside of the
kiln and from the outside 1 the inside
off the ware. Conduction is the main
way we zet unifarm heating in the
kiln. This is a slow process and if we
fire too fast, the inside of our ware
wilt receive too little heat and not fire

properiy.
Radistitn

Al the beginning of the firing, the
elemeants are the holtest part of the
kiln. The heat from the elements
radiates out - like the sun warming us
an a cool day. Fventually the firehrick
and the ware will also gel hot and
will radiate heat as well.

As the lemperature incroases, more
and more of the: heat is ransferred by
radiation from the heating elements.
For unifarm heating, is impartant that
all surfaces of the ware he exposed to
heating elements, even partially.
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4. Time and termperature profile during
the burm out period

Both time and termperature are impor-
tant for proper burn out of the carbon.
Some carbans require much higher
temperatures than athers. Oxidation
should be completed below rad heat
(1400 F}.

Carbon burns oyt from the surface first,

A5 more oxygen poenclrates the body,
then mare carbon i reacked 1o form
the CO or CO gas and the burn out
process continues. IF there is sufficient
time, lemperature and oxygen, then
complete burn out occurs, If these
comeitions do net exist, the resulting
incomplete burn oul is referred o as
black coring twhere the center of the
piece has a black or gray cast).

Incomplete Burn Qut

Incomplete burn ool can resull in
sewverral firing problems including:

1. loating of the ware

If the temperature is hot enough, the
outside of the piece will seal up hefore
all the gases can escape. As the body
becomes plastic duc te glass forming,
gases rapped inside the hody expand
with heat and cagse bioating and
sometimes cracking of the ware.

2, Glare dofects, such as pinholes
The escaping gases will push through
the glaze surface and cause hubbles
which pap. IF these do not heal, then
pinhodes will result.

3. Appearance of fired bisque

Where carkon burn owt is incom-
plete, the piece will have a grayish
cast (white bodies) or may have a
grecnish cast (red bodies). The body
will also be more porous and weak:.

Prevenfing Incomplete Burnout

1. Sloaw down the firing.

2. Be sure the kiln is vented ad-
equately so there is sufficient oxygen.
3. Lo the kiln with burn oul
reduirements in mind.

Leave plenty of space between ware
and shelves. Do nnl stack ware. Lse
tilo and plate stackers and invert
pieces on top of one angther to help
conserve space and insure proger
hurnout,

Want to learn mora?

Read more about carbon related glaze
and body defects in the Onan Firing
Line and Technical Tips publications,
Each issue is packed full of articles o
help you learn more about firing,
hembers of the Orton Firing Institute
receive these publications al no
charge. Single copies are avaiblable to
nan-members at a per issue rate,
Qrton's 80 minute video, Koy Prin-
clptes of Successful Firing, is also an
excellent resource on firing.

For information on Oreon products, see
your Crrton dealer ar distributor. For
information on the Firing Institute or
pubilications, contact

Orton Firing Institute, PG Box 460,
Westerville OH 43088, 614-B95-2663,

Orton pyrometric eones and bars = KilaVent systems

kiln accessaries and firing supplies » Orten Firing Institute




CRACKING AND

THERMAL SHOCK

Cracks that appear in firod ware which
wete not caused hy casting or drying
problems may be the resuit of thermal
shock.

Thermal shack occurs when too much
stress g created in a piece of ware
during the heating ard cooling pro-
cess, It camas from temperature
differences in the ware and can cause
small to large cracks in the piece, or
the piece may actually break,

Why Does Cracking Oceur?

The lendency of a piece of be suscep-
titdle ko thermal shack is related to:

s the strength of the piece
+ the thermal expansion of the
material

Thermal shock can result when
changes in temperature occur in the
kiln during heating and cooling, As
temperatare changes rapidly, the
outside of the ware and kiln lurniture
becamcs murh hotter ar conler than
the inside. This causes stresses which
may result in cracking or breaking.

The (olicwing can effect thermal shock

= a fast heating rate or rapid cooking

& a3 sudden inllux of coal air such as
opening the kiln lid when the kiln
has not finished conling

* inagas kiln - tming off the gas
and allowing conl air fram the
burners to enter the kiin

Thermal shock can also necur when
ware js stressed in use such as a
casserobe ar dish that is taken from the
freezer or refrigerator and put into a
hot oven.

The stranger ware is, the bettor abbe it
is ter resist cracks due to thermal
shocking. Weak ware will be more
likely 1o break when stressed,

A piece that is porous will also be
weaker, making it easier o rack.
Water or condensation that enters
pares in the ware can arm into steam
and expand and this can cause
cracking when heated. The harder
thottery wire is lired, the less poroos it
will be,

Ware that expands and shrinks i great
deal during heating and coaling is also
more likely to be affected by thermal
shiock. Most kiln shelves conlain
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cordicrite because this material has a
lower expansion than most of our ware
and so |ess affectad by thermal shoek,

What Happens & Wars During Firing?

Pruring heating and coclmg, the body
and glaze underpo many physical and
chemical changes, Some of these
include:

» moisture is driven out of the ware -
if this accurs too rapidly, cracking
Can ooCLUr

* organic material s oxidized and
released from Lhe material

* tho plare softens, melts and flows
turing heating armd may trap gas

= the body oxpands as it is heated and
contracis during cooling

» the pglaze sclidifies and contracts
during caoling

If the body or glaze contains silica, it
will expand rapidly at 1063°F an
heating and contract during coaling. If
the heating or ceoling is rapid near this
temperature, this chanpe can lead to
cracking of the piece.

Caontrol of heating and cooling is
aspacially critical when firing thick-
walled pieces ar pieces with an
irregular wall thickness.

Reducing Thermal Shack

There are several gasy ways to mini-
mize the potential for thermal shock:

e use a smooth, moderate healing rate
« lct the kilr cool naturally with the
lid closed

s use a controller 1o slow down the
cooling time
« avoid sudden temperature changzes

A programmable controller such as the
Orton AutoFire™ is the best solution
to control the heating and cooling
rales and to get a smooth lemperaturs
rise.

If instrumentation is not available,
heat loss during cooling can be
controlled to some extent by keeping
the kiln closed until well below rod
hesaab (SO0 F).

To be sure that ware is properly
matured, be sure by use wilness cones,
Underfired bisque will continue to
shrink durirg the plaze firing and this
can resultin a poor glaze (it

Want to learn more?

Read more about cracking and thermal
shock in the Oron Firing Line and
Technical Tips poblications. Each iswue
is packed full of articles to help you
learn more aboul firing. Members of
the Odrton Fiving [nstitute receive these
publications at no charge. Single
copies arc available 1o non-members at
4 per issle rale, Orton's BOQ minuate
video, Key Prirciplos of Sucoessfol
Firing, is also an excellent resource on
liring.

Far infermation on Orton procducts, see
your Orton dealer or distributor, For
infarmation on the Firing Institute or
publications, contact

Chrtan Firing Institate, PCY Box 2760,
Woesterville OH 43086, 614-595-2663,

Orian pyrometric sones and bars * KilnVent systems
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1iIrine

Tins ol

CRACKING AND WARPING
CAUSED BY DRYING AND
CASTING

In some instances cracking and
warping prablems share a commaon
source: the casting and drying of the
piece. In other cases, cracking may be
related to how the piece is fired. This
Tip looks at problems related 1o casting
and drying

DRYING CERAMICS

Ceramics contain chay which can
absork: and hold waler, Before living, it
is wnporiant to remcve all of the
physical waler so thal the piece will
not crack or explode when heated.
This is okften accomplished in steps
with firing being tha final stape. During
firing, the chemical water is removed
frowm the piece and it gains strength
while developing physical surface
characterstics,

UNDERSTANDING DRYING

Simplified, drying is the roemoval of
water from bady by cvaporaion. As
the ware 1s dried, the filon of water
separating the clay particles aets
thinner and thinner, the solid particles
gel closer logether and the piece
shrinks. Shrinkage stops when the
padicles finally contact each other.

DRYING FAULTS

Cracking, disturting and warping are
problems that may not become
evident until after finng, They are
usually caused by drying too fast or
unevenky,

If ware is heated oo fast, the prossare
from water vapor inside the piece can
cause cracking. Ware dricd only on
cne side, can shrink more on that skde
causing warping or bending of the
somewhat plastic (flexibile)] piecs.
When one surface finishes drying, the
piece is now too siff to recover and
the warping becomes permanent, This
can lead o cracking.

Bodies made of very plastic clays or
compositions having a high clay
content require atention (0 uniform,
slow drying.

Thicker walked pieces will often have
a grealer tendency o warp or distor,

Care needs W be faken W0 aklow for
uniform air movement around all sides
of a piece to avaid drying problems.
Somelimes drying must be slowed
down to avoid cracking.
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Handles on cups can have a tendency
to pull away from the mug. Doll heads
and chest cavities may deform inward,

REDUCING WARPING AND
CRACKING

To reduce warping and cracking, fake
sleps Lo dry more slowly and more
evenly from all sides,

Con't dry a flat abject on a wet or cood
surface like a formica or plastic table
top or damp newspaper. The piece can
only dry on one side. Instead, dry
abiecls on something porous ke word
or plastor o set therm s air can
circulate arourad them. If necessary,
lurn pieces owver during drying lor maore
oven result,

Slow the dryving of thick walled pieces
and hand built ware,

Support areas during drying that might
cause stresses o build up.

DRYING TECHNIQUES

slip cast ware - may warp or crack if
siressed fodeformend) when removed
from the mald, Even if the ware is
gently returned to the ariginal shape,
the created stress will ultimately cause
the picce to warp of crack,

wheel thrown ware -should nol distorl
during drying unless subjected to
further mechanical farces - lel the ware
dry naturally on a bat or shelf and it
shtrould he fine.

thick handbuilt ware - nceds to be

dried for a very long time before it can
fired or it may explode during firing,
Several days may be required or a low
heat drying in an oven may be neces-
sary o remowve all the water,

plates - aven drving is particularly
important with plates, Warping can
cause the center of plate to fall ar arch
up. Rims and centers must dry evenly
to prevent warps, humps and cracks.

drying tiles - drying tiles can present a
particular challenge because it can be
difficult for the piece to dry evenly,
Usually air is passed over the top of
the tile. This resulls inwarping be-
cause tho bottom of the tile remains
wet. Drying tiles in tile racks can help
air moverment for more even drying.

Want to learn more?

Read more about Sobving Cracking and
Warping Preblems in the Orton Firing
Line and Technical Tips publications.
Each issue is packed full of articles to
help you learn more about firing,
members of the Orton Firing Institute
receive these publications at no
charge. 5ingle copies are available 10
nan-members al a per issue rate.
Cirtern's B0 minute video, Key Prin-
ciples of Successfuf Firing, is also an
excellenl resaurce on firing.

For information on Crion products, see
your Orten dealor or distributor, For
information on the Firing Institute or
publications, contact

Orton Firing Institute, PO Box 2760,
Woasterville OH 43086, £14-895-2663,

Orton pyrometric cones and bars » KilnVent systems
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USING THE THREE

CONE SYSTEM

All coramic prodos s Tire within a
ramgae to develop best lired propertics.
Sarme proctucts such as sloncware have
awiatde liring ranar. Ofther procduets
sueh s porcelain ip and leadles-
glases have a narrow fring range dess
than 2 conc numtbsers!,

Ty e sure ware is properly fired, it is
imprartant W undesstand how your Kile
is liring. The Three Cone Syslem is an
exccllent way to do this,

What is the Three Cona System

The Theews Cong Systom consists of
three: comsecutively nuembered cones:

Firing Cone conc number recom-
mended by manufacturer

Cuide Cone - ane cone numher coaler
Guard Cone - one cone number baoller

For example: Cones 017 (suide cones?,
018 Miring coney, O iguanl conel

Uses for the Three Cone System

= doterming temperalure unifarmity in
the kiln

o check the performance ol The Kilb-
Siller® or clectronic controllar

= manually shut eoir the kiln by direct
chservation of 1the cones bending

o eyithiele heilwork that ware receives
during ririrg

How Witnsss Gones Work

Pyrornetric cones indicate how much
heat his been absorbod. Wirness

¢ ones sel o Lhe shelf near the ware
are true indicalors of whether the wire
received e proper amennt of heat
Provedue by are expocted to be fired 1006
cone number or within o range of
numbers. For same prodocls, eood
resubls can be oblained a7 o cone
levacer o lagher, Cither products hawve
loy be fired wery precizely.

Using the Three Gone System for
Manual Shut-off

By vhiserving Lhe wilness cones during
lirimy, the end of the liring can be
delermined for manual kil shul of.

To use the Throe Cone System {or
manual shut-ott, place concs on a kiln
shelf near the center of the Inad bt
aut of a dratt and where they can be
abserved through the poophole

When the kiln is near its liring poind,
the Guide cone will begin 1o bond,
The waare i= approaching mamwnty and
soon the kiln can be shut off,
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It takes about 15 1o 20 minutes for the
Firing Cone to reach it's end pont, The
cnone bends slewwly at first, and maore
auickly atter the Ralf way point, When
the cone fip i even with Ihe top ot the
cone base, it s Gme to shut oft the:
kiln. If the Guard Cone bends, the

desireg] heatwork has been exoeeded,

Using the Three Cone system to
Evaluating Kiln Parformance

wost kilns have temperalurs difer-
crces [rorm o Lo bottom The amounl
ot difference depencds on

* design o thit kiln

* ape of the healing clements
« |oagl distribution i the kikn
w cone number being usaol

Usuislly, rhere will be: a greater tom-
perialyre difference at lower cone
numbiers than at higher ones, Placing a
seel off cones an cach shelf dunng
waricwes firings allows you 1w dotormine
the heating wnilormity of your kiln for
the mulerials vou fire.

Aler Tieing, observe the cones and
evaldile e heat disiribulion in The
kiln, LM el The guide cone is bent,
there is less heat on thal shelr. I the
guard come is bens, There is more heat
on thal shelt,

[F wou do find a dillerence, 1he heatbing
unilormity can be improved by chang-
ing lhe kiln foading, adjusting swilch-

ing or adding g downdrad) vont system,

Checking Kiln-Sitter® Performance

The Kiln-%itler® is designed 1o shol of
the kil az a Small Ccm:—;- or Bar de-
forms. Flere's how il works:

» Small Canear is placod under
sCsing rod

= Bring begins, conedar receives
heatl, begins w soften

» sensing rod presses down, cone
Bends with weight

o meyemont of rod activates shut o

Because the cone o bar in the Kiln-
SitlerE s near the kiln wall (closer to
the heating elements), o may receive
more eat than witness cones on the
shele, 1T the kiln shuls off belore the
witness cones have properly de-
tormel, you may necd 1o wse the nest
hrter cone numbicr in the Sitter®.

Witness Cones Are Like [nsurance

Cones are o ansiclered an incepensive
waty Lo monilor your kiln and detec
problems belore a crizis ocears. Lse
Seli-Supporting Cones [or the Three
Cone Syslem beciuse they are Lthe
easicsl o use and most consislenl
cones iwvailable,

Want to learn mara?

Reswed moree about The Three Cone
Syslem in the {hrton Firing Line and
Technical Tips publications, Published
Btimies @ wear, each issue is pached
il @l artieles v help you learn maore
itboaul Hring. Membors of The Chrton
Firing Inslitule receive 1hese publica-
lins at no charge. Single Copies are
available Lo non-membrers at a per
esue rate,

Few information an Orton products, sec
wour Crtan dealer or distributar, For
information an the Firing Institute or
publications, contact

Ll Firing [osliture, PO Box 460,
Wosteryille OH 43081, A14-B95-2a03.
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CONES AND
CONTROLLERS

Automatic contrelters and shueoff
devices are a convenient way o heat
and turn olf a kiln, But for consistent
results it is still is important to know
how rmuch heat the ware received,
Only cones provide this infermation.

Witness cones set near the ware tell if
the firing reached the cone vaiue
necossary to properly mature the
ware. Cones also help in diagnosing
firing problems,

Advantages of Controllars

Electronic controllers have many
advantages. They:

- allow heating rate cantrol - heat
uplcool down of the kiln

- permit slow down of the firing
below red haat to burn out carbon
and organic materials

- permit climination of 4 kiln shot-off
device, although some use this as a
safety backup

- allow spaking of kiln at the finng
{emperature o et more wniformity
of fircd pieces or {for special results
provide more consistency from
firing to firing

50 with all of these advantages, why

are concs still needed?
Firing Caramize

Firing ceramics is much like baking
food, cxcept ceramics go to higher
temperatures. When we bake, we
leave food in the oven at a tempera-
ture for a certain time. A thermometer
may help measure the temperature of
our food or we may stick a fork in to
test whether it seems right.

It is the same with firing - & combi.
nation of temperalure and lime
"cooks® the ware, Howcover, unlike
baking we can’t put our ware into a
preheated kiln and poke a fork in our
pel o test doneness. The next best
thing is to place Pyrometric Cones
near the ware o measure whether il
has received encugh heat,

Firing With Cones

The bodies, glazes and decoration
products we wse are all formulated to
be correctly lired when they have
received cnough heat to properly
bend a cone, The companies and
individuals who make and test these
supplies use Crton Cones. Cones
deform when they have received the
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right amount of heat, not just when the
kiln reaches a certain temperature. In
other words, cones behave just like
vour ware. This is why they are such
good indicators of whether the ware
was properly fired.

How Controllers Work

Electronic contrallers regulate power to
the heating elements. They do this by
comparing the temperature measured
by a thermoceuple with the expected
temperature programmed into the
contraller. If the termperature is low,

heat is added.

Controllers fire a kiln to a temperature,
If this temperanyre is not measured
accurately, the controller will fire the
kiln improperly, Most contrallers use a
Type K 1hermocouple, which is less
expensive, or a platinum thermocouple
{Type 53, which costs more but is more
accurate and has a longer life.

Moasuring Tamparature

Even brand new, a Type K thorme-
couple can vary from a true reading, as
shown below, G the ather hand, a
Self-Supporting witness Cone will vary
no more than 4°F.

Variation in tdax, Cone

Mew Thermocouples Warialion

Coneg jfi‘ﬁgﬁg;; Type 5 Cones
paasdl oy

020 SSEBF.  2.0°F 4°F

06 dgbrpy  45°F 4°F

6 ¥ 7] # 5.6°F 4=F

ISt LT
% g
srber B RN

This wariation in the temperature
measured by a thermocouple be-
comes even larger after the thermao-
couple has been used for awhile. It is
nol unusual for & Type K thermo-
couple to have an error of more than
25°F when fired to Cune 6 repeat-
edly. This means that more than a full
cone error can be introdoced.

Using Gontrollors and Conas

Controllers do a good job at what
they do - contralling the heating and
cooling rate and providing consis-
tency from firing to firing. However,
witness cones are nat used wilh the
controller, thore is no way of deter-
mining whal the actoal firing condi-
tions were, except by how the ware
looks. By then, it may be oo late.

f

Want to learn more?

Read more about using cones and
contrelling a kiln in the Orton Firing
Line and Technical Tips publications,
Each issue is packed full of articles to
help you learn more about firing,
temibcrs of the Grion Firing [nstitute
receve these publications at no
charge. Single copies are available w
non-mernbers al a per issue rate.
Orrton's 80 minute video, Key Prin-
ciples of Successfufl Firing, is also an
excelent tesource on firing.

For information on Orton products,
see your Orton dealer or distributor,
For informatiaon on the Firing Institute,
video or publications, contact

rton Firing Institute, PO Box 2760,
Waesterville OH 43086, 14-895-2603

Ortan pyrametric cones and bars * KilnVent systems

kiln accessaries and firing suppiies = Orton Firing Institute




AVOIDING

CARBON BURNOUT
PROBLEMS

ddateriaks used in coramics contain
naturaily occurring impurilies that can
affect the color, appearance and
maturing temperature of the product.

Carbon, found in most clays, is
narmally considered one of these
impurities. Carbon can alsn be present
in the additives and hinders which
make up clay badies, slips, decals and
[iiskers.

How Carbon Burns Qut

Luring heating (firing) the carhon
rezacts with ixygen to form carbion
dioxide and carbon monaxide gases,
The carbon leaves the body as a gas.

Binders are burned ofi at a relative low
temperature: 300%F o 300°F,

Maturally occurring carbon in clay
burns off (become gascs) at higher
temperalures: Up to 1200 F- 14006°T .

The rite at which this carbon burms oot
15 relaterd to:

1. The amowvnt of carbon prescot
(that is, the amount of natural conlami-
rants in the body)

Lame bedics have more contaminants
thian athers, such as red clivs, This
needs t¢ be considered when plan-
ning the firing.

2. Amounl of air available

[air provides oxywen for burnoun
Air needs to get to the carbon inside
the aacdy.

This is impacted by scveral factors. A
[oad that is fired very quickly will nol
allw cnough time far the oxygen 1o
react with the carbon, Torm gases and
leave the ware.

If ware is slacked during bisnue firing,
oxygen may not be able o penetrate
all surtaces of or inside all the pieees.

Also, if gases are nol removed from
the: kitn and replaced with frosh air,
Lthen there may not be suificient
CHyRan b hurm out the carbyon,

4. Thickngss of the piece

Adr has 1o penstraie through Lhe entire
thicknoss of the picce and the gases
Rave o escape the same way, 1t takes
lewnper for carban te burn ool of a
thicker picce of ware,

-
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4. Time and temperature profile during
the burn out period

Both time and lemperature are impor-
tant for proper burn out of the carhon,
Some carbons require moch higher
emperatures than others, Oxidation
should be completed below red heat
(F400%F),

Carbon burns aut from the surface first,
As more oxveen penetrates the bocy,
then maore carbon is reacted o form
the (03 or €O, was and the burn out
process continues, If there is sufficient
time, temporateare and QXEVEDM, thon
complete burn aut occurs. [ these
conditions do not exist, the resulting
incomplere burn out is reforeed to as
Hack coring (where the center of the
piece has a black or gray castl.

Incomplste Burn Qut

Incemplete burn out can result in
several firing probilems including:

1. Rloaring of the ware

Il the lemperalure is hal ennugh, the
outside of the piece will seal up befora
all the ginses can eseape. As the body
becomes plastic due o glass ferming,
pases trappod inside the body expand
with heat and cause bloating and
sometimes cracking of the ware,

2. Glase defects, such as pinholes
The escaping gascs wilk push through
Lthe wlaze surface and cause bubhlbes
which pop. [T these do not heal, then
pinhales will result.

3. Appecarance of fired bisgue

Where carbon burn out is incom-
plete, the piece will have a grayish
cast fwhite bodies) or may have a
greenish cast (red badies). The body
will also be more porous and weak,

Prevanting Incompiate Burnout

1. Slow down the firing,

1. Be sure the kiln is vented ad-
eqquately so there is sufficient oxygen.
3. Load the kikn with born out
requirements in mind.

Leave plenty of space between ware
and shelves, Do not stack ware, Use
tile and plate stackers and invert
pieces on op of one anather 1o help
ConsCrve space and insure proper
burnout.

Want to laarn mora?

Read mare about carbon related glace
and body defects in the Oreton Firing
Line and Technical Tips publications.
Lach issue is packed full of articles o
help you learn more about firing.
Members of the Orlon Firing Institute
receive these publications at ne
charge. Single copies are available to
non-members ak a per issue rate,
Orlon's 80 minule video, ey Prin-
ciples of Successfu! Firing, 15 also an
pweellont resource an firkng,

For infarmation on Crton products, see
your Orton dealer ar distributor, For
information on the Firing Institute or
publicarions, contact

Cirton Firing Institute, PO Box 460,
Westerville M 43086, 614-895-2663,

Orton pyrometric cones and bars * KilnVent systems

kiln aceassories and firing supplies * Orton Firing (nstitute
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FIRING HANDBUILT OR
TRICK CAST WARE

host pinch pots, coiled or slab buile ware
renerally have thicker walls than their ship
easl cousing, althangh melded pisces may
be cast heavily as well. wWith these types of
pieces, the thicker walls create some
umigque challenges for firing.

dasic problems that can nccur when firing
handbwilt ar thick cast ware include
cracking (or exploding) and carbaon
hurnout. Because of the thicker walls it is
imprirtant e fire slowes aned control heating
areel corling during figsing. Preparation nf
the picce 15 impatant as welk

During forming, stresses within the piece
may result in hairline cracks that appear
during firing. It takes [onger to fully dry a
thick piece, Uneven drying can result in
warping or cracking.

For pieces properly prepared, handled and
dried, the next critecal step is firing.

Firing istues
v s the warc fully dry?

YWare that is not adequately dried will
vrack or explode during the sarly
alaaggern oof firingg. WWaleer fnmiche e poes
of the ware turns to steam, exerting
pressure inside the ware. To fully dry a
thick walled piece, the ware needs to
be wearm for rcre than 12 hours.

+  Am | firing too rfast?

All bwacdies expand when heated and
chirink when cooled, 1 the outside
wall expands mre than the inoe
wall, stresses ocour, |f these stresses
are large enaugh, they pull the body
apurt and cause crackeng, A 1" thick
wall cam have more than o 10°F
diffcronee in emperatuse botween the
halbar anel crmler surfaces, Firings
necd to be sloweed down far thicker
wall preces. Likewise, it is important
not 1o cool ioo fasl,

o Have | allowed encrg!e lime Tar
carbon burnout?

It iy imprortant to burn oot all carbon
frorn the ware before highor tempera-
lures are meached [1HI0°F or 65070,
It kakes fime for oxygen W move inko
the porous body, react with the
carban and then leava. 7 catben
remains, many problems can ocour.
These include problems with colar,
glaze fit, strength, blistering and
discaloration, Use of @ downdeaft vent
systemn, combined with slower
heating, virgally eliminatas carkaon-
related problems,

Heating & cooling sontrel

The best way tr cantenl cracking prahlems
during firing is by controlling the rate of
heating and couling for the kiln,
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During firing, materials that make up the
body undergo many changes. Special care
rmusk e taken ar emperatures below

1500°F (815°C) to heat the body uniformly.

Remember, the thicker the wall, the slower
the heating should be done. Abowve T5007F,
lempueralures can ke increased more rapidly
because Lhe changes are loss likely to
causes stress cracks witho the ware.

*  Whal kind of changes ocour?

All clags arel many minerals contain
water which dors not leave the hody
until abwrer 700°F. Cheganie (rarbon}
rnaterials nend 1o be gxidized (hurned
out]. Cither minerals, soch as calcite,
hreak down and give aff & carbon
dioxiele gas. Minerals such as flint
isilica) vndergo a sudden expansion on
heeating to: 1060 F and confraction
during cooling.

*  Haw can | conlral my heating?

This depends on 1he controls for 1he
kiln. With wwitches, leave Thaim on
meclitnm seelings dongar, 1L shooakd take
mie Than 3 hours to reach eed heat
and oyen longer for thick pieces ar a
eavily livacked kiln.

fake sure the kiln is well vorted
brelowe redl heat and closed up com-
pletely abowe red heat, Keep the kiln
closed during cooling for 8 hours ar
until well below eed heat.

»  Whop did cracking oreur?

Cllen the crack itsell can be examined
ta chetermine when i1 acooensd, 17 (he
aclges ane sharp, then it probably
rirarred during cocling, |1 the edges
are renengled ar if glaze has floaeed into
the crack, then it accurred during
heating,

*  What else can cause cracking?

1. Lineven heating 15 a primary culpril
that causes cracking during firing,

Har ang calel spots in the kiln can
cause uneven heating of pieces,

Lse witress cnnes to diagnose hot and
cold spots and then adjus) the
switching or use a downedrafl vent 1o
help evan out the heating,

Carelul loading of the ware in setoers
arel i stilts can alsa help heat
circufake gronmed e piece,

2. Undodired bisgue is not as strong and
may crack moare aasily during the
glaze firing.

Llse wilngss Cone 1o dssuns @ aeoee
firing and prevent underfired bisgue.

3. Gay expanding in arr pockets which
developed in the ware during forming
ran cause large cracks during finng.

Want fo laarn more?

Read rrnee aboot firing handbuilt and
thickeast ware in the Orton Firing Line and
Technical Tips publications, Published 8
times a year, each issue is packed full of
articles to help you learn more about firing.
Members of the Oeton Firing Institate
“eoeive these publications at oo charge.
Sinple copies are available to non-membxers
at a per issue rate,

‘er information on Orton produces, see
your Orton dealer or distributor.

Ferr information an the Firing Enstituke ar
publications, contacl

Crton Firing Institute, 991 il 3C Hwy,
Westerville GH 43082, 614-895-2663

Ortan pyrometric cones and bars * KifaVent systems

kiln accessories and firing supplies = Orton Firing Institute
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FIRING
CERAMIC BODIES

Most bodies and glazes contain Clay.
These fine clay partickes give the body
and glaze many desired properties and
hondz other materials together,

Wheen the body is fired:

® clay and other minerals in the body
srart to hange

o olay/minerals break deown and react

with esther materials o produce pases

al A0 F irexd heat), lightly held

waler molecules begin 1o break Iree

Al leave

* pases such as sullur oxides and some
Mucsrine may be relessed

» a4 the comperature increases, clay
and oiher minerals continue to
ehinge aned react with each other o
lerm e c ompesanids thal will be
gt af The final proscuct

o sorne procucts Torm gl which will
bondd everylhing logether

Gases

fhe gascs which form need 1o be
remcevcel rom the body ., For cxample,
carbon 15 in the clay and orgamcs are
added ta the body, glaze or decaration
tor impresve strenath during handling ar
application. These mgst be remowyed
eluring firing ter aveid defects.

Firing Conditions

Firing conditions can also delermine
many propertics of the fired product,
Firing ton fast at lawer lemperatines
rmay not allow suficicnt time tor
materials 10 react and gases w leave
the: body or glaze,

Firing ton tast an result in

wiaker bowdies

pinholing

bubbling of The glase

cober changes in the body

cobor changes in Ihe decoralion
milelowing of porcelain

crazing or peeling of glarzes it body
is not properly matore

TYPES OF BODIES

Earthenwarsg

¢ Iypically lired rrom Cone 07 - 073

o made wilh lale, fess expensive Clays

» Clays contain many impurities, need
fired bonger at lower lemperatures

» |ow shrninkage '

= poreUs after firing

= wsually tan or red incolor

« trequently glazed ar stained

s sometimes userd as-tired,
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Often, problems arise bechuse bodies
are underfired. The piece may look
okay, but is porous and weak. Also,
unelerfired bodies may nol mateh the
expansion of the plare wsed ina later
firing. This can rosult in glaze fit probs-
lemis o cracking of the body in use.

The high iron and carbon conmlend oi
these clavs requires plenty of air during
firing lex maintain good color and o
biurrs qur all od the carban. If this is not
done, many problems can accur when
the product is glazed and regired.

Stoneware

s typicilly fired belween Cane 6 - 110

® large numbor al compositions

= Conlain clays and ather minerals
with muny impurilies, including,
sanel, Teldspar and grog

s aclditives are vsed o provide
plasucity, workablity, stremgth, color
and to reduce shrinkage

* colars depend on raw matenals

Because of the adeitives and impuri-
fies, care needs 1o be given to how
sleeyware is fired and to proper
wentilation o the kiln early in the firing
tir burn ol organics.

Bnnewsere i vitteouws and conbising 4
high percenage of glass in the lired

prodducl. For color variaticns, mature
the ware under reducing conditions,

Porcelain

* Lypically fired from Cone 3 - 10

» compressilinns vary, bl cantain high
qualily materials '

= coloranls may be added,

= hadies are hard, white, translucent

= viry high glass content

* narroywy firing range - need 1o he
fired close to slump or sag paint for
besl fired properies.

Fecause color i very important, these
berdies need 1o be firse wilh plenty of
air below red heat tor be sure all 1he
carbon is removed. Shrinkage i high
and special ciare must be given Lo
suppaorting, porcclain during living or it
will warp and distort.

CRITICAL FIRING PERIGDS

Far all clay conlaining bodies and for
musl glases and decorilians:

¢ e cure ware is dry before firing

* Jire slowly below red heat (1100 P
whore many changes accur in the
clay and other materials

= promicle plonty of air bofow red heat
for oxidation and terfurn cut
arganics and carbon

» g not o farce ceol the kiln while it
sheves reel heat,

Want to learn more?

Read more about successtully firing
ccramic bedics in lhe Orton Firing
Line and Technical Tips publications.
Publishied 8 times a year, sach issue is
packed full of articles to help you
lcarn more abowt liring, Members of
Lhe Ovton Firing Instilute receive Ihese
pubilications sl no charge. Single
corties are available to non-members
al i prer issue rate,

For ifarmation are Cron procdotts,
cee your Cirlon dealer ar distribualor.
For informalion o the Firing Instinle
ar publications, contact

Orron Firing [nstitute, PCY Box 4640,
Wiesteryille ©H 43031, 614-895-2663.

Orton pyrometric sones and bars * KilnVent systems

kiln ascessories and firing suppfies * Orton Firing Institute
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FIRING LEAD
FREE GLAZES

Changes in glazes

Lead free plases are becorming the standard
far commercial use. This is duc to govern-
ment repulatron and health concerns by
the rmanufactueers.

A5 lhe name implies, lead free glazes are
made fram campusitions of materials
where |ead has not been added.

To eliminate lead, glazes are reformulated.
This can champe sorme of Theic properlissg,
Somae of the differences yoo may notice
include:

+ does not flow or run as much in firing
as lead cantaiming glazes

= hwush marks may shiw after firing

* not as wide a firing range

& may not be compatible with e many
bodies fimproper fit). This leads to
shivering ur crazing of the glaze,

* color does not match lead glazes

s more surface defects

For problem free results with lead free
glazes, firings must be rore closely
conlrolled and kilng wael| venled, Bodees
rmay have to be hisgued to a higher or
lemwer cone number to solve a problem,

Why do problsms eccar?

Lead softens a plaze and allowes il Lo be
fireeh ver several cone numbers, Glazes
made without lead have a narrower firing
range, Tvpically, lead glazes are able to be
fireel over a faur cone numbor range
[example (3 to 05).

Lead free glazes typicalty need tn be fired
wilhin bwi cone numbers [example 06-05}
- less than half of that far lead phases.

Glaze and hody fit

since the glaze and the body an which it g
fired (bisque) are made from diferent
tralerials, i is irmporlant that they expand
and shrink a like amount when heatecd and
cooled, If they don't, then the fired glaze
can be siretched to the point whare il can
crack (crazing), or it can be pushed
tagelher on o ilsell 1o g poinl where
shivering or craving ocours.

When using lead ree glazes,

1. Make lest firings of Lha body and glaze
b their recommended cone number,
first the unglazed body and then the
glazed hisque.
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2. Lse witness cones placed near the
ware 1 be sure the proper cone
number was reached. Differences may
exist hotwoen the Kiln-Sittet® and a
witness cone of fram the fop o the
bottem of the kiln, Firing wilh a
contralter i @ Cone number ar #
rernperaklre may not be adequate.,

3o crazing accurs and Lhe wilness oone
indicates the glaze arcd hisque firings
are properly fired, make some lests by
firing the bisque progressively hotter
e, iy fire pesgue Lo Q% test o 04,
then G4,

Whaen wou fire hotter, the expansion of
the hisgue is changed and glase an the
bisque may [il better.

4. If shivering nccurs, fire one conc
cooler, You may need ta select
arerher bowdy for your basgpue. Firing
too conl is not a gnod idea since Lhe
skrength is reduced and porosity
increased, hoth of which may cause
problerns during use of the final piace.

Is Your Kiln Uniform in Temperature?

If termperalure in vour kiln varies by moee
than 1 to £ cones, then glazed ware in
cne part of your kiln may fire okay, while
ware: fircd 10 another past of your kiln waill
have a proklern.

Maost kilns vary in lemperature frorm Loep o
bt To determine haw much vour
kiln varics, place wimpss cones on each
shelf when making firings. Usually, thers
is less difference ton to hattorn far hotter
firings.

Each kiln has i1 onen personatily and the
solution for imprrving temperature

uniformity may vary.

If you have glaze firing problems because

al o much variation, Then wa ragarm-
mend the following:

1, Make sure cracks amd hales are
repraired o keep heat inovour kiln,

2_ Fire slower during the early part of
your finng, before red heat (helow
12009 F1. This allipees heal o soak inta
Ihe relractory and even oul bermperi-
lures in the kiln.

3. Cansider changing the switching
paltern ta even out top and boltom
temperatures, Switch the bottom to a
higher setting before the tp of viee
viorsa, Higher sellings add more heat.

4. Copsider adding an Oren KilnWent
Thesze pull hot gases from the top to
the bcttom of the kiln and oot
{ermpseratune variations in hall, Hoads
abiowr: the Kiln will nol help tempera-
ture uniformity prablems.

Want to learn mera?

Read moee ahaut glaze and body fil, leat
distnbution amd measuring heatworls in
the {rton Firing Line and Technical Tips
pukbdicatinns, Published 8 fimes 4 year,
each wsue s packed full of arteles to
help wou learn more about firing.
Membpers of the Orton Firing Institute
teceive these publications at no charge.
Single copins arc available 10 noo-
members al o par issoe rate.

For information an Orton progcts, see
your Orton dealee or distribugor.

For information on the Firing Institute or
jmihlications, contarcs

Oirton Firing Institute, G991 CHY 20
Huwry_, Westorvitle O 42082
R14-H35%-2hf3.

Ortan pyrometric cones and bars ¢ KilaVent systems

kiln accessories and firing supplies * Orton Firing Institute
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FIRING RED
GLAZES

Rad plazes are among the liveliess,
brightest colors we can use, bul
unfortunately, red glaze problems are
legendary, Many of us simply give up
using reds ar accept whalever resulés
we ran get, including the problems.

Gommaon Kad Glaza Probloms

improper color development - dark hluish
o purpde cash W the glaze

color lots - glare looks aray. white

poor surface texture - 2 rough matte finish
and!or visible surface delecis

“Tha Strawberry Eilect” - timy black ddois
ar spols in the fued glaze

crazing - a crackled or cracked appearance
i the fired glare

Some of these problems relale o the
preparation of the piece and applica-
tion of glaze, but many defects are the
result of improper firing practices,

Prapacation and Application

1. ware must be clean and free of dust

2. do not apply red glaze to greenware

3. apply onlby ti properly fired hisque
s witness cones o verfy  firing) -

4. work area and tools should be kept
clean and (ree of Cunlaminants

5. no eatingsmoking in glazing area

. giase away from cleaning areas

7. apply adequate coats of glaze - four
coats is oflen recommended

f. allow each coat o dry

How Colors Davalop

Many ceramic glazes need to be lired
in an axidizing (air} atmosphere for
twest results, Red, orange and yellow
glazes i paciicular are very nxygen
sensitive, This means they requing
sufficient air during the firing o bring
out the colars o their fullest and to
prevent surface/finish defects.

Firing reds requires us 1o control the
firing rate and properly vent the kiln,

Gontrolling the Firing Rate

Mearly all caramics fire betier when
fired slowly below red heat, Slow
firings have the advantage of allowing
the necessary physical and chemical
changes o ocoue in the ware. Slower
firings also permit time for sulficient
air to cnter the kiln and displace the
carbon maonoxide, This is true for
bioth bisque and glaze firings.

Firing ratc can be controlled using the
settings ©n an autormatic kiln, pro-
gramming an efectronic controller or
by adjusting the swilching. Control or
slowing of the firing rate is most
important in the early stages of the
firing when most of the reachions are
occdrring and when air is needed to

-
Orton

The Ldwerd £3clom r
Ceramvic Badating
FLY Burw 274010 0

FIRIMNG T1FS 4w 0 srrivs el HIFINY
ealilene sobvors, Mew 1Y% are
avhhlle every et 0 eurbe
sdrtbr £ 3 Fann L ap e T NG LI Ert

Woesderyilie T3 3 5tHE




burn out the organics in ceramic
matkerials. Near vilrification {the end of
the firing) o faster rate is desirable and
can usually be applied.

Venting for Proper Air

It is mast important that enough air pets
into the kiln in the early stages of
firing. This is when the organic materi-
als are burning out of the ware and air
reacts with carbon to form carbaon
monoxide. Kilns can be vented manu-
ally or with an automatic venting
RYSION.

Manual Venting

manwal vonting lets the fumes oot of
the kiln, but is only somewhat succoss-
ful at letting air into Lhe kiln, For
manual venting, the top lid sheould be
propped and the pecphole plugs out
for ar zast the first hour and a half.
Slewwer lirings require addilional ime.
When the kilm reaches red heat, the lid
can be closed and peephole plags
repliced. Leaving the peephole plugs
out far the whole firing is net recom-
mended since it can cause cold spots
in the kiln.

Munual venting warks beller with a
smaller lead, Also, using split shelves
allowes air circulation and helps
venlilation.

tanual vonting is recommendded
whenever a downdraft went is not
aviilable. When venling manually, it
may b desirable tor locate red glaces
on the top shelf to assure seflicient air.

Automatic Downdraft Venting
A downdraft automatic venting system

hike the Grion KilnWent efficicntly
brings the proper amount of air into the

kiln and removes the lumes {or
exhausting. The kiln lid and peepholes
rermain closed the entire firing. Llsing
the Oirton Vent, tests have shown rods
can even he fired with ather colors
with good results,

Firing ta Proper Cone Number

Llsing witness cones on the kiln shelé
1o werify results is important to good
resulls. Many problems occur when
redd wlases are not fired 1o the proper
cone number, Blistoring can ocour if
underfired and loss of color if
ewerfired. Glaze on underfired bisque
may crace. Firing lead lree glazes to
the proper cone number is especially
important,

Firing reds can be a challenge, but by
following good preparation, applica-
tion, firing and wenting practices, and
by firing 1o the proper conc number,
most problems can be eliminated.

Want to learn mora?

Read mare aboul Firing Reds in Lhe
CJrlen Firing Line and Technical Tips
pubslicalions. Cach issue is packed full
of artiches to help you learn more abeout
liring. Members of the Orton Firing
[nstitute receive these publications
na charge. Single copies are available
jta) non—mnmbcrﬁ At A per iF-SlJII" rite:,
Orton's BU minute video, Koy Prin-
cipfes of Successful Firing, is also an
exceltent resource on firing.

For informaticn on Orton products, see
your Orton dealer or distributor. For
informalion on the Firing Institute ar
pubilications, conlact

Cdrten Firing [ostilute, POy Box 2760,
Woesterville OH 430084, £14-895-26073.

Orton pyrometric cones and bars » KilnVent systems

kiln accessories and firing cupplies = Orton Firing [nstitute
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UNDERSTANDING
CRAZING

What is Crazing

Crasing is one of the most commaon
prroblems related 1o glare defects.
appedrs in Lhe glazed wirface of fired
wdre as i network of fine hairline
cracks, The inilial cracks arc thicker
ardl spiral upwvanl. Vhese are Tilled in
harizomally wilh liner cracks.

Crazing is caused by the glase being
under ton much ension. This lension
arcur when the glaze contracls more
thar the body during coaling. Beeaose
glazes arc a very then coating, most
weill pull apart or craze under very little
(TR

Craang can make (oodsale glaces
unsate and ruin the lock of a piece,

There are lwo lypes o crazmg, €ach
wilh a diflereny causo:

immediate crazing

= Fpyriars when piece remoeeed from
kiln ar shaortly thereafier

w caused by plaze hody o iglaze tits
tians tightly So oy

delaved razing
¢ shows up wecksimanths later
w caused by maisiure getling inle wire

Immediste Grazing
Size Changes During Firing

Abl cernmic bodies change in sice
during heaing Jirirng! and cooling.
Whal is desired s lor the wlaze 1o
shirink a lislle more than the body
during coeding, 11 i1 doesn'l Ll‘len glaze
proldoms may oo

[ is important for ware and alaze
eapansion and shrinkage to match o
CPAZAMI CAN DOCU

Glazes During Firing

1. during firing, glace underooes
pheysical and chomical changes

A as heating progresses, glase mells

3. with further heating mare liguid

forms until viscous or thick fluid

muare heating, mare (luid glaze

at this ponl, wicous ithick

flowingi glaze =tll contarms 1o

saFe of the bisoues.

Ao any gas cvolving from body will

torm blistors which can heal i

alaze i still fluid

when kilne shues off, glice and

birchy conl tagether

8. during coaling, both the body
anel ghiee shrink

% eventuilly glase hecomes i hard
wlass thal will no lenger fow

[T %

_thon
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Thermal expansionshrinkage proper-
tics of hioth the body and the glaze
determine if the glaze crazes,

Glazes are designed w shrink less than
the body which puts them in compres-
sign, makes them sronger, and makes
them less susceptible 10 crucing.

Solution to Glaze and Body Fit

1. lest samples ior a goed fil

2. hisgue to 1-2 cone Aumbers hatter
Lhan glaze to insure body is mature

3. use Self-Supporting Witness Cones
o verfry heatvork

4. recognize that bodies and glazes
will have different fies for differcnt
hearwaork. A glaze might fir bisque
firgd ter 03, byt craze an 07 bisgue

DELAYED GCRAZING

This type of craring shows up wesks or
rmonths laler and is practically albways
cavscd by underfiring.

It weare is underfired fdoss not reach
maturityl, it can, in time, expand when
rcisture fills the pores cansing the
By I expand. Sudden chinges in
temperilure can cayse criveing it the
hody and glare do notl expand or
cantrac! unilormby,

Either the body expanding or the glaze
shirinking can cause fine hairline
cracking (crazing) o ocour, Kefiring ta
the proper cone will sometimes solve
the probklem,

Proper Firing
Finng to the proper cone number s

critical to help climinate crazing
probboms. Witness cones must be 1serd

tes verify the healwork the ware
receives,

If the Kiln-5ittcr® turns the kiln off and
a witness cone is not properly de-
formed, then the ware is not fired to
MLty

Lndeiring can occur because of;

s variations in kiln hailing unitormity

& Kiln-Sitlerld out of adjusiment and
shutting kil off early

o controller thermocouple inaceurate

v dilferences in healwork belween kiln
shell and Kiln-5SitterE localion

Crasing can also be reduced by shower
cooling and slower Tiring.

LEAD FREE GLAZES

Lead-lres glaze formulations today
hawe doss of firing range. They develop
their fired propertics more quickly and
this makes proper firing meore critical.

"Want te learn more?

Road more about crazing in the Crton
Firng Line and Technical Taps pubilica-
tions. Published 8 limes 2 vear, each
issie v packed full of arlicles to help
wiou loarn more about fising, Members
of the Orton Finng [nstitute recorve
these publications al no charge. Single
copies are available to non-members at
AT issue rile.

For information on Drton progducls, scc
your {rton dealer or distribuler.

Far infermation on the Firing Institui:
or publications, conlact

reon Firing [nstitute, POY Rox 460,
Westorville OH 43081, 614-595-7663

Drton pyrometric cones and bars * KilnVent systems
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SOLVING GLAZE DEFECTS
BLISTERS, CRATERS

and PINHOLES

Blisters, craters and pinholes arc
related plaze surface defects. They

show up as a rough, grainy or hubbled 1.

surface on the ware and appear dfter
the slaze liring or decarating firing,

What Causes Thess Defacts?

This family of probilems can be caused
by many different factors incfuding:

dust and contamination in the glaze
air bubbles in the glaze

air lrapped in Lhe slip

impraperly mixed slip

a dirty kiln

bl cammonby, however, the prob-
lems are related o gascs coming from

the body, glaze or kiln atmospheore, 3.

What Happens During Firing?

Clavs and glazes contain organic
materials. When heated, these burn ot
of the body {orming gases such as
carbon, sulfur aned water.

If the: carbon in materials is not fully 4.

remowed from the body, then gue will
form during the glaze ar docorating
firing, forming bubbiles or blisters.
These may pop to become craters or
pinhales.

These dofocts can occur becaase:

There wiss not enough air in the
kilrn during Tieing for the carbon o
properky burn oot

Any comburstion process requires
air. Withow air, axidaticon cannnl
Do,

Carbhen monaxide formed by
axidation of carbon has not been
adequately reomyed from kiln,

If the gases produced during firing
are not removed from the kiln,
they may deposit onter the glaze
surface or affect the glare color,

The kiln was heated so quickly that
there was not enough lime for the
carbon to burn oul.

Carbon which is only partially
burned will continue to oxidize
during the glaze or decorating
tiring rausing defecls.

The ware was underfired, That is,
Ihere was rob cnough heabwork.

When the body s underlired, il is
weaker and ils oxpansion may no
longer it the glare.

Grton
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How Do | Solve 8laze Defoets?

Ta make sure that glaze defects do not
ocour, it is impartant 1o properly mix
glazes and slips and o use good
pouring (slip} and application (glaze)
techmiques. Proper housekesping for
the kiln and workplace should be
observed. Straining glaze through
nylon ofter helps remove any lumps.

Mast critical for good resufts are proper
firing practices. We recommend the
following:

F. Bring air into the kiln and make
surg it circulates around the ware
especially during bisque firings:

«use setters and stilts W improve
air flow arcand the ware

- use hall shelves to improve air
Mowe through the kiln

- adequately vent the kiln

- position ware to take hest
advantage of air ffow in the kiln

Use a downdrafl vent like the COrton
KilnWent to bring a controlled
ameunt of air into the kikn and
circulate it throughout the kiln, This
helps remove fumes and cven out
the temperatures in the kiln.

2. Control the firing,.

Fire slower, especially below
1200°F (650°C) Slow down the
liring by adjusting switches to lower
setlings o soak/hold at a tempera-
wre to allow carbon o burn out.

Use an automatic controller to set
heating rates and hold times.

3. Use wilness cones to verify heat-
work,

tinderfiring can acour due o
burned out heating elements, an
improperly adjusted Kiln-Siter®, a
contralfer thermocouple which has
changed or differences in heating
within the kiln. Witness cones give
a true reading of the heatwork the
ware received.

Witness cones placed throughout
the kiln show dilferences in heat
distribution.

4, Yent the kiln to rernove gases and
prevent them from redepositing on
ware. Only downdraft venting
remaoves the gases from the kiln.

Il goodd firing and vonting practices are
observad during fining, problems with
glaze surface defects can he controlled.

Want to laarn mora?

Read more about glaze surface defects
in the Orton Firing Line and Technical
Tips publications. Published B times a
year, each issue is packed full of
atticles 1o help you lcarn more about
firing. Members of the Ortan Firing
Institute receive these publications at
no charge. Single copies are avaikable
to non-memkbers at & per 550 rate.

For information on Orlon producls, see
your Orton dealer or distributor.

For information on the Firing Institute
ar publications, contact

Cirton Firing tnstitute, 931 Old 3C
Hwy., Westerville OH 43082, 614-
895-2663.

{Orton pyrometric cones and bars * KilnVent systems

ki'n accessories and firing suppiies = Orton Firing Institute
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SUCCESSFUL
GLASS FUSING

Probabdy the mosl commeon problem
cheountered when fusing glass is that
it breaks during firing. There ire
several causes, mcluding:

1. glass tncompatibiliey

2. glass sticking to shelves

3. glass heated too rapidly
4. glass anncaled too quickly

Glass Compatibility

Tev ber compatilile, glasses mus)
expand and contract at the =ame rate
when heated and cooled . When this
dees nal oecur, they are cansidered
incompalible.

If incompatibie glass is (used 1ogether
and then cooled, stresses will oocur in
the picoe, I the stress is exoessive,
the fused glass will break either
irmmediately upon cooling or months
D A 3Rars |.§il'[[!F.

Glasses are rated using a coerficiont of
thormal expansion scale. This is based
an Lhe linear size change or oxpan-
sion during heating.

Whal this means is thal the amaant
the glass expands during heating is

measured and compared to o seale.
The larger the number, the greater
the expansion. Glass with low
expansions will have grealer resis-
tance to thermal shock and breaking
or cracking.

When you purchase glass, be sure
all of the materials vou are planning
1o usc in a piece have similar
expinsion (coefficient} nombers.

Glasgs Sticking

IT kil wash (shelf primerd is applice
unewenly ar bare patches are leit,
the glass may stick as il moves
[expands) during the firing process.
When this happens, the glass can
pull itself apart and hreak,

Kiln wash should be cleaned off and
reapplied in a thin cven coating 6o
provent sticking probilems. Take care
neel Lo wse Weg mch shelf primer as
it may requine sandblasting to
rearscrve 1 Tronm Lhe bottom ol the
fired moce,

Glass Haating Tao Rapidly

Thermal shocking of gliss during

|
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heat up can lead to uneven heating
and cracking of the piece. Thermal
shocking means that the surface of the
glass changes temperatare rapidly.

When fusing glass, it is important to
control the heating rate belween aboul
130°F and 500%F, For larger ar thicker
pieces mare time is needed. Class fired
in a mold is mare susceptible to
uncven heating since contacts with the
cooler refractory imold) can lead 1o
unevon heating,

Crirect radiant heat fram heating
ezlements noods to fall uniformly on the
class or il can cause uneven heating.
Most zlass firing is done in electric
kilns, often with elemoents above the
glass.

Glass Annaaled Toa Quickly

Anncaling is done to reduce stresses in
the glass that can result in cracks or
breaks. Typically annealing is accom-
plished by soaking during the conling
cycle (at about G007F) and then slow
conling between 900°F and 300°F,
The amount of time the glass 15 in.
nealed depends on its thickness.
Annealing permits all the glass w
crualice in temperatuare,

When glass is annealed too quickly,
stresses can remain that can cause
cracking.

Wha thick sheots or pieces of glass
are being annealed, a process called
firing dewwn may be necessary. Firing
clown s done during the slow cooling
phase ol annealing, Firing down is

used if the kiln is unable to maintain
the slow conling rate required for
the picce. The process of firing
dowen involves adding a small
amount of heat to the Kiln as it
caols.

The best way to contred cooling
during annealing is 1o use an
automatic controller, The desgired
anncal termperature, soak time and
cooling rate are set and the kiln
cporates automatically. Temperature
is displayed. However, oven with a
contredler, the coooling rate set by
the operator may be too fast for the
kiln 1o achieve. It is necessary Lo
mixnitexr the wmperiture change to
insure the: proper annealing and
cooling down occurs,

The thickness of the glass being fired

Wanf to learn more?

Read more about annealing and liring
alass in the Orten Fining Line and
Technical Tips publicalions. Each
issue is packed full of articles to help
vou lcarn mere about firing. Members
of the Ortan Firing Instihute receive
these publications at no charge. Single
copies are available to pon-members
at o peer fssuc rate. Orton's 80 minute
vidlen, Key Principlos of Successfuf
Fineg, 15 alsn an excellend resource on
firing.

For information on Crion products,
see your Orton dealer or distributor.
For information an the Firing Institure,
vidlen or publications, contact

Cirton Firing Institute, PO Box 2760,
Westerville OH 423086, 514-895-2663

Orton pyrometric cones and bars * KilnVent systems

kiln accessories and firing supplies = Orton Firing Institute
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SUCCESS
WITH GOLDS

Gold overglazes are known as liquid
precious metals. They are expensive
and because of this they are tradivon-
ally used only for decoration.

Galds are typically used 1o add detail
or distinction to plates, cups and ¢hing
blanks.

There are several types of gold avail-
able in different forms, including bnght
golds and burnished golds.

Bright Golds

These are gold overglases. They are
not solid gold; nstead they contain
seme percentage of gold, vsually
about 5 1o 15%.,

They come as a liquid solution and are
usuably applied with a brush to reduce
waste. A thin coat is preferred to
prevent the decoration from runnimg,
ar failing ro adhere,

if the liguid gold becomes oo thick,
it can b thinned with gold essence.
Buth of these products ane very
expensive and come in small vials or
bottles,

Barnished Gold

Burnished golds are also gold over-
glares. They differ from bright golds
in that they require finishing (bumish-
ing) t0 develop a lustrous finish and
bright sheen,

Burnished golds are more durable and
have a higher resistance 1o scratching
than other wolds, Their appearance is
very rich and dense and slightly mare
matie. The brightness or matie quality
can be controlled by application. A
thinner application oakes for a
brighter gold.

Burnished golds contain 16-32%
guld, including gold powder. Bur-
nished golds are available in several
forms: liquid, paste, dry powder or
concentrated pats, The dry powder is
extremnely expensive.

There are some burnished galds that
do not require podishing, These
contain between 12 and 20% gold.
Firing Bolds

Golds generally fire in the 022 0o 018

-
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cone range. This can vary greathy
depending on the gold itself and the
ware it is being used on. For typical
glassware, an 022-021 ficing is the
most common. For china blanks, the
gold can fire as high as 011, Follow
the instructions of the manufaclurer
when firing golds.

Gold wibl adhere best with a stow
firing and a soak, This helps them to
develop the proper colar and finish, A
faster firing increases the risk of
surface defects which can be magni-
fied through washing or use,

Colds contain heavy solvents which
make kiln ventilation a must for both
health and salety reasons and to bring
air into the kiln. Usually gold is fired
alone to reduce contamination
problems,

Typical Gold Faults

Mot pold faults are surface defects.
These include:

cloudy appearance

caused by inaderjuate ventilation or
toany hewy application,

livings oo fast or overfiring

gold not adhering
caused by underfiring
ar tod heaavy application

gold is running
caused il application is o heawy

hurnished gold is dull
caused by insufficient burnishing or
possible underfiring

dull or scummy appearance
caused by inadeguale ventilation or
possible owerfiring

cracking in finish
caused by firing too fast

pinholes and blemishes
caused by poor quality of gedd or
contaminatien of wold

blisters
caused by heavy application

Appticatien and proper fining are the
key to greatl gold results. Gold should
be applied in moderation using a very
light coating. Be sure to vent the kiln
until it glows red hot. Lse witness
concs to verify the proper heatwork
wits achieved.

Want ta learn mare?

Head mare about using golds in the
Orton Firimg Line and Fechnical Tips
pubslications. Each issuc is pachkesd fell
of artickes 1o help you fearm more abougt
firtng. Members of the Ormon Firing
Institule receive these publicitions al
no charge. Single copies are available
to nan-members at a por issue rate.
Crton's 80 minule video, Ky Prin-
ciples of Successfyl Fiving, is also an
excellent resource on Tiring.

For information on Onben products, see
your Qrtan dealer or distributar. For
informalion an the Firing Instilute or
publicabons, comact

ron Firing Institute, PO Box 2760,
Wosterville OH 43086, 614-895-26R3,
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SUCCESS
WITH DECALS

Decals offer an appartunity to add
decoration to ceramic and glass ware
without the trme and skill required for
hand painting. When properly applied and
fired, decals can adid orlor, texture, design
and personalizatian o a pieoe.

To achieve professional results with
decals, ity impoarant to understand how
te select, apply and fire the decals.

type of decals

- diffeennt decaly wre made lor glass
and ceramics

- ceramic deculs often fire holler
than thase for glass

*  application
decals must hawe gond contact
with the surace of the ware
all wrinkles and bubhles need to be
sl hedd avway
- avoidl tearing the decal

+ firing
- decals are genarally lowe firing -
from cone 322 40 (1A
check the packape for the proper
firing ranse

* wenting
- decals conlain lots of organics
which reed to burned off

- often smwetly fumes result during
dacal firings

Firing Decals

A decal ismt fired that muoch differently than
any ather piece of ware, although there are
same special considerations,

1. ¥Wenting is very impartant ta good results
with decals . espacially to gar true
colors.

Problems related fo venting include:

+ poor color developrnont
* & cloudy or hazy appearance

2. Proper heatwoark 3y also an impodant
factor. Decals that are oncler or averfiroed
may exhibit the following;

faded colors (overfircd)

colar shift iunderfired)

derals rub off (underfired)

s dull appearing metallics (underfired}

Determining Firing Range

Resause the colorm on decals can so easily
he affecked by the amount of heatwaork they
PeCcive, we reeomimend st firngs 10
determine the hest firing range.

§
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Use a series of withess cones 1o fire
samples of the decals on tibes ar blanks.
Make several lirings and then select the
fired] appearance which looks the best,

Golor devalopment

Cloudy looking decals or decals where the
colar is not bright need 1o have additonal
air to develop propetly. (rganics need to
b biuenesd aut and carkon monoxide Tumes
havea ta be romaved froe the kiln,

Sanual venting by propping the lid and
remnoval of peephole plugs will improve the
firing. but may not help bwing enough air to
the bottorn of the kiln or to distribute it
coenly throughout the load.

A downdraft venl system will ensure
sufticient air is hrooght into the kiln and
virculated throuphaut.

Maasuring heatwork

Heatwork 15 ancthor critical factor in the
colar doveloprment of decals.

Facling, shilting and duliness are signs

of too much or oo litle heatwark, This is
alsn true when decals rub nff after fieing.
iWhile e hlank spots or burned ofl areas
are generally related to application, not
fering.l

Llso witness cones to measure heatwork
ardd o chock thio heal distribotion in the
kiln. Firing to a temmperature o firing to 2
Kiln-Nitter® cone may nat give the same
rasnlis as found with a witness cnne naxt 1o
the ware.

Measuring heat distribution

Differences in heal distribution from op o
bolteam in the kiln are uswalfy far more
nericeahle for cooler firings Fke decals. A 2
ar X cone difference at 022 may only be &

1 cone difference at cone B, This iy
hecause at higher ternperatures radiation
heats the kiln more effectively.

Sleswing the first half of the firing can help
heat distribution protlams. This alsa helps
by allowing mare time for air t enter the
kiln and burn oul organics and for carbaon
menoxide e leave the kiln,

Lise a controdler o set heating rates and
soaky for more precise firings.

Want te lzarn more?

Reacd mipre aboat successfually firing decals
in lhe Qrlem Firing Line and Technical Tips
pubdicatinng, Published B times a vear,
cach issue 5 packed Tall of articles to halp
yiu lear maore aboul firing, Meambers of
the {hton Firing Instiule recsive Hiese
publications at ne charge. Single copies ane
available by non members at a per issue
rate.

For snformation on Crton prodects, see
your Crtoan dealar or distributar,

For informaticon on lhe Firing Instilula or
publications, contict

Creten Firing Institute, $991 old 30 Hwy.,
Westerville OH 43082, 614-895-2663.
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MAKING
FOODSAFE WARE

When making ware to contain (ood
and beverages, it is very important ko
be sure it is foadsafe. Some of impor-
tant considerations icr mugs, serving
pieces and dinnerware include:

* body composition

* design of the ware

* glaze sclection

= decoration

# firing o maturity

* testing for {cad safety

= govertment regulations

What Type of Wore?

The design of some pieces of ware
have inherent problems which make
them unsoitabke to contain food and
boverages.

Design-related cracks, rough areas,
crevicey and nooks and crannies are
difficult to clean and might trap
hacteria. They can also be difficult to
thoroughly glaze. Pitchers with
holtow handles can have the same
problems.

Ware also needs to be serviceable -
that is, it should be string so it won't
fail or break during service.

Making Smart Glaza Cholces

wWhile glazes are extremely durable,
mosl are not completely insoluable. IF
attacked hy acids in foods such as
orange juice, vinegar and tomatoes,
small amounts of the glaze may
tissolve and pose a health hazard.

Arid resistant glazes have passed
Figoraus tests and are labeled as
foadsafe, These should be sclected for
glazing food ware. Lead-free glazes
may not be acid-resistant and should
not be used unless labeled as faodsafe.

Homemade, allered, crackle, matte or
specialty glazes also should be
avoided lor surfaces of containers thar
will contact lood and beverages,

How to Doearate

When glaring. be sure to completcly
glare the ware to ensure the entire
body is scaled. Properly histjued
porcelain may bo dry footed, but only
if the: porcelain has been lired o
vitrification. Label the ware as
Foowdsafe (of future Users.

China paints, decals and rim designs

-
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are a popular way to decorate plates
and mugs, but may net be safe for food
surfaces. Specific regulations exist for
the |ocation of rim decorations which
must be followed.

Decals should be used on the outside
of a piece where they will not be in
conlact with ford or beverages, Use
china paints on decorative itoms only,

Safe Firing

Proper glaze firing and the bizgue firing
are very important ko insure ware is
foodsafe. |f the bisque is underfired, it
may create problems wilh glaze and
by Til thal result in crazing of the
glaze, or glaze surface defocts such as
pintedes. These would nat be accept-
able for ware used bo contain food and
beverapes.

If the gluze s nal properly matured, it
will not meet the foondsafe standards
under which it was 1esled and may
craze while in service,

Llsing pyrometric wilhess cones on the
kil sheli is Lthe only way to insure that
a propes firing has occarred. For
fondsafe ware, many prefer o lire their
bisque to an O3 witness cone just t be
sure: it is fully matare, Read and lollow
the manuiaclurer’s instructions for
elazes for the best and safest results,

Regulations

There are several very specific regula-
Lions for ware which will contain or

contact food and beverages. California
has the most stringent rules for dinner-
ware and new standards have beeon set

by the FOA for rien decorations. These
rules are available Irom slate and
federal agencies. If vou are selling
your dinnerware you may be subject
to additional regulation.

How to Test for Lead Reloase

Several easy to use products ars
available on the market to test for lead
release. These are primarily quantita-
tive tests - that is, they toll you yes or
ner if the surface has lead above a
certain level. The most commaoniy
uscd kit is a thick votton swab which
terns pink i lead levels are exceeaded.
This test does not harm ware so il it
tests ton high in lead, the picce can
shill be used as decoralion. These tests
are a simple, economical way to feel
confident that your ware is safe.

Want to learn more?

Reoad more abou Making Foodsafe
Ware in the Crion Firing Linge and
Technical Tips publications. Each issue
is packed full of articles to help you
learn more abouwt firing. Members of
the Orion Firing Institute receive these
publications ar no charge. Single
copies are available 1o non-members at
a per issue rate, Orton's 80 minute
viden, Key Principles of Successiu
Firing, is also an excellent resource on
firing.

For information on Oron prodocts, see
your Orton dealer or distributor, For
information on the Firing Institute or
pubdicalions, contact

Orton Firing Institute, PO Box 2760,
Woesterville OH 43086, 614-893-2663.
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