High-fire Stoneware
and Porcelain

by David Beumée

think it's time that potters were given more
toxols and information o find out about the
stoneware and porcelain clay bodies that
they use. My cwn bias is toward making one's
own clay, because in the process the artist
becomes close to the source of their materials
when changes need to be made. This cannot be the
case with a commercial clay body, because commercial-
Iy-prepared recipes are proprietary information. | want to
present a process by which potters are able to generate
their own clay bodies, because clay is the mast important
material we use. | understand all too well the tme con-
straints placed on all of ws who wish to make a living from
sales of our wark, and that toals presemed for testing pro-
cedures are also applicable to commencially-prepaned
clays. If problems are recognized, recommendations 1o the
manufacturer can be made, and | sincerely hope that you
will do so. We wamt 1o be able to we high-fire stoneware
and porcelain clay bodies on the whwel that ane highly
plastic and waorkable, have low shrinkage and are of a low
percentage of water absorption, exhibit no warping, crack.
ing or slumping, have a desirable texture and fired calor, fit
a wide varety of glazes, and are safe for use in the oven.

WORKADILITY
As it pertains to a clay body, the term “workability” is a
mare complete definition than plasticity, because it includes
the conceplts of strenpth and thisotropy. Ul try to define the
terms one at a time.

PLASTICITY
For porcelain and stoneware throwing bodies, | want the
maximum amaunt of plasticity | can get from the clays
that are the main constituent of the recipe, | use a wet-mix
miethod that produces a throwing body of excellent plastic-
ity, because by such a method, as great a proportion of
the clay particles as possible is allowed to become wet.
This method is particularly applicable to what | call “irue”
porcelain: a clay body which contains no ball clay, and
which may fire to a truly white color, Such boedies contain
only kaolin clay, and | have tested as many kaolins as pos-
sible to find those that fire white. There are many excellent
choices of kaolin clays 1o be found domestically in the
United States at a far mose reasonable price than imported
Englich kaolins. (See chart “Best OF Individual Clays® pages
48-49) White-burning kaolin clays, unfortunately, are quite

short [non-plastic) in comparison o
many fire-Clays, stoneware, and
ball clays that are available
commercially, and this is the
rexson | go 1o swch trouble 1o
wat mix a porcelain body.

1 (See directions and illustra-
tions wunder Mixing
Procedures.) By mixing the

clay body as a slurry, | am

allowing as much water as
pessible to penetrate between
the flat clay parficles, and this is
the mechanism that allows for maxi-
mum plasticity. As | complete this
research, | am using a commercial porcelain
clay body called P-60-5, made by Mile Hi Ceramics in

Dherver, originated by Herb Schumaker. This is a true

porcelain because it fires very white at cone 10 amd 11,

contains no ball clay, and has excellent glaze fit. But like

almast all commercially -prepared clays in the LS, and

Canada, it is a “dry-mixed” clay body. The process works
like this: & narmal batch of approximately 1500 pounds of

clays, feldspar, silica, and perhaps a plasticizer, are put into

a gigantic mixing machine, and jus! enough water is added
tor turm thes batch indo @ moist clay, a procedure that wets

about 6056 of the mixture, leaving about 40% of the clay
particles still dry. In the case of stoneware bodies, which
use far more plastic clays than porcelains, dry misxing may
produce 4 body that has good or even very good workabil-
ity on the wheel, But it makes an enomous difference
when the only type of clay in a porcelain mixture is kaolin,
which is by nature of relatively large particle size and
therefore quite short. P-60-5 throws OK for a “dry-mixed”
bady, but | wonder how it would handle on the wheel
were It wetnixed and filter pressed, as s the case with

Southem lce, a porcelain body imported from Australia by
Laguina,

STRENGTH AND THIXOTROPY
In the context of porcelain and stoneware bodies for wheel
work, one of the ways | wse the term “strength” is the abili-
ty of a clay to stand up on the wheel, 1o have a kind of
springy, resifient quality that allows for repeated working of
the clay without collapse. For this quality, a lot of plasticity
is needed of course, and wsually a good and effective floc-
culamt is a welcome addition to the mixture to keep your
clay from becoming deflocculated, either from the water
wsed 1o mix the clay or from release of alkalis from the use
of sodium-based feldspars such as Kona F-4, Minspar, or
Mepheline Syenite. In my area of easten Boulder County,
sodium hvdroxide is added 1o the hard mountain water
to make it feel soft. But sodium hydroxide acts as a defloc-
culant, exactly what vou do NOT want in your clay body, 41



and for this reason | add a flocculant such as caleium chlo-
ride to the water used for misdng the clay, Deflocculation
of a clay body defeats strength and makes the clay flabby
and weak as it is thrown on the wheel, (See *Mixing
Procedures” to find out when and how 1o use calcium
chloride to flocculate your clay, whether it is a porcelain or
stonewane body.) Choice of clays used in the body mixture
make an enormous difference in the ability of a clay body
1o exhibit strength on the wheel, 50-mesh Hawthorn Bond
fire clay, and New Foundry Hill Creme stoneware clay
bath have a wonderful “dense” feel for stoneware clay
body mixtures.

| am using porcelain on the wheel, a type of clay that
has cnly fine ingredients in the recipe, Mo addition of grog
or sand is used, and this can mean that certain size con-
straints are placed on the pieces | am able 1o make, Far
larger pieces can be thrown from some donewane clay
bodies, not only because of the plasticity of elays that are
used in comparison to porcelain, but becawse the clays
have much larger particles 1o stand on, namely grog andfor
sand added 1o the recipe, or the use of coarser clays, such
as 35-mesh Hawthorn Bond fire clay or C-1 clay, available
froam Laguna. I vou want a clay body that fires somewhat
“white” like porcelain that has great strength on the wheel
tor stand up to the making of larger forms, you will need
to sacrifice ultimate whiteness of fired color (porcelain) in
favor of a white stoneware body that contains (relatively)
white-burning ball clays, such as 54-5, Cld Hickory #5 or
HCS 05, and perhaps a Grolleg-based grog such as Molo-
chite, (See “Best Of Individual Clays,”)

Also included in the term “workability™ 15 the concept
of thixetropy, referring in one sense to the ability of the
clay 1o stay where it put as it s being worked on the
wheel, Anyone who has opened a bag of commercially-
prepared porcelain has probably noticed what seems o
be a stiff clay that becomes soft and workable as it is
wedged and kneaded in preparation for wheelwaork. This
is thixotropy at work, and | have come 1o realize that a bit
of It 15 a geod thing for the ability of a porcelain clay to
stay where it is put as it is being thrown on the wheel.
Highly thixatropic clay is ancther matter entirely, and is
deflocculated clay that is impossible for use on the wheel,
Good plasticity and strength, and a bit of thixotrogy, com-
bine to add up to good or very pood workability in a
porcelain body for use on the wheel, (Mote: Throwing
with as litle water as possible is particularly important for
porcelain, because the larger particle size of kaolin clay
makes porcelain “thirsty,” meaning that water is soaked
up fas!, greatly contributing 1o early collapse. Lucie Rie
was particularly good at “dry-throwing,” enabling her to
throw extremsely thin porcelain and stoneware pols using
a hare minimum of water, a techrigue which no doubt
allowed her to work the pots for extended periods of time.)

42 As vet, no porcelain clay | have made or wsed can com-

pare 1o a commercial body imported from Australia by
Laguna, known as Southem Ice. If you want to freat your-
self and feel what a wet-mixed, filter-pressed porcelain
throws like on the wheel, try this porcelain. it fires to a
translucent blue-white color the like of which | have never
seen in twenty-wo years of testing and throwing porcelain
clay bodies. The drawback is its very high expense. When
throwing tall porcelain cylinders in preparation for covered
jar o vase forms, | wet the inside of the cylinder only,
using slurry from the previous pull to lubricate the outside
of the pot.

HOW WHITE 15 WHITE?
Only if vou are imerested in gening a great degree of clarity
fram cleas, white, celadon, copper red or other transparent
or translucent glazes, is the ultimate degree of whiteness
from a porcelain clay body necessary. If you want translu-
cency from your clay body, that s, a fired porcelain you
can see light through, a true porcelain that contains no ball
clay is what you want, provided it's thrown or carved thin,
has a transparent or translucent glaze on it, and is fired to a
high enough temperature to allow the body to become vil-
rified completely. But if translucency and ultimate clarity of
glazes are not so imporant, there are many white stoneware
clay bodies that are a lat more fun to throw and handle.
Invariably, these bodies contain ball clay and, therefore,
can be guite plastic and workable on the wheel, which can
mean a big increase in the fun factor as the clay is used. I
mearns, for instance, that handles and knobs can be attached
with much greater ease and much less attention to timing
in comparison to a true porcelain body. But the price paid
for increased plasticity is lithe or no transhucency of the
fired clay and less clarity for your glazes, because ball clay
contains iron, darkening the fired body and giving a darker
background for your glazes to be reflected against. The
plasticizer used to make a true porcelain body i crucial.
All the bentonites | have tested {using fusion buttons) fire
chocolate brown, including those sold as light or “white”
bentonite. Fortunately, Macaloid, Bentone MA, and Vieegum
T are commercially available and all fire very white, but
must be mixed wet to release their amazing plasticizing
gualities.

SHEINKAGE

Many factors contribute to a relatively high shrinkage rate
of porcelain clay bedies. | wet-mix all my bodies, so the
water content is higher than with commercially-prepared
clays, and this contributes 1o a higher shrinkage rate, more
on the order of 16 to 183 for a porcelain, and 14 or 15%
for stoneware bodies, Porcelains are composed of all fine
materials, usually 200 mesh or finer, so the melt is closer
ter glass than for a stoneware body, which also comributes
to higher shrinkage. I fire to a hard cone 10, and porcelain
clay bodies contain a relatively high percentage of flux in



comparison to stomeware bodies, ala contributing to
higher shrinkage. Most importantly, kaolin clays are
high shrinkage by nature, All my favorite kaolin
clays (Helmes, 6 Tile, EPK, DB Fleat, Standard
Porcelain [from England], and Macnamee) P/f
are all between 17 and 2095 shrinkage as |
individual clays twet mixedi. | have long
since compensated by over-sizing mvy pots,
but it never fails to surprise how a tightly
packed kiln can have so much empry
space when the door ig finally apened.

Here 15 how to find oul how much your
clay body shrinks: You will need to build the
press mald form described in llustration #1, Mine

more resistant to thermal shock. | think up to 2%

-"/A ~_ of water absorption i fine for a cone 10 or
+

. 11 stoneware clay body. Use your fired test
Arame™. bars (lllustration #1) 1o make this test.
T While the bars are still warm from the
b finng, weigh them carefully to the
| nearest tesnith of a gram and recond
your numbers, | use a triple beam
Ohaus scale for all my weight meas-
| urements. Naw boil your test bars for
/ twio hours and allow them o soak
" overnight. | pressure cook my test bars
but, whatever method is used, be sure to
allow the bars ta soak for at least eight

are made of wood, which provides an absorbent mate- T hours. Now pat dry to remove excess water and

rial that the press-molded clay will shrink away from, so
that the test bar can b lifted out of the form using a strip of
camvas that | lay down in the bottom of the form. Be sure
1o screw and glee your rails onto the base with the tough-
est epoxy you can find, and use clamps or a vise to glue
your rails in place, Be sure nod to seal the wood in any way,
or put lacquer or Varathane on it. If the grain of the wood
for your base goes in the same direction as the grain of the
wood you use to make your rails, your chances of building
a form that will stand up 10 vse will be much greater.

To test a body, use a pound or two of moist e

clay and press it into the form until you see -
the clay squirt out the open sides. Now

wisigh your tests again. The formula is: wet weight minus
dry weight, divided by the dry weight, times 100, will give
the percentape absorption of water for the particular clay
body test you are making, For porcelains, 1 like to get a
percentage reading of 0.05%, 0.15%, or some such thing,
instead of a flat zero, because a very tiny bit of absorption
tells me | have added just encugh feldspar and not too
much. Remembes, we want great throwing bodies. That
means we want to keep non-plastic materials, such as silica
and feldspar, to just the amount needed, and no mose.
| have always imagined that a cone 04 eanhenware
=~ makes great ovenware precisely because the clay
., remains of a higher parosity than fired stomne-

wire off the excess clay and smooth
the top and sides with a stiff rib, and

, ware or porcelain, This means that when such
% a body is ithermally) heat-shocked, such as

immediately mark off 100 mm (10
cmi) into your test bar, using a razor
blade for accuracy. {llustration #2)
Wiite into the clay which body you

I taking a plate out of the oven and putting it
in water, an earthenware plate of 10% water
Paoa s 8 8 A FE N E o ption (porosity), may be more likely to

| survive cracking because the shock can be

are testing, so it can be identified
after the firing. Next day your test bar
should be stiff enough to lift out of the

press mold. The particular press mold form
that | use makes a test bar that is thick enough -
so that repeated furnings are not necessary as the bar dries.
Just lift or pick the bar out of the form and set aside to dry
completely. Biscuit- and high-fire your test bars in between
your pots, and after firing, carefully measure betwean the
razor blade marks with a ruler that has a millimeter scale
on it If the measurement is 82, for instance, your poroelain
clay body shrinks 18% at the temperature you have fired
your kiln, (100 = 82 = 18% shrinkage). At cone 10 or 11,
your hope ehould be to produce a stoneware body with a
smaller amount of shrinkage, more like 11-15%,

ABSORFTION AND THERMAL SHOCK
For porcelain clay bodies, | expect 0% absorption at cone
10, but | think a litthe porosity in a stoneware body may be
a good thing because it may make the stoneware clay body

dissipated by the porosity of the clay. Such
would not be the case with a porcelain body
of 0% absorplion, where the body is “tight,”
or completely vitrified. If such a piece were
— similarly shocked, the shock would have nowhere to
go because complete of nearly complete vitrification has
taken place, hence the 0% absomition, and the pat breaks.
But the highly flusxed mature of a porcelain body also
means that the possibility of cristobalite formation is very
low, and | have never had trouble using porcelain bodies
as gvenware, and have never had a call from an angry
customer. | regularly put my porcelain pots in preheated
ovens, but that is not to say that | 1ake hot porcelain pots
out of the oven and dunk them in water, or that | take poroe-
lain casseroles out of the freezer and put them directly in
a preheated oven.

WARPING, CRACKING, AND SLUMPING
According to Dr. Carty's lecture at the 2002 NCECA confer-
ence, “Holistic Approach to Defect Reduction,” warping
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and cracking in a clay body are two sides of the same
problem. Warping is due to compression, and cracking 5
due to tension, and both problems develop becauss of
non-uniform particle packing in the body, On a practical
basis, | have tried to solve this problem by including as
much vanety of individual clays as possible from vy list
of “Best OF individual clays in any clay body recipe | for-
mulate, | try my best to mix the body as thoroughly as pos-
sible. Much can be learmed from testing and finng small
batches under similar procedures and looking at fired test
bars side by side. If | see a stoneware clay body test that
exhibits severe warping or cracking, | add some coarse
@rog to the clay body mixture or substitute coarser clays
such as C-1 or 35-mesh Hawthorn Bond for some of the
finer-mesh stoneware clays or ball clays in the recipe.

Becawse porcelains con- e
tain a hgher percentage
of flux than stoneware Lk

clay bodies, | may
conduct a slump test
on a new porcelan
body, particularly

if | see a porcelain
test bar come from
the: firing slighthy
shiny. (Iustrations #3
and #4.) You'll need to
make a similar but small-

er wooden form, according
1o the measurements given in

A5 in

PRESS MOLD FORM

POR SLUMP TESTS

Mustration #3. Press mold clay into this fomm just —

as you would for the shrnkage bar, wire off the
excess Clay, smooth with a stiff rib, and write
inte the moast clay which body you are test-
g, You will need to watch thas test bar
chosely as it dries, as a bar of such thinness
will curl, and needs to be turned as it

dries to come out flat. Then bascuit- and
high-fire your test bars on a cut soft brck,
(Mustration #4) Dip the top edges of the
Brick in kiln wash so the test bars can slide
as they shank in the finng, The bars that stay
mearly flat at the temperature and in the time
cyele in which you fine are the porcelain clay
bodies to pursue,

T
B

b

TEXTURE AMD FIRED COLOR

One of the benefits of damg your awn clay body testing

15 that you get to choose exactly the texture and fired color
that are nght for you., 1500 gram lests heave you enough
mieist clay to throw a small pot {see Mixing Procedures),
and if the texture or plasticity are not just the way you like,
you can make a change, Perhaps the body will have a cer-
tain feel that | can only describe as “dense and just right,”
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or perhaps it will be rough from foo great a percentage of
added grog, or have a sticky, overly smooth feel, Perhaps
the color of the fired test 1s too dark from an addition of
iron-bearing clay or iron oxide, or not dark or light enough
for your taste. With the familiarity gained by mixing your
own clays, you can begin to take control of your own fate
and begin to make changes with confidence,

A note on adding iron oxide to stoneware clay bodies:
According to Jim Robinson’s article, “Fear of Silica: An
Approach to Stable Stoneware,” (STUDID POTTER, Vol 9,
No.2, Jume 1981), if you add red or black iron oxide,
yellow iron oxde, vellow achre or any other form of iran
oxide 1o a clay body 1o improve fired color, keep your
addition to 1% or less. Iron is a flux, and benedicial mullite,
which forms in the body during the firing as an important
source of strength to the clay, can be dissolved by the
glasses that are formed by an overabundance of iron,
meaning that your fired body may become britile, Without
the addition of ron, your stoneware body may end up
being more of a gray color than the beautiful tan or brown
color we all know and love, but this gives the opportunity
to bewin to use colored slips. My tests reveal that 1/2%
Blackbird! Barnard slip, added to a slurmy made of your
stoneware clay body, gives a wery nice tan color as a slip
added over the leather-hard clay. For mediuvm brown, 1%
Blackbird/ Barnard seems to be about night, and for dark
brown, try 1/2% yellow ochre or 1/2 to 1% red iron oxide.
Allow some af your tnmmings to dry out completely so
you can get a dry weight 1o add a percentage of won to
make into a colored slip. Add the percentage of iron to the
dry mix, and add the mix 1o just enough water 1o
get the entire mix soaked. Mix the slip very
.. well and screen through a 60-mesh sieve

% ", before use on wet or leather-hard ware,

%f
e

" This will give you a thick slip to which a
! small amount of sedium silicate can be
added if it is 100 thick for your liking.
4 This will thin the slip without adding
| any water, which would contribute to
/ cracking of the slip as it dries. If yvou
want to add iron 1o your body, remem-
ber that if possible, adding an iron-rich
refractory clay i a small percentage to
a stoneware mix, rather than adding
straight iron oxide, will mean much less
staining of your hands, clothes, and everything else in your
stdio. (Mewman Red, available from Laguna, i a highly
refractory iron-beanng clay, 10% or less added o a
stonewane clay body medure 15 my recommendation. )

45 in

THEEMAL SHOCK, GLAZE FIT,

AND CRISTOBALITE
In creating oven-safe staneware and porcelain bodies,
there are many potential difficulties. First, creating a body



that k& balanced in terme of its expansion and contraction,
neither too high, or too low, seems of obvious importance,
In the absence of a dilatometer, wsing Jim Robinson's Glaze
Test Senes (sTuDiD POTTER, Vol. 16, No.2, page 74), we are
creating clay bodies that expand and contract in a way that
will fit & wide variety of glazes from bow to high expansion,
which belps in the effort 1o create clay bodies that are safe
for wse in the aven.

Second, try 10 eliminate cristobalite from forming in a
high-fire clay body, also done through the use of the 10
glazes of high 1o low expansion in the Glaze Test Series,
as feldspar is gradually added to the mixture, My recom-
mendation is that a potash-based feldspar is best for high-
fire clay bodies, because there is less chance of soluble
alkalis leaching into the clay, and therefore less chance
for deflocculation o occur, My fusion button tests show
G200 feldspar having a slightly greater melting capacity
and alse a more translucent melt than Custer feldspar. Both
products melt very clean with no hint of contamination,
bt | prefer G-200 because | can use less of it 1o achieve
the same absorption percentages in the clay bodies that
| ereate.

Third, is chowe of materials for the clay body, and it is
gradually becoming obvious that a choice of coarser mate-
rials that leave a clay body slightly “open,” with a slight
percentage of absorption of water after the firing may
be a key in creating stoneware clay bodies that are safe for
wse in the oven, In general, as Jim Robinson states in *Body
Building for Potters,” you can consider that for a stone-
ware clay body, an average of 20% non-plastic materials
(feldspar and silical will need to be added 1o a blemd of
clays “to stabilize and gve it good glaze fit characteristics.”
From my experience, that average increases to a 35% addi-
tion of feldspar and silica added to kaolin clay for porce-
lain clay bodies,

Thermal shock has to do with the ability of a fired clay
body 1o withstand the ngors of dally use in the kitchen by
customers who may pay no attention (o that card you may
have sent along at the time of sale, Mine savs: “This potteny
is intensded ior daily use, and & suitabile for use in the oven,
but all storeware and porcelain pottery 15 vulnerable 1o
sudden temperature change, Don't use over direct heat,
Don't pour cold water into hot vessels, or put a hot vessel
into water. Don't put a cold vessal into a hot oven, and
don't use for dry roasting or beoiling, The pots are dish-
washer safe and contain no toxic materials.” This always
has seemed overly punitive, and | have wondered if a
stoneware or porcelain body could be created that 15 resist-
ant enough to themal shock that my care card swouldn't
scare peoole away from using my casseroles for their
intended purpose.

There are clay bodies that are relatively high in expan-
sion (and contraction) in relation to the glazes that cover
them, and clay bodies that are of low expansion. In the

absence of specific testing, such as taking pots made from
bath high and low expansion materials, putting them in a
hat oven, letting them heat to say 425°F, taking them out of
the oven and plunging them in cold water, | make an
assumption that clay bodies of relatively baw expansion will
survive where those of high expansion may not. But how
do | know about the relative high, low or balanced expan-
wion of a clay body? | know by having tested 10 test mice
of each body with a set of glares that range from very high
to very low expansion. (See |im Robinson's Glaze Test
Senes from his groundbreabong article "Body Building for
Potters: A Clay Blending Formulary,” published in stuma
POATER, Yol 16, Mo.2, June 1988.)

If a clay body is of LOW expansion because of the par-
ticular matenals chosen for its recipe, then it will fit the
low expansion glazes in the GTS (Glaze Test Series) with-
ot the glazes shivering (GTS numbser 7 and 8, and espe-
cially numbers 9 and 100, But it will be found that the high
expansion glazes in the Senes, numbers 1, 2, and 3, will
have crazed, and very possibly numbers 4, 3, and 6, and
sometimes even numbers 7 and & as well, on bodies of
extremely low expansion.

If a body 15 of HIGH expansion, then it will be found
that the high expansion glazes in the GTS, numbers 1, 2,
and 3, will fit the body without crazing, bat that the low
expansion glazes in the series, numbers 9 and 10, and pos-
sibly numbers 4, 5, 6 and 7 as well, will have shivered
over the high expansion body.

The mechanism works like this: If the clay expands (and
contracts) MORE than the glaze (we use the term expan-
sion o mean both expansion and contraction), then the
GLAZE is put in compression by a high expansion clay
body, and the BODY is pat in tension, The body may put
susch a squeere on the glaze that the glaze will pop off the
pot after the firing, in shards so sharp that to compare them
1o a razer doesn’t even come close, This is called shivering
of the glaze, But a small amount of compression by the
clay onto the glaze is actually very helpiul, because the
whale pot is strengthened, A similar siteation is a glaze that
expands and contracts LESS than the clay, like a shino glaze
wilh low expansion materials in the recipe like spodumene
or petalite, This situation also puts the clay body in tension,
and 1 can mean that the pot will erack, even though the
fired clay 15 of much greater thickness than the glaze,
because fired ceramic materials don’t stand being pulled
apart (being pat in tension) very well,

If, on the other hand, the clay expands (and contracts)
LESS than the glaze, or the glaze contracts MORE than the
clay as the kiln coals, then the glaze is put in tension and
the clay body is put in compression. The glaze cracks open
hecause it's being pulled apant, You can imagine what hap-
pens to a cooled form of glass that's being made to stretch
awer a fired clay that is contracting a1 a slower rate, If the
expansion rates are nearly the same, and the glaze 15 con-



tracting only slightly faster than the clay, you get great big
crackles in the glaze. If the glaze 1 contracting at a much
faster rate than the clay, you get linle tiny crackles, and the
glaze continues to crackle weeks or months after the firing.
This can be used to great decorative effiect, coloring crack-
les with cne color of ink after the finng, and another color
at a later time. Bul funclionally yvou have greatly weakened
a pot by having a glaze on it that is crazed or crackled.
You can consider that the overall strength of your pat has
doubled with uncrazed, or non-crackled, glazes surround-
ing it inside and out, and that you have cut the strength

of your pot in half by the use of crazed glazes. Also, cus-
tomers don't understand functional pals that have crazed
glazes on them. They are used 1o seeing pots manufaciured
by industry, which has long since known what potters
need to know and apply to pots that are 1o be used in the
kitchen and on the table. It is possible [although not partic-
ularly likely) that bactena eould grow in the glaze crackles
that are stained on the inside of a coffee or teacup, for
instance. When you've chosen the clay bodies that you
want, test and adjust your existing glazes so they fit your
bodies without crazing. Save crackle glazes for use on
decorative-lype ware,

CRISTOBALITE AND SILICA

In the context of producing oven-safe stoneware and
porcelain clay bodies at high fire temperatures of cone 9 to
12 and in the context of talking about thermal expansion
and thermal shock it's impartant to understand that silica
(5i0,) is the main influence. What | have been accustomed
to wsingg as an addition to a clay body recipe is 200-mesh
quartz silica — a product which is ground to a very fine
powder that | assume is passed through a 200-mesh screen,
The probilem is that 75 to 85% of “200-mesh” silica 15
much finer than 200 mesh, all of which also falls through
the sereen, Here 15 a quote from author teacher and potter
Peter Sohngen writer of a superb article in Vol. 28 No.1 of

sTupi POTTER, Dec. 1999 called “Cristobalite: The Hump,
New Data on Silica at Cone 10.7 “The fact is (that) a lot of
the silica you've added and most of the free silica in the
clays will change 1o cristobalite when fired to cone 10 it
is mot fluxed by the feldspar.” So why is the formation of
cristobalite in your clay body a problem? It's a probdem
because it can cawse your pots or your custormnens’ pots to
crack at oven temperatures meaning that you not only lose
a customer but you likely lose all your customers” friends
as well,

Another potential source of silica that can turn inbo dan-
gerous cristobalite is the silica contained in clay itseli, A
theoretical farmula for kaolinite iclay) is Al 25005, 2H,0,
so you can see that clay contains a very high amoaunt of sil-
ica in relation to the amount of alumina; theoretically twice
as much, As clay is fired, some of the silica 15 ejected, and
this extremely fine silica will also change to cristobalite, i
it is ot soaked wp in the melt by a sufficient amount of
added feldspar to the clay body recipe. Though it is chem-
ically identical to silica, cristobalite has a much higher
coedficient of expansion, meaning that its inner orystalline
structure *gives it a high 3% discontinuous expansion on
hesating at 220°C jovenware temperature] and is the cause
of most ware failure from thermal shock, especially on kil
cooling, or in oven use.” {lim Robinson, “Body Building for
Potters,” sTupe poTTer, Vol.16 Mo, 2, page 74), 220°C is
about 350°F, right at the temperature that would be used 1o
cook food on that platter or in that casserale you sold,
BANG! Someone's dinner party is ruined, there's a heck of
a mess o clean up, and you have angry customers an your
hands that will never buy a poa from you again,

Thermal shock, glaze fit, and growth of cristobalite in
wour clay body are all interconnected, and Jim Robinson’s
Glaze Test Series can give you a good indication that no
cristobalite has formed in your clay bedy, and will also
allow vou to know that your clay body will fit a wide vari-
ety of glazes, It is an excellent article and has formed the
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basis of my understanding about the dynamecs of high-fire
clays.

You will notice in my handout of “Best OF Individual
Clays For Throwing Bodies,” that | have included the silica
to alumina ratio for each clay. (SVAL. As yvou use Jim
Robinson's program of testing individual clays, you will
natice that clays of low SiAl ratio, such as kaolin clays,
will cause many of the glazes in the GTS to craze, but that
if substitutions of individual clays to the all-clay blends
are made which have a higher Si/Al ratio, such as C-l clay,
crazing will diminish. If you look at page 379 of the fourth
edition of The Potters Dictionary by Frank and Janet Hamer,
you will see Table 26, “Table of thermal expansion and
contraction.” Chur capricious friend silica appears twice
on the table, in its crystalline form near the top of the scale
{hgh expansion), and near the battom of the scale’in its
fused form in bodies or glazes (low expansion). Quartz
silica added to a clay body means its expansion will be
raised, becawse in a clay body nat all of the silica is taken
into the melt, meaning that crystalline quartz would still
be present (high expansion). The more silica, the higher
the expansion of the clay body, putting a greater number
of the GTS, and probably some of the glazes in your studic,
into compressive fit, meaning that crazing is diminished.
Adding silica o a glaze will lower the expansion of the
alaze in relation 1o the clay body, because in the case of a
2laze the silica is taken into a fused state (melted), meaning
the silica has become a fired substance of very low expan-
sion, which means once again that crazing s diminished.
Silica that survives the firing intact in a clay body is of high
expansion, and silica that is taken into the melt in a glaze
is of very low expansion, so adding silica either to your clay
or glaze will dimunish crazing.

BODY BUILDING
Jim Robinson's article isn't called "Body
. Building for Potters” for nothing. It is a

very invalved process, He asks that you begin by testing
the 10 glazes of high (3.4) to low (5.05) expansion in the
Glaze Test Series on each of the individual clays that you
might wse in a clay body blend. Here I've shomened your
task considerably. i(Refer to “Best OF Individual Clays,”)

Mext you are asked o prepare an “all clay” blend, and
run the GTS (Glaze Test Series) on each of the blends of
clays that you think might werk as clay bodies. Next he
asks that you make incremental additions of feldspar, and
run the GTS i each incremental change, until GTS num-
bers @ and 10 fit the blend withowt shivering. This gives a
good indication that no cristobalite kas been able o form,
and means that your clay body will likely be safe from at
least one form of potential shock, that of a sudden expan-
sion and contraction of your pot M overwarne temperatures
due to an excess of crigobalite growth in your clay, (Note:
This is an indication oaly, Dilatometry pedommed an your
fired clay body is the only way to really know.)

Mow that you have lowered the expansion of your clay-
feldspar Blend 1o eliminate growth of cristobalite, vou are
now asked o raise the expansion of your blend by the
addition of silica to achieve good glaze fit, meaning that
your clay body will fit a wide variely of glazes from low
tor high expansion, namely GTS 3=10, (GTS number 1 and
2 are of such high expansion that they will craze over a
balanced clay-body blend),

WOILA! You have a clay bedy that 15 very likely safe for
use in the oven and also fits a wide variety of glazes.

MIXING PROCEDURES
For testing new prospective clay bodies, 1 mix 1500-gram
balches, After weighing out the dry ingredients, | mix them
together dry inside a small 17 x 18-inch plastic garbage
hag, Leave some air in the bag and close tightly with a
twvist tie, | wse ane gallon buckets, and | use the proportions
ane milliliter water to one gram clay body mix, or 1500 ml
water 1o 1500 grams clay body. Pour the dry mix into the
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water, never the other way around, | always wear 2 mask
for this part, and da it close to an outlet fan, which pulls
the dust away. Allow the mix to sefthe into the water, cover
and leave overmight. Next moming, mix thoroughly, screen
and powr into a draing bat. If the body contains grog | skip
the screening, Otherwise | use a 40-mesh and pour the wet
mix into plaster bats, Mine measure 17 inches round by 4
inches high, with a well in the center 13 inches by 2 inch-
e dheep. Thee original form was thrown, and plaster castings
wene madhe from it When the clay body test has dried to
workahle consistency, | wedge the clay, roll out a coil o
wrap around my finger to test plasticity, and press clay into
my press mold form (see lesration #7) 10 make a test bar
for shrinkage, absorption and fired color testing.

So lot's say that vou've determined that a particular clay
body s a good one, and now you want b mix & quantity
and begin to wee it, For mixing quantities of a proven clay
body, 1 ¢art with 30-gallon plastic basels, and | try to find
ones that have flat botioms, | {1l the barrels about 3/4 full
of warm water for each 108 pounds of dry mix and add
2% Macalowd, Bentone MA o VeegumT plasticizer to the
watier as it 15 besng stirred 1o mix a porcelain clay body,

il it is a mixture that contains enly low-plasticity kaolin
clays such as DB Float or Standard Porcelain. {908 grams
Macaloid per 100 pounds of dry mixl, If the recipe is a
while stonewarne, or s & porcelain body that calls for moee
pladic kaolins such as Helmer o & Tile, | add 1% plasticizer
{454 grams per 100 pounds of dry max). If the water is
warm and i being stirred, the dry plasticirer should mix
into the water if ot is added slowly. Now mix thoroughly
with a drill mixer and allow the misdure 1o soak overnight.
This is key, because the water breaks down the plasticizer
to a kind of gel, and adds an astonishing amount of plastic-
ity and workability 1o a porcelain body for use on the
wheed, Menw add the dry kaolin, allowing it to settle natu-
rally into the water/plasticizer mixture. Don't rush it Onee
again, leave overnight 1o allow the clay to slake properly.
{Helmer kaolin takes a1 least an extra day 1o slake).

Mo mix the clay and plasticizer together tharoughly
trying 1o avold creating a vortex as you mix, which would
pull alr into your clay. | use a commercial [iffler mixer,
powered by a Dewalt 38 inch drill thar will give up 1o
2500 rpm, and | have modified the shaft 1o a longer length
0 it will reach to the bottom of the barrel. Whatever brand
of drill is used, try to buy one that gives the highes: rpm
passible, above 2000 mm is good. Now add your non-
plastic ingredients, the feldspar and silica, and again mix
thoroughly. As a last step, | add the flocoulant to the mix-
fure. I use 0,4% calcium chloride, a chemical that does a
wonderiul job of flocculation of the clay body mixture,
0.4% equals 181.6 grams calcium chloride for each 100
pounds of dry mix. Always add the calcium chlonde to a
small amount of warm water and allow it 1o go into salu-
tion befare adding it to the bamel. | abways screen my clay,

s0 | mix the slurry thin enough fo drop easily through a 40-
mesh screen. Mow line the inside of yvour drving rack with
cloth (1 use heavy cotton ticking matenal) and pour in the
clay body slurry even with the 1op of the frame. (IHustration
#8) The excess water drips through the cotton, and water
evaporates off the top, leaving superb throwing clay for
WORUF LisE.

I you're in the Desver area and don't want to bother
with mixing your own clay or don't have time, there are
somie commercially mixed clay bodies from Mile Hi
Ceramics in Denver that | have tested and can recommend.
Far stoneware clay bodies for cone 10 and 11 reduction,
Mountain Stome, Huckleberry, Cedar, Biz Bod, Dover, and
4010 all have shown good to excellent workability, low
shnnkage, acceptable absorplion percentage, RO warping,
cracking, or slumpeng, good textural feel and fired color,
and good glaze fit. AL the present time, | use a Mile Hi
porcelain known as P-6D-5, a bady of excellent white-fired
cobor and glaze fit when fired 1o cone 10 0 reduction,

A the present stage of this research, many guestions
about thermal shock resistance remain, According 1o [im
Robinson’s amicle “Body Building For Potters,” what 1s the
relationship between excellene of glaee Gt for a clay body
and ressstance 1o thermal shock? Are low-expansion bodies
really more resistant to thermal shock than high-expansion
bodies, and how resistant to vanous sons of thermal shock
does a clay body need to bet Time and testing will provide
answers. | hope if you begin thes joumey, we can help each
other along the way.

I woubd like to acknowledge, with a great debt of grati-
tude, the articlies by |im Robinson and Peter Sohngen,
published in sTumo poTTer, Thanks 1o Jonathan Kaplan,
Ron Roy, Tim Frederich, Russ Fish of Old Hickory Clays,
Michael Wendt of Idaho Clay and Glaze, and o the con-
tinued encouragement of Mel [acobson, Special thanks to
Coerry Williams of sTuDio pOTTER foe permission fo reprint
sections from the Robinson and Sohngen anicles.
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