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The earth’s surface composition is made up of minerals. Five minerals make up 90% of the earth’s surface:
1.
Feldspars

a.
Orthoclase K2O

b.
Albite Na20

c.
Anorthite Ca0

d.
Spodumene Li20

2.
Amphibole Pyroxenes ‑ Calcium‑Magnesium Silicate

3.
Quartz

4.
Mica

5.
Titanium materials

Feldspar:  Any group of crystalline minerals that consists of aluminum silicates with an alkaline (potassium, sodium, calcium, or lithium).

Seventy‑five percent of the earth’s crust is silica and alumina.  Silica and alumina were originally in the form of feldspar.  Feldspar rock is broken down primarily by water, but also by wind and the expansion and contraction of earthquakes, and the melting of glaciers.  When alumina and silica are combined with two parts chemical water, this becomes clay.

Clay: can be defined as an earth mineral substance composed mostly of hydrous silicate of alumina ‑ plastic when wet; hard and rock-like when fired.

[Hydrous: containing water, usually chemically.]  Chemical water leaves the clay between 650 to 900 degrees Fahrenheit.  Clay starts to become a bisque-like material above 900 degrees F.  We bisque fire at 1,830 degrees F. Cone 06. 

Clay Formula:  A1203 2Si02 2H20 (Kaolin clay is a very white clay)





    Physical Characteristics:

Quality of plasticity:  The amount of organic matter present in clay      determines the plastic quality.  The more organic matter in the clay, the more plastic the clay becomes. This organic matter is usually in the form of carbon.

Particle size and shape:  Clay particles are elongated and plate-like                   in two-dimensions, and thin in the third dimension.  The smaller the                 particle size, the more plastic the clay.


P = Primary (non–plastic)(short)

S = Secondary (plastic)(fat)


Classification of Clay:  Clay can be divided into two groups:


1.
Primary Clay (residual clay): 

Clay which is found where it was formed.  This clay is called Kaolin or Fire Clay.  If natural fire clay is workable, then it is called it a natural stoneware clay. The following physical characteristics are present in these clays:

a.
Purity

b.
Whiteness

c.
Freedom from objectionable mineral or organic contamination

d.
Large particles

           2.   Secondary Clay:

Clay that has been carried by water, glaciers and wind from its original site.


         Physical Characteristics: 


a. Impurities, organic matter
   


b. Fine‑grained and plastic

    The largest deposits of Secondary Clays in this country are found            in Tennessee and Kentucky.  Kaolin Clays (primary) are found in           Florida and Georgia.  The purest Kaolin Clay is found in North               Carolina.


  The following clays are found throughout the world in varying colors:

(P)
1.
KAOLIN (China Clay)



Melts above 1800 C. 3272 F. Ceramic Industry uses porcelain and Bone China slip casting for most of its commercial pottery.  There are only small deposits of China Clay.  As Primary Clay, it is relatively pure and is used chiefly in glazes and the making of porcelain clays.  Porcelain Clay can have shrinkage of 16% - 20%. 

Porcelain Clays initial development occurred during the Shang Dynasty 1400B.C. (1700B.C. to 1027B.C.), the Han Dynasty (206B.C. to 220A.D.), and the Song (Sung) Dynasty (960A.D.to 1279A.D.).  The highest development of porcelain occurred in the Sung and Ming Dynasties (1364A.D. to 1644A.D.).   Their porcelain clay matures at 1300 degrees C., 2372 F. Cone/8,9,10,11. The Chinese culture developed the high fire process of stoneware and porcelain by inventing the down draft kiln between 2000B.C to 100A.D.  Prior to the down draft kiln all cultures fired with updraft kilns.  These kilns were unable to fire above 2,100 F.Cone/03-01

Europe (France, Germany and England) discovered Kaolin in the early 1700’s A.D. but did not create a true porcelain until about 1770 A.D. 

(S)
2.
BALL CLAY
Melts into a glass at 1,300 C., 2,372 F. Cone/8,9,10,11.  Maturing temperature is around Co ne 06 - 04.  Shrinkage is about 20%.  It is very plastic and contains carbon.  Ball Clay is a Earthenware Clay, but is too plastic to be use by itself.   It is used in the making of clay bodies to improve plasticity.  The largest deposits are found in Tennessee and Kentucky.  Natural earthenware clay is found mostly along riverbanks, and was utilized by most cultures.

(P)
3.
FIRE CLAY
Melts at 1500 C., 2759 F.  Cone 17,18,19.  Fire clay is a non-plastic clay mainly used in the making of Stoneware Clays.  Fire Clay has shrinkage of 12% - 16%.  When used by itself for making pottery, it is called natural stoneware clay. If fire clay is non-plastic to use as stoneware clay, it is then called Sagger Clay and is used in the making of kiln furniture. 

(P)    4.     SAGGER CLAY
Sagger clay is very non-plastic and makes a dense tough body when fired.  It is rough and refractory, making it resistant to thermal shock and fatigue.  Sagger clay is used for flue liners, fireplace brick, the making of kiln furniture and firebrick. (Firebrick is used for building a kiln, not to be confused with fireplace brick)

(S)
5.
STONEWARE CLAY
Matures at 1200 to 1300 C., 2210 to 2390 F.  Cone 8,9,10,11,12.  It is a plastic Secondary Fire clay.  Stoneware clay that can be used by itself directly from the clay deposit is called Natural Stoneware clay. (Do not confuse this natural stoneware clay with stoneware clay bodies that are made up of different clays of primary and secondary clay.)

(S)
6.
EARTHENWARE CLAY
Matures from 950 to 1100 C., 1733 to 2030 F. Cone 08,07,06,05,04. Ceramic Industry fires to Cone 04,03,02,01, which is low fire earthenware.   Natural Earthenware Clay can be used by itself directly from the clay deposit; it is also called surface clay. This is the most common form of clay and is found almost everywhere on earth.  It is used for common red brick and was the first clay used historically in pottery making.  There is also high fire earthenware, C/4,5,6.  This is very poplular because one can fire an electric kiln firing and the clay and glaze has a look that is somewhat stoneware looking in nature.

7.
MISCELLANEOUS CLAYS:

Adobe (S) / Terra Cotta (S) / Flint (P) / Shale (P) / High Alumina clays (P), / Gumbo (S) / and Bentonite (S)  (Bentonite is a volcanic clay used in glazes to keep the liquid glaze in suspension, so it does not settle to the bottom of the bucket.)

                  COLORED CLAYS AND MINERALS:

Alberhill Clay – dark red

Kaolin - white

Kentucky Ball #4 clay – buff brown

Fire Clay ‑ buff

Goldart Clay ‑ tan

XX Sagger Clay – bone white

Barnard Clay ‑ black

Silica ‑ white

Red Iron Oxide – dark brown

Feldspars ‑ white



WORKING STAGES OF CLAY:

1. Wet or Plastic: (Plastic or Plasticity is the pliability of the clay.)

2. Leather Hard: The clay is stiff but there is still water in the clay. This is an important stage. (You can add clay on or carve away the clay.)  There are several stages of leather hard.

3. Bone Dry: (The clay is completely dry and ready for the bisque firing.)  The bisque firing turns the clay back to a rock like material, making it ready for the glazing process.

4. Greenware: (Clay pottery before it is fired.)  All the above stage (wet or plastic, leather hard and bone dry) is considered greenware.

TEMPERATURE:  Temperature is read in Fahrenheit or Celsius (centigrade).  Most countries read temperature in Celsius.  We use pyrometric cones to read the temperature inside a kiln firing.  

The pyrometric cone was invented in the 19th century in Germany.  



BISQUE FIRING: 

Bisque firings fire in an oxidation atmosphere, between C/09 to C/04.  We bisque fire at C/06, 1,830 F.   Bisque kiln firings fire above 1,650 degrees Fahrenheit drives off all organic matter; dead plants, animals, humans, etc., that has turned into carbon impurities in the clay.  Clay Blotting occurs otherwise when firing to the higher temperatures.



Firing a Bisque Kiln:

1. Pre-heat, drives off any remaining physical water.

2. Fires out the Chemical Water. 650 to 900 degrees Fahrenheit.

3. Quarts Inversion. 1000 to 1100 degrees Fahrenheit.

4. Fires out the Organic Matter in the clay. 1,600 to 1,700 degrees Fahrenheit.

5. Bisque Kilns should fire from 1,700 and above.  Cone 09 to 04. We fire at Cone 06, 1,830 degrees Fahrenheit.

Burnishing Bisque: 

Is usually fired below 1,600 degrees Fahrenheit. Cone 016 to 012.  The organic matter can diminish the burnished surface if fired above 1,650 degrees.  The best way to burnish is to let the pot or engobe become bone dry, then burnish cooking oil.  Brush on the cooking oil and let it soak in and then burnish.



SLIPS: 

Slip is liquid clay.  Slip is used to attach clay together. Clay becomes slip by adding and mixing water into the clay. 

Soft Leather Hard to Leather Hard is the best stage for attaching clay together.

There are different kinds of slip mixtures.  Just Vinegar alone works well, or clay and vinegar, or clay and water, or clay, water and vinegar, I use clay and vinegar, no water. 

Bone Dry Clay and Vinegar makes a good slip for attaching and repair.  One can repair broken bone-dry pieces by soaking in vinegar until the clay starts soften, then attaching with the bone-dry clay slip.

SLIP BONDING FORMULA:                         
Vinegar




                             1 cup

Karo Syrup




                             1 cup

Clay body that you are working with                            1 cup

Hydrogen Peroxide



                    one teaspoon

Depending on the size of a project, one may want to double or even triple the quantities of the formula before starting.

Mix thoroughly, if slip appears to be too soupy, gradually add more clay until slip becomes thicker.

Wet Work:  This formula works best in the wet working stages.  Apply liberally to scored areas and allow it to dry slowly.  Clean surrounding surfaces of any excess clay or slip.
Important:  Make sure your work area is always protected with newspaper or any material that you do not want to keep.  Slip will dry like concrete, so clean up any spills immediately.  Never allow slip to dry on your tools or your brushes.  Always keep tools and brushes submerged in water while working.  Wash with soap and water when finished.  Never leave container with slip open while working, always keep closed between applications.
Bisque Ware:  Successful repairs have also been made with bisque ware.  However additional bisque firing is recommended to secure the repair.  Avoid touching the repaired area, delicate care should be taken when handling the entire piece until after the glaze firing.
Storage:  The slip will store well as long as the container is properly sealed.  If it appears to be too thick after storage, gradually add vinegar until it becomes more consistent.  Note:  Smells like dead fish in the drying process. I tried it and I didn’t care for it. 
Decorating Slips:  Decorating slips are called engobes.   In the ceramic industry engobes are called underglaze colors.  There are low fire and high fire underglaze colors.  Duncan Concepts or Amaco Velets are two brands.

Casting slip: Casting Slips are another type of slip used in casting pieces from plaster molds.  There are deflocculants in the slip that make the slip very fluid for pouring into the mold. 



                               CLAY BODIES
All clays come from feldspar through the weathering process: rain, wind, earthquakes, glaciers, expansion and contraction of the earths crust.  60% of all mountains are made up of feldspar.  A mountain breaks down into pieces of rock, rock breaks down into dirt, and then dirt breaks down and combines with water.  The physical water bonds with the molecular structure of the dirt to create clay.  This is an on-going process on our planet.

Feldspathic Mountain: 
Na20


          K20  4A120 6Si02

          Ca0

All clay contains this basic formula: A1203 2Si02 2H20

Sodium, Potassium and Calcium, plus 4 alumina and 4 silica, are lost from the rock and dirt during the weathering process, thus the chemical composition of clay becomes A1203 2Si02 plus the addition of 2H20 (chemical water).

Primary Clay (Koalin and Fire Clay) is clay that is found at the site or near the site of feldspathic mountain.    It is white or light in color, not too plastic, fires white and to a high temperature.  This clay has a coarse grain.

Secondary Clay (Earthenware Clay) is clay that has been moved from the primary site, and is dark, mostly plastic, and fine-grained and burns white.  Secondary Clay is called Ball Clay when it is too plastic to use by itself.

Surface Clay is natural Earthenware Clay used in pottery making.  It is plastic, gray or dark, and fires light.  It is low-fire clay, firing at about 1900oF.

* A good working clay body is a combination of Primary and Secondary Clays, Feldspar and Silica.

* Clay particles are elongated plate-like shapes.  (Think of a deck of playing cards with the edges cut off at diagonals.)

Clay Particles: Put Drawing or Photo

CLAY BODIES: STONEWARE AND EARTHENWARE


     
              C/10 STONEWARE CLAY

Brown
Gray
White      porcelain

Kaolin Clay (E.P.K.)



2.5

Goldart (stoneware)
1
 2

Red Clay (earthenware)
1

Kentucky Ball #4 (earthenware)
2
 2
2
2.5

Lincoln Fire Clay #60
4
 4

XX Sagger Fire Clay


6

Potash Feldspar (Custer)
1
 1
1
2.5

Silica
 1
 1
 1
2.5

10.0
10.0
 10.0
10.0

Add 10% Grog or Silica Sand to all clays for throwing, and 20 to 30% for hand building.  (Do not confuse Silica with Silica Sand.  They are two completely different minerals.) 

Clay bodies are formulated in percentages adding up to 10.  Stoneware clay bodies are 80% clay, 20% fillers (feldspar and silica). Percentages are the equivalent of grams, ounces and/or pounds.

Grog and Silica Sand are additives and are not part of the total percentage of the clay body.  Grog is made in ceramic industry by bisquing clay and grinding it into sand.  

Nash White and Nash Red Sculpture Stoneware has approximately 18% Grog.  Do not use Silica Sand in the Nash clay bodies.  Silica Sand causes dunting.   Dunting is when pottery cracks in the cooling of the kiln after a glaze firing. 

I used to use Red Iron Oxide, 1.7% added to the total weight of the Nash White Stoneware, to make the Nash Red Stoneware C/10 which fires to a light brown to medium brown. Only use Red Iron Oxide # 521. Do not use a high yielding Iron Oxide #4284, dunting will occur. After many years of fine tuning the iron oxide in the Nash Red, I would still get shivering every now and then from some of the matt glazes so I decided to eliminate the red iron oxide form the Nash Red clay body. 
 I took out the Red Iron Oxide out of the formula and change it to a natural red clay.  Changing to the Red Horse Clay has given a nicer plasticity to the Nash Red Clay Body. 
I have substituted Red Horse Clay for the Red Iron Oxide#521  in the Nash Red Clay Bodies.  The Nash Red seems to have a nicer plasticity with the addition of the natural red clay. 
Do not confuse Silica Sand with Silica.  Silica is glass.  Grog and Silica Sand are added to clay bodies to create strength to the clay.   We call this strength the tooth of the clay.  

Old Hickory Ball#5 is a good replacement for Kentucky Ball#4.

The Chouinard White Stoneware is a very good white stoneware, but the New Nash White works better.

New Nash

Chouinard
White Stoneware Clay

White Stoneware Clay
Kty. Ball #4    2.1=2.0
100
300
Kty. Ball #4
 300

XX Sagger      5.7=6.0
267
800
XX Sagger
 900

Custer             1.1=1.0
  50
150
Custer

 150

                     Silica               1.1=1.0
  50 
150
Silica

 150
                              10.0        467
1400


1500

Grog – Mulcoa 325 Fine
    84
   250 (18%)
 Grog –Mulcoa 48
  150 (10%)


  551
 1650


1650

NASH WHITE SCULPTURE STONEWARE C/10 – change Grog – Mulcoa 325, powder grog to Mulcoa 35, medium grog. This is an outstanding clay body for hand building and wheel throwing. 


                  CLAY BODIES: STONEWARE

Nash White Stoneware C/10 (For beginning students, wheel throws like porcelain, hand builds very well). 

Kty. Ball#4
 100.0


XX Sagger
 267.0


Custer Feldspar
   50.0
 

Silica
   50.0

Mulcoa 325 Grog (Fine) 84.0






  551.0

NASH WHITE SCULPTURE STONEWARE (C/10 (An outstanding clay body) Salt fires very well.

KTY. BALL#4
                     300.0  

XX SAGGER



     800.0 

CUSTER FELDSPAR

     150.0 

SILICA  200


             150.0 

MULCOA 35 GROG Medium 250.0






   1650.0 Total

Nash Red Stoneware Clay C/10 (For beginners and intermediate students).  Wheel throws very good and hand builds very well). Salt fires very well.

Kty. Ball#4        
        50.0

Red Horse Clay
        16.7
XX Sagger             
      267.0

Custer Feldspar                   50.0

Silica                                     50.0

Mulcoa 325 Grog (Fine)      84.0

      517.7
Nash Red Stoneware Clay C/10 (tripled)

Kty. Ball#4                            250.0
Red Horse Clay

        50.0

XX Sagger                             800.0

Custer Feldspar                    150.0

Silica                                      150.0

Mulcoa 325 Grog (Fine)      250.0

       1650.0 Total 
NASH RED BIG SCULPTURE STONEWARE C/10

Kty. Ball#4
                                250.0
Red Horse Clay



  50.0

XX SAGGER



        800.0 

CUSTER FELDSPAR

        150.0 

SILICA  200


                150.0 

MULCOA 35 GROG Medium
125.0 

MULCOA 20 GROG Coarse       125.0







1650.0 Total

The Nash Red and Nash Red Big Sculpture are outstanding brown stoneware clay body for wheel throwing and hand building.  Salt fires very well. The Nash Red fires smooth and the Red Sculpture fires course in texture.
Joe-S (Soldate) Clay C/10

Lincoln Fire #60
   200

Kty. Ball #4
   100

Custer Feldspar
     40

Silica Sand (60 mesh)
     40

                                          380

Brown Stoneware, 2 cups Red Iron Oxide

Chouinard Brown Stoneware Clay C/10 (Windward)

Lincoln Fire #60
200


Red Clay
  50


Kty. Ball #4
100
 

Goldart
  50


Custer
  50


Silica
  50




Grog (medium)
  50
550

The Chouinard Stoneware is a very good working clay body.  I used it as a student at Chouinard Art School.  You can substitute grog for silica sand.

This is a good idea for salt firings, creating an orange peel texture.


John Mason Sculpture Clay C/10

Kty. Ball #4
100


Lincoln Fire #60
100


Silica Sand
  30


230


HIGH FIRE EARTHENWARE

Chouinard Red High Fire Earthenware Clay C/5

Red Clay
300

Kty. Ball #4
  60


Lincoln Fire #60
150

Custer
  60


Silica
  30


Grog
  60


660

*One cup Barium Carbonate will stop scumming of the C/5 Red Clay.

Chuck Baxter C/5 (buff colored)

Lincoln Fire #60

175

Kty. Ball #4

100

Goldart

125

Talc
 
  25

Nepheline Syenite
 
  50

Silica

  25


500

*Earthenware clay bodies are usually fired in an oxidation atmosphere whether they are low fire earthenware or high fire earthenware clay bodies.  

LOW FIRE EARTHENWARE

Chouinard Brown Earthenware Clay C/04

Goldart
 
  50

Kty. Ball #4
 
  50

Red Clay

150

Nepheline Syenite

  75

Talc

150

Silica

  25

500

Add 1 Cup of Barium Carbonate to prevent scumming.

Chouinard White Earthenware Clay C/04

Goldart

150

Kty. Ball #4

150

Nepheline Syenite

  90

Talc

180

Silica

  30


600

These below additives to C/04 White Earthenware Clay or any other white clay body makes different colored clays:

2%  Manganese Dioxide, Light Brown

4%  Manganese Dioxide, Dark Brown

1%  Barnard, Dark Gray

10% Red Clay, Red

2.5% Iron Chromate, Gray

If a clay body at C/04 is not vitrified, use this remedy:

If the clay absorbs less than 5% water, take out 5 Nepheline Syenite and add 5 Ferro Frit 3124.   If the clay absorbs more than 5%, take away 10 Nepheline Syenite and add 10 Ferro Frit 3124.  Water absorption for all clay bodies should be 2% or less.

                                              CLAY BODIES: RAKU                      

Raku (pleasure, happiness, oneness) is an earthenware process that fires to around 1,700 to 1,800 degrees Fahrenheit.  The glowing red--orange pottery is transferred from the kiln to a cold environment.  There is also a cone 5 high temperature Raku that the Japanese potters do.  Traditional Raku is fired in oxidation.  Western Raku is fired in an oxidation atmosphere and then by using combustibles a reduction atmosphere is created.

Chojiro (1515‑1592 A.D.) created the raku process.  Zen Buddhist priests honored Chojiro and his mother for creating this firing process and the Emperor of Japan renamed Chojiro, Raku.

One can produce various effects and colors by reducing in the kiln at the end of the Raku firing and then putting the pottery into a can of combustibles: newspaper, saw dust, wood chips, leaves, etc.

Norm Schulman White Raku Clay Body


Groleg Kaolin
 10


Bonding Clay
  5


Kty. Ball #4
  2


Grog
  5


Talc
  5


25 lbs.


Nash Raku Clay Body for Glass
Spodumene
 
 33 

Groleg Kaolin
 
 24

Bonding Clay (Natural Stoneware)
 12

Kty. Ball #4
  
   6

Grog
 
 12

Talc

 12
                                                               99

In the above Raku Clays, Groleg Kaolin can be changed to XX Sagger Fire Clay or Lincoln Fire Clay.  The clay bodies will then probably work better.   Any Stoneware Clay will work as a Raku Clay Body if the free Silica is eliminated from the clay body.

Raku 1-2-3 Glaze (Clear Crackle)
 This crackle glaze fires to a higher temperature then most raku glazes.


1 cup Flint (Silica)
 


2 cups E.P.K.



3 cups Colemanite



Raku 1-2-3 Slip White
1 part Colemanite

2 parts E.P.K.

3 parts Silica

Can add 3% Copper Oxide

80% Colemanite and 20% Nepheline Syenite will create a nice clear Raku Glaze.  One can change Nepheline Syenite with other feldspars and get a nice variation to a base Raku Glaze.

                                         CLAY BODIES: PORCELAIN              

Porcelain Clay C/10 – This is the original porcelain clay body from China, dating back to the Tang, Song (Sung) and Ming Dynasties.

Kty. Ball #4
100

E.P.K.
100

Silica
100

Custer
100
                                       400

If E.P.K. is replaced with Grolleg English Kaolin one will get a better working porcelain body.

Porcelain Clay C/10-11

Grolleg Kaolin
 57

Custer Feldspar
 16

Priax Pyrophyllite
   6

Spodumene
   5

Flint
 15
                                        99

Porcelain Clay C/10‑11 – This is a very good porcelain clay body; I worked                    with this clay at Rhode Island School of Design.

Grolleg Kaolin
 57

Custer Feldspar
 16

Priax Pyrophyllite
 11 

Flint
 16
                                      100 

Porcelain Clay C/10

E.P.K. or Grolley
  42

G‑200
  12

Spodumene
    8

Kty. Ball #4
  23

Flint
  15
100

Porcelain Clay C/9‑12

G‑200
 22.0

E.P.K.
 43.5

Silica
 21.5

Nepheline Syenite
   6.7

Kty. Ball #4
   3.3

Bentonite
   3.0
                                      100.0

Porcelain Clay

E.P.K.
  42

G‑200
  12

Nepheline Syenite
    8

Kty. Ball #4
  23

Flint 
  15



100

Nash Porcelain Clay 

E.P.K.
 42


Kty. Ball #4
 23


Flint
 15


G‑200
 20


                                      100


Shrinkage of Nash Porcelain - 7% Green ware, 10% Bisque, 18% Glaze.

By changing E.P.K. to English Grolleg Kaolin, one will have a better working porcelain clay body.

 2% Bentonite can be used for increased plasticity in porcelain clays.  Clay will become rubbery from the bentonite after a month or two.  

Kentucky Ball #4 is usually used instead of benontite for plasticity. 

A substitute for Priax Pyrophyllite is Spodumene.  There is a .02 molecular weight difference between Priax Pyrophyllite and Spodumene.


       SLIPS (ENGOBES)
Decorating slips are called engobes.  The ceramic industry makes engobes, which are called underglaze colors.  There are low fire and high fire underglaze colors.  Underglaze colors can be applied onto the pottery in the wet, leather hard, bone dry or bisque stages.  One can get underglaze colors in liquid, chalk, or pencil forms.  Duncon Concepts or Amaco Velets are two brands.

Types of Historical Slip Treatments:

1.
Sgraffitto ‑ Brush the surface completely, and then scratch away the           slip.

2.
Slip trailing ‑ Using a slip trailing tool, squeeze onto the pot.

3.       Inlay – Incise the surface, fill with slip, let dry to leather-hard,

     then scrape away.

4.
Mishima ‑ Incise, then brush slip on surface

5.
Brush ‑ Just brush the slip onto the surface.

6.
Wax Resist ‑ Apply wax, let dry, then apply the slip.

7.
Pouring – Pour the slip over the surface.

8.
Dipping – Dip the surface into the slip.

9.       Hakima – Wide brush, made out of cotton.  Dip in slip and brush on.

10.     Haki brush -  Made out of rice sticks.  Dip it in the slip and

          brush it onto the pot.  Put the slip on heavy, so it is thick.


HISTORICAL/USE OF TEXTURE
Texture is created on pottery through either subtractions or additions  to the surface.   Textures can be created on a natural clay surface, or    with a slip or glaze.

Texture may be applied in the following ways:

1.
Pressed ‑ The texture is pressed into the pot by means of a natural form or an implement, which has been carved.  (An example of a natural form is a rope pressed into the clay.)   This technique is formal in nature.  This type of texture is found on pottery of the Tang Dynasty.  It is usually covered with a glaze.  Slip may or may not be used over the design.

2.
Incised ‑ This process usually creates a more refined and narrow line. Slip is frequently used in this line, creating an inlay effect.

3.
Carved and Relief ‑ This technique is most often formal.  It takes the form of animals or floral patterns.

4.
Applied Relief -

a. Clay is pressed into a mold to make the form and then attached to the pot.  Wedgewood pottery from England is the most famous example. 

b. The addition is usually a coil or ball of clay, which is then sculpted.  This method usually gives the effect of the relief growing out of the pot or being part of the original surface, rather than being attached.  Very early pottery used this method.

5.
Punctured – This punctured texture is applied by a natural implement, such as with the fingers or a stick.   This technique is the most free of all the methods.

     The above textures can make the following historical designs:

   1.
Floral

2.
Animal

       3.
Curved lines - either short lines or continuous lines

4.
Human forms, usually in stick figures

5.
All-over pattern





                                           GLAZES                   

A glaze is a form of glass.  Glazes are formulated in molecular weight, not in percentages.  Pure glass is called Silica, Quarts, and/or Flint.  Pure glass melts at 3,119 to 3,140 degrees Fahrenheit. Cone 32-33.

OXIDATION/REDUCTION:  All gas kilns fire in an oxidation atmosphere in the beginning.  Oxidation is a clean firing, which means all combustible materials are being burned.  Reduction is creating smoke, which is carbon.  In the high fire process in a reduction atmosphere, beautiful Celadons, Copper Reds, Iron Blues, etc., are created.  Electric kilns fire in an oxidation atmosphere.  Gas kilns fire in an oxidation and/or reduction atmosphere.  A Neutral atmosphere is between oxidation and reduction. 

The mineral we use to create the reds and blues in Chun Red Blue glazes is Gersley Borate.  Gersley Borate also known as Colemanite.  Gersley Borate is a source of Boron and has been mined out around the year 2000 and was recreated in ceramic industry for us to use.  I use the Laguna Gersley Borate from Laguna Clay Company in the City of Industry, California. 

There are three types of glass — glass, enamel and glaze:

    1.        Glass – glass creates its own form, as in glass blowing.

         2.        Enamel - glass is melted onto metal.


         3.        Glaze – glass is melted onto clay.

50% of all glazes contain Silica.  Silica, Quarts and/or Flint are all the same mineral.

A glaze is a glass‑like substance on the surface of the pot, used to cover and line ceramics.  A glaze is fused by the action of heat.

A glaze can be shiny or dull.  If it appears dull, it is a matt glaze.  If it is shiny, it is a gloss glaze. If it is in between, it is a semi–matt glaze.

The treatment of Glazes:

1.
A glaze can be used by itself or with other glazes. The four methods of applying glazes are pouring, dipping, brushing and spraying.
2.
Over-slip – a glaze can be used over a decorative slip.  Slips are usually applied before the first firing. 

3.
Majolica – Majolica is an opaque white glaze.  Oxides are brushed on the bisque ware first and then the pot is glazed with the Majolica glaze, (under-glaze decorating).  Or the reverse, the Majolica glaze can be glazed on the bisque ware first and then decorated with oxides (over-glaze decorating).  Historical pottery used cobalt to create the different values of blue.  This is early Italian ceramics.

Basic glazes can be changed by adding:

1.
Oppassifiers ‑ Tin (Sn02), Titanium (Ti02) (Rutile), Zircon (Zircopax) (ZrSi04).  These minerals opaque a glaze, usually creating a white color.

     2.
Colorants - 

a. Underglaze colors - Colors that have been fired and stabilized.  The under glaze colors are usually consistent before and after firing. In the ceramic industry engobes are called underglaze colors.  There are low fire and high fire underglaze colors.  Duncan Concepts or Amaco Velets are two brands.

b. Oxides - oxides are usually black before firing.  Oxides for color are called metallic oxides.  Oxides used for color are copper (Cu0) oxide – green; cobalt (Co304) oxide – blue; red iron (Fe203) oxide ‑ brown to yellow; nickel (Ni02) oxide ‑ moss green or gray; and manganese (Mn02) dioxide ‑ purple to scarlet.

When calculating the molecular structure of a glaze, there are three RO columns.(R is an element, O is an oxide.) Refer to page 351, THE ART AND CRAFT OF CLAY by Susan Peterson or CLAY AND GLAZES FOR THE POTTER, by Daniel Rhodes, Revised Edition, page 124 or 3rd Edition, page 177. 

POTTER’S USEFUL INFORMATION:

The potter’s wheel was invented between 6,000 to 5,000 B.C. in Africa (Egypt) and the Middle East (Iran and Iraq).  The modern kick wheel was developed by 3,000 B.C.

Silica, Quarts, and/or Flint are the same mineral.  Pure silica melts at 3,140 degrees Fahrenheit.  C/32-33

PACKING CLAY: 50% E.P.K.(Kaolin Clay) 50% Alumina Hydrate     

KILN WASH: 50% E.P.K. 50% Silica, one can substitute Silica for Alumina Hydrate. Alumina Hydrate is expansive to buy. 

Kiln Wash: 50% E.P.K. 50% Silica / add gum

Packing Clay: 50% E.P.K. 50% Silica

Packing Clay: 90% E.P.K. 10% Kentucky Ball#4

[454 grams is equal to one pound.]

ITC 100HT is a ceramic coating for the walls of kilns.  It reflects heat back into the kiln and not into the firebrick and is a Zirchromium-based material.  It works very well in salt kilns. One can build a kiln with soft brick and coat it with the ITC 100HT.  Salt will not absorbed and eat away the soft brick.

Soft Fire Brick: B&Z Firebrick 26/60. Is 60% alumina and rated for 2,600 Degree Fahrenheit. Geil Kiln Company uses this brick for their kilns.

Very good, excellent for reduction firings.

All glazes both high fire and low fire must have 1% to 3% Bentonite that is put into the glaze in the dry mixing stage.  We use 3%.  Bentonite keeps the glaze in suspension when it is in liquid form. If a glaze still settles, then add 1 ounce of Magnesium Sulfate to the liquid glaze.  

All glazes must have liquid gum, one to three ounces. Gum holds the glaze coating on the bisque ware.  Liquid gum is added into the glaze after it is in a liquid form.

Do not confuse the word Magnesium with the word Manganese.  They are completely different earth minerals.

EUTECTIC:

The two types of Eutectic:

a. In Science: Two elements with different melting temperatures combined together to create a third temperature melt at a new temperature, is called a Eutectic.

       Example: Pb0 C/014

                                           = Temperature Melt C/01

                         Si02 C/32

b. In glazing, a Eutectic is the application of a glaze, and then an over-lapping glaze on top of the first glaze, to create a third color value.

SILICA:

Silica is added to the clay (1) to prevent shrinkage between the glaze and the clay, and (2) to better fuse the glaze to the clay.  The use of too much silica in a glaze will devitrify the glaze causing the glaze to pop or crack off.  This is called shivering.

Salt Kiln: (Orange Peel)

In a high fire salt glaze kiln firing, adding silica sand into a clay body creates the most successful orange peel effect.   One can also use engobes with silica sand.   About 5 to 10% Silica Sand instead of grog works best.  Do not use silica sand in the Nash clay bodies.   Dunting will occur.  The Nash clay bodies salt really well without silica sand

CONE 5 HIGH FIRE EARTHENWARE GLAZES:

Cone 5 glazes are fired in an oxidation atmosphere, usually fired in an electric kiln.  Fleck glaze at C/5 (2230oF, 1221oC) with zircopax over red slip is effective. This glaze creates white and brown colors.  Fleck glaze also works well over black and dark blue slips.   Fleck glaze with 1% copper is successful over barrard, red, black, and dark blue slips (Engobes).

C/5 Satin matt creates excellent color effects except with cobalt.  

C/5 June glaze is an excellent high fire Earthenware Glaze.

Satin Matt (Eggshell) C/5

Zinc Oxide
   7.5


Silica
                              55.5


E.P.K.
  26.4


G-200
152.1


Whiting
  58.5


                                      300.0


Additives:

2% Copper Carbonate



4% Manganese Dioxide


7% Tin Oxide



2.5% Iron Oxide



2.5% Copper Oxide

1% Cobalt

June Glaze C/5

G-200
 88.0

Colemanite
 34.8

Barium Carbonate
 37.0

Whiting
 14.4

E.P.K.
   4.8

Silica 
 21.0
                                     200.0

Additives:

2% Copper Oxide or 3% Copper Oxide

Fleck Glaze C/5

White Lead
361.2

Ferro Frit 3195
143.2

G-200 Feldspar
106.6

E.P.K.
 67.1

Tin Oxide
 54.0

Bentonite
   7.0
                                     739.1

Additives to the C/5 Fleck Glaze:

3% Copper Oxide = Dark Green

2% Copper Oxide = Light Green

2% Manganese Dioxide = Purple

1% Rutile = Buff White

2% Red Iron Oxide = Red Brown

1% Cobalt Oxide = Blue

10% Zircopax = Opaque White

1/2% Nickel = Tan

1% Ilmanite = Brown Speckles

Chrome and tin oxide = pinks

Chrome and zinc = brown tan

Chrome and magnesium = brown tan

Barium with cobalt = purples

Glazes usually take 1/8% to 5% of oxides or carbonates to create color.       These are percentages down to 1/32 of a percent.

          Percentages:

1% = .01

1/2% = .005

1/4% = .0025

1/8% = .00125

1/16% = .000625

1/32% = .0003125

Different types of Glazes:

Gloss (Transparent) and or Oxides/Carbonates to change color.
Matt

Semi-Matt

Opaque

Semi-Opaque

Wood Ash

Salt (Orange Peel Texture) Cone 8 to 11
Texture (Shino Glazes is one example of texture crawling)
Crystalline (Looks like snowflakes) 
Raku

Egyptian Paste (Alkaline) (soda blues, turquoise 1800 to 1900oF)

Lusters Cone 018 to 016-4
China Paint or Over Glaze Enamel

The space inside a kiln will start to become colored light around 1,200F to 1,400F.  (Dark Red)

   Pit Fire: C/016 to 012, (Red light in kiln) 1,407F to 1,623F (No                    
Glaze).

Lusters and China Paint: C/019 to C/014, (Dark Red to Red light in           kiln).  1,234F to 1,540F.  

Low Fire Earthenware: C/010, (Red to Red Orange light in kiln) 1,641F     
to 1,686F.  Bright red, Bright orange and Bright yellow glazes. 

Low Fire Earthenware: C/06 to C/03, 1,873F to 2,068F (Orange light in       
 kiln).  

High Fire Earthenware: C/4 to C/6, (Orange Yellow light in kiln) 2,167F to 2,291F.

High Fire Stoneware: C/9 to C/12, (Yellow-Yellow White light in kiln) 2,300F to 2,419F.

High Fire Porcelain: C/9 to C/15, (Yellow White light in kiln)     2,300F to 2,608F. 

