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ABSTRACT .
Nei] MacDonald, - ' ‘ -
L A GUIDE AND VISUAL ALD |
TO THE PROCESS OF. CERAMICS(

L ’ ° ¥

=

’ ) o °
' ‘ o ‘ ’ ‘e \
! ' - “A Guide and Visual Aid to the Prdcess of Ceramics" is a .thesis *

[
intended to provide the teacher who has little exper1ence w1th ceramics ',ﬁ '
a comprehensive yet easy-to-follow summation of the basic processes *
and chemistry in studio cefamics. The thesis could also be used by

 the student or by the enthusiast who would like to broaden his basic

Y

- o -knowledge in this area. - v

\~;The thesis will assist in the organizatxon of stud1o space, L
[ ' “in the selection and use of equipment, and in the initiation and develop-
ment"of skills necessary for_the_productlon of ceramlcs—~“4%—een%a%ﬂs—~——~—~——~——
notes on clays, mining of clays, glazing, and glaze calcu]atlons. A
set of 35 M.H slides and instructions are included in this thesis that ¥

.~explajns step-by-step ﬁand bui\ding and whee\ thr0w1ng techn1ques.
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| INFRODUCTION © ~ L
‘ ! ' . .

As an artistic medium clay is unique. Few other media have

such \}ersatﬂ%ty. . -hor,example. clay can be shaped and pushed into

Jesigns and constructions that ra'nge’ from elaborate murals and huge
E reh’ef sculptures to tiny sculpted forms‘ It can be‘fired to change
? 1ts chemica'l state, and be g]azed an ‘infinite number of colours.. In
. short, ‘there is a great dea'l of information that must be known about

" the substan.ceaclay and the whole field of ceramics by anyone proposing . .
to teach ceramics to students. T o
\ ‘Books are available on every aspect of ceramics‘but they are
not tai\‘ Tored to the needs ot‘ teachers. They are ‘eit'her too simple and
vague,‘fltoo technical or ‘too specific in their approach.. In each case
they provide little pract"ical 1nt‘onnation for the teacher who needs\ or: l
wants to set up a ceramtcs programme in the c\assroom. What has been‘
: . i needed is a text that deals, specifically with-how to approach a ceramics
° N

-

* . programme for the classroom. i

‘ This thesis, "A Guide and Visual Aid to the Process of Ceramics."
is a sumation of basic facts pertaiming to ceramics and is designed o
. | for the classroom teacher who has -had little or no experie ce with

* clay. .It takes into cons1deration that many teachers %o ve not

LY
- - been trained to teach ceramics"must undertake these prog ammes . Thus. N
for these teachers this "thesis is a reference book that covers all aspects
' vid S B .
. ,
s f \ I .,




of cerami cs that wou]d b'e nec}ssary to conc}uct a progranme at either a ' s

Y

the elementary or secondary 1eve1 L 3 : o o™

As a guide this thésis 1s div1ded into, two sectmns Par't O

i
contams the techmcal information. It outlines (a) types and propert1es

ot

of - primary and secondary clays, (9) g1aze chennstry and bas1c glaze

. -4
‘calculation, (c)’ lists and discusses vamous kinds of studio equ1pment

R4 . Ed |

/both on a major and minor sca]e and finally, (d) g1,ve‘s hl,nts on how

~ to-set up a studio situation.’ . o ’,

° . s.

Part Il outlines all the steps 1n teachmg a ceram1cs prog‘r,'anme :
1t explains how tQ discover and process their own source of c1ay and
how to set up an effic1ei\‘t*rec]a1ming process w1thm the studio. Parc

.. 11 demonstrates both hand and wheel building techmques ‘that include
| . pinch, coil, and 41ab ‘building as well as methods of wheel cent’ering,
shaping, making bpwls shapes, removing wash fr;pm the wheel, turmng,
pulHng hand]es nd making lids.




« / o APART I
, A, CLAYs .
- ) v t - . \

c1 ay is found in the igneoys rock oi“the earth !'%rust Chemi-

’

".cal iy, 1§neous rock contains approximately 60 percent siiica and 15
. percent a‘l umina--the two chief 1ngredi ents in - ciay—-p]us other ma'ceriais

in lesser proportions. Pure clay, known as kaolinite, is written as

-

fo'l.iows: . . Py
) (K03 o250, T 2Hy |
\Al umina . Silica wa ter .
As the igneous rock of the earth s crust is attacked by: the

rai ny wind, freezmg temperatures and heat, the rock is broken: down, e.' | '-.:
. ground,, and yorn away into smal ler particles. This erosion transfor-ms ,
%wh'icl{‘in turn become 4, '

a plastic clay. The plastic qualty of the clay refers to the ability )

the rock ffoma solid state'to smaller particles,

of clay to retain a given shape when moulded. Lo =0T
’ _ Generally the smaller the particles beconie. the more. plastic C )
the clay 1tself beéomes. “Clay as it is found in hature, is gesignated .

as either primary or secondary, dependi ng on the manner in which it
was eroded. -Each type of ?ay has it¢ own distinct physical properties..\
* Primary Clay is formed by the decomposition of a rock bed which®

- } slowly broken down by  ,the action of ground viater seep’ing through the
- ., o . ot

rock. As the particle sizébe@:onie smaller, a clay is formed. Few. o

' ’ “ . . i " ' rest17
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impurities are found in primary clay because Qf the manner in which it .

~ . A

>
is formed' HoWever, the. lack of any grinding action usually results in
irregular or large particles. Thus primary clay is usually ver_y pure/
'but is coarse grained and has poor plastic1ty '

Secondary clays result from the transportation of small fine-

‘ grained particles of clay SUSpended in water, blown by the wind or

L]

4

¢arried by glacyiers to new locations. Silt or rock suspended in water .-

is the largest source of secondary clays. The Silt~laden water settles

‘ in Tow estuaries,' fonning Stratified layers of _cl‘ay. As a result of’
ithis type of formation, secondary elays often contain carbonaceous :

-' ’mate\rJial rsuch- as leaves~ or twigs. These impurities' form a g'el as they

\1ecompose and contribute to the clay's plastiCity The ad\%ntage of .

roe

secondary clays is their relative abundance, fine- grain teﬂure, and

.

plasticity . | L ‘
Among primary and secondary clays there are many varities A
clay's. indiyidual ph_ysjcal properties depends upon th\_g,eologica*i con-

ditions that~led to its formation. L v

s .

- " Each clay body is unique agd can be used to correct or alter -
the physical properties of any existing clay body . The following is
a summary of the more useful clays and their properties.
_l_(_a_gli_rl is a primary clay that is usually found innpockets rather
’p? than stratified layers “ If often .contains rock fragments of feldspar .-
" and quartz which must be removed before it can be used. . “It‘ is instru-'
mentalin the cowosition of" porcelain. high fire) and white clay bodies

It 1s relatively free of diron and’ fires ‘to a white or buff colour. .

-
P
. . -
. .
.
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Kaolin by itself has poor plastigity and has to.-be combined wi th other

‘ mgred\ents before the mixture can be worked. b /

BaH C‘lax js a secondary clay found in .stratified 1ayers It

is highly p]ast1c but cannot be used by itself as shrmkage is often
Y, I8

\as much as "20 percent. Ball c‘)]ays are primari]_y used in cambination

-

with other clay bodies to increase p]ast1c1tx

wre c1axs resist fusmn or deformatwn up to 1503% Clays

with thlS property a)*e said (Ee refractory. F1re c‘lays vary -in pl as-
f

ference in the colour of the various

’ »

fire clay bodies after firing. In ihdustry refractom es or fire clays

ticity. There can also be a

are used prwri]y for manufacturing fi re‘_bmck, while in pottery they

are added to stoneware bodies to.increase resistance to sagging and . -

-

warpmg during firing. Fire clays are rough in texture and can be used

in clay bodies to increase thEH‘ “tooth" or coarseness. . ‘.

Saggar Clays are high refractory clagi::: resist fatigue and

‘therin'al shock which result when ‘clay undergoes répéated firings. - Because
of its special nature this clay is used to make saggar boxes in which
ngn ware 'lS placed to screen and protect it from the direct lames during
f1r1ng Saggar clays must be plastic enough to be moulded if they are

&to be conSIdered useful.
¢

Stoneware Clays are s ondary or sedimentary clays that display

a wide range of pl asticj ty These ciays v‘rtrify\ or Toose their absorbent
quahty between ]200°C ‘and 1300°C. May clays are acceptab]e'as stoneware
and may be suitable to work with in their natural state without additions .

to the clay body. .o ’ o

¥

-
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(1’ ron and qther

mi‘nerals, and fire between 950°C and 1100°C. When raw or unfired, they
!
appear red,’ brown, greenish or gre_y and are often located on the earth's

9 ' -Earftnenwar‘e Clays are low fi‘re clays that contain

-

surface. "Much of this surfice clay cannot be used because of the presence
./

’%
of soluble salts that fozfa'num on the,urface of the clays when they
’ 3

" are fired.
Adobe*is, a surface clay that is sun-dried-rathér than fired,
" - It is non-plastic and contains a high percentage of sand. ) e
. Bentpnite, é highly plastic clay, cannot b'e used alone due to

excessive 'shrinkage, but when added to dther clays, it improves their .

Y !

plasticity. . ' A

v

oS,

<~ Gumbo j?arface soil clay that contains a hign degree of
organic material, and as a result, is 'ex’t'remely plastic and sticky.

It is usually not suitable for classroom needs. . , . ,
- . ‘ ‘ . . . .

L - 4

B. GLAZES -

5
<P

Glazing is the most iw;:?t and the most difficult area in

ceramics to master. It_is important bec use, without glaze, many clay

pieces would remain porous and impractical as contrners of hquld

and ‘difficult because some basic chemistry is required for experimen- |

tation with glaze types.

C ’ : )
Glaze experimentation can be very complex as it involves a full .

knowledge and use of chemical weights and elements ,.and requires the

Ps

manipulation of complex chemical formulae. The 'task would seem difficult . ;

for'thg average student at the high school level, but this does not

rule out the possibility of experimentation on'a limited basis.

7
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- 1. The Chemistry of Glazing

]

Glazes are a form of glass. They have the“same physical proper-
ties as glass such as harcihess resistanc°e to corr‘bsion,’and durability
In 1ts natural state glass is pure silica sand and melts at a very h1gh
temperature--approx1mate]y 1749° . However, if a pot was g]azed w1th
pure silica and fired to its melting pmnt of 1720°C, the pot-would ) | 3
melt because the clay could nht withstand the high temperature. Thdﬁ\
it is necessary to ad'd agent's'thafdecrease the melting temperature.
-~ of the glaze. ' . . .
- . A glaze then 1s a form of g1ass that when heated melts around"
~ the pot in a tough, shm_y coating. The ingredients that promote the
ﬂme]ting procéss of a. glaze are derived from the rpw mater]als of the ’

earth's crust. Glaze chemistry is a search: for the correct balance of

ingred1ents des1gned to produce a specific effect.

-~

The raw matena'ls used in glazes are natural products that are

qui te common and 1nexpensive to purchase. In all, there are approximately /
twenty-one di fferent materials that may be u$ed but only twelve are _ ‘
used- extensively and warrant consideration as supplies for glaze vexper'i- - }
a mentation. These twelve raw materials are outlined in Table I. |
f ' The melting agents that are to be found within the. raw materials ° I

j T are known as fluxes. These are the mgredients that lower the melting * L
| 5 . . . g

temperature of every glaze so that 1t melts around the pot before the

" pot melts. The fluxes are chemically found in glazes as oxides. As
the kiln heats and the glaze increases in temperature, the non-oxide

substances in the raw materials are driven Sff while the oxide and the

-
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A Table of Glaze Materials v ’
"Name - * , Formula : Property .(or yhétever)
- ; Flintf SiO2 Main source of silica in glazes.
o A I
Clay - A1,04:2510,2H,0 .Source of alumina oxide. o '
Eeldsbar , ) . Used in most glazes, wusually ﬁro— ,
- viding the principal melting agents.
4 - V I contains alumina, silica, and
- ' ' sometimes, depending on where it
was mined, potassium, sodium, cal-
) . cium, lithium. X .
- Whiting o;<<%\ Cacb3 g " Provides calcium oxide.
Calcium . ‘ C . :
Carbonate T o 2
Magnesium . : - : - g
Carbonate MgCO3 ‘ . The basis of magnesium carbonate.
, Dolomi te CaCO3'lMgC03 ‘ Contains cakium and magnesium
f ] - .Y = carbonates. )
Barium _BaCd P Supplies the barium oxide,
Carbonate : . S
Talc ‘ 3M90-45102-H20‘ % Useful when both magﬁbsia and
Yoy o silica are desired. .
CdlemaAite 26a0-38203-5H20' Only sodrce of boric oxide. Can '/ p
, . . . be used alone as a melting agent -
. . for very low fired glazes.
(ﬁhilte Lead ”zpbco3- Pb(OH), Pure source of lead Bxide.
l ’ . Zins Oxide n0 - Provihes the op]y source of.zinc4\«\\\

sometimes used as @ source of
° ' . : Tithium. It has a Tower fusion

P

- " : or melting point than most feldspar.

Lepidolite - (HozF)2 I<L1A125130]o Makes ﬁdst glazes shiny and is




7'
zﬁilica melt together to forn a glézel Each oxidé has different physiéhl
—'properties. When engaged in experimentation g:t is necessary to have
the raw matﬁrials on hand 1hat prov&de tne'necessany oxides.. ‘

\ : . . . .
\ The more. important oxides and their physical properties are

-
’

1isted‘belpw in Table II.

2 Glaze Calcqlat1on

Most glazes consist of three ?gparate oxide groupings that per-
f form specific- functions durxng the firing. “The first group, known as
’the-RO oxides, §ct as fluxes and promote the melting of the giaze. The
second nrOun, known as the R203 oxides, argathe'refractory eiements in ’
" glazes which affect the hardness, .durability '_ extent\‘f glaze me]ting.ﬁ
The 1ast _group, known as the RO2 oxides, functigh as the glass makers
within the glaze. J / ,
Tne more common of these exides are éhown below in Tab]e I11. 3
Glaze formulae that have been separatéd 1nto their respectfve
oxide groupings’are known as Empir1cal formulae. These chemical form&1ae
are sometimes known as unity formulae because the sym of the oxides in
the RO column a]ways total one molecule. -It {s not necessary, however,
. that the R203 and the RO2 group totaﬁ one molecule. The moleciilar value
of the RO group must)remain in unity or balance at a?l times to ensure
flux content withln the-glaze. If the sum of the RO colulpn totais 1.3
for .example, the sum of the individual*groupings should be divided by
1.3 to bring the formula into.unity. - , S
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TABLE 11 ‘
4 Glaze Forming Oxides and Their Physical Properties .-
Name v Formula ! Physical Propertiesf .
Silica . SiO2 The chief 1ngred1en in_most glazes. It s

£k durable, hard, and re51sts chemical change.

Lead Oxide PbO Used primarily as a flux because of its low
: me1t1ng point. It does not craze or fdrm
- cracks readily and the glazes it forms ‘can
vary from clear to textured to satin or matt.

_ The disadvantages are that lead oxide in *
' glazes tends to turn black in oxygen starved
or reduction firings, and, if used above
cone 6, it becomes volatile. . _
CAUTION: 1lead is poisonous. Care must be
used in the classroom so that students do
not breathe the fumes of lead oxide or get
] : i . any of it on food, etc. Lead glazed articles
ey are dangerous if they are repeatedly used as
’ . food containers. ( .

Calcium Oxide Ca0 Used as a flux to give hardness and durab111ty
to glazes. It has a high melting point,
2572°C. /

Barium Oxide Ba0 Has similar qua]HtieS to 'calcium oxide
except it produces a soft, satin, or
. surfige. ,

"Magnesium Mg0 - * Used principally as a high fire flux pro-
Oxide , ducing a smooth creamy surface. ‘

| .
. Zinc Oxide n0 +~ Used in.moderation, acts as a flux in the
- middle and high temperature range.! | -

Barium Oxide' 8203 . Has a Tow melting substance that regduces
/ the expansion of glazes.

Alumina A]zo3 Important for correcting glazes that tend
- : to run. It also adds to the hand ess and ~
durability of glazes.

A

Sodium Oxide Nazo Produces a very brilliant colour. It is a
. ; strong fluxing agent. It is, hgwever, not
too durable. Glazes with soda /content tend-
to craze and form tiny cracks on the surface
of the pot. ,f




TABLE 111 = B

-

A Grouping of the More Common Cefafic Oxides

into the RO, R203'and RO2 System3

. O N
RQ , - R203 R02
PbO \ . . A1203 SiO2
. 3 - - . . /
Na20 . 8203 . T102
KZO BT . Fezo3 o . ZrOZ '
, _ZnO o ' . Sb203 .
Ca0 ' ) Cr203
Mg0 ®
Bao, . ' - -
Fe0 -
. ¢
L120
cdo
'I I'4

Glenn b. Nelson, Ceramics (New York: Holi. Rinehart anJ‘Ninston,
1960), p. 119. _



. 10
. An uncomplicated glaze formu]a cons1st1ng-of a lead oxide and |
.a silica oxide would be written as: .
PbO -1 o 5102 1

The ormula does not show how much or even what mater1a]s must
be used. It states that in this formula there is one molecule of lead
oxide and one molecule @ih‘ca. It is only when the formu1a. is con-
verted to a batch recide that the quantities of raw material are deter-
o mined.” The raw materials that would be used in this case are litharge
(Pb0), and flint'(SiOZ). To determine the exact weight of these in-

‘gredients, multiply the number of mo]ecbles required--in this case, one

molecule each--by the total molecular weight of the molecule. For example,
» : ;

Molecular weight of lead, Pb - | = 207
Molecular weight of pxygen, 0 : = 16 N
V " Total . w23x1=223 N
’ ’~‘Holécu]ar weight of silica = 28
Molecular weight of oxygen i S o= 32 (16 x 2)
| ‘Total ‘ D 60 x 14

kY
From the converted formula it is shown that.223 weight units

of lit?arge and 60 weight units of flint are required to achieve a glaze
that 1s.made up of -one molecule pf both lftharge and flint.
From any formu)a a recﬁpe can be célculaged in themébove manner.
The more complicated the molecular formula, the more involved the calculating

becomes . For'complex glaze calculation see Appendix.
’ It

2
Daniel Rhodes, Clay and Glazes for the Potter (Phlladelph1a
and New York: Chilton Books, 1957), p. 82. -



Sometimes it is convepﬁiﬁt to convert the-batch recipe to a

_ percentage batch so that colouring oxides can be easily added as a small

percentage in excess'of.thé 100 percenf of the glaze. To calculate this -

percentage -divide the weight of the dndividual ingredients by the sum

~

of the total weights and multiply by 100. For example,

Lead - 207 : 223 x 100 = 92.8 :
Oxygen 16 = 223 x 100 = 7.2 ' o
Total 100 ' ~

After the desiredxglaze has been calculated, make a small quan-

tity df glaze. All-fhat%remains is to fire, retest apd adjust thé formula

until successful results are attained.
. Potters may use frits to eliminate some ‘of the guess work in

glaze experimentationi A frit is a type of glas% that has been fired

~and ground to a péwder, and is ready to use as a glaze ingrgdient. Frits
. contain only the glass. making oxides. A list of their physical properties

. is available from the manufacturer. All extraneous raw materials have

been burned out during a previous firing. By using a frit, for example,
“the toxic effect of lead glazes can be eliminated.

,Colour brilliance is achieved by adding metallic oxides to the

- basic glaze. A giaze percentage batch contains raw materials that total

one hundred percent. The colouring oxide is added in excess of the one

hungred parts of the glazel For examplgg if é glaze contains .5 of red

. .L.dron,oxide, the sum of the percentages of raw materials would total 100.5.

Adding too much metallic oxide to thé glaze will cause it to fire dull
‘and metallic ldoking, while too little colourjﬁg oxide will show little

appreciable difference in the glaze colour.

~

-

g
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L S, ‘Discovering which oxides create which colours and.what results

|

g ) = \
various co\minatiops of oxides will produce can be part of the glaze g ‘
experimentation in tl/we classroom. The following tabie lists somg oxides, }

the resul tant colours and the approximate percentages that are used in
\

" glazes. .A1l suggested quantities are in excess 'of the one_hundred per-
cent gtaze batch. ‘ ,
, ‘ . For the elementary school or #or the s'g:hool that does not have
the fa_‘cilities for experimentaiio,n with oxides, frits, and/dr’raw maferia]s.

comercieg ly produced under glazes are recommended. They are reliable,

..producing a var.ietﬁ of colours and are easy to use. . .0
- ¢ ) 1‘ ]
) €. EQUIPMENT y - |
- , . ° ‘
The craft of pottery is dependent upon equiptnent;. Without i.\t‘ the
j ' task of trénsforming raw ‘clay into glazed ware would be dl fFicult.
| " 1. The Potters' Wheel
“ " There are three types of potters' wheels commonly used by ‘westerri
o potters: the kick, fhe electric, and, the treddle wheel. For the beginning
student, the kick wheel with a 50-75 pound flywheel is perhaps best.
A heavier flywheel is harder td set in mﬂtioﬁ. however, once up to speé&. 3
- it can be used longer without loosing its momentum because of its gre&i;er '
mass. Lighter flywheels are suitable for young students but require“
. frequent ~k1‘ck1n9 which can be exhausting. Kick wheels are easy to

. oper!at«e and allow the student to control the speed of the wheel.

N
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: ‘ Colouring Oxides . ]
. Oxide Percent go]our
~Iron Oxide . - 1 to 10% It results #n a tan, brown, reddish brown

or yellow. It can be used with other
. oxides tO’produce warmer, earthy colours.
Cobalt Oxide 1/2 to 1%- Cobalt is a-.reliable oxide. It pro-
or Cobalt . . duces a blue which.is similar in all
L 3 Carbonate : Vo glaz1ng and firing circumstances.
. : _ . When used alone it produces a harsh ' -
) . : . colour. This can be eliminated with
. the addition of other oxides such as ¢
iron or manganese.

\ Copper Oxide *2 to. 5% . It produces bTue and green colours but
- in strong alkaline glazes it produces

‘ 1 [T ' . . a turquoise. When used in_ lead glazes
| : Y it produces various shades of green.

. . = ‘ In reduction firings, copper is noted
| ) f _ for its copper-red colour.
| Manganese Oxide\\\ 2 to 6% It produces a purple or brown colour.
| in glazes. , _ .

L . Chromium Oxide 2 to 5% - It yields a great variety of colours; ' i
| ) - yellow, pink, brown, green and red. .
[ ' o The colour depends largely upon the -
| \ - ingredients of the base glaze and the
, firing conditions. .

Nickel Oxide " 1/2 to 3% Again, depending upon the basic glaze,
| . ' nickel may produce ‘a variety of colours;
| . .o . blue, tan, brown and green--none of
I g : "~ which are too brilliant. It is often
| used with other harsher oxides to soften
| the colour. .

Rutile 2 to 10% It is an ore containing titanium oxide .
“ and iron oxide. It gives a tan or brown.
colour to glazes. When used with other,
oxides it produces a mottled colour
which creates a rich surface.

¢ s { ‘ ~ continued . . ..
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" TABLE 1V - continued

- K *
Oxidg™ Percent & Colour
xi t . ercent TS olour
- ' «-;f,:_ﬁ'iz;:*’
ITimenite _ 1'to 5% ItéiSssimilar to rutile but has more
. . iron oxide in it. In a coarse granular
- state i{ produces dark specks' in a
/ z - glaze. B
Vanadium ‘Oxide 4 to 10% It'is used as a stain.to achieve yellow.
: ¢ ,
v .
/ '
' N ‘. . » ’ / -
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This is important for the beginner who must 1earn to gauge the move-
- 4 Q A J

-ments of his hands to the speed pf the wheel before successful thﬁowing

can be done. With an electric wheei students have a tenden&y to mis-

N,

judge its speed. Once the movement of the hands ang speed of the wheel

have. been gauged the thrower cah work without his legs tiring.

o

' EIectr1$’whee1s are more expens1ve than kick wheels. A low cost _

<

electric wheel can be made by attaching an e
ot
The splndle of the-electric motor can be f1tted with a rubber

If

)ectr1c motor to a klck
whee] \
whee] that rests on the flywheel and provides: the dri'ving power.
throwing is ‘done a great deal of the time or young studgnts arealnvolygd
who will have difficulty keeping the fiywheel of a kick wheel in mgtioﬁ}

’

theﬁ the electric wheel would be most suitabie. When choosing eitﬂer

A? . an e]ectr1c wheel or a klck wheel it is essent1al to see that the seat
. has some adJustment mechan1sm K1ck wheels w1thout seat adjustments

//) make 1t difficult for yoyng peop1e to reach the flywheel and are dangerous
if the child should lose his balance and fall. '

The treddle wheel is not)as common in North America as the kick
and electric whéels To use the tred&fe or side kick wheel, the pofter“
keeps his foot resting on a lever at the side where the wheel pﬂate f‘
'is situated and. pumps to produ;e mo@ion. This pumping action, although
easy‘for the accomplished potter to maséer, is very difficult for ;hg ’
student to grasp. Often while‘worlfing. t:is whole body will lur:ch forward

as he pumps which gives him little contqgl of the clay’

b




‘v ... 2. Kilns S AP ;

A kiln is thé most essgntial pigce of equ'pment in the potters’
studio. Without it, hiS pottery remains in a povous and exfreme]y
fragile state. A kiln can 6; as humble as a borfire ﬁr és elaborate . -
as a;commercial manufac;Lrer's tunnel kiln. Their variousunémes are

* determined by the enérgy source that firés them; for example, electric,

. + o
. wood, or oil. Kilns are one of the most expensive items to purchase

. for the studio. . When considering thé size and style of kiln, the needs .

) of the ‘class should be carefully evaluated.
For the classroom, a kiln should be large enough to accommodate
the work Qfﬁthe'students as a group, but not too la?ge that- firing is’

»

ddhe only once or twice dur1ng gne year. On the other hand, if the '.

-

kiln is too small, it causes ted1ous delay before pleces are fired.
‘The ideal size would bea kiln that allows students to make *requent
, firings so that they Qave an opportunity to benef1t from glaze testing
- and to correct problems -such gs poo}ly fluked §1azes that may occur
during firing A minimum.slize for the inside fijring chamber should
be approximately 18 x 18 x( $ 1nches. When considering a kiln the
advantages and disadvantages of the electric klln and full burn1ng
kiln ihould be ccfmpared w

<

Electric kilns are eaéi to operate and have simple control

.and safety devices. In these kilns the heat is confined to the chamber °

SN . , ! .
“and they dosnot require elaborate exhaust and ventilation controls.
For ciassropm,use these kilns are excellent since they can'be used _
“in spaces where full burning-kilns cannot. If cost is a factor in

_choosing a kiln, a top loading electric kiln would be least expensive.

- o
.. * ”~ !

o
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In this kiln, the top lifts up and ware is placed jnto the firing.chamber. : .

Y

Since eleménts are situated on the four walls, the circuitry is relaﬁively
/pcompllcated and 1nexpens1ve If, however, an electric.ki]n requires

t

/ installation, lt shou]d be handled by an ekgctr1c1an

' . Some models of electric kilns are extremely portab]e and can
5 ’ be moved from one room to another without difficulty. These usually N
are equipped with Eastors. ‘Also, some smaller kilns come in sections .
which eontajn their own electrical 110 volt'circyitry and use a conven--
'tidhal wa}] plog and socket., Thelsize of the inside firing chamber is =

: N » |
detevmined by the number of sections stacked on top of, one another. "

o |
» . There is also a front loadihg e]eo}ric Kiln. This type of 1
electric kiln requires an elaborate metal(hﬁnge, and extra elements
and c1rcu1try for the door which opens on the front. These kllns do
hold" the heat bettEr>than the top loader, especially 1# the latter has
a lonse-f1tt1ng 1id. However, because of the extra electrical eonnections,
it is more expens1ve than the top loader. .
e . Electric kilns fire unlformlnghd consistently due to their {
' ‘mjufral inactiye atmosphere. This, however, is the one disadvantage
« - of electric kilns, The neutral atmosphere inside theyﬁ%riqg chamber
’ makes most g]azes appear flat and drab when compared to the glazes | *
) _ produced from fuel burnlng kfins. An électric kiln should reach firing T
3 . . . temperature w1thfn elght'hours. If it takes longer, it is notkeconqgﬂpal
® . .« for classroom use.. , L s

-

4 Fuel Burn!ng Kllns can be fired with a variety of materials &

including wood, coal 01], charcoal or ga:z For college and advanced’

. . ""’ classes or the serious potter, a fuel fired kiln is essential because
,-—/“ . ' P e ° ° ~ i L. I& i‘
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. Nts .atmosphere wh1ch is h\ghly charged with gasses ensures a wide variety
of effects on glazes. Clay bodies and glaze co]ours tend to be warmer
~and Ficher, and textures more lively on ware 4}red in electric kilns.
The most‘practical_fuel burning ki]n is the gas kiln. It does
not ;equire either the fuel storage space or the manual labour involved
in firing a wood kiln. A gas kiln consists of burners which supply

——

the heat, air ducts that allow oxygen to enter the Kiln ensuring com-
bustion, and a chimney to .draw the hot gesses away from the kj]n. .
/ Small gas’kilhs are classifjed as up-draught becausebthe heat
travels up through the kiln. In larger gas kilns, instead'df the heat
rising dut the top of .the Kiln; it is redirected by means of a baffle
°  wall--over the roof of the kiln, down over the ware, up through a flue
at the back of the kiln and then up the chimney (see Figure 1) During
the firing, the flame does not come 1n contact with the ware. Instead,’
‘ it is directed around the inner chamber by muffle wa]ls In this way
hot spots are e]iminated on the ware. If there is danger of the flame
aacoming in direct contact with .the ware the potter may wlsh to use saggars
in 'which to protect his pieces (see page 3). — ;
If enough oxygen is allowed into the k11n during firing to allow
complete combustion of the/gases before they enter the firing chamber,
it is called an oxidation firing. During oxidation the kiln will burn
clear withoutfiiame or smgke. When the oxygen is reduced or ;tarved in
(\ \ ~the kiln during firing, it is known as a -reduction firing. These different
types of firing have an 1mportant effect on glaze colours and textures.
For exanple. reduction firing cree;es an excess of unburned carbon in
the kiln which seeks oxygen present in the clay and glazes and subtly

LN

. changes the colours of glazes and clay bodies.

[ ' &
» . - .
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Figure 1. Diagram of up-draught kiln showin§
' direction of air flow
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'Fuel burning kilns demand a'grﬁat deal of attention when being

fireé. They require the careful manipulation of dampers and burners
to insure the proper atmGSphere that wil] bring out the colours of the
glazes. 'Because of this difficulty, fuel burning kilns are not always .

- . advisable if the ceramics programme is desighed férﬂyoung children. . ;

.

There is little chance of mishap involved in firing kilps when

handled properly, but care must be taken to-provide proper ventilation
] -

in the way of fans, blowers, or an open window. Exhaust fumes may carry
harme] gasées_that are discharged during‘firing. Firing also throws

M ' L3 ' » ‘ 3 N J
\‘\‘>\\3n excess amount of heat into the classroom which can make it uncomfortable. g;
- N . F) © "

Flammable materiat should never be stored near the kiln; there is always

the danger of fire. The flashings araund the chimney should be properly

constructed with the masonry of the chimney being at least eight inches
: J

{ away from any wood rafters. There should be twelve inches beétween the - : o
kiln itself and any walls and the walls should be faced with asbestos

for' proper safety. e

Since the temperatures at which the kilns are fired are much

. ~too high for ordinary thermometers, other pyrometric or heating measuring
.devices must be used. The most popular of these is the pyrometric cone X ;e
¢ “(see Figure 2). ) -

These cones are small triangular pyramids of clay that are de-
signed to bend and melt at a specific temperature. There are cones '
available for a'widé variety“of temperatures. For kflns that do not
have automatic shut off controls, the cones can indicate temperature

.\\' within the kiln. If, for example, it is desirable to fire at cone 04,
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« for the heat is approach1ng cone 04.

temperature at the bottom of the kiln remains cooler that at the top.

» ; ) MY 4
place three cones, reading 03, 04, 05 in a small wet Tump of clay in
front of-a peephole, which is a small hole about 1" in diameter in the

walf of the kiln. Hhen the cone 05 melts prepare to shut off the k1]n
"

For most schools a kiln that f1res up to cone 04 should be
adequate. However, for advanced classes, a kiln capable of f1r1ng‘to
stoneware temperatures, éone é would be desirable. . ‘ |

In an electric kl]n when the cones go down the top elements ‘

should be turned to-medium or off wh1le the bottom elements of the kiln

remain on until temperature is reached. Often in an electric k1§n ‘the ‘,

e

In gas .kilns after the gas has been shut off and the draught closed

. the temperature will sometimes rise because of the extra heat in the

fire box.flowing into the firing chamber. =~ - T o

A much less-aEcurate way ‘of estimating the temperature of the

kiln is to notice the—EOIQur within the firing chamber during the firing.

. As the temperature in the kiln rises the colour changes from a very

low red colour to.a dazzlinﬁ white colour. Each colour value is asso- '

" ciated with a specific temperature as follows: |

\ | ) =

?

‘
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| | Colour of Inside Firing Chamber of\
Kiln and-Equivalent Temperature Rénge5
Colour Degrees Fahrenheit
' Lowest, visible red 885
Lowest visible red to dark red . ~ 885 - 1200
Dark red to cherry red: . ‘ 1200 - 1380 \
Cherry red to bri'ght cherry red . 1380 - 1500 B
L 'Brigr‘lt cherry red to orange ( 1500 —:1650 :
’ Orange to yellow R .1659 - 2000
Yellow to Tight yellow ' 12000 - 2400
‘Light yellow to white 2400 - 2800
White to dazzling white o 2800 - and higher
I . ‘ \:r" e |
) L ~
' .. S v

Il ~

3G]ennlc. Nelson, .Ceramics (New York: Rinehart and HiQston.
1960), p. 198. . . ‘

N




3. Pug M1

i

One piece of equipment very useful in the pottery studio is the

spirol screw pug mill. A pug mill simply works on the same principle

of a meat grinder. It is fed 'a variety of clay types and textures and
it ex‘trudes a homogeneous clay mass. Pug mills are particularly usefui
~f‘or' mixing clay‘. " They can be used to mix clay fr;)m the dry- powder and/or
the leather hard state to a workable consistency, or they can be used .
to reclaim used c]ay. However, to produce a good consistency in pugged
c?ay, it is imp’ov*;i:ant to use ?nly a little dry '61_ay or a little wet
_clay in the pug mill. Also, dried clay. pieces 'should never be used.
They ‘shou]d be slaked down, otherwise th’e dry clay pieces cause lumbs _

in the glay body when they are fed through the pug mill.

"~ 4. Minor Studio Equipment

Any well equipped potterj/ studio w‘ill usually .include some kind
of damp cupboard which is designed to retard the drying of the newly

formed clay piece. If a piece of pottery is set out in the Bpen, the
. rapid drying v;ill likely sp]it or seriously warp the clay. A damp cup-
board keeps the clay moist longer and al]ows it to dry s]ow]y and even]y
Damp cupboards. can be simple in design and need not be elaborate
expensive devices. A damp cupboard can s1mp1y consist of shelves with
plastic. sheéting drape:i in front, or metal-lined cupboards with doors
‘and water trays to ensure that a high degree of humidity is mamtamed.
Burlap sacking can ‘be dipped in water and tacked to the walls of the
" cupboard which would act like a taper in providmg additional humid1ty

>

When considering the location of a damp cupboard, it is important to
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remember that a damp, cool place is needed. Do not build this cupboard

near a hot air rc_agisxerﬁ' near the kiln. The measures that are neces-
. " .. ’

sary toﬁtain dampness will depend on where the studio is located
within a building and the l.ocal\ climate. When space does not allow

4
for a proper damp cupboard, a plastic bag can be used as a substitute.

-It"will sufficiently retard fhé drying and keep the clégf moist up to a

>

week or more. ¢

An electric grinding ’wheel, although not an essential piece of

equipment, is very useful in a studio. For example, when ware is removed
from ;he wheel sharp, ‘j/agged g]éze spur§ which can sometimes occur can

be easitly ground off. Safety gog(gles should always be worn to protect
the eyes when grinding.. |

A1l power tools that are used shoild have safety gquards. The

" wiring should be insulated and contain a ground wire. ‘E\}er‘y s tudent

should be properly instructed and familiar with safe operation of equip-

ment.. - R

+

Some of the smdller equipment used in the studio is expensive

. )
- to purchase ¥rom a commercial dealer but costs can be reduced "if ceramic

tools are made at the school. There is a gr;eat variety of commercially

produced products available but many of these can be easily made out of Y

2y

scrap materials. Equipment such as turning toqls, loéped tools, knmives,

-storage um‘ts, are necessaf*y but simple tools to make. For example,

the following can be easily made.

»

A cut off wire for c.utting pots of f the wheel head is made by

joining two large buttons and two pieces of thin wj re. Tie the wire

' / to the buttons and press one button into a lump of clay on the wheel.

/ .

»

) >
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. Kick the wheel and hold the other button firmly in the hand letting the

wires twist together. When the two wires are comp]ef:e]y twisted to-
gether an excellent inexpensive' cut-off wire has been produced.

A simple tgrning tool can be made by taking é,stiff piece of ,

thin ‘wire or a piece of metal strapping and fixing it in a 1oop with
tape ‘or string on the end of a handle. The edges: of the wire and/or
strapping can be sharpened with a file"to give a better cutting edge.

) AA old kitchen knife will work well for trimming excess clay

off pots. If this is not available a sharpened stick is adequate.

Ribs, which are used for maki;lg a pot's walls even, can be made
from tin which “is c-ut into av kidney shape. 01d rubber spa_tu]a blades )
or'half bottoms from plastic bleach bott\les also make excellent throwing

ribs. ‘ ot

o

"For throwing larger pots a bat or disc is affixed to the wheel
head with clay and the pot thrown on top of ‘the bat. Round flat plaster
bats or’plywood discs are excellent but equally as efficient are old -
78 R.P.M. records. The cu%aﬁwj{e can be slipped underneath both_ the
pot and the bat and both removed from the wheel together. When the

clay has dried nght]y‘At can be separated from the bat withoutl it
warping. .-

A needle pqini to cut rims off thrown lop-sided pots can be

made from old dentist tools, crochet hooks or any metal object' filed

. “to a long, sharp point.

A wedging board can be made from plastér poured into a mould

[

approximately two feet square and four inches’ thick. When the plaster
- ;

is dry stretch canvas over the top and tack it to the sides.

-
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(,/‘—\\i A cutting wire stretched tightly at a 45° angle between two
P

* oints near the wedginé board works wetl yhen cutging up large §lock§
of clay or.for checkfng crop-sections -of newly wedged E]ay-for air o
bubbtes. ~
Storage bins fér clay Fan-be constructed from wood and lined
with plastic. Lids should be tight to keep the clay moist. Plastic _
garbage cans with lids are inexpensive and work well for storing clay
:as well as mixed glazes. L | .
5; Student Equipment \
" For the student potter very’little equipment is needed. Much "
| . of the equipment can be easily hand made or substituted by other in- )
éxpensive items. A basic list of equipment for the student should include:
- plastic bags to wrap the pottery in if no damp cupboard is '
available; s ‘
- calipers for measuring; |
- a ruler; ‘ S
- an-apron or 013 shirt to proéect clothing;
| " - sharp pointed instrument for triﬁhﬁng‘tops; )
| - rubber soled shoes for kicking the kick wheel; = <
| - a sharpened stick for carving and trimming; ' %5
1 - an old knife for slab work; ‘
LT ~.a piece of canvas_ for rﬁ]ling slabs out Qn;
- a sponge; “
. ’ "~ = a looped tool ' for turning;
y
( ™~ N



- a twisted cut-off wire; ~

- a small tool box in which to keep the items above. . -
'OFher small equipment,that-shodld be available in the stJhio

for general use includes slats and pastry rollers for s]ab‘work, p]astic“

boﬁls for water, large, lidded contafners for glazes, scdops for measuring

chemicals, mortar and pestle for grinding glaze ingr?dients,-a triple

beam balance for weighing glaze materials, turn tables for ,glazing, hot

plate for heating waxes, and brushes.

6. Hints on Setting up a Studio

The availability of space and the amouqt and size of equipment
will determine the physicai“natﬁfe of the studio. Here‘éré a few bﬁsic
common sense ideas to follow when setting up a studio.

1. Whenever possible try to consider traffic problems within the
room. If potis waiting to be iré& are shelved in heavy traffic areas
they could eas%ly be knofked nd broken.

2. The damp cﬁpboird $hould be Tocated near the wheel to eliminate
walkidg‘rngg distances with greenware.

3; If possib]e, there“Shéuld{be separate areas for the storage of
rawinaierials. glaiing, glaze mixing, firing and reclafming clay.’

4. Large, solid tables should be used for hand‘building.

5. Pottery thels should be located near water, if possible, to "‘
. minimize the amount of spilled water on floors. _ | _

6.\Heavy fextured rubber mats should be usgd in thg stydio to prevent

9

slipping.in potentially'wet areag. ' TN

i
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7. Proper ventilation should be prov1ded if spray glazing is under— N

taken Unfmted glazes can be po1sonous if 1nhaled while spra\yihg

|

8. Do not eat in the glazing-area. Harmfu] 1ngred1ent5 could be

eaten or inhaled.

: . »
9. A11 potentially toxic ingredients should be clearly labelled
in excess of the- manufacturer's label-Hng. S {. -

10. Proper ventilation should be provided if a gas kiln is used
to e]ihﬁnate the dangers of explosion due to the. build up of gas fumes.
( 11. Sinks should have a special clay trap that allows water through
K but traps c]ay particles. 'If this is not avaij lable a garbage can, barre]

‘hr large container will be sufﬁment 3s a clean up, s1nk The clay will
)

settle to the bottom of the container and the water %n be skimmed off. :

The sloppy solution of c] ay can be dri ed and reused

12. Orgamze an efficient clay reclaiming prgcedure.-

[ S
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clay. Mixing from the dry state is iess expensive but more work for
' li

g < © PART IT

A. 'CLAY FOR THE CLASSROOM

Cl\ay may be purchased -from a conmercial dealer in either a dry
powder form or in a moist ready-to-use condition. Whether dry or moist

clay is purchased will depend on the fac1ht1es avaiiab]e for mixing

,)

the teacher, especjally if younger students are involved. For the
average c]ass, buying moist ready -to-use clay will sufflce Commer-~

cially produced clay is safe, rehable, and needs no adJustments unless

. & desired quality such as a "tooth" or rough texture, is required. Also,

its source for classroom purposes is inexhausiible A low fire clay or,
earthenware clay should be purchased if the kiln does not fire beyond
1100°C and a stoneware clay if the kiln fires ‘beyond 1200°C. Red: earthen-
ware clays are refined fire lays that have sand and ball c]ay added to
them and are "usual'l,y poor throwable clays. Some buff earthenware clays
and stoneware bodies are not suitable and can vary in throwing qualities.
White clay bodies vd:;)i\ the exception of porcelam are poor throwmg
clays. ] '

Commercially produced clay in powdered form is excellent for

advaneed classes who are concerned with achieving a specific clay type.

Any clay as_well as yarious raw matérials may be added to thle'oc'lay powder -
. to prodﬁce\new physical .properties within the clay. The ingredients

1y ' .
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can be .mixed in pldstic bags, on the floor with a shovel, in an old

bathtub, or in a spird) screw pug mill. One of the better machines for

o
L3

. mixing clay §s a sécond:h ydi’dough mixer from a bakery. Finding a mixer

is difficult and it shoulth not be ‘considered as partegf the necessary
studio-equipment. No matt r what kind of mixer is used, however, tpe

clay that is produced ‘must be prdperly covered to prevent drying.
» ‘e 1{31;' ".—.

&“31. Discover Yo:ur Own Source of; Clay o

One of ghe most satisfying aspects of clay work i5 preparing,
and using clay| that has been discovered from a local source. A clay

t - . : .
”deposit is on of the most inexpensive sources of clay. It is also

an excpilen?way to learn aI;out the various p}-operties of clay.
The procedure?o"r preparing clay:is quite simple. ‘QHowever.
. first, the clax must be located S‘tratji(f"ied iayers of secondary clay
| _ can be seen in, bua{ldmgs excavat]ons roadways, railway cuts, and ereek v
and river banks. Natural clays which vary in colour may appear white,
( tan, jellpw, grv'ey,;,r‘ed—bkown, grey-green, blue-green and ‘nearly b]aqk.
' \‘7 ‘ When sevepal‘suspécted sources of clay h&ve be;n located one ‘should
/\“: ‘pr.epare for' the testing and eventual minipg of the vc]_ay, It is advis-
L able to take along the following equipment. ) ‘
C -ashovel' " PR -\ b
2 | - i:“%’;{ck axe - _
. e - boxes or plastic bags for transporting clays -
v._ '_*”'_-amapoftlBarea' . L.
- b -ajarofwater° ' .
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"~ a medicine bottle containing a dilute solution

(10 percent) of hydrochlorine {muriatic) acid
- a dropper to apply. aci’d‘
There are four simple tests| that can be conducted on the clay

site to see if the material can be used for ceramics work.

1. Wet thgl material. If it becomes wet énq sti'cky’_then it c&néins
clay of some sort. (

2. Roll a small amount of the clay into a coil about the thickpess’
of a pencil and form a circle about one inch in diameter. - If it forms
the dircle without splitting, then the plasticity of the clay is suit-
able. ) |

. Clay that\sph‘ts and breaks is not p]ast;'c enough. If, however,
("‘the clay becomes sticky 1L1nd1cates the clay is too plastic. In both
cases, alterations to the clay body can easﬂy correct the plasticity
of the clay so that it-.can ‘be used. _
' 3. Pour a drop of 10 percent solution of hydrochloric acid on the
clay. If bubbUng occurs, an insoluble Time is present in the clay.
This clay body woh]d not be smtab\e for the potter.. L1me absorbs
. | { water and during fimng it expands and will cause the pqt to explode
= or to have pieces of ‘lt ﬂake off . ‘
) | / ‘a, Carefully 190k at the surface of the clay. If it appears to
have a white scum or white staining on, it, this indicates the presence )
of alkalies which make the clay unsuitable for use. a
if the clay passes t;ese four preliminary tests, then dig up

‘ -a sizeable amount of the clay and talze it back to the studio for
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processing and further testing. At 'the séudio break the clay into
smaH‘ pieces and place it in a barrel o; water which will allow the ‘

ciay to slake or break down into a creamy solution. When it is thoroughly

slaked, pour it through a 60 mesh screen to remove all foreign matter,

such as rock fragments, sand, twigs, leaves, étc.

Altow the clay to“se?,ttle to the bottom of the bar_jre]' and siphon _
off the water thai: settles to the top. To bring thé‘g]a_y to a plas_tic
workable state, paur the clay so}ution i\nto either a plas ef' vat and
let it dry until the correct plasticity is reached, or dry iy in 5
canvas bag hlung fr'on; the ceiling which allows excess wéter i:o drip out
and leave the plastic clay behind. | \

" Slaking the c]éy moistens all the partic]es. in the clay body
which’ in turn ages the clay and in;proves its plasticity. If possib]e;
cover the clay with old mouldy bacteria laden rags fhét have been usedr .
for this purpose before. The bacteria promotes the growth of additional
bacteria and mould in the clay. The mould produces an acid residue .
which forms a type q{ gel around the clay particles and. promotes further
aging and improvement of plast‘icity. Storing the clay ip a warm, damp
area also encouragesrthe growth of bacteria. Aging the clay takes
about one week; aging it beyond that time does little to improve the:

N

plastic quality of the clay. & , | .

i

}

2. Wedging;
Wedging 1is a p'rocess that ri‘dS‘the clay of air bubbles, lumps,

hard spots, and foreign objects, and leaves %ﬁwith an even

3

%




will collapse. ’ . \ o

* wetness and plasticity. A simple method of wedging clay is to cut the

- learned, but once acquired it is perhaps the easiest an& most effective
\+

¥

consistency and plasticity throughout. If a clay piece cgmtaining

air bubbles is fired, the air bubble could expand and create a bulge

- or explode. If lumpy clay is used when throwing on the wheel it is more

difficult to keep walls even in height and thickness. Usually the pot

Wedging should. be done on a canvas covered bfagter of paris
block! -The plaster will absorb any excess moisture within the clay
while the cloth prevenfé the clay from sticking. If the é]ay is dry or
stiff try wedging the clay on a non-absorbent surface such as a wooden
table and sprinkling it with water from time to time to increase its

clay in half and slam one half into the other. Repeat this until the

P S

clay has a consistent texture. A second method known as a spirol kngading

method is explained in the below slides. ‘It is a skill that must be

-—

*

way of wedging clay.

a) Wedging -~ Slides 1-5

Slide 1. Shdpe the clay into a ball shpae. Push down into the ciay"
" with the palms and'heel of your right hand. ) -~

A ™~

Slide 2. Grasp the clay with your‘left’hand letting it ;dt as a'guiﬂs
-preventing the clay from spreading out. At the bottom of
the downward thrust exert 2 slight pressure forward. Too
‘much thrust will result in folding which will create air |
"pockets. ) - L

Slide 3. Lift the clay and rotate it slightly to the beginning of the

motion again. e ' . i

¥
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Slide 4. Repeat the pushing and rotating motion until the clay forms

o
/

a spirol shape.
Slide 5. To insure that the clay is properly wedged, cut the clay in

i

_half with a wire. If air pockets aré visible in the cross

-

section continue wedging. .‘ ° +
Next, consider total percentade of shrinkage b‘etwgen the ‘wet <
state and the glaze-fired state. To find the total percentage of shrink-
age, measure a sl':‘fb of clay three centimeter§ w‘i de, ten centimeters
long and one centimeter thick. C;refully measure the length of the
clay wet and again after firing has been ;:ompleted. " Calculate the ,

total percentage of shrinkage from this formula.

) \ ' Plastic\[{éngth-Fired length6
Percent Linear Shrinkage = P¥astic length

‘ Percent of linear shrinkage can also be calculated for dr;y
clay and bisqued clay by substituting ‘the measurement ;)f the ten centi- -
meter bar when'dry‘or bisqued into the above formula where it says
“fired length."

Clay that shrinks overall more than eight percent cannot be |
used alone but may be useful when combined with other aclajg bodies;
Plastic ‘clayt'usufally shrinks about five percent w'hile so;ne very plastic
clays shri‘nk as much as éight percen.t. /If the clay shrinks too" much,
the resulting cracking and splitting will make it diffiuclt to complete

| .
a project. -

4

Rhodes, Clay and,Glazes for. the Potter, p. 200..
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‘Qggg refers to clay that has been fired énd’finely ground .~
s substance decreasés the plastic{t%rand shrinkage of most clays
to which it fshadded. Stiff grog-laden clay may not be suitable to
the potter but it islpartfcularly good for sculpture because of its

¢

ability to resist sagging when shaped. Silica sand or flint can also

-~

be added, performing the same task as'grog.

Naturally dried clay will stil} cgntain moisture depending.
on Ehe relative hum%dity of the available atmosphere. It~onl& really
becomes dry when heated beyond the boiling point of water and the chemi-

caliy uncombined water has completely evaporiisq.

Op days when the sun is hot it is safe to speed up the

time of clay by placing the greenware in the direct sunlight.
" makes it possible to form the pots and a few hours.later.turn

v : ‘
apply handles, or add the fiqjshing touches. The work should be. ted
periodically, otherwise uneven ‘drying and warping will result. The
same quick drying method can be followed if.the newly fbrmed clay pieces

are p\aced near a hot air register or near a kiln that is being fired.

3. Slops and ngmi]1§

An effective way to cut expenses and reduce the consumption
~of cliy is to set up a "slops" system for }eclaimiﬁg clay. ‘The §ystem
consists bf two large garggdé cans, barrels, or contafners. a sieve,
a siphon and plaster of paris vats that are about two inches degp: ;
Fil1l the two containers aBou; 1/2 full of water. Aliﬁclay trimmings,
dried clay, or scraps ?f-anQ,sorf should be thrown into the first
container. The water slakgs QOwn the clay into a sltdppy so]utiop
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’ . .
known as slops. When slaking is complete, scoop the slops through the

.sieve into the second container. By using a sieve all lumps and any

foreign material are removed from the clay that'may have been picked

up in the studio. The sieved, sloppy solution is now the source of . \ﬂf

" new clay. Let the slops settle and skim off the excess water. Take

the sieved slops and pour them into a plaster vat and allow the plaster“\
to absorb the moisﬁg(e out of the clay. This usually takes two days.‘f
depending on the depth of the slops. When the slops dry to a suitable
plastic stgte, the resultant clay is read} to be wedged for’use. By
setting up an effective slops system the cost of purchasing néw cléx/
can be reduced to a minimum. ‘ . !

If the studio is equipped with a pugmgl}, then the slops -can \
bg used with leather hard pieces of discarded clay or powdered commercial ' |
clay to make new_batches of ciay. (Caution: Do not use bone dry pieées '
of clay in a pugmill, they will cause lumps in the clay. Bone dry 91a&‘
should be slaked.) It is advisable ,not to pour slops into the pugmill
unless they have been sieved. This avoids ?breign objects in the clay, ‘

and damage to the pugmi:l.

-

B. CREATING WITH CLAY -
't ! "

-1. Function and Design ~

Good ceramic design is a combination of visual beauty and uli-

tarian function. The two qualities should be inseparable. A cup, T !

' for example, should be light weight, comfortable to drink out.of. have -

an easily gripped handle and still be pleasing to looﬁ at. Similarly
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5 bot that does not sit'properly-without rocking and a tea pot thet
f does not poor are poorly designed. A soup bowl is designed to hold a
‘ quuld. The inside should be free of bumps, nidges, holes, grooves,
\ '.so that a spoon can reacL\the bottom of the bowl and retrieve that last
drop of soup. If the bowl was cut in half, the profile should be a
, smooth, gentle, uninterrupted curve. The outside shape can be left \
' up to the imagination of the artist because its function is that of

1 decoration. Lids of pots should 1ift off the pots without sticking

and they should be constructed with Tugs or grips so that trey can be
easily handled without fear of dropping. Function is an integral part
of design in ceramics and as such 1t should not be ignored.
; - | | &
2 Hand Buildi;g

Hand bulldlng lS done by s1mply u51ng the hands to mould. press,

squeeze. push and form the clay to’a deSIred shape. It can be a satis-
| fying experience to feel the clay respond to the touch of che hands.
\ ) nd-building is very suitable for large ceramics classes and parti;'
/lllw/izlarly good for young children because it does not demand elaborate '
] equipment and the ch1ld has few skills to le\rn before he can be creating.
- . The young child has little difficulty making shpes that to him are '
o ! real, identifiable objects. At first students are unfamiliar and some-
tioes timid of clay. However, they soon discover one of the most exciting
;z" * physical oroperties of clay--it can be easily shaped and moulded. Even
the most delicete touch of a finger can be recorded on the surface‘of
the'clay. The child will discover that, unlike flat paper.‘} clay
surfaceycan have holes poked in itﬁjfd be built into a three dimensional ~

«

N ,

~
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form. Shaping requires very liftle‘skill and often teaches the.student

to have a better uﬁderstanding of clay as a medium for expression.

-

a) The Pinch Method of Building - Slides 6-10

The pinch method is a way to build shapes or form simple pots
by us%ng only the hands. The clay should be quite plastic and properly
wedged for this method. v M
Slide 6. Shape some plastic clay into a ba}]. The s?ze of the ball -

will detérmine the size of the pot. Press the thumb into
the middle of the clay. .
%sjgg_l, Pinch or squeeze thé clay between the thumb and fingers anﬁ
gradually rotate it in the hand. ,
Slide 8. Continue this motion until the walls become thin and a basic
_ Bow] shape'has been formed.
Slide 9. To keep the pot upright a footfar base made from a coil of
clay can be attached. 'This however, is optional depending
!

on design. ‘ ‘ .

Slide 10. The completed pot is able to stand.by itself. |

b) Coil Method of Building - Slides 11-17

. ' \
- S1ide 11. Once the clay has been wedged roll the clay with the hands
I
on a table until it becomes a long snake-like coil. '

Slide 12. &gr the bottom or base roll out a slab of clay and cut out

¥

a base to the desired size and shape. . \
Slide 13. Take a knife and criss-cross the two pieces at the point.
— where %hey are to be joined. 'Then applj’watér to both sur- -

faces py gently running wet fingers over the scoring. This
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creates a sl'i[; or watery slolution. of clay which will help
~ ' bin‘d‘ both clay surfaces toget.:he(r. If p]astjc c]a).' is used
the criss-érossin_g can be eliminated. Simply push one sur-

face into the other--to form a strong join.

Slide 14.-‘ The sides can now be built by joining the coil onto the <

base and layering coi‘l upon coil. i _
Slide 15. When the desired height has. b\éen reached smooth the inside
- and outside of the pot with the thumb. Some potters use a
wooden paddle to achieve the desired shape and tl}us eliminate
: ’\ " the cofl design. This is optional. “ |
j Sﬁ)de 16. J Coils can also be used to add des‘ign to clay surfaces.. Roll
.a series of coils and form them into patterns or d:asigns;-
Then, press'them into the surface of another piece of wash.
Slide 17. Coil building can be a very rapid way of building large
pots' if large coils are used. Roll out a iar:ge coil, squash
; - it and use it for.-buﬂding. One variation is acﬁieved us'ing
.lar’g.;e pieces of flattened clay;\athgk_than coils and joinin§

them together by pressing them into one another.

¢ "1

©

c) S'lab Building - Slides ]8-23

‘ Buildi\g with clay slabs is a quick way to construct shapes
and to create imaginative’ pots. The_ clay should not be too plastic, ,

otherwise it will collapse. As mentioned before "grog" can be added
to the clay to increase jtstrength.

) . Making slabs requires \ery simple equipment. T
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a rolling pin or dowel for rolling out the clay.
a canvas cloth on which to roll th‘g clay. The cloth prevents
the clay from sticking to the surface of the table.

~

a knife or sharp stick for cutting.

. r
$1ide 18. After the clay has been wedged roll it out on the cloth

"between the ;lats until it is an even thickness.

Slide 19. ' .With a knife cut out the shape you wish to use.
. Slide 20. A simple pot can be made by folding the slab of clay into

a cylinder, pinching the two ends together and a&ding another

slab for the bottom. :

Slide 21. To ensure that slabs rellnain‘intact‘criss-cross the edges

. that are to come in contact with each other and lightly
brush them with water or slip. *

Slide 22. You carl further increase the strength of the Join by deing

i or “welding" small coils of soft clay into the seam. |

Slide 23 Slab pieces are excellent for creating carved designs because

) their walls are usually thick.

|

3. Working With the Potters® Wheel

Watching a potter throw on a whepl ié like watching a magician

~ at work. N The ¢lay seems to grow as if it were alive. Throwing, however,

. - i N
is not a trick to learn; it is a skill. that has to be acquired through

Jpractice. However, it can be simplified by observing a few basic rules.

1) The clay should be properly wedged and free of all Tumps ,
air pockets, and foreign matter.
2) Rubber soled shoes should be worn if using a kick wheel

since they are less l)kely to slip.- _ .. | !
. ’ ) ’
FO . B
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A}

The potter should be able to assume a comfértab]e, well- %
- balanced position on the wheel and have the following basic
" equipment within reach. !
"a) a bowl of water .
b) a small §ﬁonge : , ' T
¢) a sharp stick or knife hsed for trimming P e

acquire.

forming

d) a needle-like device that is used to cut off tops
of uneven'wall§ ' .

e) a cut-off wire.

a) Centering - Slides 24-32

Centeriq&uthe clay on the wheel head is the first skill to
If the.clay is not properly centered before "pulling" or
is attempted, the pot isvlikely to collapse before completion.

There are two basic centering techniques practiced by potters.

These are explained in the following slides.

Shape the wedged clay into a ball and throw it sharply onto

Slide 24.

o a wheel head that has been dampened. ‘

Slide 25. glowlygrotate the wheel and pat the clay into an even’shape ;
in the center of the wheel. o 1

Slide 26. Kick the wheel with the right foot and make 'it go as fast as

possible. Then wet the clay so its entire surface is covered
with water. Set both hands on the turning clay.\‘The action
between the water on the clay and the hands produces a wet,
éloppy solution of clay knowp(as slip. This is the critical

| mat£f1al'thxt prevents the clay from deQelopfng any spots
~and allows the clay to pass smoothly‘yhrough the haﬁds.




Slide 27.

" Slide 28.

Slide 29.

_Stide 30.

§lide 3].

Slide 32.

2

.should now be centered i

; 43"

It is important to keep the clay well-lubr'cated at all

times. However, too much water w111 increase he plasticity
of the clay until it becomes d1ff1cu1t to work hlth On )
the other hand, if the clay feels nry as it passes throngh
the hands, more 1uérication is required. ) \ \

Squeeze the clay with the hands and force jt up into a cone

4
shape. - ) | - 4

Nlth the left ‘hand at a diagonal across the center, press
down on the/tlay until a beehive shape is atta1ned The

right hand is held at the side of the clay and acts as a

quide to ho]d the c]ay in check

When the clay revolves without wobb11ng then the clay can’
be cbnsidered centered. Some potters use a second method
of. centering which is much faster than the fingt nethod.

Kick the wheel as fast as possib]e. wet the clay, and place

" the left hand d1agonally acrdss the center of the clay.

Grasp the f1ngers of the left hand with the right hand
Brace yourself by resting your elbows on your thighs and
spread your legs into a wide stance.

Apply downward pre§§ure. At the same time pull Fhe clay

toward your lap. At this point the edge of the [left hand

will act as a lathe to shape fhe clay.

Ls

When there s no wobbling motion in the c]ay-en it rot&teS‘.

evenly in the hands, slowly release the pressur . The clay




. 8) The Cylinder - Slides 33-38

“, - Tﬁe next stage after centéring is to "pull® ?r shape the clay.
_ '~ into the basic cylinder shape. ' L T \4;)/}
Stide 33., When the wheél is revolving, rest bdtﬁyhaﬁds on the clay. .
Place bo£ﬁ thumbs in the center and presé down to make a
\ "small depression within the clay bbdy. Keep ' the, debression
: - well-lubricated. | ’
Slide‘34aﬂ Graduélﬁy enlarge. the depression to within 1/4 inch of the -

4

top of the wheel head. This depth will establish the thick-
. _ ness of the bottom. ' ’ )
Slide 35. With tﬁe left hand on the inside and the right hand held at

. ’ the right hand-side, square”of% the‘bottom by rqnﬁjng thé
| fingers of the left hand flat along the bottom to ;he right

hand side. The right hand keeps the clay in cheek.. The /-

P | \ . thé clay upward. )
Slide 36.° Thissupward motion of the clay is the basic ﬁrincig}e behind
- " . “pulling” the clay. ,A force is exerted on the clﬂy and its
o ‘ . direction is determined‘by the attitude of the hands.
'311Aé 37. .”Pull}né” is achieved as fol]ows:'squegze the clay betﬁeen;J

|

|

|

|

}

|

{ a . " clay is actually pushed ;gainst the rightbhapd which forces
|

|

|

|

|

- | | | W
B ~ -+ the finger tips of the left hand and the side of the bent
l-. B

e
.

. index finger'of the right hand and draw the hands up with

X

A

J even 5:r55pre through the height of the wall. Continue - e

4

pinchiig and puliing until the desired.thinness of the wall
© {s established. ° - | S ,




_S1ide 38. After pu]l1ng is completed, cut the cy11nder~1n half and

Ce ! j quality is consistently satisfactory.
.7 ¢) Shaping - Slides 39-40 - - —
from the basic Eylindér<by simply ben&ing d}"shaping the cylinder walls

. inward or outward. ' R

Slide 39. The s1mp]est shape is a bulg1ng shapels Place the left hand

‘ . 1n51de the pot and, gush out w1th the finger- tips i
Slide 40. rrow the opentngk\t & cy]inder'rest bbth hands on the

‘gllde 41." To begid a bowl center the clay into a‘ﬂoughnut shape. as

N
exam1ne the cross-section. Can areas be improved? The '

iﬁottom offthe cy]%ndeh should be flat and the wal]s should
be of'even thicknees with a slight thickenfn& at the ton.
This th1cken1ng will prevent the rim from spllttlng
. It js’a good practice to cut several.cylinders in half until

L §
Y

There is a great nariety of pot ehape$ that can be created

>

~

*

" outs1defof the wall near the top and "choke" the POt slowly

v
o

I., ! :‘f [
'

o The»open1/9 w1]l gradually narrou‘

< d) The Bowl Shage - Slide§ 41-45 L Y

Theubowl is a natural extension of the cyllnder shape. It is
0N,
a w\de—mouthed cy]1nder with a rounded bottom. The method for throwing
-

a- bowl varles s]1ghtly from the cyl1nder. .

‘, shown in the slide. Leave a thickness of aﬁhut one 1nch

N . at the center of the doughnut It is this'ihickness that
‘ will prov1de tge foot &% avlater ‘date.,
) ‘ . . "' e ’ ‘* .— - .
. . , . ‘ - D.__ \ 4 Tt ( - 1 Aﬁa
J D Steoe, 2 )
- ' . - \‘. » v, . * .
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Slide 43.

"Slide 44.

S,
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-

S1ide 45.

- e)

Slide 46.

. Slide 47.

4

Slide 48.

y | 46

The flat part .of the thumb is used for smoothing the bottom
of the bowl, ' |
Pull from the right.hand gide at a. diagonal, not straight
up as doné when throwing cylinders. Retain a slight thick-

ness at the rim to prevent the rim from splitting.

As the heigﬁf of the walls increase, the speed of the wheel
should decrease otherwise the centrifugal force could collapse .
the bowl. If possible maintain a slight curved shape to a s
bowl. This will help to offset the effect of_fhe centrifugal
force. The rim of the bowl is finished by holding a wet *

piece of leathgr or paper towel against it. . °
A cross-section of the f;sfdé shape ;hould reveal é gently

curved bottom wi th no corners leading to the rim. The boté@w )
of'tqg bowl is left intenfidnql]y thick so tﬁat a foot can

LN

be turned later N ‘ '

R

‘Hold a cut-off wirg\fightly and draw it flush along; the wheel ’

Removing Work from the Wheel - Slides 46-48 v
| N

, f B
When throwing is finished the work must:be removed from the’ - -

wheel and allowed to dnyu The procedure is quite simple.

;A

of the pot. Be certain there is no water left on.the inside.
' ~

Trim all scraps and excess clay from thifbottom. outside

" head underneath the pot. . <

.

Dry the hands. Gently pick up and place the pot on a wooden

L) H

bat.and set it aside to'HEy. If the pot does not reazi]y

1ift up after undercutting; wet the wheel and draw the wire
a ﬂ( o

- underneath the pot several times. The pot will then slide

off the wheel ‘onto the bat.

‘



o .
When making large pots the bat i§ first affixed to the wheel/
by using soft clay as a mortar and pressing the bat into
‘the clay. The pot is thén thrown on the bat. wﬁen the pot
is finished, the pot\and bat are bofh undercut, removed
together and set aside to-dry. |
Shapes such ag Sowls,casserbles or such with a wide bpehfng'

’ aré.usually thrown on a bat because the wide openings are

susceptible to warping when handled at the greenware étage.
! .

p——

- f) Turning - Slides 49-56

After a paf;has been thrown and cut off the wheel, }f requires
“some .attention to complete and finish the bottom. Thé‘excess clay

is carved away. This is known as turning. Pots are turned either gp
the wheel or off the whe;ﬁ.

Slide 49. Turning a pqt off the wheel is very simple. Hgld the poé,

b

tilt it on an angle and r911 the pot in a circlé a)bng its
edge. j , '
Slide 50.’ When the edge is gently rounded, tap the flat bottom of tge
pot with the heel of the hand to cause a slig;t he;ression.
The depression on the bottom of the pot forms a rim on'which_“..
the pot ;its. This method of finishing is particularl& - S
suitable éo mugs , jﬁgs, Jars or any pot fhat does not require Q
- a thrning tool to form the footuor base. If the design of
the p6t calls for a tboled foot, the clay must be moist enough”
to be easily cut by the turning tool gut hotntoo nwist,o% |
’ it will loose its sﬁapg. Similarly, ¥t must not be allowed

- to dryto a point where it can no longer be turned.

-
"




-Slide 51.

Slide 52.

i

Slide 53.
Slide 54.

Slide 55.

Slide 56.

" and soHd.

The first step is to recenter the pot-upside down on the

wheel, then secure it in pléce with pieces of soft clay

which are pressed against the pot and secured to the -wheel

head. Be careful net to dent the pot at thié poini.

Shapes such as thin-necked battles cdhnot‘ﬁé placed on the

L]

hoar glass shape.

The pot is centgred insjde the chuck

"which is in turn centered and secured to the wheel head.

Kick the !Eggl/éﬁaxglowly bring the edge of the turning
tool to the top edge and begin stripping off the exﬁess

clay. 'Somé people prefer a lpoped turning toof; while grhérs.
prefer a small sharpéﬁéd bladé.
available. |

After the sides are trimmed attention should be given to

carving a foot.

Begin at the center and work out to the

inside edge of the proposed foot.

. ' \ .
bgbk and form the actual foot upon which the 'pot will sit.

In the slide the pot on the left shows.a cross-section of -

There is a great variety

“The final stage is to work on.the out;jde_eﬂge to cut {t

a bottom that has beefi rolled while the pot on the right

has had its bottoﬁ turned.

There is a simple test to gauge the thickness of a bottom
‘to avoid cutting through it with a turning tpol

on which ta sit.

Tap the

bottom with your finger. A thin bottom will give.a light

tapping or hollow sound while a thick bottom sounds f1rm

......

(

wheel upéide-down without the aid of a chuck or fired ceramic

Noticq-that both pots have a rim

}




g) Handles - Slides 57-62

- Handles for both thrown and hand-built pieces of work can be

made in a vériety of Qays. A simple, yet functional, handle is formed

by rolling a coil of clay, shaping it and attaching it to the pot. .

This, however, often-produces an uneven or rough hand-bui}& appearance

that is inconsistent with the evenness of thrown pieces. For coil

handles)do not look out of place for hand-bui]t”pieces, a handle is

usua]]y pulTed for thrown pieces.

Slide 57.

Slide 58.
Slide 59.

Slide 60.

Slide 61.

Slide 62.

»

Begin, w1th a well-wedged piece of clay and beg1n shap1ng to
a taper. A taper can be made by wett1ng the clay and drawing

the hands down the clay several times. Squeeze gently and

evenly until a short taper is producgd. y .
Break off the taper. - . L
Attach it to the side of ;he pot_by bressing the taper
against -the side.

—

Hold the pot in one hand so that the tayer hangs straight
“down" and continue pulling the clay and elongating the taper.
When the taper has reached the desired length and’ thickness

slip the index finger under the taper and slou]y right thet

i'pot:, shaping the handle as you go. Attach the handle to .

the bottom and trim off anj/exces; clay. " a
Another method of makfﬁé handles 1; to cut them out of a~

Tump of wedged clay with a shaped loop tool. The thickness

of the handle will remainéconstant as will the design depending
on, the bend of the Toop tool. For.the inexgérienced‘potter
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vwho finds pulling handles difficu]b-J;his is a very easy
- method of producmg several Took- ahke handles at once™
Hand1 és must be attached to greenware. If the clay has
¢ " been allowed to dry to leather hard, any handle that is
attached will crack and fall off as it dries. Once a handle
is successfully attached to a pot, it should be/wra‘pped in
moist towels to retard its drying. The po{; is then placed

in a damp cupboard or sealed plastic bag to dry slowly.

h) Lids - 81ides 63-69

There are ‘two ways to make 1ids on the potters' wheel; the‘
upside down and the right side up methods. '
\The upside down method is very much like.making a bowl that
'IL to sit on the rim of a pot. The‘asic inside curve of the lid is
- established first and then, when the clay has dried to the_state where
it can be turned the 1id is inverted and trimmed like a bowl A handle
* . can then be added to the ¥id. e .
Slide 63. It is a good idea to measure the opening oflthg pot. As—the
4 ‘ pot shrinks so will -the size of the opemn.g{ If meagurements -
of the 1id and pot opening are taken when wet both will
b | shrink at the same rate. The 1id should fit the pot well.
" Slide 64. Center the clay and beg%n to press dow; about dne half inch

- =3 \from center. This. forms.a button which(wil] be the knob

-

o " for the 1id. : \
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Slide 65. D%g in from the side and pinch off a piece of clay.
Slide 6611 Pull the clay that has been pinched off straight out, \
. horizontal to tﬁe wheel. This will establish the width of
> the Iid.' Fina]iy,smooth and fihish{iﬁe edge of‘the lid.
Slide 67. Measure the width of the 1id to insure that if fits the
opening of the pot.

Slide 68. Cut the 1id off the wheel with the cut-off -wire and set it -

aside to dry ‘
Slide 69. The cross-section of the Iidded-bot shows how t&éd4id should
- “. fit on the rim of the potf#

o

G GREENWARE TO GLAZEWARE

1. Natural Drying

‘As clay dries it goes through two stages before it is ready

b2

for its first f1ring

Greenware is work that has just been finished. It is still
extremely plastic and as it dries, the water in the raw clay leaves
<:‘ S a vapour. Hheﬁ the surface is:just dry, capillary action draws out
: the water from the moist interior of the mass of clay. The clay now
§\\‘ . begins to shrink as the particles draw closer together. “ ‘

Leather hard refers to clay that has been allowed to dny to

- a point where the moisture betweenjthe particles has evaporated. If
. - the partiéie size in the clay is large, less shrinkage will occur, buf
if the particle size is small, then there will ge a greater percentage

: of shrnnkage because of the presence of additional moisture in the

-

€
s
s \——/\~
-
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" clay. whgn natural drying has been completed, the pieces ,cgn be handled

without any danger of changing the shape,- but the clay is stiﬁ extremely
fragile at this stage and has to be fired befofe it éhanges its physical
properties again. , ; - | o

When clay dries,‘ it is subject to splitting, warping, -and cracking—
because different thicknesses of lthe ciay in a particular 'part of the
work will dry at different rates. -For example, a thin handle Qﬂ] dry
mgch quicker than the mass to which it is attached. For thatvreason,
every-attempt should be made to allow work_ that has surfaces of varying

thickness to dry as slowly and as evenly as possib]eu. To retard the

drying of thinner areas wrap them in moist paper towels and cover the .

. whole pot with plastic or place Tn a damp cupboard. For thicker sections,

" the addition of non-plastic particles such as grod during wedging. aids

in drying the clay.

>

-

*2. Chemical Changes that-Occur-during Firing

Clay articlés in their dry state are not usually functional.’
For example, if liquid was placed -in an'unfired pot, the ware would
absorb moisture and eventually return to a plastic state. Thus in
order for the pottery to be) functional, it must be fired i'.n a kiln. -
Anyone firing a kiln must be aware of the ?important physical and chémical
changes that take place in the clay bbdy as the femperature of the

=kﬂn rises. o

!

-

0°-100°C - In this temperature range drjying is comp’leted as
the water and moisture are driven off by the heat. .If the advance

in temperiture is too rapid, steam is formed within the clay body and

“ P LY ot
S e e o s B
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causes the clay to burst or explode. Speciaf care must be given to
large pieces with thick walls which are particularly susceptible to

!

_steam explosions. ;
~ 350°0 - The chemicallf combined water in the clay starts to
be driven off. The rjse of the kiln temperatufe should be slowed to
prevent stéam ‘and to a‘void breakage. | |
500°C - Dehydration takes blace. AF this tempefaiure tﬁe clay
loses its plasticity and an irreversiple chemical chdnge takes place.
The clay can no longer be returned to a p]astié state. Clay that has
xeerhu fired past this point is said to be bisqued.. . R
573°C - Quartz inversion occurs in all ‘clays, The quartz 0
crystals rearrange themselves which results in a slight 2 percent
decrease in volume when cooling. .’
| 900°C - Oxidation occurs. All ingr;ediénts, in the ;:lay body
t':hat are not in oxide form (e.g. organic material.) decon;pose or burn
Coff. . - L
Note: /In fuel fired kilns; if the atmosphere in the kiin is “reduced"

or starved of oxygen or the firing advances i:oo rapidly, ca'rbon.may

_remai'n in the clay body and cause it to fire darker or to swell. ¢
As the temperature of the firing increas?s, the cTay goes through ‘
a ;eries of physic'al changes that alter the clay from a chalk-like sub-
. stance to a dense, impervious, glass-like substance. When the clay

makes this changé, it is said to have yitrified. Each clay type vitri- '

" . fies at a different temperatyre debending on its ingredi’énts. During -

vitrification the clay particles fuse together 1nto‘a’glos$yvstate.

1[
E
|

o
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} Thé firing of a kiln is an exacting task. In a fuel fired
kiln the final temperature must be slowly approached and care must be
taken to avoid overflrfng, which may cause melting or sagging. Nhen
the clag has been exposed to ‘the. correct amount of temperature for the

»

right length of time, it matures, becoming hafd and fused.

---a) Bisque firing

After the pieces have dried completely, the kiln is tightly
packed with ware made of the same clay. This first firing of dried

" ware is known as bisque firing. It should be noted ‘that )when a kiln .

s packed, pieces made of different clays should never be included.
E - . - -\,_3‘

Thes'eq odd pieces could have lower mélting temperatures’ that would ‘cause

" them to melt during higher témperature firings. The melted clay will

fuse onto anything it comes in contact with ruining pots, kiln shelvesl,
walls, and-electrical elements: A full kiln allows the heat to be

evenly distributed throughout the firing chamber. A poorly packed kiln .

" causes cool spots which can result in dunting or cracking of some ware,
’ If pieces are not.‘bone—dry. the temperature rise should be stopped

i J ,
at _100°C. until the uncombined moisture has evaporated from the clay.

After the firing is conp]eta the kiln must be cooled to below

L4

100°C before it is opened. Premature opening can cause dunting but mione
seriously, the thermol shock from the-sudden mﬂux of cool air can

But,

\\"N

odamageéﬂ’z/ re brick within the kiln and necessitate costly repairs.

re importantly, many eager potters ﬁaye been burned when taking:

" pottery out of a kiln. After the kiln has cooled sifficiently, the

ware can be handled safely with asbestos mittens.
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3. Glazing Techniques ,

Commercially produced glazes are adequate for most needs if tﬁe
classroom is equﬁpped ith oniy a low fire kiln, inst}uction time is’
limited, and if the students -are small children. But whether you use
commercia} or your own formulated glazes the manner in which it is
applied will -affect the quality of the ,glaze on the fired pot. A glaze.
tﬁ§1.§$ applied'haphazardly could destroy the aesthetic beauty of a
piece of wdrk by yielding a glaze that is uneven,'rough, dry or bubbled.

If the glaze runs off the walls of ware onto the kiln shelf it could

' glaze the pot to the kiln shelf. Similarly when glazing lids, care

should be tekéh to ensure that the glaze dees not run during firing
and permanent]y melt onto the pot. To avoid such'disasxgrs there are
severa) fechniques to use when glezing. . . ‘
Qiggigg.a pot into the glaze ensures an overall ‘even coating.
_However, a large amount of g]aze must be produced to allow for sﬁfficient
** depth for dipping. ‘ . '
ggggjgg_gla;es over the bisqued pot is another method of ensering /
an even coating of glaze. The glaze ;hould be‘slightly thinner than
heavy cream. Thick glazes are apt to run or bubble when fired while
th1n watery glazes look dry in appearance after they have been fired
J ‘and often have rough unpleasant textures. Pouring is particularly

suitable for glazing the insides of bottles and bowls. This is done

. by pouring the glaze inside the bisdued piece and rotating the pice in

the hands while at the same time tipping it letting the glaze pour out.

» -

The rotat1ng motion ensures an even coating on the inside of the pot.

\




It is .djfficult to abtain'an even coating of glaze if a brush
is usedﬁ But sometimes, as in the case of small children where pouring
and diﬁping can‘be a physical problem, a brush works well.

" For smaller pots such as cups or bowls, a giazing technique known “
as double dipping can be used. The pot should be dipped into the glaze-
_ uritii the side of the pot has been glazed to a desired level. Then
with a~‘§udden eharp motion, pull the pot up but not out of the glaze
and shake it vigorously. The quick movement draws the glaze into the
inside of the pot., The shaking motion distributes the glaze evenly
throughout the inside of the pot in seconds '

« Commercial ceramic producers and some potters use sprayers to
apply glazes. The piece of work is placed on a turntable and sprayed
wi Fh an.even eegting of glaze. gis process, - however, lrequires a spray-
gun, ventilation shafts, masks, goggles and a ;pecial area for spraying; .

and is usually too costly for classroom use.
‘) When glazing pots, it is advisable to cover the side of the
pot. with glaze to within ]/8"-]/4" of the bottom. More or Tess space
left at the bottom de;;ends on whether the glaze runs a great deal during
firing. ' Some potters, however, will glaze the entire pot ine]uding .
the bottom and then sponge the glaie off the part that will come in
contact with the kiln shelf.

Waxing is a good way to prevent lids from becoming glazed to '
pots and to ensure clean, gleze-free bottoms Waxing also e]iminate:s
rough, ragged -edges where the pot and glaze meet Any area, of the pot
that is to remain free of glaze can be waxed with a mixture of 50%

parafin or beeswax and 50% turpentine heated untﬂ\qu_uiﬁed “A brush

2

~ i




1ift an ordinary‘ piece of work into a aeh'ghtfu'l creation. There are

7~ 57
e . .
is suitable for applying the mixture but a small piece of sponge tied
to a handle hd]ds more wax than a brush. By securi\ng the bisqued pots
on the wheel their bottoms, rims, and lips can}be waxed evegly by holding
the wax-laden sponge next to the turning pot as it is turned gently.. E '\
Some po'tters wi‘H heat the wax mi)}ture in an old electric fryi.;g pan
and dip the bottom of the pot into the wax rather than painti-ng/ft on.
' If, however, a burr;er instead of an electric frying pan is used, the
wax should be melted in a double boiler to pre‘ventrit from overheating

and to prevent spilled hot wax from igm‘tir)g on burner elements. Once

the pot is waxed it is then glazed. The wax burns away during firing ‘
. F
and does not discolour or leave any marks on the clay body after firing .

q

is complete.

(4]

a) Surface Design ' . ‘

. Po;\tfrs may design the surfaces of their pots in a variety of ~
wiys. Knowing how and what kind of design to add can brighten and

several methods of applying simple s1ip and glaze decorations that
could be hseful to the student. . »

~ Engobes are s1ip or liquid clay mixtures which contain colouring
oxides. The engobes fire to a di fferent colour than the ware on which
the:y are placed. Engobes applied to greenware in an even, dense coating:(‘
cling to the pot during shrinking and firing becaus; they and the ware
shrink at the same rate. When applied to bisque ware engobes will

ghrink and eventually flake off as they 'dry on this cl;&hody which

has been previously shrunk.
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A
Mlshlmla 1s a Japanese form of decorating where soft, 1eather f Y

hard clay is cut mto and the cuts are ﬁUe%th a a1fferent colour

'clay body. This is then covered with a clear glaze and fired. It is

the difference and contrast in clay co]ours that provide the design.
1

Slip trailing is an English form of . decoration. A slip is o

prepared from a clay body that is a different colour than the piece

to be decorated. . The shp is dru)bled or trail ver the greenware

with an ear: syringe or 1ts eq\uwalent. Mhen it §s fired the d\fference

in clay bodies produces different co]ours on thel surface of the pot. '
Wax resist dESIQnS are applied after the pot has been bisqued. ' {

A desigp _‘cari be -drawn iR hot melted wax on gither a bisqued serface or

on a g]\azed surface and ‘then the pot can be glazed in differen‘t colour

glaze. - Where the biece has been waxed it will resist the glaze and allow

. . the othey surface glaze colour to show through. S

Stencils made out of large pieces of cut-out paper can be used

in“‘ much the same way as wax resist. The cut-out paper desi gn is then
: laid on the work and the g]aze is either sprayed or gently poured over
the paper. Hhen the moisture in the glaze has been absorbed remove
the paper angfflre the piece. ’ T, :
Sqra¥ffito is a deswgn that occurs when greenware is covered

with-a thin slip, either an engobe or shp of a d\fferent clay body, .
and then scratched to a: depth that just penetrates the greenware. The

O claj of the greenware'piéee isvisi‘ble through the scratches in .the * ‘ '
slip and forms the design. - - 0‘

Snk Screen is an old method of producing prints that can be

applied to ceramics. Using a suitable block out such as water mask,

{
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- glue or.tusc'he, draw a desqgn on t/s\creen. insl'}’d of ink use a
shp wmch is a dlfferent co]oureﬁ c]ax body - than the pot Some possi-'- 1
bilities -are to scireen on slab’ first theri create with the s]ab or to.,’ ‘v

] v - 7 =
. ¥ ¢ -
" scr%en’ dlrect]y on large flat Surfaces (\f work. When the work is fired "
"
the d1fferences in c1ay~ bodfes produce different colours.
R “ . 1 . 9,

e . [

. ‘ ‘ - . - :
y - b) Glazg Firing q ' ' N

g In a.glaze i‘irirn'g theekﬂn must be packed with the greatest =

care. \ Durmg the bisque f1r1ng the kiln is loaded to capacity ‘and

‘p1eces aré“ aHowed to touch‘each other. However,’ in a glaze f1r1ng.~

ware must be"sta‘ck‘ed eveq]_y, Qso that they nei.t.hver touch nor have large

.o‘p.en areas bet{q:e‘en'th‘em. Every effort must be.made to ensure an even’ )

ﬁ rmg temperature throughout so that g]azes kach their maturing or;.e ’ -
correct n'né‘ltm@ pomt54 Before the kiln i3 stacked tr?e kiln s'ﬁé] ves

shou]d qbes coated_with I:}-ln wash- (a so]utwn of 50 percent china glay, " \,_
~50 “percent si]ica), " This "does not damage the .kiln shelf or the pottery
but will prevent rupny gla azes from adhering to the kiln. When loading -

- r -

a kﬂn for g]aze the fi ring distance between the pieces should be 1/8"- ‘
1/4" but if you are not/sure that your:.glaze win ‘run, froth or swell,
then increase the d1stance between p1eces to prevent them from melting
together durmg ﬁam:j a0 R e . : B \
. < Be careful ‘not- to cut off the natural c1rcu1ation of air in’ / .
gas kﬂns. _Where the kiln is darge enough for two kiln shelves p,er

layer to be used, the hei ght of the shelves should.be staggered to

K

ensure proper air cirtylatfon. ~ _ :




- . K4 (about 980°C) flrst but this is optional. The glazed pots will become - -

A cold water.. Hhen the organic materia] touches the surface of the pot.

} ‘6'0

. I's
Once the temp?rature has been reached and the kiln is qoohng

2t

1t\shouid not be “cracked" or opened untﬂ the temperature has fa]]en €

be]ow 100°C. ,M}_tts should be worn when unloading as a precaution against

> . ' burns E \ / : i )
| ‘ K LR . !
[ . .
c) Raku Firing ol ‘
"liaku ﬁ"ring 'is an ancient Japanese form of firing that 'g%ves o
, .

the students an opportun;ty to study the total ceramic experlence

4
#

. A s1mp'le up- draught kiln yith a- brick® door in front can be constructed
‘ (see f]gure 3) froh ﬁre bricks. Thls, type of kit anows the heat,”
to ,enter from the bottom opening,a move up and around the firing chamber
and out a sma(r opening at:{ he ¥op. Some Raku kﬂns have largeo,]ar-
like saggars- m them in whtch to\place the glazed ware The source
of fuel can be) gas, wood, charcoa], or bottled gas./, Pots are prepared

, b i . \ S
either in the class or on site, glazed, and placed .in the pre-h;;%ed

«
N L]

kiln with the aid of’ﬁ]oves and tongs. Some potters suggest bisquing

{gloss_y when they are ready to be removed from the kiln. Asbestos gloves -
~and tongs are used to ‘remove the pots which.are then mnedlately _thrust
. into cold water. To avoid crackmg an breakw‘ the clay body must be / i
yery open" or coarse s{mch meand it must contain a great deal of fire
claw or grog ) ’
\" A simple Feduction firlng effect can be achleved by r;mmg the
- re hot pot in wet grass. leaves, or snwdust. before immersing it into

I e

it burns. This starves the pot ‘of oxygen which results in a smple. .
i ‘ ' ‘ . . )
reduction firing, . S o ot SN
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Figure 3., Diagram of Simple Up-Draught

Raku Kiln
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APPENDI X

; .' ‘. ]
Complex Glaze Yormula - \

-

Complex glaze formu{as such as' the Raw Lead Glaze below, require

a systematic method of calculating

’ Formula for Raw Lead Glaze: ' -
' RO S0 RO, RO,
Pb0 | 7 AIZO3 15 .. 5102 1.75
‘Ca0 | 2 .
0 . .1, ‘
1.0 Total S o

) The'}brmula does .not tell you how much or even what raw materials
ﬁust be used. It states that this‘glaze bontains one molecu]e.consisting
of lead oxide, calcium oxide, and zinc oxide, .15 of a molecule of aly-
minum and 1.75 molecules of silica. 'The formula‘has to be converted to
a batch.recipe to determine the huantities of raw materials to use.

'§£gg;_.- Copy the formula so that it is on one line and prowide

columns for <she batch quantity, ;he raw material, énd for the —
individual oxides. . |

Batch  Raw Pb0  'Ca 0, Al 0y 510

Quintity Materiad .7 .2 0 Lf5° §
Step 2 - The f*?st matérﬁa]‘to‘be added to the glaie’is the .7'~
of Pb, from Table 3 jnﬂzﬁg\hppendix, find out what raw material
furnisheg- PbO.— We wiil‘phoose\whitexfead.h In the raw material

o e

—

L)
P.
s .
'

‘ <



_as the raw material and the Zn0, using zﬁfﬁ?j;:;:e as the raw

' ’ 63
column write white lead and in the PbO column write .7, 7 being

. . X M
the amount of white lead required, while x equals the amount of

lead contained in the ray material, in this case 3 Pb0. The result

of this division is .233

-

Batch Raw PbO0 Ca0 Zn0 Al 0, 510 :
Quantity Material .7 .2 .1 ?5 g t
White .7 _
) lead  x .
' .233

Y

Step 3 - To ca]cu]ate the batch quantity, mu]tiply the figure
.233 by the molecular we1ght of white lead which is 11sted as.

775. The resu]tant tota] is 180.6 weight units of whlte lead

- .-

to be used in the batch of g]aze.

Step 4 - The same steps are followed for the CaQ, using whiting

material. The resy]ts should be recorded on the chart. RN

Batch Raw " PO Cal" ZnO . R0, SiO
“Quantity Material 7.2 457 ?.
:180.6°  White -7

Lead
. 4"20.0  Whiting .2
‘ Q& . A .
- 8.1 . linc
* , Oxide ' ) |

l o | oo
|
!

#

Step 5 - To calculate the alumina, we follow the same procedure .

as before, finding that ch1n3 clay will yield the alumtna In’

. this formula, we require 38 units of china clay. You will also

3 . . ey
. xe .
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- note that the china clay yieldsptwo molecules of silica and two

" molecules of water. The H,0 is water of combination and is giyen

off as' steam during firing so we can ignore it. The two mole-

. ~cules of silica present in the china clay can help satisfy the

SfOz that is required in the final column of our formula.

To calculate how much Si0, the china clay fulfills; multiply the

amount of china_clay required by the number -of Siozhmolecules
present in the raQ_Taterial._.iS x 2.00 = .30. Transfer tﬁis
number. to the S0, cQlum. The remainder- of 510,to be satisfied
is found by subgracting the total supplied by the china clay from
C ", the total SiOZ'requiret.i:‘ 1.75 - .30 = 1.45. -« "
§jgﬁlji - To calculate the‘rgmaining silica the same procedure
is followed, except.insgead of needing 1.75 quantities of siiica,
We now only requi}e 1.45. The raw material that yjeids silica

G !

is flint with a molecular weight of 60.  *~

Jhe completed chart will give the batch recipe.

J . Bateh Raw PO Ca0 Zn0 A0/ Si0,
: : Quantity . Material  .7- .2 a0 1.7§ .

-

C . 180.61° White g, = 4 "
. Lead - 3. - _— {
: .20.0  Whiting - .
8.1  Zinc, - | S -
. Oxide - - . . - .. T . ‘ -

Co - ®0 ma T - 05

‘ Clqg(_~ | ) ," '
87.0  Flint - ~ o q_g \
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. - 180.6

. . 20,0

: ' 8.1
38.0

87.0
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The ‘batch recipeAis now . - - . ' 4§
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TABLE 1
Table of Elements, Their Symbols and Atomic weights7
: Atomic ' Atomic
Elemént Symbol Weight Element Symbo1l Weight
Al uminum Al 26.97 Magnesitf"' Mg 24.32
Antimony Sb 121.77 _ Manganese Mn 54.93
" Arsenic As 74.93 Nicke] Ni 58.69
Barium Ba 137.36 Nitrogen N 14.01
Beryllium Be 9.02 © Oxygen 0 - A16.00
Bismuth Bi . 209.00 Phosphorus ., P 31.04
Boron Bo 10.82 Potassium K 39.10 -
Cadmium .+ Cd 112.4] Silicon Si . 28.06
Calcium Ca 40.07 Sodium Na 23.00
Carbon C 12.00 . Strontium Sr 87.63
Chiorine ° Cl 35.46  Sulphur S 32.06
(. Chromium cr 52.01 Tin Sn 118,70
Cobalt Co 58.94 Titanium Ti 47.90
__Gopper Cu 63.57 Tungsten W 184.00
Fluorine F 19.00 Uranfum . U 238.14
Hydrogen ;? : 1.01 Vanadium . v . 50.96
Iron e '55.84 Zinc In 65.38
Lead " Pb 207.22 . “Zirconium Ir 91,22

Lithium Li 6.94 -

5Rexford Newcomb, Jr. Ceramic Hhitewares (New York and-Chicago:
Pitman Publishing Corporation. T947), p. /0.

3




B

Substance

lBérium Carbonate

Bone Ash
Borax

Boric Acid ’

' Calcium Borate

(Colemanite)
China Clay
Cryolite
Dolomite

. Feldspars

Cornwall Stone

9odfrey Spar

Nepheline Syenite

Orthoclase

Oxford Spar

Flint

Fluorspar

‘ Lead; Red

Ca0 .097 Al
K0 .426 .985 8.433

Can

TABLE 2

Formula

Bacp3

Ca3(P04)2

3
8203'3H20

20a0-38,05°5H,0

A1203-25102

A]F6

+2H,0
\’2

Na3

CaCO3-MgCO3

Ca0 .304 A1203'5i02
Na,0.340 1.075 8.10

K0 .356
203

Na,0.377

K0 ‘.25 A1203 SiO2
Na,0 .75 1.11 4.65

K20'A1203'65102

K,0 .631 A1,05 Si0,

Na20.369‘1.125
Sip2

v

Pb304

“Table of Ceramic Raw Materials 8

Fired

SiOZ

Molecular Fired
Weight Formtij// Weight
i

197 - “Ba0 153

310 Ca0 56
382 Nay0" 28,05 202
124 3203, 70
412 Cao~1-5§§o3 161
258 A1203-2§;02 222
210 | Ma,0°A1,0, 288"
184 Ca0-Mg0 96

- 667 — Unchanged @ 667
542 Same 542
462"  -Unchanged 462
556 Unchanged - 556
703 ~ Same 730

© 703

60 ‘Unchanged 60
78 " ca0’ 56

684 PbO 223

\

' Continued:.\. .
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TABLE 2 - Continued

*
{

. . - Molecular Fired Fired
Substance - .. Formula Weight = Formula Weight ©
‘Lead, White 2PbCO5-Pb(OH), 775 PbO 223
Lead, Yellow PbO. . ——283 . Unchanged 223
__7Lithqrge : - .

Lithium Carbonate Li,C0; I/ Lizb 30
-Magnesium Carbonate MgCO3 ' ‘ 84 Mgo 40
?ngnpsite)‘ o o . ' N

iter . !(NO3 100 . . KZO 1 94

Pearl Ash cho‘3 138 1 KO 94
. 3 ‘ :
Potassium _o- - . :
Bichromate K2Cr207 - 294 KZO'Cr203 - 294
r Silica- §i0,. ' k:;; 60 " Unchanged 60"
LA . . .
* Soda Ash | NaCoy 106 Na,0 62
Sodium Nitrate  NaNO, - , .85 . Na0 62
Spondumene ' Li,0-A1,0,-4510, a2 " Same 372
St}ontium | ' : _

Carbonate SrC03 . 148 sr0 120
Talc (Steatite) "3M90'45102'H20 378 3MgO-4SiO2 360

‘ s c . ' '
Tin Oxide ) SnO2 : c 151 * Unchanged 151
Tjtantum Oxide ' TiO, | . 80  .Unchanged ' 80

(Rutilé) o , : ‘
“Whiting ° Cac0,, 100 Ca0 56
Zinc Oxide - In0 U g1 # Uncﬂanged 81
.Zircon (Zircopax) ‘2}02-5102 - 183 Unchanged 183
Zirconiym Oxide  zr0, ~ .. 123 Unchanged _ 123

v g ST
. 6Rhodes. Clay and Glazes for the Potter, p. 63. . T




- 4 100
120

160

104
140
176

T a2
248
284
320

- 356
392
428
464
500

. 536
572
608
644
680
716
752
788
824
860
89
932
968
1004

\/

. TABLE 3

Table of Temperaiurg Conversions9 -

560

580
600
620
640
660
680
700

720 a
740
760
780.
800
820
840
860
880
900
920

940 ‘
960

980

1000

1020

1040

1060 °

- 1080

© 1100 ’

1040
- 1076
1112
1148
1184
1220
1256
1292
1328
1364

1400
1436

1472
1508
1544
1580

1616
1652

1688°

1724
-1760

1796 -

1832
1868
1904
1940
1976

2012

N

f

1120

" 1140

1160 .

1180
* 1200

"

1220
1240
1260
1280
1300
1340
1360
1380
1400
1420
1440
1460
1480
1500
1520 ~
1540
1560
1580 -

1600

1640
1640 -
1660

GMhodes, Clay and Glazes'fbﬁFthe Potter, p..ZOS.

2048
2084
2120°
2156
2192
2228
2264
2300°
233
2408
2444
2089 -
251

2588 ™
2624
2660 .
2696
2‘92

2768

2804

2840
2876
2912
2948
2984
3020
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“TABEE 4

Temperéture Equivalents for Pyrometric Cones

. Cone Numbers

020
019
018 : :
017 -
06 -
" 015, ‘

014 )

013

012

011

010

09

08

07

06

05 ‘

04 :

03 . . |

02 :
. 01

‘(

10
\

Temperature Fahrenheit

1175
1261
1323
) 1377 . -
" 1458
1479
1540
1566
v 1623
1641
1641. ¥
" 1693 -
1751
1803
1830 .
1915 \
1940
2014
2048
2079 .
2109
2124 C
2134 -
2167
. 2185.
2232
i 2264
. 2305 -
- 2336 -
= 2381
2399 .
. 49 -
: 243? ;
24
K 2608




e

’

*

BIBLIOGRAPHY _ N

14

Ball, F. Carteton and Loboos, Janice. Making‘Pottery Without acﬁheelt
_ Texture and Form in Clay. New York Cincinnati Toron(to London
Melbourne: Van Nostrand §§inhold Company, 1965. -

Cardew,aMichaeli Pijoneer Pottery. ' London: Longman éroup Limited,
1969. T ’ :

<

Fournier, Robert. Illustrated D1c%1onary of Practical Pottéry New .
York Cincinnati Toronto London Melbourne: van Nostrand.feinhold

. Company, 1973. 3 %

Fraser, H. Kilns and Kiln Firing for the Cfaft Potter.' LbndoninSir
- Isaac Pit@an and Sons Ltd., 1969. ~

Green, David. Pottery: Materials and Techniques. London: Faber and
Faber Limited, 1967.

Kenny, John B. ‘The Complete "Book of Pottery qu1ng~ Philadelphia and |
New York: ChiTton Books, 1949.

Krum, Josephlne R. Hand-Built Pottery. Scranton, Pennsylvania: Inter-
_ hational Textbook Company, 1960.

Leach, Bernard. A Potters' Book. ‘London: Faber and Faber. 1940.

Montgomery, Chandler. Art for Teachers of Ch11dren Columbus. Chio:
Merrill Books, 1968.

yelsg?, Glenn C. Ceramics. New York: Holt, Rinehart and Winston,
960. o ) :

Newcomb, Rexford, Jri Ceramic‘whitewares; Newyfork and Chicago:
‘=Q‘ . Corp.., 1947. .

{ ??5-re and Porcelain: The Art of High-Fired Pottery.
Ph1lade1phia‘New Ybrk London: Chilton BooE Company, 1959,

- . !

L2
1 L]

x4 ‘ . Ti -




72

4

Rhodes, Daniel. Clay and Glazes ‘for the Potter. Philadelphia and .’

New York: ' Chifton Books, ,I934

wi’

l . Kilns: Design and ‘Construction and Operatwn Philadelphia -

and New York: Chilton Books, 1968.

. Tamba Pottery: The Timeless Art of a Japanese VﬂlaL

o' Kodans}fa Internatwna‘l Ltd., 1970

Richards,”Mary Caroline. (epéering in Pottery, Poetry, and. the Person.

Middletown, Connectic Wesleyan University Press, 1962.

R1egger, Hal Raku Art and T hnique.
| ) )

1970.

14

London: Studio ,\'Ijista Publishers,

S A o
E
» .
.
6 ¢ ‘.
I
? \ \..
, . 9
' [
Qe . ] #
§ . -~ » ' < ~
S 3 '-
4
i % . . .
l;’ .’.q B rs
’ ) _ .
. & -
N | ) .
1 - . I
. A ‘/ !
& . - ¢
RN > - .
L3 &6‘ % o_"?‘,;
¢ - <ot
¥ I o T ‘
- r » J 9 .
A - -
s h Y
i ' ”o
‘.
n: A
o {
A \ ¢
k] 13
. .! \
. t
" - o~
. N Al
N .






