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LETTER OF TRANSMITTAL 

T. R. Agg, D vrector 
Iowa Engineering Experi1nent Station 
I o\va State College 
Ames, I ov\1a 

D EAR S1R: 

I am submitting and recommending for publication by the Iowa 
Engineering Experiment Station a manuscript entitled '' The Use of 
I ovva Clays in Small-Scale P roduction of Ceramic Art." 

The information has been compiled from a large Yariety of sources, 
and has been verified in the ceramic engineering laboratories of the· 
Station. The bulletin is intended to replace Bnlletin 58 entitled 
'' Possibilities of P ottery l\1anufacture f rom lo\va Clays,'' which is 
now out of print. The authors were staff members of the Station at 
the time of publication, and those portions of their " 'ork ,vhich are 
reproduced in this bulletin are too \vell done to be neglected or re­
placed by other material. 

For the benefit of those readers ,vho have become very interested 
in ceramic \York there have been included photographs and drawings 
of practical ceramic kilns and other equipment. The author \vishes 
to acknowledge cooperation from numerous sources for this material, 
particularly Dr. 0. A. Brown of the Electrical Engineering Depart-
1nent, Iowa State College, for his consultation on the electric k iln. 

Ames, Io,va 
Nov. 15, 1936 

R esp ectfully submitted, 

PAULE. Cox 
Cerarn,ic Engineer 
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THE USE OF IOWA CLAYS IN SMALL-SCALE 
PRODUCTION OF CERAMIC ART 

INTRODUCTION 

This bulletin is compiled to furnish elementary information on hO\\' 
Io\\·a clays and shales can be used in the small-scale production of 
avocational and professional pottery, ceramic sculptures, terra cotta 
for structures and garden decoration, and modeling clay fo r educa­
tion and recreation. While the field of ceramic engineering includes 
also the production of structural clay products and other industrial 
eeramic \vares, this bulletin ,vill deal only \vith the production of 
ceramic art. 

Numerous letters from people interested in ceramics, v.rhich have 
been ans,vered by the author in the past 16 years, indicate that the 
lay mind generally regards clay itself as something quite unusual 
and mysterious. The contrary is true. These letters also reveal that 
it is not generally understood that plastic clay is easily prepared and 
that its p1·eparation is just as educational and recreational as its use. 

Tulost persons feel that a good clay must be obtained from some re-
1note point and that to be really good it must burn to a white prod­
uct. Even technically trained men and " 'Omen have, in many cases, 
this same erroneous idea. Ceramic equipment, such as kilns and 
molds, also appears to be more mysterious than it really is. 

I-Iowever, when interested persons can be made to r ealize that 
moldable clay is simply mud cleared of coarse matter, and that a 
ceramist can make pottery from any moldable clay, the foundations 
of the art are mastered, and the addition of ne,v skills becomes a 
fascinating pursuit for either the amateur or professional. 

It should be remembered that the clay itself is not responsible for 
fine ceramic art; it is what is done to the clay by human hands guided 
by the intellect and an artistic sense. 

The present publication is merely a compilation of important ma­
t<->rial and is not intended to. g·ive a complete story of avocational 
ceramics; for further information, the reader is referred to the ex­
tensive literature listed herein. As the reader's skill increases, he 
vvill ,vant to do more and more bro,vsing in such publications. 
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SOURCES OF COMMERCIAL IOWA CLAYS 

Clay is a very fine earthy material ,vhich is moldable ,vhen wet, 
non-plastic ,vhen dry, and permanently hard ,vhen baked or "fired." 
I t is widely distributed and is often found mixed with sand in soils 
of a "loam" type. The deposits of relatively pure clay are usually 
not surface material, although in some cases they have been exposed 
by erosion. 

The Io,va Geological Sui-Yey has made a rather complete investi­
gation of the clays and shales of the state, and those interested in 
the geological point of vie,v are advised to consult the 1902 report. 
J?igure 1, ,vhich has been taken from this report, shows the division 
of the state into geological sections and the location of factories us­
ing clays and shales at that time. The small triangles in Fig. 1, since 
they indicate factories, also mark approxi1nately the locations of 
,vorlcable clays and shales. 

Io,va 's section where easily fabricated shales are most readily 
found is that shown on the map as the '' Des Moines'' section and 
the next richest is the ''Devonian.'' All parts of Iowa, however , 
have some clay which is suitable for pottery production, although it 
may have to be obtained by separating coarse matter from the soil. 

Cretaceous Clays 

The Cretaceous section (Fig. 1) has occasional clay deposits which, 
"\vhile too small to be worked into structural products on a commer­
cial scale, are ample for rather extensive work in pottery, floor and 
wall tile, and kitchenware. Although the Io\va Geological Survey 

· has not yet explored this region, local interest is likely to reveal 
n1any of the deposits. Sandstone generally covers the unsuspected 
deposits unless they have been exposed by water.erosion. 

M ason City Clays 

Clays of the Niason City section are highly desirable for that type 
of ''tin-enameled'' clayware \\' hich is called '' faience. '' The term 
'' faience '' comes from Faenza, I taly, and "\vas originally applied to 
,vares made in France in the 16th to 18th centuries of coarse fabric 
,vhich was enameled and decorated. Today "faience" has come to in­
clude a large variety of products, sorue of ,vhich are not faience in 
the true historical sense of the ,vord. 

Clays similar to those of the Mason City section ,vere used in the 
production of terra cotta by the celebrated Della Robbias and in the 
production of the pleasing blue-colored wares of Delft. 

In France, Italy, Spain, and J\,fexico, beautiful ''tin-enameled '' 
"' ares are abundant and cheap. Tourists bring back peasant pottery 
from these countries because of the crude decorations in gay colors. 
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Fig. 1.-Iowa Geological Survey n1ap (1902), showing the geological subdivisions 
of the state and the location (note triangles) of factories using clays and shales 
at that time. 

I t is not known by the average tourist that the lively colors result 
from the tin-oxide enamels ,vhich are necessary to cover the poor 
quality clay. Such clays, however, are easily worked and the glazes 
easily adjusted. 

In three of the major American art potteries catering to the 
'·popular-price" purchasing class, whiting is added t o the clay mix­
ture to bring it to approximately the same composition ,vhich nature 
has given northern Iowa clays. These clays mature, or bake to a 
hard product, at a lower temperature than those in the Des Moines 
valley or in the Cretaceous area. Any glaze carrying tin oxide is ideal 
for use with such clays, provided its "maturing" temperature coin­
cjdes ,vith that of the clays. 

To the eastward, toward the Mississippi River, and south,vard to 
the mouth of the Io,va River lies an area with a large variety of 
clays ,vhich, in general, are likely to he less clean ,vhen burned than 
n1ost clays. Although no particular section is strongly characteristic 
of the ,vhole area indicated, most of the clays in this part of Io,va 
are of sufficiently high quality as far as the amateur is concerned. 

Des Moines Valley Clays 

The Des Moines valley has every type of clay. except those which 
burn to a ,vhite product. Some are a little too refractory (highly 
resistant to heat) for use by the amateur, and many are too "fat" 
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or sticky. In general it is more difficult to fit glazes to these clays, 
although selected strata in eYery locality arc satisfactory for use 
v. ith the common glazes. 

Southern Iowa Clays 

Along the southern tier of Io"·a counties and in the southeast, soil 
erosion and limestone quarrying haYe opened up tremendous beds 
o.f buff-burning material, some rich in lin1e and ideal for faience 
,vares, and much greater amounts of the stonev,·are type useful for 
a large va1·iety of products. 

Clay for Sag gars 

Saggars, ,vhich are the clay boxes used to separate and protect 
ceramic " 'ares in kilns so that they may be properly "fired" ,vith­
out loss, are made from hnlf-and-half mixtures of" grog" and plastic 
clay. ''Grog'' is n1ade by crushing and firing such material as old 
firebrick, and can be purchased from manufacturers of firebrick. 
\Vhile the making of saggars is best learned by observation, the read­
er ,vill be helped by the references in the book list. 

The clay at Sergeant Bluff on the Missouri River belo~, Sioux f1ity 
is an excellent saggar clay. For lo,ver temperature "·ork, and in 
fact, for the bulk of the ,vork done by both amateurs and profes­
sionals, nearly all clays ,vhich burn to a buff product ,vill be found 
adequate for use in a saggar mix. 

The halloysites of Clinton and Jackson Counties, if commercially 
exploited, should be superior n1aterials indeed for saggars, other kiln 
furniture, and kiln parts. 

I n su1nming- 11p Iowa clay resources, it can be said that a person 
"ould live a Yery long life, indeed, if he liYecl until th('y ,,·ere ex­
hausted. 

WHAT CAN BE MADE FROM IOWA CLAYS 

Since Io,va clays do not burn to a 'IYhite product, it is impossible to 
use them in making ,vhite porcelain \Vares. Fortunately, h0Vi1ever, 
there is just as 1nuch beauty in the red and buff pottery made from 
Io,va clays as in ,vhite pottery. 

Tableware.-Instructions for making tableware from Iowa clays 
are to be found in the books listed at the encl of this bulletin. If 
Io,va clays are processed in the proper 1nanner, they can be used in 
the production of complete table sets. 

Faience.-The decorative tin-enameled " 'ares of peasant Europe, 
,vhich are called faience, can also be satisfactorily made from Io,va 
ra,v materials. Table,vare, kitch('n,vare, tile table tops, ,vall dec­
orations, and brick for fireplaces are all suggested as desirable 
produrtr-
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Fig. 2.-1\Iodel of sculpture for courtyard of Dairy Industry Building at Iowa 
State College. From this a mold was made for the final terra-cotta sculpture. 

F lorists' W ares.-Flower pots made from red clays are generally 
unglazed, although there is some production of glazed "·arcs for the 
florists v\1 ho, at the present, handle ,vares made outside the state. 
Since florists are compelled to deal in lo,v-priced articles and in 
110Yel pottery forms, production for this market must be highly or­
ganized so that lo"' unit prices are profitable. I1'lorists also sell a fe,v 
higher quality ,vares ,vhich, since they are specially designed, arc: 
suitable products for the s111all pottery p]ant. 

Kitchenware.-I ce-box vessels, mixing bowls, baking dishes, and 
the many little gadgets "'hich brighten a kitchen are n1ost profitably 
manufactured in good-sized plants since they must sell at lo,v unit 
prices. Nevertheless the individual ,vorker " ·ill find that jdeas 
,rorked out in a small pottery can sometimes be patented and profit­
ably sold to larger firms. 

Common Stoneware.-Iowa has been a large producer of the jugs, 
jars, and milk crocks once used in every home. Since this type of 
pottery is made in one "burn" and is of high quality if well potted, 
a r evi,,al of its production under the direction of an individual ,vith 
good taste and discretion 1night he profitable. The consuming public 
is not so much interested in the technical classification of pottery 
products as it is in their quality. Stone,vare is dense an<l durable 
and lends itself t o the development of interesting· ,vares for the gar­
den and the kitchen. 
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Fig. 3.-Blscuit pottery made fro1n !own. clays. 

Garden P ottery.-A market for gardrn-and-fountain claywarc has 
be<'n crcatecl hy the large ntunhcr of hoine ancl gardrn magazines, 
gardrn clubs, and rducat ional eours<'s in landscape ar chitecture. 
nl os1 of such ,var<'s 110"' produced in ..:\1nerica arc for persons not too 
particular about individuality of produet. In addition to being 
n1achinr-likr. n1ost of the products ar<' not firrd sufficiently dense 
to be Yery durable. Ho" eY<'r, since these proclu<'ts arc so often in 
poor tastr, it is Ye1·y fortunate that they nre not durable. 

1\,lost garden ccra1nir "·arcs arc n1onumr.ntal in charact er and r e­
quirr a goocl-sizecl kiln. I t is desirable> that such product s be de­
signt'd fol' spccifir loc•a t ions in spec·ifie gardens . 

• \ terra-cotta sculptu1·e (Fig. 2), modrlecl hy Christian P et ersen 
and executed in the Departincnt of (\•rci mic gng:ineering at lo\va 
State C1ollege, \,·ill he used to illustratr th e type of "body" and 
firing mrthocl to use for outdoor " 'arrs. This product \Yas made from 
a Fort Dodg<' clay n1ixcd "'ith grog. I t \\as firrd to "cone 10" (a 
conC' is made of 1nat0rial si1nilar to that hring fir<'cl in a kiln and 
bc•nds to sho,v the <'ffe('t of the kiln conditions) and resulted in a 
hody "hieh had a " ·ater absorption of less thnn 4 percent. The grog 
c-oulcl ha, c been n1ac1e from the same rlay as t hr plastic portion of 
thr n1ix, hn1 it " 'as found convenient to use ,vaste firebrick from a 
hrating plant. Snc·h n hody. ,vhic•h can hr glaz<'d in many " 'aye:!, is 
siinilar to the hoc1i<'s used for 0111 door groups hy such factories as 
t hr C'opr11hngen Porer lain \\T orks and Sevres in Franrc. 

Artistic Tiles for Residences.-Architects are al,vays on the lookout 
for tiles "·hich are inclividnalis1 ic ancl not suggest ivc of marhine 
n1cthocls. The v<.•t·y la1·g<' fartori<'s thereforr mnke grC'nt quantities 
of tilC's hy pt·oc•c•sscs "·hich ,vcrr devC'lopec1 by prin1iti, e prople. 

Architectural T erra Cotta.-Trrra cotta is n, decorative covering 
D,atcrial processed a little 1noee ca1·efnlly than the very excellent 

l 
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Fig. 4.-Pottery made from Iowa clays, illustrating decoration possibilities. 

hollow building tiles made and used so much in Io-,va. Due to refine­
ments in hollo,v building tiles, ho,vever, they often approach terra cot­
ta in excellence. 

The terra-cotta manufacturer makes much of his product from 
plaster molds, and therefore has to exact higher prices per ton for 
his ,vares than does the hollow-tile manufacturer. Then, too, the 
product is processed more carefully. Not all Io,va clays are suitable 
for terra cotta, but many are excellent. 

Manufacturers and architects have been too ,villing to imitate 
stone for the good of their business, and terra cotta "'ill come into 
its own only ,vhen it is used as it should be-that is, simply as 
burned clay, glazed or unglazed. The I o,van ,vith vision can meet 
this situation and bring business to himself if he really ,vorks clay 
into terra cotta as honest clay and not as an imitation of stone. Two 
or three eastern clay ,.vorkers write their o,vn terms ,vith architects 
by designing in clay as clay demands and not as stone demands. 

Ceramic Sculptures.-N early ,every school of art teaches ,vork in 
glazed or hard-burned sculptures ,vhich people have al,vay:, achnired. 
Many European factories produce all sorts of quaint figures for 
gardens and homes and, occasionally, for art galleries. Because of 
the high quality of Io,va clays, they are rather ,videly used by out­
of-state vvorkers in such ceramic sculptures. 

Fine Art Pottery.-Figures 3 and 4 indicate the possibilities of Iowa 
<'lays and shales for decorative pottery production. Such wares are 
made from the same clays used for bricks and tiles and serve to sho,v 
that it is the potter's skill rather than his material ,vhich determines 
the character of the finished product. 

While many pieces of pottery have the fault of crazing and leak-

l ing, ,vares made from Io,va clays, ,vhether of the cheapest grade or 
1 he highest in art quality, are relatively free from these defects. The 
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,rares pictured have not leaked or <'razr<l and a1·c 110\\' oYer 10 year s 
old-an age after ,vhich c>xpel'ts agTC'e the l'au lts ,vill not develop . 

Artistic Roofing Tiles.-The sinall pro<luc<.•r 1night very well work 
&t the idea of u11usual a1·1istic roofing tiles for <le luxe jobs, making 
small tiles for s111all buildings rathrr than the OYcrly large tiles 
"hich do not fit the small A1n<•1·il'an house. 

Such tiles can be g·laze<l to result in a product ,vhich \\'Onld not 
be at all praticabh· for the large factory to 1nanufa<'ture. Frankly, 
this sn1all p roduction of roofing- t ilcs is practica blc only for the con­
sumer \\·ith ample means to indulg·e in a taste for custom ,vork. On 
t he other han<l, a man might ,vant to n1ake tiles for his O\\'ll home. 

PREPARATION OF CLAYS 

l\'1 etho<ls \\·hirh thr a1nateur or s1nall-scalr \\ orkt•t· c·an use in ob­
taining ancl preparing l o"·a pottt•i·y clay in the sirnple1st 1nanner ,vil! 
be described in the follo\\·ing pages. 

M ortar Mix as a Source of Raw Clay 

I o,va bri<'k-and-tile manufaet urers supply finely ground <'lays and 
shal('S to nu1sons for 1naking their <'e1nent-sand 1nortars more "·ork­
able. Such '' mortar mix,'' ,vhich is Yl'ry satisfattory for making 
potter.)· clay, ('an be bought in most building supply stores in small­
sized S-"cks. Nearly all mortar 1ni x sold in I o\\ a C'an he proce1ssed 
easily and quickly into ex<'ellent potter 's elay and is strongly recon1-
1nended for use by an1ateurs. 

How to Prepare P otter's Clay 

I n prepat·ing potter's c·lay. it is e~scntial to start ,vith dry c·lay, 
and if clay S<'raps are to bt• re-proerssc·<l, they should thPrcfore he 
thoroughly clried. 

In large fa<'tori<1s clay is stirred mec-haniC'ally by paddles in Yats 
called blung:crs. but a '' tumbling-harrel '' C'hurn 1nakt•s an exC'rllrnt 
substitute1. In fact. one of the 111ajor. sn1all art potteries prepares 
all its clays in a IO-gallon <'hurn. \\'hi]e po,,·cr of some sort or 
other is ideal for turning- suC'h a <'hurn. an hour of hand turning ,,·ill 
"blunge" an1plc l'lay for a school or studio pottery. 

Before being mix<.•cl. the clay is soaked ovrrnight in galYanizccl­
iron tubs, ,rhich, incidcntallv, ,vill be found ye1·y useful in clay" ork. 

• • • 
The u1ixture is transferred to the <'hurn and 1nixccl thoroughly so 
that the ltunps arc all slaked-that is. united ,,·ith ,\·atcr. Xext the 
n1ixture is sC'reenc•<l through a 60-nicRh phosphor-bronze screl'n such 
as can be or<lerc·c.1 h) any hard,Yarc draler or ti11nrr. ~\ tinner <'an 
also make an rx<·c·llcnt scrc•<·n hy C'utting thC' hottoln out of a strong 
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'' tinne<l-iron'' dish pan, leaving a little of the bottom around the 
edge to sel've as a support to \vhich the screen ,vire may be soldered. 
Such a screen serYes as a combination screen and funnel. 

The blunged II slip," as a clay-and-,vater suspension is called, 
should be \vorked through the screen by flat hand rubbing. E x­
perience ,vill soon t each the reader to use plenty of " 'ater rather 
than to try to force a heaYy suspension through the screen. This slip 
1nixture must novv be stiffened for use by drying out part of the 
,vater. 

In preparing clay for an output which, for a long time, sold for 
~i50.000 a year, one con1mercial pottery has used a cypress box ,vith 
a porous plaster-of-paris bottom. The plaster of paris " 'as cast into 
a slab 3 or 4 inches thick and reinforced ,vith rods which also ran 
through the sides of the box and supported the slab. After the bot­
tom \vas cast, legs ,vere provided at the corners to lift the box to a 
convenient height from the floor. 

V{hen such a box is dry and filled to the brim ,vith a rich slip, the 
,vater is first absorbed by the plaster which serves as a porous drain. 
The "·ater runs on th1·ough, leaving the clay behind. 

Since there is a limit to the drying action of such a box, a number 
of flat dish-shaped plaster n1olds should be proYided to stiffen the 
c:lay to its final state by absorption of \vater. Such molds can be 
made by the ''block-and-case'' method described in pottery books or 
by taking a cast from a shaped mound of clay, ,vhich ,vill result in a 
hollowed-out mold. 

Storing Clay 

The best place to store ptepared clay, and also to store partially 
processed " ·ares, is in a substantial cypress box which has been com­
plelely lined ,.vith galvanized-iron sheets to make it air-tight. When 
provided ,vith a hinged top, such a box is very convenient and, as 
long as the top is closed, it ,viD keep clay in its initial condition. 
The author has in this manner kept clay for 3 years and found it 
ready for use ,vhen wanted. 

Such a box will also be nn aid in keeping clay clean. Clay con­
taining dirt ( dirt being '' matter out of place'' ) should never be 
used. In cleaning most plaster clays, a 60-percent or even 70-percent 
\,·atet content is required. Be content to \vastc a great deal of 
,vater. 

P ermanently Plastic Clays for M odeling 

I n preparing clays· which ,vill ren1ain plastic or ,vorkable in­
definitely, the base clay must be reduced to a fine flour. Dry clay 
,vhich has been screened through a 200-mcsh screen is satisfactory. 
If this ''dust'' is made ,vet ,vith a mixture of one part glycerine and 
three parts ,vater, the g·lycerine ,vill take up additional ,vatcr :from 
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the atrnosphere "·hen the 1nixing ,vat er has <lri<'<l out. thus main­
taining more or less of a balance o, er a long period of time. For 
cronomy, the cheapest grad<'s ot' glyterinc should be uscu. 

1\ second process calls for 75 parts of clay dust ,vhich has been 
"'etted ,vith a mixture of 22.5 parts hot pctrolatu1n ancl 2.f> parts 
paraffin. , \Thile s01ne sort of machint·ry is alinost essential for blcncl­
i11g these '"etting· con1pounds ,vith the clay. yet they can be mixed 
by hand if necessary. 

I f colored modeling clays are <lesire(l thr start 1nust hr made ,vith 
,vhite clays. Umber added to most Io,\ a clays ,voulu probably make 
h color satisfactory to the sculptor. 

The clay mixed "ith glyce1·int> <·an ht> fired. but that n1ix0d by the 
second process ,vould probably lose its shape. ,vhere such orgnnic 
compounds are added to clays, the firing n1ust be clone cautiously and 
very slowly. 

Artists have the general idea that the best n1ocleling clay is made 
by mixing a fine clay with horse fat. 

MAKING POTTERY 

To sho,v that skill in preparing pottery is 1nore i1uportant 1 han 
the ra,v materials used, one need only citr the case of the fa1nons 
I talian majolicas referred to by C. Piceolpasso (1524-1579) in his 
" Three Books of the Pott er 's Art." The ancient Italian "·orkcrs 
used very coarse clays; yet their "orks gracl"<l castles an<l palaces 
and today bring treasure-house pric<'s fron1 collectors. In these 
tascs, the high quality could not possibly be dut' 1 o the crude ra,v 
n1ateria]s; it "·as a result of the ,vorkers' supel'ior skill. 

The amateur should not attempt to make pottt>ry by the methods 
of the professional potter. ,vhile the prof(•ssio11al has skill gained 
hy a long apprenticeship, his product often has a n1a(•hine-like char­
acter which is not a , irtur. V ct·y often, pottery produced hy prin1i­
ti ves is more interesting than ,varcs reflecting adYancecl intellectual 
opportunities. Also, all ,vares not cylindrieal in basic forn1 1uust be 
produced, as far as the initial piece is conrernrcl, by a process c;i1nilar 
to that employed by primitive people. The <'i, ilizcd a1nateur potter 
8hould begin ,\·ith the modeling processes c'n1ploye<l by the beginnr1·s 
in civilization, ,vhich are described in detail in so1nt' of 1 he books 
listed at thr end of this bulletin. 

The P otter's Wheel 
• 

J>rof essional molcl making and use of the pottrr 's " 'heel are both 
difficult crafts. To ]earn either, the "'orker 1nust expect to deYotc 
about 3 hours a clay for a full yrar brforr confi.drn<'e is attained. 
\\'hile one very <"apnhlc potter kno,vn to the author 1nastcrcc.l the pot-
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ter 's "·heel after a single practical lesson and a study of photo­
graphs of potters at ,,·ork, most· persons ,vill require several lessons 
fron1 a ,,,.ell-trained potter in addition to much practice. 

Nearly every amateur desires to try the potter's ,vheel, and all 
,,n1ateurs ask "·hy a professional potter is so stupid as to use a foot­
po,,cr "·heel. Actually, the American professional potter no lo11gcr 
us0s any kind of potte-r 's ,vheel, but rather plaster molds and 
1uechanical methods of production ,vhich demand little skill on thr 
part oi the '"'orkmen, yet greatly increase production rates. Profes­
sional potters use po"·er " 'heels ,vhene·ver a large production of just 

Fig. 5.-View of the Harwell potter's wheel. 

one type of ware is ,vanted, and resort to foot-po,ver ,vheels only for 
dcYeloping special shapes or a limited numLer of ptoducts. 

When a potter is producing large pieces, the nnture of the ,vork 
requires that he stand, and consequently he uses a foot-po,ver wheel. 
1Io,veYer, when he is making small pieces the potter prefers to sit 
do,vn since the leg upon ,vhich he stands (not the l(•g producing 
po\\·er) becomes very tired. 

The ,vheel is still the ideal tool for the art potter, hC'ing cheaper 
for a relatively small production than machinery and 111olds or the 
<'asting process. It is -cheaper, that is, if a potter can be found to do 
the ,vol'k, but highly skilled "throwers" arc not numerous. Figures 
5 and 6 sho,v a widely used type of potter's wheel. 
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T echnique of the Potter's Wheel 

\\~hilc there are seYeral types of i>ott<'r's \\·heels anll methods of 
using thc1n, a person learning· the art should a<lopt one 111ethod and 
adhere to it as a standard. 

The ~\meriean stone\varc po1tc·r applied the tr<•a<lle to the 
European type of '' kick-and-pa" '' "h<'<·l (I•'ig. 7) anfl proYed the 
"·orth of his idea by producing- ,vith his han,ls an,1 no other po"·er 
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There are t ,v o. 
naines for the pot­
ter's craft. T h e 
stone"·arc potter 
tlcscribes his ,vork Fig. 7.-A "kick-and-paw" potter's wheel. 

as ''turning'' and 
hin1self as a "turner" ,vhile all other potters speak of their \\'Ork as 
'· t hro\\'ing" and themselYes as "thrO\\"ers." Since books sho,v th<' 
\\"Ork1nen as "thro,vers" ,vithout exception. the reader is urged to 
Yisit n "turner" "·110 has learned his trade in a stone,vare shop. 

Fig. 8.-Studcnt centering a ball of 
clay on a potter's wheel as one of the 
first steps in the process of pottery pro­
duction by this ancient art. 

Fig. 9.-Student potter performing 
one of U1e first steps in pottery form­
ing. Note what is called the "knuckle 
draft." 
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Skilh•c1 potters U'i< diffcre11t 111anipul:t1 ions fo,· difr,.,·,·nt c·la~ s c1ncl 
types of "tll'<'S. I•'igu1·{'s h nnd !J ill11:-;tr:,1r- t"•o of the sl1•ps in 11111l,ing 
pottery hy n1eans of a pott c•J' 's "l11•t>I. 

M aking of Casting Shps 

, \ si1nph• 111C'1}1ocl 101· l'<'})l'odtH·tion of pi(·1·.,s nf pottery. <·1·1·:1111i1• 
~c·ulpturc•s. and othc>1· oh.i<·<·ts J<.; thP JH·nc·ess k110,vn as t·ast i11~. fn 
f:ict. sonic• typrs of \\',1 1·1•s c·,111 hi' 111ad .. jn 110 oth,•1· ,vay. 

,YhiJc• the c·asting ]H'otc· _; c·:111 lie n~<>d 1'01· solid ohj1•c•ts. it is 111orc• 
con1n1onlv usc•d fen· hollo", \\'arP<:;. 111 c·nstit1g snc·h hull,",. ,\·:i1·1•s n 
'·soupy'' ~·uspe11sion of c·ln.v in \\'Ht1•1· is i,ourc·d i11to a JJla.st"r 111olcL 

Fi,:-. 10.-Stuclt•nt pr epai-ing- a <'a~<' nwld fol' 11:-,• in 111akin,: th,• 
<'o\ <'I' di:-h for u dinnt•1· -"''l'\ il',• s,•t. 

Sinc·e the plash•r is poro11s, it absor l,s ,, ;1t1•1· and 1·1 c•atl's a "skin" 
of partially d1·y <·la) 111 xt to tlic• 111old. ,r1tc,11 this ski11 is as thic·k :1:­
dC'sirl'd, the• rest of th1· slip is pou1·c•cl onl 01 th1 11111ld. 1'hc• adhp1•i11g 
pic•ec> of "'arc fr<>c•s its(,} r 1'1·0111 1 he• n10l<l liy shr·i11ka~<'. nnd "·hen th1· 
1nol<1 is takc•11 ap;i 1·1 in sc•c·I ious th<' pr·n<lu,·t i:-- 1'1·1•<• a11d 1·c·111I) t'or 1 hl' 
finishing- of S<1a111s. I◄'i!!·ur·c· l n '-ho,, s a st udc•nt Jll'<'Jlit 1·ing· a t·:ts<' u1old. 
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I t is not at al1 nC'ccssary to make a special slip for the casting 
prol'ess, thr thickened slip prepared hy hlunging, screening, and set­
tling- bC'ing· satisfactory. In fact, it is only in the last half century 
that any othci- method \Yas understood. 

The n1ost satisfactory slip pours like crea1n, yet contains no more 
,,·ate1· than elay stiff enough to use on a potter's " 'heel. Such a slip 
giYes a greater production from the molds, and at the same time dries 
faster. 

By use of certain chen1icals it is possible to make a slip \vith 25 
p('rtent "'ater rather than 50 or 60 percent, although for some un­
kno"·n reason not all clays \\'Ork " ·ell ,vhen so treated. This process 
of thinning a , lip "·ithout a<lcling " 'ater is kno"·n as "<le:floctula­
tion," nncl the C'hr1nieals used are kno,vn as" electrolytes." 

The Brongniart F ormula 

NapolC'on ,vas a busy :fcllo,v in 1uany ,vays, and one of his ideas re­
•;ult(•<l in th<' ernp1oymcnt of .i-\lexander Brongnia1·t to change the 
:::-ii>Yrc·s Porcelain '\\r orks fron1 an an1ateur pottery to a strictly profes­
•;ional one. 

B1·ongniart did a thoroughly scientific job, and his three volumes 
<'ontain thr probable total of hu1uan kno,vlcdge about ceramics up to 
th<· tin1e of his drath. \'Vhat J~rong11iart ,vantC'd to kno,v and ,vhat 
<·ve1·yone "·ho n1akcs slips " · ill ,Yant to kno\\· is ho,v n1uch dry clay 
therr "·ill he in a kn0\\'11 Yolnn1e of slip. Th C' reader '"ill ,vant to 
kno\\ ho"· n1any onnees of clry tlay th0rc arc in a pint of slip ,vhich 
'-"< ighs n dc,:finitc nnn1bcr of ounces. 

rrhe Brongniart for1nnla is as follo,vs: 

1Y=(P-16.7 ) >/_IL 
v-1 ' 

in ,rhi<·h 1\' is the dry ,reight of a pint of slip in ounces, Pis the ,vet 
\\ <'ight of a pint of slip in onnC'es, 16.7 is the " 'eight of a pint 0£ ,vater 
(nearly ) in ounces, and g is the specific gravity of the clay. 

Neai-ly all C'lays and minerals nsecl in slips approximate the value 
:2.6 fo1· the specific graYity g in the formula, and it is sufficient1y ac-

<•u1·ate to i-;olve the quan1itv g 
1 

and ,v1·ite it as 1.625. The formula . g-
t hen becomes : 

11' = (P - 16.7) X 1.625 

The number of ounces of <lry clay in a pint of slip is therefore found 
hy snhtrac1ing 16.7 f1·on1 the nun1ber of ounces of slip an<l then multi­
plying by 1.G25. 

\Vhile the literature ,Yill indicate that a slip " 'cighing 30 ounces 
to the pint is co1nmonly used, it must be• ren1c1n bered that this refers 
to ,vhite table,varc body n1ixtures ,vhich drflocculatC' easily and 
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,-vhich contain 50 percent non-plac;;tic material. The us0r of Io"'a 
clays and shales ,Yill find that a slip ,\·eighing '27 or 2~ ounc·es per 
pint is about as rich as he can expect tc1 pour into 1nolcl~. 

The solution of a definite problem in the preparatio11 of slips n1ay 
Le helpful: 1~T anted-A slip ,reighing '.!7 onnccs to the pint to be 
made from clay in the form of mortar n1ix. Ifo\Y much dry mortar 
mix, ho,v much of each electrolyte used, and ho,v mnch ,\·ater ,Yill 
be needed for, say, 5 gallons of c:;lip? 

P equals 27, and subtracting 16.7 from 27 yields 10.3, ,vhich ,vhen 
multiplied by 1.625 giYes 16.7+ or 1r. Thertfore a pint of slip "·eigh­
ing 27 ounces should contain approximately 16.7 4 oun<·cs of clay and 
10.26 ounces of water. Sinee !5 gallons equal 40 pints, approxiinately 
670 ounces of mortar mix and 410 ounces of ,vat<'r shoulc1 hr used. 

Making Mortar-Mix Slip 

The something less than -10 percent of "a tcr calll.'d for hy the· 
13rongniart formula" ill not 1nake a slip. ho\\·e,·e1·. ,vithuut th<1 addi­
tion of "deflocculants,'' or chemicals \\hich thin the mixture. One­
half of one percent of each of the t"·o '· ele<:trolJ tes" c·om1nonly use<l 
for this purpose-silicate of soda and :--oda ash- ,vill be required. 
It is ideal to secure a fluid slip ,vith as little t•lcctrolytr addition as 
possible, necessitating trial-and-error n1ct hods. 

In making the morta1·-1nix slip, place all th(' required ,, ater, 
preferably ,var1n "ater, in a ehurn. Although the solution of th<' 
problem thus far calls for 3.35 ounees (one-half of one :µcrccnt) each 
of silicate of soda and soda ash, try 3 ounr<'s of each at first and turn 
the churn over a fev>' times to dissol,·e the t" o el1•ctrolytes, 1naking 
<.:eetain that solution is complete. Since silieatt• of soda is a fluid it 
should be ,veighed first in a suitable Yessel, the Yt'ssel being "·ashed 
111 the churn to insure that it all has been a<lcle<l. 

Add the 1norta1· mix 100 ounces at a tin1c to the" ater in the churn. 
lle certain that a smooth ~uspension is obtained before adding th<> 
next inc:rcment, and continue until the total of the required 111ortar 
mix has been a<lclecl. ()ne neecl not be greatly surprised if at some 
stage of this addition he finds a very thick slip made thinner by the 
nddition of dry n1ortar mix sinee too much electrolyte "ill thicken a 
slip just the san1e as the right an1ount ,vill thin it. It is possiblt• 
that at first there \vill be too n1ueh electrolrte for the clay present 
and that the additional clay put.;; th e slip ha<:k into the desired 
balance. 

Son1e clays ,vill not he at all suitable, and no benefits ,vill be <.le­
rived fl'om <lefloe<:ulation unless 1 he <:lay is changed. It is not neces­
sary to make a large arnount of slip to dis<:oYer this. 

Assuming that a nicely deflocC'u]atecl slip has been obtained, it is 
,veighe<l to learn ho," <'lose it is to 27 ounees per pint. If the result­
ing slip is too heaYy a<ld s01ne "~atcr an<l ,veigh again; iC too 1igl1t 
add s01ne clay, stir "·ell, and "·c·ig·h again. 4\ shre,vcl esti1nate con-

-
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ccrning an altered value for g ,vill give the proper figure for future 
use of that particular mix. I f the slip ,veighs less than 27 ounces, in­
<·l'case g a little; if more than 27 ounces, decrease g. The same correc­
t ion for g "·ould be used the next time a slip is made. 

If the slip has the proper ,veight per pint, but docs not fio,v rea<li­
ly, take out a small cupful of slip and add silicate of soda a drop at 
a time, stirring ,vell after each addition. One of three things ,vill 
oct:ur: The slip may thin greatly in1mediately, it may coagulate at 
ont:e, or it may require a decidedly liberal increase of silicate of soda 
before it begins to coagulate. I n the first and third cases make an 
estimate of the required total of silicate of soda to be added to the 
churnful of slip, and let the turning of the churn mix it. I n the sec­
ond case, add ,vater for thinning. 

This exercise in slip making must be done a number of times ,vith 
a clay before precision can be enjoyed, but the results justify the 
trouble. As an illustration of this, an incident fro1n consulting prac­
tice is cited: 

~"- high-grade art pottery had designed a difficult ash tray in the 
form of a flying duck. When the clay slip ,vas not deflocculate<l, 
relatively fe,v pieces could be taken from the molds, and those sal­
vaged had to remain all day in the molds. The objects, consequently, 
had been unprofitable to p roduce. A properly deflocculated slip, 
ho,vever, permitted a production of five daily from each n1old ,vith­
out loss. 

CERAMIC KILNS 

F or art pottery ,vork the author prefers small kilns \vhich are 
copies of large commercial kilns. First costs are relatively high, 
though deridedly lo"" ,vhen contrasted ,vith the prices asked for some 
of the portable lrilns so ,videly sold. Repai_rs costs arc almost negli­
gible; for example, a large kiln at I o,va State College has had less 
than $100 in repairs during 16 years of service, and it is good for an 
indefinite term of service with no repair costs of consequence. .A 
portable kiln is a fine piece of equipment and worth ,vhat the manu­
facturers ask, but this type exists because users fear to tackle the 
task of building a kiln of a more permanent sort. 

The kilns illustrated in this bulJetin have been used in over fifty 
small and large factories and studio potteries, and in no case have 
they been a disappointment. I•'or detailed plans of some of th<' kilns 
see the Appendix, page 43. 

An E lectric Kiln 
An easily constructed kiln (Figs. 11 and 12) for the use of the 

amateur potter, t eacher, sculptor, or sn1all-scale professional ,vorker 
,vas developed through the cooperation of Dr. 0. 1\. Bro,vn.• This 
electric k iln, which can be built to any desired size, is steel-jacketed 
and lined with light-,veight refractory brick. 

• Department of Electrical Engineering, Iowa State College, Ames. Io,va. 
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'01· the ll('<•ds of llPa1·l.v all a1nat1·ui-s c111rl 111c111y p1·11f,•ssio11;,ls. 

l•'ii,:-. 11. -1-;1,l'tr-i«• kiln tlc,l•l11p,,i1 at In\\a Stat, l'oll,•~•· 101 us,• in :.nm! l-sc:1 le <"cn1111k \\ 01 k. 

lli<·hl'orn<• ,rir·t• <·oils (good lo to11e Oh) al'<' h1•st for this t_,·pc of kiln. 
1\,·o thirds of th(' c·o111n1011 glc1zc•s ,11'<' suituhl,• •'or nsp at c·one OH. and 
the• l1est of the 1,nva <·lays. oth, r than th, hig-h-1<•1npcr·atur1.• huff 
l,ur·ning <.:la,s. :ir,• suff1l'i1•11tly d1·11s<• nud, 1· sn,·h a ('onditio11. 'rhis 
f--1n:t1l nncl clH•ap <'l<'<'I 1·ic· kilt~ is thc·r•('for·c• au l'X1·cll1•nt Ollc.' for the 
l'<'tH11•rs of this hnllC't in to c·onst 1·u1·t 

1
11

01· fi1·ing at hiidH•J· 1C'l11Jl('l'alu1·1•" the• hc'ating <'lc•nH•nts shonld hP 
n1aclc• f1·on1 high,•r tP111pc•rat1u·1• alloys and 1 he• ht il·ks should ht• dc•,·<> l­
oprd tostc1nd ~ .• 'iOO J.

1

• 1'he light \\1ight 1·l'fi-ac·lo1·> hric.-ks a1·e idc•al 
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for the person constructing a small kiln as they can be cut with a 
hack Ra,v like soft ,vood or " ·orkecl into shape ,rith a vvood rasp. The 
bricks combine heat insulation and refractory (heat-resistant) quali­
ties ,vith extreme ease of construction. 

The electric kiln of Figs. 11 and 12 is controlled by a Yoltage trans­
forn1er of 15 k va. capacity and has a double-thro,v s,Yitch so that 
1•i1her 110- or 220-volt current may be used. ~ 1 hen the transformer 
h, used, the kiln is operated at 25 volts for the :first 3 hours, at 40 
, olts for the next 3 hours, and at 50 to 55 volts for the rest of the 
operation. A transformer of this type costs about $160, F.O.B. point 
0f origin. .,, 

r,~or those ,vho \\·ant to avoid the cost of a transformer, Br0\\'11 sug-

-

lop view of" kiln 
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Fig. 12.- Pla ns for the electric kiln shown in Fig. 11. 



~ests the follo,,·ing procedure fo1· putting 1/i e kiJn ,]i1·c,·tly across the line: 

}'or the first 3 hours of hPati11g, use tno <·oils i11 p:11·allt>l, 
six con1hinations in SC'ries. 

l◄'or the nrxt ~ hour<:: of heating: llSl' three eoiJs in parallr•I. 
four conibinat ions in s, 1 ies. 

1◄'iu ish the ''bn1·n'' ,,ith six coils in paralle], t\\·o 1·01nliin11-
tio11s in seri<'s. 

The <·oils arc <·onnec·t"cl acc·ording to thl' abov<'-lll<'nti1111ed p1·0,·1•d-
11rc In 111c>ans of' s"·itchPs hf't\\·c e11 1·01Jse,·uti,·f' <·oils, as ~"""'ll in }'ig. . -

12. T~ro\\ 11 J>J'opoeoes six <·oils at thr top of I ht> kil11 a11cl :-;ix :1t th(• hot ton1. 

A Gas-Fired K iln 

~\ s1n:ill gas-fi1·,·d kiln." h1<•h 1~ j,1<•k<•t Pd ,,·it h sh<>,.I it·on. liHed ,, ith 
li

0

ht-\\'<' i,rht refrac:to,·v hrick and fi1·,•cl ,\'ilh n ~'Teke1·-t,•1><' l,n1•np1•. is I"'\ I"'\ • ' • 

A 

I' 

:l t 'I . , . ,,:, 
,£ 

. - r 
r. '.._11. ..:Jftl li u ..tl:tr I ' ·. I 
• IL 

-· ., 
~ / 
, '. .- . 
! . 
'' 

, ' r· 
• ,_ [ ~ 

' I ' / 

J . 
' 

. 

Ve 
/ I' 

. - L: 

' 

~ 

: . 

' 
~ 

/ - . A 
/, 

0 
~ 

i/ ; . ----
/ ;: , rr, 

J :; 
'/ ' 

I ~: 
• ad- --- - i' <. ,. ·~ 

ly.JrOfn~ter 
hole 

5,,)1'// door I V 

0 

~ 

• -
/.· L ·' ·~ . 

- : 
' 

-
' r - .. , .. I 

,-

.:. 

' 

' 

I' 
I' 
I' ! 

l"- . 
f? 

- G .. 
D 

V ' l<di-
I"" , 

·--= 

I 
I 
'-

• Secllon Cf 

High-rernp~ro/ure pipe cover 
Koo/in rel"roclory in~uloror 
Ret""rocrory 

I 

I 

:Jeer/on AA I 5~ct,onBB 

.5ectioncc. 5ect1onDO 

f. ig. 13,-?\'orlo n-I>ui,lin gas-fired kiln. 
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sho,vn in Fig. 13. I t is more fully explained by F . H . Norton* on 
page 152 of the ~!arch, 1933, issue of the J 01trnal of the An1erican 
(}c1~11nic Society. Such a kiln is remarkably efficient and can be bnilt 
by any handy person at a cost of about $60, less burners. The gas cost 
for \vares burned in these small kilns is under $2 for a day's run. 

A kiln of this sort can be fired ,vith butane or with the compressed 
natural gas sometin1es used in rural kitchens. Care must be cxcr­
<'ised in ordering burners to state to the manufacturers the fuel to 
lie used since the burners differ some,vhat. Burners arc obtainabl e 
from dealers in chemists' supplies or from ,vho1esalc cl rug houses. 

Changes (Fig. 14) in the Norton-Duplin kiln (Fig. 13) are sug­
gested to simplify construction for the builder \vho does not have 
other kilns already built in ,vhich to burn the muffle sho,vn i11 
}'ig. 13. 

F'igure 14 sho\VS ho,v thin bricks kno,vn as "splits" may be use<l 
• Director of the Department of Ceramics a t the l\'.Iassachusetts Institute of Tech­

nology, Boston, l\Iass. 

Pyrometer 
hole 

Cloy 
spreoder..5 . 

, at ends 
::-.... / 

"") or .split.:; 

-5mol/ door 
B-;wv,+--~~ 

C -r-....,.,.,n 
D -r--,:,7,,..x .5ection ~ .5ection 88 

.5ecr1on ££ 

I Koo/in ref'roctory insvlotor 
Ret'rocrory (split.:J) 
5oop,:; 

Section CC 5ection 00 

Fig. 1•1.-Norton-Duplin kiln shown i,n Fig. 13, as simplified. 
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Fig-. 1:i. - (;lazing- a pien• o f p o tt.-r) b) tilt> n n1"1.te11r"s 111Ptho1l 
of clippin~ tilt> w:1tvs in th<' g la;,." ,, hh:h is u !'11'-J>en~lon nt.' pow­
dl'n•<l soli,ls in wa h •r. The• flott, •ty 1s ::;liJ.:"htl) p111•011s and ab-
.soi bs the• \\"at,.,._ l1•u,· ini:- a unit.'01111 1 oa tini:; of th,• 111ix,•d 1wwcf,•1·s 
adh<'rini:- to it!' -" Ill fa<·t•. Th" coating 111elts into a luy,•r of ~lass 
wh,•n the pott<'l'Y i.-; tln•cl :igain. 

j11 pl,1<•c of the rn11fflr. <·011sll't1<·tion. ~11c1p:s" (lir·c>hl'i<·k-: \\ith unc-
1,alf th<' usual ,vidth ) st•t," as posts 101· t h1• sh1•l, 1 s. and ii.' tht• spat'l's 
lJ<•<•cl to he :11Ta1Jg<•d dill"t rc•ntl.,. lh(• soaps 111:1., h1• l11·okP11 in sho11f1' 
l1·ngths to a11·,111!.!<' the• sh<•lf spae111!.!S c;in, c sd1<·011 c·arhidc• t1·ansfc•rs 
he at \'1 r., 1·,lpic.llJ silico11-,·;11·hid1 splits c .111 l,p snhst it nted fol' firc­
c-lay splits i11 c·o1TPcti11g t·old porti111 s or thP kil11. 

Jn n1ak111.!! slH'h<•s 1or lh1•s1• kilns. usc• !.!J·east•d lllPtal hoops of 
nhout 

1
, i11<"h thic·knc•ss and oJ' su1tahl(• dc>pth. Pac-k tl1e ha1f-nnd­

i1:df 1nixtu1·l• of ~1·0~ a11<l c-lay p1·1•, ionsly dc ·s, rih,•d for sag!!al' n1ak­
ing- i11to th" hoop, and 1·ut off tic sn•plus \\ith a tautly hl•ltl \\'ir<• so 
tltnt a disk of iu·oiu.~<<1 <·la_v l'ti-ults. ,Jar th1• hoop in t,vo or tln·<•c• 
p1:1ec·s \\'ith a han11111•1 so that the• disk sh,•lf 1·a11 hp l'C11110, t·d a11d 
d1·i1•<l 1

1

hP lop c·o, <' I'S of 1 h1• 11111l}"lc• portions al'<' 111ndc• in a sin1ilar 
n1a1u1cr ,n1d <·an b<· liu1·11<'d 111 the• kiln its< If 

l
1

11d< 1 no <'i1·c·u111st,n1<•c•s s}1011ld ally so, t ot' 1·hin111<•Y be at taehPd . . . 
to th11:; typ1• of kiln. It 1s s1,.<'<·ifi,·:illy d1•sign<'cl to opc>rate only "·hen 

t 
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i1 has no c·hin1nry, "·hic·h is a grC'at advantage. ThC'rc are no fu1ncs 
f1·0111 this kiln at any time, other than gases of ro1uhnstion ancl gases 
r, oh·etl fron1 the \Yares, 1.Yhich are not offensive. 

PREPARATION OF GLAZES 

.\ glaz(" is a thic-k glassy coating \vhi('h under heat treat,ncnt hc­
eon1rs fir1nlv at tac:h<•c1 to t11c body of a c·era1uic: ,val'e. I t makes thr . . 
"are n101·e or lcss in1perYious to \\'at("r nnd givc.'s it a sanitary and 
~t l'Yi<'eahlc surfac:e. I t also gives gloss or texture, ,vhich is one of 
1 he thief C.'harn1s of pottery. 

~..\ dese1·iptio11 of glazes ,vhich ,vork \\'Cll "·ith Io,va clays and si111-
1>lt1 eqnipnH'nt "·ill first be ]istecl. l1atrr, a method \vill he de1non­
st rat<•d "·hereby the individual "'ithout any kno\\•ledgc oI chc1nist1·y 
c·nn adjust :fi,·e basic glazes, or any glaze, to deYelop eertain colo1·s 
c,1· other physieal properties of glazes ,rhi<'h he n1ig·ht dc.1si1·e. l1'ig·­
u1·es 1;; and 16 sho\\· glaze \\'Ork being donr by studc,nts in th<.' c·cran1h· 
c nginc•el'ing· labol'atories at I o"·a State College. 

A Simple M at Glaze 

For the inclivi<lual not equipped to clo elaborate ,vo1·k, there has 
l,rcn developed a mat ( dull-finish) glaze 1naturing- at cone 03. I t is 

-
I 

. Fig. 16.-The wares pictured above ha Ye been clipped in the glaze jars sho,, n 
1n the background. Some of the students a re evening the glaze layers, ,vhile 
others are applying glazes of other colors by means of brushes, knives, and medi­
cine droppers. 
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suitable for tht> oil- or gas-fil'rd port al,lt> kilns often 11scd in Sl'hoc, . 
Thc> tolorless 1nat glaze is tnad1· frotn t hr follo,vin!!: 

Red lead . I 37 parts ( by 'W('i~h l) 
Whiting . . . 3U parts 
Potash feldspa, 56 parts 
Kaolin 65 part:-

28 parts 

The kaolin n1ust be coarse-gl'ained a11d not t uo plastic. Ii ha 
rlay is used. substitute 33 parts of gl'uund ,·ali·i111•d kaolin an<.1 ~ 
JJal'ts of any high-grade ball clay fort he 65 part. of kaoli11. 

..:\ ssuming that the reader has a port able kiln and no equip1ne1 
other than scales and suitable tub:-- or jal'S, t ht• u1ethod Qf preparatio 
is as follo,Ys : 

·\ \Teigh the dry materials and place thc1n in a 1.:ontainer t"·o-third; 
fi lled ,vith "'atcr. Allow this ,veighed-ont hntch to soak oYernigh 
,Yithout handling of any sort. Then stir ,vith the hands into a sus 
pension, and screen back and fotth abo11t three times through a 60 
mesh s ieve. Rub all material through the sh•ve, and use plenty 01 
extra ,vater. The solids will settle do,, n o,·l•rnight and p<.; rmit <'aS) 

remoYal of surplus ,vater. 

F or coloring the glaze, make the follo\\·i11g athlitions (hy " ·eight) : 
Green . . . Add 11 parts ot copper carbonate. 
B lue . . Add 5 to 10 parts cobalt carbonate. 
Brouni . . . . . Add 8 to 16 parts red oxidP of iron. 
Rose . . . . . . Adtl 10 percent of any pink stain. 
Yelloio . . . . . Add 10 percent of any _,ello"· stain. 

\Vhile all colors are not ohtainablc, the 1nost desirable ones can be 
had by adding 10 p ercent of the dry po" der<<l <·olor to tht ,veighed 
batch . ObYiously the coloring 1naterials arc addc1l to the base hatch 
and all screened through together. The c:u bonates of <·opper and 
cobalt are suggested rather than the oxides to proYtde uniforn1it y of 
color. Further information on color \\·ill he aiYen later. 

A Simple Glossy Glaze 

The ,vares illustratetl in Fig. -1 "·ere all glaz<•d ,vith the 
~ -

g 1 ossy g·laze : 
~'bite lead . . 
Whiting . . . 
Potash feldspar 
Zinc oxide 
Ball clay . . 
Flint . . . . 

116 parts ( by "·eight) 
20 parts 

111 parts 
12 parts 
21 pat ts 
28 pat ts 

308 parts 

follo,rinu 

The coloring is in1partetl by the sa1ne n1ethods explaint•d for t h,· 
cone-03 glaze. .A. pure \\ hite enan1cl is possible by the use of an ad-

,, 

" 

r 
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uitional. JO percent of tin oxide. I t is frequen tly \\'ise to use tin 
o\':ide ,rith colors as \\·ell, but not u•ith yelloiu and rose. 

Tht· aho, e glaze should be fire<l vvith a highest cone Yalue of 2 and 
a hnvt>st cone Yalue of 04. In a lar ge kiln of the Ceramic E ngineering 
l><>pal'tlue11t at I owa State College, t he custo1n is to fi re to cone 2 a t 
the top of the kiln and to cone 04: at the cxtre1ne bottom. 

lJsl'rs of l o\\·a clays and shales ,vill find that nearly all of those 
1na<lc iuto n1ortar 111ix ,vill ,vork ,vell ,vith these glazes. Ther e is 
Eo <'l'azing of the glazes, and the ,vares do not leak. 

Th,, aboYc-mcntioued glossy glaze can be converted into a mat 
glaz1:_• for the same cone range by use of the rules laid do,vn clse­
,vhc re in this bulletin, or the n1at glaze for cone 03 previously pre­
&cntf'cl 111ay br used in th<.' <:older portions of the kiln along ,vith t hr 
g·lossy g·lazes of this seeond series. 

'I1he <'lays fron1 SC'rgeant Bluff, I o,va, and some oth ers from t hP 
southrastern an<l southern edges of the state have higher maturing 
tc,111peratures than those in the rest of the state. I f the readrr 
lt•arn:-- that common stone\\·are has been n1ade at son1e ti1ne fron1 such 
,·lays. h,~ "·ill kno" that they should be 1natured at about C'ones 41 0 8. 

A Thoroughly Tested Mat Glaze 

The follo,ving mat glaze, ,vhich has been thoroughly test ed by the 
aut ho,·. is suit}1 hle for high-temperature clays: 

Potash feldspar . . . 
\Yhiting . . . . . . 
\Yhite lead . . . . . 
Coarse-grained kaolin . 

56 parts (by weight) 
50 parts 

103 parts 
103 parts 

312 parts 

'flit' a hoYt• n1at glaze 1nay be colored in t he san1e manner as the 
c•t h<>1·s. I f a hall 1nill is available the coarsc-grain<:d kaolin should bP 
t•ppla<·l·d ,vit h 26 parts of high grade ball clay an<l. 66 parts of ca1-
1·infd <·lay. '\"\7 ith this 1nueh ra,v clay it ,vill be found netessary to 
HJ>ply a thin coat of glaze by dipping and a secon<l coat by means of 
a spray gun. This means that an exhaust system must he provided 
to takc> a"·ay the lead-bearing dust from the opC'rator's quarters. 
1'he non-plas1ic calcin ed c·lay permits the usual dipping 1netho<ls. 
l)o not µ;1·;11d any glaze' too n1uch; a 60-mesh sieYc is an1ply fine. 

A Warning About Lead Glazes 

\ \"hile lead-bearing glazes are easiest to use and in general yield 
th<• best results, carelessness in their use is dangerous. By ,vor king 
only occasionally in glazes, using dipping processes exclusively, and 
exercising ·comn1011 sense in regal'd to the mouth and nostr ils, n o 
harmful results have been not it•cd amoog· I o\va State College student~; 
at any tin1c. 'J?~ 

~-f?~ 
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Spray-gun nu·tho<ls. on th<· o1hc-1· lia11cl, dc·nH1nd a booth "·hi<·h 1' 
hausts into th<· opc•n an· nnd ;t\\'il,V fro111 any passing JH•rsons. rrl 
,utthor suffere<l on<• <'HS<' of St'V1·r1· l<·ad pois1111i11!.! rtsnltinl! fro1n fai 
ure to insist on h<'ing suppli1•J ,vitli a sp1·11.,-booth s~s1<'1n. Ha,v lea 
glaZl'S, hO\\"t',·er. arc not d, 1 ~ 1 on" 1 · •ss sp1·a) c·d \\ ii bout thP pr< 
tt'ction of suc:h an c•xhaust <;~ sl f 111. \f. nnen arr lllul'<' pron,· 1 o suf'f1· 
from effects of lead poisoning t ha11 1111-1a. 

IJcad poisoning n1ay he c·on1pl1•tp]y avoid1•d h) tht> use of frittec· 
glazes in ,vhic:h the lead i-.; i11trodurecl i11tu the !.!1azc•s a, a hisili,·at<" 

The sy1npton1s of lead poi~onilH! a1,• a S\\Cc>1ish tas1<' in the 1noutl 
and erar11ps. In thr n1ost sr, <'rt· <·a.ses. the ~t1111s ttu·n hla1 k 111 ai 
ti1e hase of the tee·th. Th<> ant iclotr fo1· Ji,ad poisoni11~ is 1•ps11111 s:ilts 
l f nny doubt exists ahout h•ad po1so11in!.! . the· st•nsilde :111,l < i1t111ot1 !­

\\·orkr1· "ill sec k the ad,·i<'e of :i ph) 1ric111. 

HOW TO CHANGE GLAZE RECIPES 

Since the sta1ularll glaz(• re<·ipf•s rnay not suit a d1•fi11it,, s,·t of 1·011-

ditionc;; cxac·11Y, it is often clt>sir:ibh., tu 111Hk(• adiust11111 111s. l n < 1,le•· 
• • 

to alter glaze r0eipec;;, and to n101·1• n1•arly attain pt>1•f1•ctio11 of thr 
finished product, the cera1ni<" <'ll~.dnc•1•1· 01· othe•1· Jh.'t·so11 "·ith a kno\\ 1-
rdg<' of e·he1nistry n1ak1·s US<• or th,• "<•n1pil'i1·al for111ula." Those 
\\'ithout a kno\\ lC'dge of <·ht 1I1istr\. ho\\·1•,·p1•. 1•an do 1ht• san1r , ork 
by 1neans of hat<·h-,\'t>ight rc•<"iJH ~ "hi<'h ,rill 111' })l'i'S<·111 c•cl tog·1•1 h1•r 
,, ith the for111ulas. 

I t sehlo111 pays to use' an un11•~;t1•<l µlazP l't'l'ip1• ,rithont sonH• 
l'urth<'l 1•:xptl'in1ental \\01·k. ~1•,1•1·th1·l1•.,s, n l'Pc•ip,• il111•s i,!i\'(' a s1nrt­
ing point fl'on1 "hith glazes t·a I he d,•,·i,JoJ11:d to lit ~111y t,•1np••ratttrl' 
or type of C'lay. 

F ive T ype Glazes 

~\s hasi<· g-lazC's, \Yhic·h c•un hr c•o111hi11ccl 01· c·h:111!,!c•1l, t hC'rr "ill he 
ii::t<·c.l fi,·1• lle<"ic.lr<l "t) pe glazl's 'that ha\'1 1 l1rt•11 us1·111•xtc>11si, cl~ .• \ 
glazr for any Sl•t of ton1lition" c:,,111 h1• ohtnint·cl h,· Y:\l'Yin 11 t hr ti,,. 

... .. .. -
l)pes. (The1 fi\'e lish·d ar(• 1a\\' !.!lazc·s· that i,, the•,· <lo not in,1.]\I' 

• 
the use of a · · frit, · · or ha"r con11Hn111<l of spe,·ially ]>l'<·1n1recl g]a,s.) 

'l'he l'he1nist ·s t•n1piri<·al for1nulas a1·1· first list, cl follo\\-<'<1 hy th,· 
l'ecipes. or tahles of hat1·h \\'l'ights. l~aeh !.daz<' 1s idc>11t ifi<·cl a::- to tl11· 
1en1pe1·aturr requirt•<l to n1atu1 l it ancl th1· produl'1S 011 \\·hic·h it c::,n 
hr ll1'ec.l. Xott- that it is not stated tl at 1 he fivt~ tYJ)<'S ,vill fit all .;;pts . . . 
<,f requn·e111rnts exal'tlv. I{ath<·1·. it is "aid that theY "·ill s('r,·r• as 
suu·ting points fol' the· drYC'lop1ne11t of oth«'I' ··tailor:1nadl'" g)az1•s 

G laze N o. l -Ha1·cl porc-elain glaz,, 111aturing at 1·011<' 1:3_ 1Tsec.l 011 
a suitahJ,. fi1 l'-<·lay ho1lv, it is satisfac·tor,· at ,·one 9. ~I ixinl!. n hox . . 

p 

n 
r. 
z 
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of No. 4 tones in ,vater and using the resulting cream as a glaze on 
,i p:ood fil'c clay results in a clear glaze in the neighborhood of cones 
9 to 13: 

Formula 

KO o 3o 7 ~\bOa 0.50 ~ SiO 4.00 
Cao 0.70 f t 

Recipe (parts by weigh t) 

Potash feldspar 
\Vhiting . 
Dall clay . 
Flint . . 

167 
70 
52 

108 

397 

G laze N o. 2.-Bristol glaze maturing at cone 7. Used on con1mon 
stonc\\·arc pottery and some types of enameled brick, glazed brick:, 
and te1Ta cotta. 

K,O 
C'aO 
ZnO 

Formula 

0.30} 
0.30 AbOa 0.40 
0.40 

{ SiO~ 2.00 

R ecipe (parts by weight) 

Potash feldspar 
\Vhiting . 
Zinc oxide 
Ball clay . . . 

167 
30 
32 
26 

255 

Glaze N o .3.-Lncolorcd mat glaze 1naturing at cone 5. Uf;ecl for 
oYrr 20 years by a fa111ous a1·t pottery. 

Formula 
1r.o 0.10 1 
CaO 0.50 }- .AbO~ 0.50 
PbO 0.40 J 

Recipe (parts by weight) 
Polash feldspar 
\Vhiting . 
\Vhite lead 
Ball clay . . 

56 
50 

103 
103 

312 

Glaze N o. 4.-F'airncc glaze, an enamel 1naturing at about cone 04. 
'fhis is the type of glaze used to make the "·ell kno"·n tin-enamelecl 
,rares of Italy, France, Spain, and othC'r eountries. It is also useful 
to the brick-and-tile man in the production of ,vhitc rnamclccl 
products. 

Formula 

FbO 0.70} 
Cao 0.20 Aho~ 0.15 
ZnO 0.10 

Recipe (parts by weight) 
\Vhite lead 
\Yhiting. 
7,inc oxide 
Ball clay. 
Flint . . 

(1Iacle ,vhite ·with 45 
parts of tin oxide) 

181 
20 

8 
39 
87 

335 

Glaze N o. 5.-.:\ red-,Yare glaze n1n1nring· elosc to eone 010. This 
glaze ,vas urcd in the early period of the ,vell-kno,vn R ook,vood Pot-
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tery's history. It is used for 1, ,1 rooking "ar<'S c111<l kit1·lH•n ho, 
and for suth lo\\·-fired ,varcs as j rdiniere . 

PbO 
fuO 
cao 

0 r,.. . I I 

0.15 
0.08 

F ormula 

0.15 

0.07 
1.59 

Recipe (parts by weight) 

\Yh ite lead • • 
Potash feldi-11ar . 
\\'hit ing- • • • • 
Red oxi,1e of iron 
Flint . . . . . 

1 

81 udy of the five ~el Pet rd glaz<'S "ill sl111,v 1 hat 1 h<'y a l'l' 111a<le f 
c:lays "·hich n1aturc at fi, <' cliff Pl'(•nt con,· t, 111 pc•ratlu·(•s. 

Use of Cones 

• 

If the reader is not fa1111]iar "·ith the use.· oi' c•on<'s in clcterminini 
kiln conditions, he should consult the lit<•ra1u1·,, hel.:orP exprrin1c:>ntin~ 
"ith g-lazes. i'lost clay plants that nse pyrnnu'ters arc eontent tc. 
take the readings from the region of tlH• c•ro,vll holr. an<l thP ,;aria­
t ion is very great in the true temperatures of clifferent poriions of thr 
kiln. H ence in experimenting ,v1th glazes thP. ,vorkl r shonl<l plac-e 
cone pats close to his glazr trials a1Hl ha,·r hi~ glazr tl'ials in 1nany 
p]aces in the kiln. .\ fe" doll a rs sprnt for <·n11<•s to 1na k• a "('one­
pat" study of any kiln is a Ycry profitablP i11YrstnH'nt. 

Discussion of the Five Type Glazes 

(:Jaz<.' 1 is an exr<>ll<•nt gla:ze "·hen applir,1 to tlH• l,pttl'J' c-1.tss of 
stone,Yarc clays and to certain trur porc·elain liodi,•s. nnrl is th<.' t~·p<.' 
of glaze usrd largely for :fint• ,, hitc Enropcan tahl .. ,vart'. I f it is kt>pt 
in mind that fine hard stont•\\·ar<•. fir<.'hric-k. ehPtnil·al stune,,·art•. 
c·hemiral porcelain. llectrit·al porcP]ain. anrl any othl'r \\ 1rcs fire<l 
to cone 13 arc likely to require a ~laze si1nilar to l~nrop<'an 'iahl<.' 
porcelain, a satisfaetory rceipe is easily · ,,·rit ten. 1\hoY<• <'Olle 1 :J 
the feldspar or \\'hiting C'Ontr11t ~houlcl not lic• (•hangc'<l under nn~· 
circumstance, hut Yariations in th<1 hall ,·lay an<l flint arc perrnis­
sible. 

Co1nmon stone\\·nrc is n1acle fro111 ela, s "hieh are c::i1nilar to t ht· 
fire-clay type. hut less hc:-it rPsistant. In· 1,thcr ,,·ords. a fire elay not 
good enough for firrbrick is exc-cllcnt 1'01· 1naking terra c·otta. C'On1-
mon stone" ar<', cnnn1c:>lecl hriC'k, hnff and gray fac-C' hritk. art pott, ry. 
and n1any other glazecl art i<'lrs. < ilaZl' 2 i,, th,· one:> to use for sn, h 
"arc>s. 

)lany kinds of art potter,. teria cot ta. hriek. t ilc•. a111l otht 1· 

similar \\·arcs n1a<le fron1 th<' ·<·lays suitahlP for stont•,vare 1nannfae 
ture, from some recl-hnrnin!! c·la;•s that stand rather high t<>n1pcra­
tures, or from mixed bodies of the ,vhitc earth<'n,\'are type, demand a 
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111at glaze maturing at I1igh temperatures. G1azc 3 is very good 
for such ,York. Other V.'Ol'k later on ,vill sho,v ho,v mat glazes can 
be developed for any <lesil'ed temperature. 

~1any '' :::;tructural-n1a tcrials" clays l'eact readily when tested ,vitb 
l'ol<l dilute hydrochloric acid, ,vhich indicates a rather high calciun1-
<'arbonate (limestone) content. 

lt is common practice to add about 20 percent or less of ,vhiting to 
a clay to make it burn ,vhiter, carry glazes ,vell, and ,vork readily 
fo1· art-pottery "·ork. Lime so introduced bleaches buff clays and 
last, but not least, makes them more satisfactory for tin enamels. So 
,ve can expect to use glaze 4 in ,vorking ,vith such clays. 

The n1an ,., ho has reel-burning clays ,vhich ,vill not stand very higb 
temperatures ,, ill 1uake use of glaze 5 for structural materials, art 
pottery, and cooking ,vares. 

l\Iost red-uul'ning clays ,vill stand an avel'age fire of cone 1, and 
nto&t buff-burning clays ,vill be commercially ,vell fired from cone 1 
to cone 5. .1\lany of the buff-burning clays if burned much harder 
than cone 5 tul'n gTay, ,vhich is really not a disadvantage. Nearly 
all red-burning clays are sufficiently ,vell burned for 1nost purposes 
f101u cone 010 up to cone 04. Thus, it is seen that pleasing results in 
111any fields of production are possible ,vith glazes based on type~ 
:3, 4, and 5. 

I t ,vill have been noted that potash feldspar, white lead, ziuc 
oxide, \Yhiting, tin oxide, red oxide of iron, ball clay, and flint are the 
ra,v materials used in making the :five basic glazes and that the ,vhitt• 
lead and zinc oxide are the materials ,vliich make the glazes softer. 

I t is not so apparent that ,vhiting is a po,verful flux when it can 
\,·ork on the ball clay, but such is the case. Red oxide of iron is a 
iiux but is really used in glaze 5 to make the color yello,vish broW11. 
Tin oxide is used to make glaze 4 a ,vhite opaque enamel. 

Eight Rules for Changing Glazes 

\ \
1 hen the common glazes ,vill not suit a specific clay exactly, t he 

cera1nic engineer makes use of chemical formulas ,vhieh allo,v him to 
understand ,vhat happens ,vhen he makes a change. The follo,ving 
set of rules, ,vhich can be used more easily than formulas, al'e simply 
staten1ents of ho,v to do the same things a ceramic engineer would do 
by means of chemistry: 

Rule 1.-When taking out 56 parts potash feldspar, add 26 parts ball clay 
and 24 parts flint. At the same time add one of the following materials 
in the amounts named: 26 parts white lead, 8 parts zinc oxide, or 10 
parts ,vhiting. 

When adding 56 parts potash feldspar, take out 26 parts ball clay 
and 24 parts flint. At the same time take out one of the following 
materials in the a1nounts named: 26 parts white lead, 8 parts zinc 
oxide, or 10 parts whiting. 
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I t should be obvious that multiples or fractions of tlu• nun1IH•r 56 
call for proportionate changes in the othc>r values listed. 

R ule 2.-Leaving feldspar alone: ,YhC'n taking out 5u purls whil<' lrud 
add 8 parts zinc oxide or l 0 parts whiting. 

When adding 26 parts white lead, take out 8 parts zinc oxide 01· 

10 parts whiting. 

Rule 3.-Leaving feldspar alone: ,,.hen taking out 8 parts :l.in<' o'.:i1le adcl 
26 parts ,vbite lead or 10 parts ,vhiting. 

~'hen adding 8 parts zinc oxide, take out 26 parts white lend or 1 o 
parts whiting. 

Rule 4.-Leaving feldspar alone: ""hen taking out 10 parts whiting n.dcl 
26 parts ,vhite lead or 8 parts zinc oxide. 

\Vhen adding l 0 parts ,vhiting, add 26 parts ,vhite lead or 8 pnrt::; 
zinc oxide. 

Rule 5.-\\'hcn adding 26 parts ball clay, take out 12 parts flint. 

Rule 6.- Flint may be taken out or increased without. paying attC'ntion to 
any other material. Even if a glaze has no flint the rule still applies. 

Rule 7.-To make a mat glaze from a bright or glossy glaze, take out flint 
by rule 6, allowing, however, for the flint figure in ru le 5, because ball 
clay is to be added by rule 5. Add whiting by rule 4 at the ex.pense 
of white lead. 

Rule 8.-If calcined Florida kaolin is used instead of ball clu.y, rc>placc c>.aC"h 
26 parts of ball clay by 22 parts of calcined Florida kaolin. 

(To prepare calcined Florida kaolin, screen dry clay thro11gh fly-mesh 
screen after crushing, nnd burn in saggars or other suitable contain­
ers in the kiln in which the material is to be used.) 

Glaze Adjustment by Use of Tri linear 
D iagram s 

Glazes can he acljusted an<l nc·"· 
glazes deYc>lopc•cl by n1Pans or a tri­
linc>ar diagTc11n sueh as sho"·n in J-'ig. 
17. Thr trilinear coordinate papPr 
is obtainable fl'o1n dealers in engi­
neers' supplies, or the expc'rin1ent<.'r 
1nav make his o-w n. 

I~ the trilinear n1ethocl, three clif­
ferent glazes are chosen as hasi<' 

1, i.;. 17.-Trilincar diagram. o1azrs for the "'Ork. ~a1nplc•s <·on-
~ f' taining cliffrr<'nt ratios of caC'h o 

the three basic glazes are arranged inside the triangle \\'ith the 
three basic glazes thcn1sclYes at the· points. .All the glaz<'s i11di1·nh0 <l 
by intel'sections in the diagT,nn in Fig. 17 arr 1nixturcs of the hasie 
glazes B, F, and G, giving a total of 26 blends. 
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The percentage of each glaze in a mixture is found by beginning 
at one of the base lines and reading up to,vard the glaze, each clivi­
sjon being 10 pC'rcent and the point of the triangle therefore being 100 
percent. A study of Fig. 17 sho\\'S that the G glaze is 100 percent 
G; glaze 13 is 60 percent G, 20 percent B, and 20 pereent F; and 
glaze 24 is 20 percent B, 40 percent G, and 40 percent F. 

Suppose that type glaze 5 is to be converted from a glossy glaze 
into a mat glaze. Calling this G, the nrxt step is to select a trial 
glaze for the place Fon the diagram. Rule 7 is applied in taking out 
as m1lch flint fro1n glaze G as possible, according to the an1ount of 
clay added. Though there is no clay in glaze G, rule 7 implies that 
clay in excess of that in the usual run of glossy glazes is essential for 
a 1nat glaze. This is borne out by an exa1nination of type glaze 3 
,vhieh is a 1nat glaz0 at cone 5 and ,vhich has a relatively high clay 
content. Clay 1nust therefote he added, but since ball clays arc re­
f1·act ory, not as muC'h clay is \\·anted as there is in type glaze 3. Let 
the figure be 50 parts. 

1Jsing rule 5 it is noted that for 26 parts of clay, 12 parts of flint 
n1ust he takt•n out. Dividing 50 by 26 gives 1.9 \Yhich v,rhen multi­
plied by 12 gives 22.8 parts of fl.int to take out of the 41 parts al­
rendy pr(>seut. So if it is desired to experiment ,vith no flint, the 
1·est ean h0 taken ou1 for glaze F . 

.1\n exan1ination of glaze 3 ,Yill sho"· that the ,.vhiting content is 
quite high eo111pared ,vith all the other glazes except ro. 1. Suppose 
then that ther0 is set up a trial glaze B " ·hieh has a rather large 
amount of ,yhiting, say 50 parts. Rule 4 governs the next procedure. 
I-1aYing added 42 parts of ,vhiting to the glaze, th<'re must be taken 
out -1-.2 times 26, or 109.2, parts of ,vhite lead. 

Si nee the glaz<'s n1ay "cra,vl" ,vith so great an an1ount of ha11 
elay, this ingredient can be ehangc>cl to ealcined elay by rule 8. That 
is, 22 pal'ts of caleined clay are added for ca<:h 26 parts of ball clay. 

'l'he n<'xt step is to \\·rite the recipes for th<' three glazes to he 
Ll0nded so that they can be \\'C'ighecl out prior to a 2-boue grinding 
in hall 1nills. If <:aleined clay is to he us0d thr ball 1nil1 is essential 
and if ra" <:lay is 11sed the ball 1nill is d0sirahlc hut not absolutely es­
sential. 'l'he thl'ee t0st glazes and the nnn1her of parts of each in­
g rec1ient are as follo,vs: 

"\\'hite lead . . 
Potash feldspar 
"\\'hiting . . . 
Red oxide of iron 
Flint . . . . 

Glaze G 

199 parts (by ,veight) 
84 parts 

8 parts 
11 parts 
41 parts 

343 parts 



White lead 
Potash feldspar . 
Whiting . . . . 
Red oxide of iron 
Ball clay 

or 
Calcined clay . . 

White lead . . . 
Potash feldspar . 
Whiting . . . . 
Red oxide of iron 
Ball clay 

or 
Calcined clay . . 
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Glaze F 

199 parts (by weight) 
84 parts 
8 parts 

11 parts 
50 parts 

42 parts 

352 or 344 parts 

Glaze B 

90 parts (by ,veight) 
84 parts 
50 parts 
11 parts 
50 parts 

42 parts 

285 or 277 parts 

I n test r uns it is always permissible to use the nearest \vhole num­
ber. 

P reparation of Glaze Samples 

W hen each of the aboYe three glazes have been ground enough to 
pass readily through a 60-mesh sieve, it jg best, perhaps, for the aver­
age worker to completely dry his glazes in plaster-of-paris molds be­
fore blending. There are other methods. but less confusion and labor 
really result from the "drying-out" method. Hf'at other than that 
of a ,varm room should not be applied. 

I t is next desired to make a blend to n1atch each circle sho"'n in the 
trilinear diagram and also to kno,Y the appearance of the three basic 
glazes. Consequently, sample clay pieces are first dipped in the three 
basic glazes before the samples al'e dried. A ,vise \Yorker ,vill dip 
mor e pieces than he needs to guarantee against kiln accidents, and 
he ,vill keep half of his samples out of the first "burn" to make sure 
he does not have to do all of his ,vork over again. 

A study of what has been outlined ,vill enable one to make any 
desired type of glaze. I t is never desirablc- to change the tempera­
ture of the kiln to match the glazes in the experiments. Rather the 
glazes should be 1nade to suit the best maturing point of the clay he­
ing used. Any altering of glazes must either be done by means of 
chemical formulas such as are used by ceramic engineers or by 111<:'ans 
of the rules listed. . 

Some place in the trilinear diagram of test batches just described 
,vill be found a mat glaze suitable for the particular clay used if the 
burning is not higher than cone 1 in any part of the kiln. Some of 
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the test glazes "'·ill be glossy, some not n1atured, likely, and all ,vill be 
yello"·ish-bro,vn due to the iron oxide. I f a red-burning clay is used 
the bro,vn ,vill be quite pronounced. 

Once the right glaze is found, it will be unnecessary to repeat the 
blending process since the same proportions of each ingredient would 
be used no matter how large an amount of glaze is desired. 

HOW TO COLOR CERAMIC WARES 

Color may be added to the body of a ceramic ,vare, to the glaze 
itself, oi- used either over or under the glaze. If applied as an under­
glaze, it is coated ,vith a clear, transparent glaze and refired to ma­
ture the glaze and bring out the color. A safe procedure for a be­
ginner is to buy prepared underglaze colors and add about 10 percent 
to the glaze batch. 

"'V\~ere tin oxide or coloring oxides are used, a limiting figure must 
be suggested and the desired value obtained by experimental batches. 
Generally about 10 percent of the total batch ,veight of a glaze 
should be tin oxide added to make a clear glaze an opaque white one. 
If light colors are \vanted, it is desirable to use the 10 percent of tin 
oxide in addition to the coloring oxides. 

For use in coloring the five type glazes, and other glazes ,vith ap­
proximately the same number of parts (300 to 400) of each ingre­
dient, the follo,ving amounts (by "·eight) of coloring oxides are ap­
proximately correct in the quantities indicated: 

About 8 parts cobalt oxide give a very dark blue, while 2 or 3 
parts are usually sufficient. 

Green is obtained from 8 parts black oxide of copper or 15 parts 
green oxide of chrome. 

About 8 parts niclcel oxide give either a green, a blue, a brown, or 
a gray, depending upon the glaze in which it is used. Only by ex­
perimentation can one be sure what color will result from the use of 
nickel oxide. 

About 7 parts of black oxide of manganese or from 8 to 6 parts of 
red oxide of iron give a brown. 

The fallowing points should be kept in mind: 
Zinc oxide kills greens, warms browns, and lightens blues. 

Boric acid and borax help greens and offset the effects of zinc 
oxide to some extent. 

Zinc oxide is not good for the reds obtained from chrome-tin 
pink stains. 

A smoky fire ruins reds obtained from chrome-tin pink stains. 

Good reds and yellows are difficult to make. 

Rutile is useful in making mat glaze textures. 



38 

ae.5 eoo .;; .,.,❖ 'J L-' S iOz o.5.5 .P1>0 j a .3 , ,, o J 
a eo HzO ao5 1..14o., 

Fig. 18.-Trilinear c1iagran1 used by \Vhitte1nore 
and \Vhitford (Bulletin 58) for developing colored 
glazes. 

Use of Trilinear Diagrams in Color Work 

I f different shades of colo1· are desired, the trilincar diagram sche1ne, 
,vhich has already been explained, is useful. Surh a scheme ,vas used 
by Whitford and \'7hittemore (B ulletin 58 of the Io-,vH. Engineering 
Experiment Station) in a series of glaze experiments to deYelop a 
'' ,vi<ler range of color tones than \\'as afforded by the basic glazes. '' 
There ,vel'e produced '' more than sixty different glaze mixtures very 
pleasing in color, quality, and texture, haYing a soft velvety surface 
,vell adapted to the display of the color of the glaze.'' 

The trilinear <liagl'am used in the experiments is sho,vn in Fig. 18. 
The percentages of the different basic glazes in each mixture are sho\\'11 
in the foUo,ving table: 

- -

Percent Percent 
No. -- No. - -

Glaze G Glaze /i' Glaze B Glaze G Glaze F Glaze B 

4 80 20 - 37 20 80 -
5 80 10 10 39 20 60 20 
6 80 - 20 41 20 40 40 

11 60 40 - 43 20 2) 60 
13 60 20 20 45 20 - 80 

15 60 40 58 - 80 20 
22 40 60 - 60 - 60 40 
24 40 •10 20 63 - 40 60 
26 40 20 40 64 - 20 80 
28 40 - 60 

\,Vhile Fig. 18 sho,vs basic glazes ,vhich ,vill g1Ye red, orange, and 
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yello\v combinations, the same scheme can be usc<l fol' other basic 
combinations. Three basic glazes are, i11 each case, chose11 for the 
corner positions, an<l from these the other mi:xtutcs are prepared. 

Fritted Glazes 

Frits (specially prepared glasses) for fritted glazes can be made 
from a recipe or else obtaine<l from the 1nanufacturers of frits for 
use in sheet-steel enan1el plants. In developing frits, use the triliuear 
<liagran1 sehemc that has been demonstrated, and set the frit at one 
apex and t,vo glazes that are too hard in the other corners. Proceed 
as in the deYelopment of a raw glaze, and it ,vill be apparent that 
1nany colors and other properties not obtained from ra,,, glazes result 
from the use of the frit. 

Albany and lvlichigan slip clays used in blends ,vith a frit and a 
Br istol type glaze ,vill yield some interesting and useful g·lazes. That 
is, the frit goes in one corner, either Albany or lvlichigan clay in 
another, and a Bristol glaze in the third. Colors 1night be added to 
the Bristol glaze and many sets of diagrams run, 01· the color ma­
tetial might be ground ,Yith the frit to moYe the intense-color field 
to,vard that corner. 

Those using buff-burning clays ,vill " 'ant to experiment ,vith type 
glazes 1, 2, and 3 and ,vith a " 'hite-ware glaze. 

SELECTED LITERATURE 

I ndividuals desiring to learn more about c:era1nics ,vill soon dis­
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HODSON, R. L. "Chinese Art." The Macmillan Company. New York. 1927. 
Price $12.50. 

HOOPER, w. H., and w. C. PHILLIPS. "Manual of Marks on Pottery and Porce­
lain." New Edition. The Macmillan Company. New York. 1879. 
Price $2.00. 

JAcons, M. "Art of Colour." Doubleday, Doran & Company, I nc. New York. 
1923. Price $7.50. 
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NOKE, C. J ., and H. J. PLANT. "Pottery." Pitman Publishing Corporation. 
New York. 1924. Price $1.00. 

PrccoLPAsso, C. "Three Books of the Potters' Art." The Victoria and Albert 
Museum. London. 1934. Price 30 sh. 

RREAD, G. W. "British Pottery Marks." Scott, Greenwood & Son, London. 
1910. Price 7 sh., 6 d. 

SANDEMAN, E. A. "Notes on the Manufacture of Earthenware." C. Crosby 
Lockwood & Son, Ltd., 7 Stationers' Hall Cou rt, Ludgate Hill, London, 
E.C. 4. 1917. Price 7 sh. 6 d. 

SEGER, H. A. "Collected Writings; Prepared from the Record of the Royal 
Porcelain Factory at Berlin by H. Hecht and E. Cramer; Translated by 
the Members of the American Ceramic Society, 2 Volumes." American 
Ceramic Society, 2525 N. High St., Columbus. No date. Price $7.50 per 
volume. 
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SPARGO, J . "Early American Pottery and China." D. Appleton-Century Co1n­
pany, I nc., 35 W. 32d St., New York. 1926. P rice $4.00. 

SuFFLING, E. R . "Treatise on the Art of Glass Pain ting." D. Van Nostrand 
Company. Ne,v York. No date. Price $3.50. 
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P eriodicals 

Pitn1an 

Journal of the A1nerican Ceraniic Society. Published monthly by the 
American Ceramic Society, 2525 North High Street, Columbus, Ohio. Price 
$15.00. 

Bulletin of the A.1nerican Cerarnic Society. Published monthly by the 
American Ceramic Society, 2525 North High Street, Columbus, Ohio. Price 
$1.50. 

I n addition to the above periodicals, the American Ceramic Society 
publishes bibliographies of ceramic literature. Of especial interest are 
a n abstract section and a series of inspirational historical sketches. 

Transactions of the Oeraniic Society. Published monthly by the Cera1nic 
Society, the North Staffordshire Technical College, Stoke-On-Trent, England. 
Price 45 sh. per volume. 

This publication covers the history of English ceramics in addi­
tion to current technical progress. I ts abstract section resembles, 
and duplicates to some extent, the corresponding sections in the pub­
lications of the American Ceramic Society. 

Every possible type of formula or recipe can be bad from the flies 
of the publications of the two above-mentioned ceramic societies. The 
abstract sections are inexhaustible sources of tested information 
about ceramic bodies and glazes. :tviembership in each organization, 
which is granted to all interested persons, entitles one to receive the 
current publications of the society. 

Brick and Olay Record. Published monthly by Industrial Publications, 
Inc., 59 East Van Buren Street, Chicago, Ill. Price $5.00. 

Devoted to the interests of 1nanufacturers of structural materials. 

Ceraniic Industry. Published monthly by Industrial Publications, Inc., 
59 East Van Buren St., Chicago, Ill. Price $4.00. 

Devoted to the interests of manufacturers of pottery, glass, and en­
ameled metals. 

Both Brick and Olay Record and Oera1nic Industry frequently pre­
sent translated articles from foreign-language journals dealing with 
valuable methods of production. The publications also give sources 
of machinery and materials supplies. 

Oeraniic Age. Published monthly by Ceramics Publishing Company, Inc., 
170 Roseville Ave., Newark, N. J . Price $3.00. 

Ceramic Age, a journal devoted mainly to the interests of the finer 
types of clayware, carries many items of interest to the amateur as 
well as the professional ,vorker. 

Directory of Plants in the White Ware Branches of the Cera-rnic Inclustries 
in the Unitea States and Canada . . . compiled under the direction of the 
editorial staff of Cerarnic Age. Published annually by the Ceramics Publish-
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ing Company, I nc., Directory Dept., 170 Roseville Ave., Ne,varlc, N. J. Price 
$5.00. 

Lettered on cover: Ceramic Trade Directory. 
This directory gives the addresses of all American pottery plants, 

together with the products which they produce. The directory is rich 
in information useful to the art potter. 

Pottery Gazette and Glass Trade Review. Published n1ontbly by Scott, 
Greenwood and Son, 8 Broadway, Ludgate Hill, London, E.C. 4, England. 
P rice 15 sh. 

This English journal is devoted to the interests of British china, 
glass, and art pottery. Although many technical articles are included, 
the journal uses many illustrations of popular interest which show 
style trends. An annual feature is a 200-page directory of British 
firn1s and products. 

China, Glass, ancl Lamps. Published monthly by Comn1oner Publishing 
Company, Cen tury Building, 7th St., Pittsburgh, Pa. P rice $2.00. 

A useful directory entitled "China and Glass T rade Directory" is 
an annual feature. 

Crockery a.nd Glass Jonrnal. Published monthly by Haire Publishing 
Company, Inc., 1170 Broadway, New York. P rice $2.00. 

The t,vo above n1entioned journals are useful mostly because of 
their profuse illustrations which sbo,v style trends and suggest de­
signs. 

Design. P ublished monthly by the Design Publishing Company, 20 
South Third St., Columbus, Ohio. Price $3.00. 

Design was started in 1899 as J(eramic Studio and known by that 
name for a quarter of a century. Io .!Way, 1924, it changed its title to 
Design-l[eraniic Studio, and in May, 1930, it changed tv the present 
title of Design . Developed originally to supply the needs of the china 
painters, it is now published in the interest of the decorative arts. 

Those interested in ceramics will profit by subscribing for at least one 
trade journal devoted to style trends. Of the books which have been men­
tioned, the following are suggested for first purchase: 

BINXS, C. F. "Potters Craft." 
Do.AT, T. l\,L "Grand feu Ceramics." 
DE SAGER. w. A. "l.Vlaking Pottery." 
BINNS, C. F. "Manual of Practical Potting." 
Cox, G. J. "Pottery; for Artists, Craftsmen, and Teachers." 
"Ceramic Equipment and Material Catalogs." 
FORSYTH, G. l\,L "Art and Craft of the Potter." 
Cox, P. E. "Potteries of the Gulf Coast." 

Tbis last named publication is suggested because it deals solely with pot­
tery produced by individuals imbued with ideals of the type which the pres­
ent bulletin is designed to foster. 
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APPENDIX 

The follo,ving clra,vings (Figs. 19 to 23) illustrate kilns which haYe 
been thoroughly tested and '"hich are economical to const1·uct. They 
include a periodic car kiln, oil- or gas-fired kilns for large-scale and 
for small-scale production, and a steel-jacketed kiln for coal or ,vood 
firing. 
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