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PURPOSE OF THE STATION 

•· purpose of the Engineering Experiment 
JD is to afford a service, through scientifir 

~tigations, evolution of new devices and 
r.hods, educational technical information, 
d tests and analyses of materials : 

· the manufacturing and other engineering 
.ilation and industries of Iowa.; 

'4'or the industries related to agriculture, in 
solution of their engineering problems; 

i>r all people of the State in the solution of 
engineering problems of urban and rural 
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FRONTISPIECE. SHOWING PIECES MADE FROM IMPROVED IOWA S HALE. The body for t hese pieces was 80 per cent Mason City Shale and 
20 per cent Mason City Yellow Clay. 



POSSIBILITIES OF POTTERY MANUFACTURE 
FROM IOWA CLAYS 

Clay is being used in an ever increasing numbet of schools, pubHe 
and, private, for all soi-ts of instruction, from kindergarten n1odeling tr, 
actual pottery making in the upper grades. 

Pottery making in Io,va b~· kinde1·g·arten, grade and high school stu
dents and club"·o1uen can be carried on "·ithout a great outlay for equip
ment. rrhcre is a great variety of clays " 'ell distributed ov<:>r I o" ·a and 
a large nurnber of clay products plauts ,vhere clay may be obtainedand 
the burning of ,Yare accomplished. In fact conditions are so favorable 
1 hat such \York, intel'esting, artistic and educational could be car1·ied ou 
to a 1nneh greate1· extrnt than at present. 

Representative clays from all sections of the state " 'ere tested in th,~ 
coursl:' of this invrstigation and the available supplies, togethet ,vi&.. 
th<'i1· properties especially as conce1·11s their a<laptability to mocleHng or 
pottery 1nanufacture, are brot out in detail. The results, sho,ving gen
eral character, " •or king, drying, and burning prop erties of each, are pre
St'llted in tabular for1n. 

Small Scale Operations. l<,or benefit of those ,vho "'ould take up 
1:,oclcling or potte1·r 1naki11g on a s1nal1 scale onl>·, a brief discussion of 
1hc p1·oceclurf> follo"·s. Thr choice of a suitable cla)· 1nuRt precerd th\! 
s1:ccessfnl 111aking of even the si1nplest potte1·)·. After a clay has beeu 
selected and has provrd sa tisfactor)· in t est, sn1all a1nonuts, ( 25 to 50 
J ,onncl." ) n1a~· bC' brok<'n or crushed either in a 1no1·ta1·, or ,vrapped in 
'l<'ck-cloth or canvas and beatC'n ,vith a heavy 1nallet. rrhis crushed 
ciay is then 1·nbbed thru a strong "·ire sieve, not coarser than ¼" mesh, 
into a ,vooclen bnckC't 01· ston<'"arc jar, f hreC'-fou1·ths full of ,vater. The 
--ressel is then cover·ecl and allo,vecl to stand over night. Next dar the 
1nixtnrc is stirred vigoronsl~· ,yith a ,vooden padcllr until a 11 the clay 
ha~ bePn brought into suspension, that is, nonr is lC'ft 011 the bottom. 
Chis mixture i:-; no"· kno\\'H as '·slip". 

The slip n1ay he passed th1·u a 48 111esh, or finer , sirvc into a plaste.: 
l;ox. (The finel' the sieYC' that thr slip is passed th1·u at this stage the 
1.101·<' "·orkable the clay "·ill be latrr ) . In a fe"· hours, perhaps a day, 
1 he plaster box "·ill have absorbed suffirient ,rater from the slip t •.> 
<·hange it from a fluid to a plastic condition, in other \\·ords fro111 slip to 
moldabll:' <'lay. 

T t is no" read)- to be re1u0Ycd from the plaster box and :-;tol'ed in a 
"da1np box", ,vhere it ,vill keep indefinitely, if ahYays coveTed " ' ith a 
tho1·ol~- \\'Ct sack. Tt is adYisable to prepare more cla)' than is needetL 
for immediate u :-;e as it i1nproves considerably ,rith age. 
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Methods of Clay Working. When clay is in the slip forn1 and prop
e:rly s ieved to remove coarse particles it is ready for the casting method 
of making clay \Vare, that is, it is i-;uitable to pour into moulcl.5. After 
it has stood in a plaster box, or has been put thru a filte r press, to re
move the excess ,vater , and is in the plastic for1u, pieces 1nay be n1ade 
from it in a number of v,rays. It 1nay be "spun " or thrown on a 
wheel , "coiled " or hand built, pressed in 111olcls or jiggered. 

Coiled or hand built "''are ii-; probably best adapted to the ordinary 
scale of operations carried on by kindergarten, grade or high school 
teacher s. rrhis \Vare is fashioned lvithout the a id of molds, and \Y ithoni 
the ui-e of the turning ,vheel 01· lathe. I t may be ma<l,e by coiling rolls 
oi clay and filling and ,velding the joints as the shap e progresse<s, 
by piecing 01· shaping from flat slab~ of clay cut to the desired shape 
and size; or by carving from a solid piece of clay. Ouly a fe,v pieces of 
(•quipment, such as ,vooden and steel s1noothing and trimming toolH a n,l 
plaster slabs are needed in making vvare by this m ethod. 

Drying tµe Ware. (1lay"'ar e f r equently cracks badly in drying. 
'_:his difficulty may be over come usually by placing the pieces on block:-. 
01· lo"' racks inside large stone\var e jal's placec.1 on radiators. The dryin5 
i~ started ,vith a cupful of \Yater poured into the botton1 and a -n•et cloth 
stretched t ightly ovrr the mouth of the j,ar . As the ,vater uries out thr• 
piece " ·ill progrei-s safely thru the cl rying s tageR. Only pieces 111ade fl"ont 
exceptionally poor drying clay or "rith exceedingly poor "'Ol'kmanship 
in -n·elcling the joiuts ,vil] crack under this syste111 of drying. 

Burning the Ware. I f the scale of operations does not "·arrant the 
purchase of a kiln, arrangements may be made ,vith a local clay pro
ducts 1nanufacturel', " 'hereby the pieces may be placed in a comn1ercial 
],iln and fired for a slight fee. If the " 'a r e is to be bisC'uit hu1·ned, 
later glazed and then put thrn a glost burn, the pieces ,rill hav<-> to b,• 
protected in the glost burn front thr kiln gases by p lacing then1 in sag
gers or clay boxes and carefnll)' mudding the cracks. Such sagger s for 
use ,vith small piecei-, 1na)· br imp1·ovise<l fron1 hollo"' building block.; 
li_v placing the pieces inside and 1nudding slabs of broken blocks int0 
the openings. 

I n case much ,vare is to be burned it "·ill probably pl'OYe advisablr to 
Recnr e a n1uffle kiln snch as put out by thr H. ,J . Caulkins C'o1npany or 
J>etroit or the Denve1· l•'ire Clar Co1npany of Denver. 'rh <>se kilns, b.v 
vj1·tue of their style of conRt1·uction pi-oteet the " 'are fro1u the coaly 
or soot)' flames an<l ga:-;es making it unnece.ssa1·y to protect it in sag-ger~. 

Glazing the Waxe. Artistic pottery can be procluced ,vithout glaz
ing . The ,varr in this case being similar to old Indian potter~-- Glar.• 
ing adds a great deal to such " 'Ork, ho,vevrr. If glazing- is atten1pte11 
it ,vill probabl? be " 'orth ,vhile to s1:nd a small sa111ple of the cla)· bein~ 
used to the ( 'el"amic Enginee1·ing Depa1·tmcnt of lo"·a State C'ollrge a t 
Ames, anc1 have a glaze developed that ,Yill exactly fit that pa1·ticnlar 
<·lay body. 
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Making a Plaster Box. On a smooth, level surfacr place a block of 
t·l~y equal in size and shape to the opening desi1·ed in the finished 
pla~ter box. Build about this a 1vooden frame of the height the box is 
to be, and sufficiently larger than the clay block to give the requi red 
i hickneRs of ,valls to the finished box. ]"'ill the f1·ame ,vith plaster of 
Paris n1ixed for casting. Whrn the plaster has thoroly set, turn the box 
o,·er, pull out the clay and allo\Y the box to dry. When the paster has 
thoroly dried thr box is ready for use as ,nentioned above. The size of 
{h<" plaster box to be n1ade is left to the judgment of the user but the 
;11·opo1·tions should agree with those suggested in Fig. 1. The \Yooden 
fra1ne 111ay be left about the plast0r as it offers considerable protection 
tll the \\'alls ,vhirh 1night other,,ise beco1ne chipped and cracke,1. 
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FIG. 1. SHOWING METHOD OF MAKING PLASTER BOX FOR DRYING SLIP. a. S'ab 

of clay-dotted lines for frame. b. Completed box 

S17ES OF PLASTER BOXEG 
Length Width HeiR"ht Thicknes~ 
Inches Inches Inches Sides and Base 

l. 18 12 6 21 2 
2. 24 18 8 3 I 2 
3. 30 24 10 4·2 

Handling Plaster of P aris. Plast t->r of Paris n1ixl'd \Yith " ·a tf'r pos
i:;esses the property of hardening to an a bso1·ben t solid. B >. varying the 
ptopoi-tions of ,vater and p}ai,,ter and thC' length of tim<> of Htir1·ing th•~ 
degree of hardness and the po,Yer of flbsorptiou arp incrrasf'd or less
C'nec.1 ,Yhich per1uits it to be so nsecl that it ,vill exac11)· n1cet the require -
1,•euts of a pa 1·ticuhn· proC'rss. I>laster for n1olcls or boxes in ,vhich slip 
is d t·il'd 11111st be_. highly absorbent and at the . a1nc ti1nl' hard and stron4" 
C'nough to \Yithstancl rep0atec1 :--oaking and drying ,rithont <lisint0gra
tion. 

I1'ill a 1ipprd bo,rl 01· otht>r \\·idr-1nouthed vessel of a1nple size about 
half fnll of clean ,vate>1·. Shakr plai-;trr of Paris thru a 1 1.,1

1 sieve into 
renter of the vessel until the cone of plaster rrache:-- the surface of the 
,rater. "\yt"l')' little n1orr plaste1· ,vill be needed to give the p1·opc.'r con
sistency. ~tir thP 1nixtnrc vigoronsly ,vith the hand, at the sa111e time 
<:rushing the lu1nps "·ith the fingc1·s, until the \\'hole 1nass appears tJ 
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thicken perreptibly. ..1:\t once pour the plastc~1· in a ~tead)· stl'ea111 int-) 
the desired cavity. I t ,vill become ::;et or hard ,rithin fifteen n1inutes. 
It is important that the stir1·ing be both vigorous and continuou8 until 
tJ1e plaste1· commences to thicken. 

M aking a D amp Box . A strong box of galvanized iron sufficient in 
si2e to 1neet the needs of a particular clay " 'orker can be 1nade by any 
tinner. 1'he top should be hinged and tightly fitting. For a base in
side the box, a slab n1ay be made over the n1etal by poui-ing in prepai-ed 
p laster of Paris until a layer t"·o inches thick is for111ccl v,..,r ater pourell 
over the slab occasionally " ·ill help to 1naintain a da1np atmosphere 
v1ithi11 th1.-• box. A pan of ,Yater shoulc.1 be kept in the box " 'heneYer 
there is a113· cla)· in sto1·age. In addition ,vet cloth.c:; should be kept oYe!' 
the 1·ese1·\·e supplies of clay aud unfinished pieces at all ti111es. The 
prime requisite of a c.la1np box is that it be tight. For a class of ten 
students, a box 2'x21 ~'x6' is an1ple. J➔"'or largel' classes 2 or iuore damp 
boxes ,Yill be found useful. 

Apparatus. Sin1ple, yet 1nore elaborate equipment than that just 
outlined can be bought or built for prepa1·ing cla)·. A small coffee 
~rinclrr 1nay be rigged up "·ith a meeha11ical drive, to do s1uall amounts 
of clay grinding. Special clay grinding 1uachines ma)- be bought in a 
,ariety of :--ize~. For blunging ( mixing the cla)· " 'ith \Yater ) a cylin
dir:ical tank 1nay be fitted "·ith a vertical shaft \Yith pa<ldles attached, 
~(; mounted as to be revolved inside the tank either b)· hand or by po,\· 
<'l". Such a. machine \\·ill bring the <'la)· into suspE>nsion, ihat is, into th~ 
~lip forn1, 1nuch quicker than the soaking process. Xeedless to sa:v 
that if 1nuch 111aterial is to be prepared the 1nechanical equipment placed 
on the n1a1·ket b)· a numbe1· of n1anufacturers ,,·oulcl prove 1nor<.> econom
ical than ho111e-made 1nachine1·y. 

Bibliography. 'l'he follo-,ving books are recomineu<led to those '"ish
ing more infor1nation on the details of clay,,·01·king- or to those "·ishing 
tn add to a librar,· . • 

"Pottery"-Geo. J. Cox. 
"Studio Pottery"-Frederic H . Rhead. 
"Seger's Collected ,Vritings". 
"Grand Feu Ceramics"- Taxile Doat. 
"Architectural Pottery"- Leon Lefevre. 
"The Chemistry of Pottery"-Langenbeck. 
"Treatise on Ceran1ic Industries"- En1ile Bourry. 
"Coloring and Decoration of Ceran1ic Ware"-Brongniart. 
"Notes on Pottery Clays"-James Farrie . 

. . "Pottery Decorating"- R. Hainbacb. 
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POSSIBILITIES OF POTTERY MANUFACTURE 
FROM IOWA CLA.YS 

PURPOSE 

The purpo e of thiR investigation ,vas to dete1·1nine \\'hat possibilities 
T o,Ya cla>·s of fer for the n1anufactu1·er of potte1·y \,·ares. Conside1·ation 
of clay deposits, supply and demand and other econon1ic problems con
rected ,vith the potter>· industry a1·c not considered in the discussion. 

CLASSIFICATION 

There arr man)· kinds of potte1·y 1uanufactured thrnout the ,vorld, 
the qualit)· of t>·pe of ,vhich is determined by the clays available for the 
pui-pose. These are kno\\'n as ha1·d and soft porcelain, china, stone,vare, 
(•,nihen"·ai-e and in ad<1ition therr ai-e 1uany varieties of art pottery 
1na<le by using· aln1ost an)· kind of clay fro111 thr finest I(aolins to t he 
comn1onest of brick clays. 

The classification of pottery jf.; not easy, but it is possible at the out
~et to makr t,,o Ye1·y complete divisions, na1nely-I. l Tnglazed or '' sim-
11le" potte1·y, and I L Glazed 01· "co1nposite'' potte1·y. 

Thr first division eon1p1-ises that typr of ,vares made by pri1nitivc 
peoples of 1nany raees of ,Yhich the pottery of the Pueblo Indians of 
Ne"- l\Iexico and earl)' Greek vases are good example~. This type of 
,va1·e has little con1n1e1·cial Yalue and is of interest on]~· as the 1·elic of 
a passing race. 8nch potter)· can be 1ua<l(• f1·0111 the co1nmonest of clays. 
'\\Tithin the class are the co1nn1on unglazed fl()\ver pots and garden and 
architectural ter1·a-cotta, (unglazed ) . This typ<' of ,vare falls 1nor~ 
"·ithin the scope of 1·oofing tilr and d1·ain pipe produrtion than the true 
potter)· indnstr>·· 

Brongniai-t, the great French anthori ty on pottery, classifies pottery 
ancl po1·celain according to the characte1·isties clrrived fro1n the paste or 
body, and also according to 1he p1·operties cl01·ived from thr glaze. 
Essentially his classification is as follO\\'S: 

1. Porcelain, White Semi-transpa.rent, and Fused only at High 
Temperatures. 

(a ) Hard porcrlain-natural kaolin c:ovfre<1 \Yith a felspar g'laze; 
exa1nple, porcelain of China an<l ,Japan. 

( b ) Boft porcelain-a1·tificial paste covrrcd ,vi th a lead vit1·cous 
glaze: example, earl)· Sevres po1·celain. 

• I 
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2. Stoneware, Very Hard and Infusible. 
(a) Very Rilicious clay covered \\'ith a lead vitreous glaze · exa1n

ple, old g1-·ay Flemish ware. 
(b) Silicious clay covered \Yith a salt glaze; example, 01·<linar.r 

stone,vare jugs or crocks. 
3. Soft Pottery, as Earthenware, Easily Fusible. 

(a) Biscuit-simple baked clay, porous and \vithout gloss; ex
ample, common flo\ver pots. 

(b) Glassy-Fine clay covered ·with an almost imperceptible v1t-
1·eous glaze ; exan1ple, earl)' Greek vaseR. 

( c) Glazed-Clay cover ed ,vith a perceptible coating of glass; 
example, common ,vhite earthenwar e plates. 

( d) Enameled-Clay covered ,vith a vitreous coating made opaq11c 
by ,vhite oxide of tin; example, Italian majolica. 

We n1ay, therefore, consider the three principal varieties of pottery, 
namely, porcelain, stone,vare, and earthen,Yare, each of \vhich is subdiv
ided into many varieties, and all of ,vhich graduall)' me1·ge, one int•) 
the othe1·. The addition of a little 1nore of one and a little less of an
other ingl'edieut in the composition of the 1nass ha:-- brought about such 
a condition in the clasRification that frequentlr a 11a1ne given to a var
iety of pottery is either entirely a n1is1101ncr or else a 1nere trade name. 

Porcelain may be dismissed from the discussion because it is composeLl 
ol' pure natural I(aolin and very fh1e imported clays and offers no pos
};ibilities for ~ -oduction in Io,va. Stone,vare and ea rthen,vare can be 
tnanufactured satisfactorily fro1n T o,va clays, a;; ,vilJ be sho,v11 by the 
tt>sts and p,1•actical work conducted in connection ,,·ith this s1udy. 

Stoneware. Stone,vare is characterized bv a dense mass and ex-• 
+reme hardness, not easily scratched by a knife, sonorou~, fin€' grainel1, 
romogen~ons, ~ho,ving incipient fus ion, scarcel)- translucent on th~ 
edges, and 1nay be ,vhite or colore<l. 

Stone,vare is u~ually considered to refer to conllllon butter crocks, 
j!Jgs and jars, but a bette1· ,vare of fine1· texture is made by the addition 
()f othe1· clays, kno,Yu as ' 1F1emish ,vare' ', because it has a silver gra}' 
bod~, and resembles the b"lemish gres. rrhis t ype of body is suitable f1>r 
1naking vc1·)' high class art and novelty ,va1·es. 

Glazes n1ost com1uonly used on stone,var es ai-e those of the Bristol 
type, and 2 salt glaze. rrhe latter is obtained by inserting common salt 
into the kj]n, both fr om the top and the bottom. This salt vaporizes 
und form-; a glassy semi-transparent glaze by co1nbinin~: \\ith the cla:v 
body at high te1nperature. 1\,Iany types of transparent lead glazes, var 
ious mat glazes and enamels may also be used on this class of "·are. 

Earthenware. Within the thi r<l classification , earthen"1 are, are 
grouped the main types of co1nmon pott el'y being manufactur ed success
fully at the present time, fron1 flo"'eJ pots to tabh~,vare. For the sak(' 
of clea1·ness, this classification should be further divided in to t,Yo 
groups: 
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1. Whiteware. The products of this ciass are kno,vn by variou s 
11an1e:-:, as "c. c. " 'are", " 'hite earthen-nrarc, ironstone china and white 
granite ,vare. These nan1es designate all pottery ,~·ith a ,vhite, or nearly 
,vhite, po1·ous body that is cove1·ed ,vith a glaze. 

2. Colored-ware. This class includes the great 1nass of pottery 
1nacle front natnral impure clays having a body ranging· in colo1· from a 
Ji~ht buff to a brick r ed. 

P ottery of the f ii·st group is usually composed of ,\That is knO\\'ll as a 
.. c·on1mercial" bolliy, 01· one that is made up f rom a mixture of clays 
f l'Oln cliffe1·ent localities, often being imported 01· shipped from distant 
clay fields. Clays of this type used in 1nany American factories ar c 
1-non·n as Florida ancl Georgia clays, North Carolina Kaolin and Tenn
(':-:see Ball clay. As the purpose of this investigation does not p ermit 
thti introduction of such clays, this class of pottet·)· may be eli1ninatcct 

IOWA CLAYS CONSIDERED 

There rcn1ain t"'0 large groups of clays quite extensive in al'ea in 
I O\\' a to b{: conside1·ed, namel)· the clays of the stone"·are type, locally 
,·ailed" fit(:: clays", and the com1non earthy 01· in1pure red or buff bur11 -
i11 g- clays anc1 shales. 

,ji an~· of th<'se clays have been extensively tested and discussed, both 
in rega1·d t o ehemical and physical properties b~· 1nembers of the Engi-
11t•('1·ing Experiinent Station. Records of such tests appear in Bulletin 
➔\}, '' .t-\n 1nvestigation of Io,Ya :B"' i1·e Clays' ' by l\Iilton F. Beecher, and 
l~ u lletin -1:3, '· Practical H andling of Io,Ya Cla)·s ·' b)· lI01uer ]?. Stale;v 
and l\Jilton F. Beecher. · 

.B,or the purpose of this investigation sa1nples of t"·elve differ ent 
lo\\·a C'lays " ·ere obtained and given localit~· na1ncs as follO\\'S : (1) 
J\lason City Blue Rhale; ( 2 ) l\Iason Cit)· Yell on· Clay ( Glacial ) ; ( 4) 
I >es :\Ioines Rivc•1· 8hale; ( 5) Sioux City 8hale; ( 6) Ames Glacial 
J)rift ; ( ) l)es l\Ioines Fi1·e Clay ; ( 9 ) 1\faqnoketa Over-burden; ( 10) 
J\ nan1oi:;a LoE'ss (.'la~· ; ( 12) l\Iaquok<'ta Shale; ( 1:3) Danville Fire 
('la~· ; ( 1-l ) .1-\del Fire Clay; ( 17 ) F o1·t l)odgc Fire Clay. 

Each clay " 'as carefully tested to cover the follo,ving points : 
I. General Character of the Raw Clay. 

(a, Color 
(h I Structure 
( c ) Fineness of grain 
( d' "\Tisible objectionable 1nate1·ials 
( <."') P resene<' of ca1·bonates as indicated by acid tei,;;t. 

II. Working Properties. 
( <'I E ase of grind ing 
(b ) Gra<le of plasticity 
( t· ) 'r('nclency to la111inatc 
(cl \ Die t ronblE's 
( t' ) :\Ioele ling properties 
( f ) ,Jigg·ering- and easting 

• 
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III. Drying Properties. 
(a) Rapidity of drying 
( b ) Shrinkage ( washed and un"·ashed) 
(c) Cracking and ,varping (pottery and brick ) 
( d ) Tendency to scum 

IV. Burning Properties 
(a) Absorption ( ,vashed and un,Yashed ) at cones 05, 02, and 2 
(b) H ardness at same heat treatments 
( c) Fire shrinkage at :-;ame heat treatments 
( d ) Total shrinkage 
(e ) Ease of oxidation 
(f ) Color 

PREPARATION OF THE TESTS 

I . General Character of Raw Clay. Sa1nples of each clay "vere thor• 
oly dried, and g-round to pass thru an eight 1nesh screen, pugged or 
tempered in the pug mill and moulded into trial pieces ,vithout ,vash
in or pur ifying in any ,vay. (Noted as un,vashed in the tables. ) 

Samples ""ere al:--o prepal'ed by slacking do,Yn the dried clays in ,vater 
and washing them thru a 30 111esh sieve. 'rhe r esidue, ( Yisible objection
able material), ,ras saved and its contents noted. These samples "·ere 
tben driecl-do,vn on plaster bats to the right consisten~y, pugged an:1 
1nade jnto trial pieces, (noted as ,Yashedi in the tables ) . 

'fbe general characteristics of the different ra,v clays, such as color, 
structure, fineness of grain , visible objectionable matei-ial and presenc~ 
of carbonates ,vere noted and listed in Table I. 

II. Working Properties. The ,vorking qualities, such as resistance 
f.o grinding, behaviour during· pug·ging, plasticity and modeling possibil
ities ,Yer e noted and listed in Table II undei· ,Yorking pToperties. 

III. Drying Properties. For the purpose of deter1nining the dry
ing and bu111ing shrinkage at different temperatures trial pieces " 'ere 
formed in the shape of bars one jnch squar e and f ive and one-half inche<.> 
long. A hundred millimeter line ,vas marked off on the face of each 
bat· to be nsed in computing the per cent of shrinkage at any stage 0t 
<l.rying and bu.ruing. The bars ,,ere numbered appropriately, placed on 
plaster bats and carried to the dryer, where all trial pieces for the tests 
,, er e dried. 

Six ba1·s of each sample, both " 'ashed and un,vashed, ,vere ma<le an1l 
when thoroly dr ied, the dr.'·ing shrinkage ,vas computed and together 
with the data on ·rapidity of drying recorded in Table III. A standa1·d 
sized brick an<li sn1all drain pipe " 'e're also made of each sample in th~ 
l1rick, and pipe machines, labeled, dried and fired ,vith the other trials. 

As the possibilities of using a certain clay for pottery purposes arc 
detern1ined largely by its drying and shrinking behavior before it en
te1·s the kiln , small pieces of pottery from all the clays " ·er e made r ep-

• 
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1·esenting the three chief processes of pottery fabrication, namely, jig
gering, casting and hand-building or modeling. 

Slip. When a clay is being tempered for use in the manufacture of 
the coar ser ,vares such as brick 0 1· se,ver pipe, the practice is to add 
only enough ,vater to produce the necessa1·y plasticity. I n the finer 
,vares, ho,veve1·, this will not serve because some means must be adopted 
"·hereb? the impurities ,vhich occur in every clay will be removed. An 
excess of water is added to the clay and the mixtu1·e is thoroly stir red on 
the " blungel' " . The crea1n thus formed is called slip. The cleansing is 
accompUshed by straining thru very fine sieves, 80 mesh, by which all 
~and and foreign particles are ren1ovecl. Slip is ready for use at once 
in the casting process but for the most part it is merely a stage in the 
prepa·ration of clay. Its main pu'l-pose is the str aining process ,vhicJ1 
could not be performed \Vithout the excess of ,vater. The conver sion 
into clay ready for use, is accomplished b~- squeezii1g out the water in a 

Fig. 2. SHOWING THE EQUIPMENT USED IN MAKING THE TEST BARS. Test 
bars were made from each sample of clay studied in this investigation to determine the 
exact behavior at each step of the drying and firing. 

filter-pres~. Quantities of clay and slip " 'er e prepared by this 111etho l 
from each of the promising samples and stored for futu-re use. 

Moulding. One piece plaster moulds ,vere made in the for1n of sinall 
cooking pots. By use of the jigger and pull-c.lo,yu a ntnnber of lhesl' 
pots were formed fro1n each sample of clay, prepared by means of th(' 
blunger and filter press. 

Also a number of s1nall cyl indrical forms " "ere built up by hand by 
the coil process, ancl a number ,vere made on the potter's wheel by the 
n1cthocl technically kno,vn as '' thro,ving ". Both of these processes are 
Hsecl extensively by crafts1nen and jn public and art school pottery vvork. 
1'hese pieces were made, of course, only f rom the ,vashe<l and prepare•l 
c1a~, from each sample. 
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Casting. Several t,,o and three piece plastel' 1noulds in the form of 
small vases ,vere made for the casting process, and cast pieces 111ade f1·0111 

each sample. 
These pieces " 'ere all dried as nearly as possible according to factory 

conditions. The results are tabulated under drying properties, Table I IT. 
Figure 2 shows the tools used in n1aking the test ba1·s, and the cookin~ 

pots made on the jigger. Figure 3 illustrates types of pieceR made by 
the casting· process. 

IV. Burning Properties. Fourteen specimens of each sample, both 
,vaRhed and uu,vashecl, including test bars, bricki,, drain pipe, pots and 
pieces ,Yhich ,vere cast, hand-built and '' thl·o,,n,'' "'ere bu1·ned at each 
of the follo,ving heat treatments-cones 05, 02, and 2. These trial::- ,ve•·c 
burned in a Caulkins Revelation Kiln, using oil for fuel, ,Yith a gradu
ally increasing temperature follo,ving as nearly as possible conditions of 
fact or.'· burning. Care "'as taken that the bnrni, ~hould he oxidizin~.!; 

I 
I 

l 
\.. .. 

FIG. 3. SHOWING TYPES OF POTTERY MADE BY THE CASTING PROCESS. 
Several pieces were made by this process from each of the s hales and clays s tudied in th is 
inves tigation. 

to prevent reduction of an.'· iron p1·csent i.n the clays, and to oxidize any 
ferrous iron and carbon. rrhese firing conditions ,vere undonbtedl~
more severe than those of the average potter)" burning processes. 

After the trial pieces had been burned at the three tc1nperatnres 
mentioned above, data ,vere prepared in regard to change in color, fire 
shrinkage, absorption, hardness, total shrinkage and ease of oxidation. 
These are recorded in Table IV". The burns sho"· that these clays i-angl~ 
in color fro1n Cl'ea111 to dark red or nea1·l~· bro,vn, " 'i1h no white clays at 
all. 

ELIMINATING U NDESIRABLE CLAY S 

The kind of ,vare to be made fl'o111 an~· c]a~· and the machine1·y a111l 
· p rocesses to be used depends upon the ph.'·:-1ical and ,vorking propertic~ 

of the clay and its behavior in burning. The rno~t important of these a 1·e 
plasticity and modeling proprrties, drying and shrinkage, <1racking an<l 
,varping, absorption or density after firing ,and color. 

It is evident that clays of lo,,· plasticit)", 1101·mally called "sho1·t' ·, and 
those of high plasticity, ( too fat 01· Rtick.,·), are not suitable becanse the)-
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can not be modeled or moulded into shape. Also, clays that cr ack an,l 
"'arp badly in the drying are of no value, by themselves, for pottery use. 

The f ollo"ving clays possess these faults to such a degree that they 
are of no pr actical value for pottery and were d1·opped as unimportant 
subjects for further trial::;: 

No. 2-:i\Iason City Yellov;, Clay (g·lacial)-short, cr umbles and cr acks 
uadly in the moulds. 

No. 6-Ames Glacial Drift-short, cr acks badJ.:r in the moulds. 
No. 9-1\Iaquoketa Over-burden-cracks very badly in the moulds. 
No. 10-Anamosa Loess Clay-short, cracks badly in the moulds. 
These clays also contain quantities of visible objectionable material, 

&uch as sand, gravel, limestone, roots and stems, and all gave trouble 
,vith the dies on the brick and pipe machine. They are not suitable 
for modeling, have to be dried very slo"'lY and ca•refull.r, are high i!1 
shrinkage and absorption and ar e objectionable in color. 

Such clays possess qualities, however, that 1nay make their use ad
vantageous in connection ,vith other clays if they exist in sufficient 
quantities and are near at hand. This is illustrated by the follonring ex
periment to improve the ,vo1·king qualities of iiason City Blue Shale. 

Combining Shales and Clays. 1\iiason City blue shale is a f ine grained 
soft shale, ve1·y free from impurities, lo,v in absor ption, burning to a 
pleasing salmon color. This is a good grade clay, but it is found to be 
too fat or sticky for modeling 01· pottery purposes. 

~Iason Cit~, Y ello,v Clay, (g·lacial), ,vhich occ1u·i:; in the same vicinity 
if, an unsatisfactory grade cla~' of lo,v pla&tictiy and too short for model
ing and potte1·y purposes. 

rrrials ,vere 1nade co1nbining these clays in the follo,ving proportions: 
I II III l "\7 V 

:\Iasou (~ity Blue Shale, percentages .... 50 60 70 80 90 
:;\Iason City Yello,v Clay, percentages .... 50 40 30 20 10 

Tests "~ere made after the same manner ai;; for the other samples. 
[t ,vas found that the 80-20 co1nbination ,vas ihe best and poi;;sessed 

s11itable modeling properties. In addition the drying shrinkage ,val; 
lcnve1·ed and the tendency to cr ack in the 1noulcls eliminated. The color 
v:as not changed to any great extent a11d the ease of oxidation lo,verec1. 
'I'he absorption ""a~ slightl~· increased and the b1u·ning shrinkage be
ca1ne a little greater, but its total shrinkage rP1nainec1 th('.' same, hence 
the:-;e faults a1·e not i1nportant. 

This sa1uple ,Yas adopted for use in the college, (hand-built) pottery 
class and gave satisfactory results thruout the year. The biscuit ,var e 
"·as fired to cone 02 and the glaze, (various types of mat and bright 
glaze:-; and ena1nels) fired at cone 05 and 02 ,nth good results. (S ~:• 
1.-'rontispiece.) The onl~, fault noted " 'as a i;;light tendency for the pieces 
to crack in the glaze fir e. This, however , could be overcome by more 
car rful methods of firing. 
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A record of this body, No. 3 of the trials, is shO\\'n in Tables I, II, ITI 
and I'\T. It is evident that these short clays maY be used in combination 
,vith the sticky clays for decided improv~1uent· in quality of the latter. 

IOWA SHALES 

This group includes ( 1) l\1ason City Blue, (4) Des l\Ioines River, (5) 
Sioux (;ity and (12) :\1aquoketa Shales. These shales all gave satisfac
tqry 1·ecords in the t t·ial tests, Tables I , I I , III, and 1,,.. 

Mason City Blue Shale. rrhis shale is a little fat but this fault 
can be remedied as suggested. 

Des Moines River and Sioux City Shales. These shales are both a 
bttle short for good 1noc1eling, but this can easily be re1nediecl by adding 
a small amotu1t of Kaolin or fat cla~-. Sioux City shale has a high a:i
sorption, at the heat treatn1eut 1nost suited to its use, " ·hich is not desir
able from the potter's standpoint as it is difficult to fit a glaze to a 
very porous body. 

Maquoketa Shale. l\Iaquoketa Shale forms a good modeling clay of 
lo,v absorption, but it will not stand fi1·ing much above cone 02. At 
cone 2 it bloats and becomes useless. 

Treatment. All of these shales tend to turn dark at cone 2 and ,vill 
11ot stand much greatm· heat. Ho,Yever, for the type of "·are for ,vhict1 
they offer possibilities it " ·ould not be necessar~·, or desirable, to fite 
above cone 05 and 02. These hales are suitable for the n1akiug of con1-
11!011 unglazed flo"'et· pots and si1nilar p roducts. 

Cast and jiggered pieces ,vere n1ac.1e frorn all of these shales, fired to 
rone 02 for biscuit and glazed \Yith transparent lead and 111at glaze:-. 
n1aturing at cone 05, ,,vith good results, except that thei-e \Yas too much 
,yastage in the gla11e fir e due to cracking of the pieces during this second 
firing process. 

To eliminate this fault and to i1nprove the bod~~ generall~· the Fort 
Dodge fire clay, ( the fire clay sho"·ing 1nost promising results in thi.' 
test) ,,vas mixed ,vith these shales in the p roportion of thi1·ty parts of 
the fo rmer to seventy parts of the latter. An~· good fii-e clay or stone• 
\':are clay could be used for this purpose. The results of these tests sho"· 
that in all cases a good bod)· ,vas obtained that becan1r fai rl~· dense at 
rone 02. Pieces ,Yere n1ade fron1 these bodies b)· casting, ,vheel-thro,Ying 
and by hand building in the college classes. All of the glazes, to be de
scribed later, ,vere used on these pieces \Yi.th very good results. 

These shales . as improved may be satisfactorily 11.sed for n1aking ,1 

gr·eat variety Jf glazed art and novelt~· p1·oducts at temperatures ot' 
cone 05 and 02 and f()r the manufacture of flo,ver pots, ja1·diiniers an,l 
fancy garden and architectui·al terra-cotta. 

T_he type of body described above is very si1nilar to that used in mauy 
public and art schools and art potteries of this counti-y for the makiuJ~ 
of a type of ,vare finished '"',ith rich mat glazes and ena1nels that hac; 
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"on the distinction abroad as being purely American and ot' n1eritol'
ious art quality. 

1"hese shales can be used, satisfacto1·ily for purposes stated above as 
has been demonstrated in the laborato1·y, ho\vever, it is the opinion of 
thr ,Yriters that the fault noted, nainely the '·dunking" or cracking 
cf the " 'ar e in the glaze fire, ,Yhich sometimes occurred even ,vith the in1-
1n·oved bodies, dues not permit their use on a lal'g·e scale or ,vhel'e ex
pensive n1achiner)· and equipment " 'onlcl be 1·equited. 'rhe body oL
tained is too b1·ittle and iuelasbc to ,vithstaud the expansion anc1 co1t
traction necessitatecl in the second fi1·e. \'t astage "'ould be too great. 

THE FIRE CLAYS 

This group includes (8) l)es ~{oines, ( 13) Danville, ( 1-±) Adel, and 
t 17 ) Fort Dodge fire cla~·s. 

As " 'ill be observed by a study of the 1·esults of ihe trial tests, 'rables 
No. I , II , III and I\T, these clays constitute a group far superior to th,~ 
shales. They ate very valuable cla~·s of fine grade and ahnost perfect 
\Yorking p1·operties for pottery. 'rhey offer possibiliti<.-'s for the p1·ocl.ue
tjon of a "·ide range of ,vares. 

l\os. 8 and 1-1 are hard shales, Nos. 1:3 and 17 soft shales. All ai·t• 
fine grained and easily ground, possess excellent plasticity and n1o<lel
ing prope1·ties, cl1)- safely and rapidly, do not " 'arp or crack, do not 
sc·um and are f1·ee from carbonates. The kinc1 of " "are to be 1nade f1·onl 
t he1n, therefore, ,vill depend largel)' upon their color and absorption 
01 densit)' at Yarjous te1nperatu1·es. 

Density of body is a pretequisite of potter)' 1naking for any ,,·ares 
that are intended to hold ,Yater or other liquids. 'rhe body must be
come dense enough to pet1nit the fitting of a glaze. This requires a 
coefficient of expansion of the bod)' closely related to that of the glaze. 
It is evident that a glaze cannot pos ess a " ·ide l'ang·e of expansion, 
hence, the bod~· 1nnst become dense enongh to con1e ,vithin the limit of 
glaze possibilities in this respect. Iligh refactory fire clays for this 
t·eason are suitable for pottery use only at extreme te:npel'ature ranges. 

Des Moines Fire Clay. ,:, Des l\Ioines fire clay becon1es very dense 
at cone 2 and fires to a da1·k red color. 'rhis clay is suitablt> for n1aking 
"·ares of lo"· temperatu1·e, as it becomes sufficienily dense at cone 02 for 
all practical pu1·poses. Its color, ho,vever, limits its use to cooking- pots 
glazed ,,rith transparent leadless glaz(~s, sin1ila 11· to the popular Guernsey 
c·ooking ware, and is, for novelt~· ,va1·e, glazed ,vith opaque 1nat glazes 
and enamels. 

Danville Fire Clay. '1.1his clay burns to a crea1n colored body and has 
high absorption at cone 2. I t represents one of the best types of Io,va 
refractory 01· sen1i-refractor y claYi::;. Previous t ests in the laboratory . . . . 
show that its fusion point is at cone 22. I t can be mixed ,vith a sho1t,. 

•A local misnomer; this is not a true fire clay. 
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easily fusible clay and used foe stoneware, an<1 thus r emedy i ts slight 
stickjness in modeling as well as its po1·osity. 

Adel Fire Clay. Adel fire clay burns to a light buff and becomes 
fairly dense at cone 2. Previous laborato'l·y tests sho\\· that it \Yill not 
f nse below cone 15. 

Fort Dodge Fire Clay. This clay burns to a crean1 body and has 
satisfactory density at cone 2. Previous labor atory tests sho,v that its . . . 
fllsion point is at cone 20. 

These last t,vo clays have superior plasticity and modeling properties 
and offer possibilities for a vvide range of ,Yares u~ing glazes 1naturing 
from cone 02 to cone 9. 

Both of these clays contain par ticles of iron pyrite in fine granular 
form that turn black in the fire and sho,, as very small black specks 
in the biscuit "'are. This is not objectionable, ho,vever , if the "vare is to 
be treated ,vith an opaque glaze. l\!Ietallic iron specks can be removed 
during the :--ieving p rocess by the use of st rong elect1·0-magnets placed 
in a trough thrn " ·hich the slip is allo"1ed to run, but it is practically 
i1npossible to ren1ove the pyrite specks, so it is advisable to refrain fron1 
using transparent glazes on these cla.'·s. The colo1· of the bur11ed body 
prevents the use of these cla.'·s for ,vhite,vare. 

KIND OF WARE 

rrhe field of practical utilization of these so called fire clay~ ,ronltl 
include: 

First. .l.\rt pottery which e1nploys lo"' tE>mperatnre glazes from cone 
05 to cone 3. Products f rom silnilar cla.'·s al'e being· made conunercially 
" 'ith a high degree of success by the Rook,vood Pottery Company, Cin
cinnati, Ohio; Van Br ig;gle Pottery, Colorado Springs, Colo.; :i\{arble
head P ottery, J\farblehead, niass.; Ne,vcomb Pottery, Ne,v Orleans, La.; 
Wal,vorth Pottery, Rochester, N. Y.; Co,ven Potter r, Cleveland, Ohio, 
and many other firms. 

Second. Enameled table-ware, (" 'hite and colored). This type of 
,vare is illustrated b)r t he bo,Yls, tea sets and table " 'are of the Paul fu>. 
vere Potter.'·, Boston, l\!Iass. This is a type of potte1·y that has no great 
commercial Yalue, ho,vever, depending more on its novelty or arti~tic 
merit than jts ce1·amic quality for saleability. 

S1nall trial pieces ,Yere success£ ully produced using these clays g]azetl 
,, 1th opaque tin ena111els, both ,vhit e and colored, at cone 0~. s11uila1· 
in characte1· to the ,v-a r e mentioned above. 

Third. Stoneware. The tests sbo,v that the Danville, A<lel a11d :B.,ort 
Dodge f ire clays are suitable for making ordinary stonc,ya1·e. H o,vevp1•, 
this inc1ustr~' seems to be losing its value as a commercial pr oposition. 

Fourth. High temperature art pottery of the stone'\var e type, glaze<l 
,vith crystalline, 1nat and f lan1 be glazes offer possibilities. Wares of 
this type are not n1anufactu i-ed, extensivel)· at present in the l Jnited 
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Rtates, tho the proc1uction had l'eacbe<l s01ne importance in Europe be
fore the ,var. 

Exan1ples of products of this character in America are the wares 
of the Fulper Pottery Compan3', T1·enton, N. J., · and the high fire ex
hibition vases made by Profe:-1sor Binns of the Ne\\' Y 01·k State School 
of Ceramics. These ,vares are produced at temperatures rang·ing fro1n 
cone 3 to cone 9. 

No examples of this ,vare "'ere made in the laboi-atory as these ex
periments ,vere limited to a heat treatment of cone 2, but the ,11·r1ters 
have made ,vares of this character, as "'ell as those of all t~·pes discussed 
in this article, from clays very :-1imilar in character to the I o,va fjre 
clays. 

F IG. 4. SHOWING TYPES OF WARE MADE FROM THE IOWA FIRE CLAYS. These 
pieces were "thrown" on the ordinary potter's wheel. This method of man\lfacture is 
employed by practically all art potteries. 

f-;everal large pieces of pottery ,Yere "thro,vn" on the potter\; \Yheel 
f tom each san1ple of the fii-e clays, 1·anging in shape from lo,v bo,,vls i o 
vases eighteen inches in height. The pieces ,vere decorated and fire 1l.. 
\Yith glazes of various types maturing fron1 cone 05 to cone 2, ,vith very 
sa tisfaetory results, as illustrated in Fig. 4. In addition many cast anJ. 
jigge1·ed pieres \\'ere made f1·om these clays and used ,vith va1·ious glazes 
'"ith good results, but no tl'ials in connection \Yith thei-:e clays ,vere 1nade 
aboYe cone 2. 

PROCESSES OF MANUFACTURE 

According to processes of 1ua11ufacture clay praducts n1ay be classi
fied und€r three heads: 

(1) Slip or Fluid Casting Process. In this process the clay contains 
<:t high per cent of ,vater (75 % to 100% as much ,,at<'r as cla3' ) ; 
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(2) Plastic Process. I n this method the clays contain just enough 
,vater to produce the desired workability (15% to 45%); 

(3) Dry Process. In this method the clay contains a very low per 
cent of moistu1·e, ( 6 % to 15 % ) . 

Pottery ,vares are only produced by the f irst two methods. The dif
ferent processes are as follows : 

(1) Hand-built or Coil-built Pottery. This method was used by 
pr imitive peoples and is now used extensively in public school and 
craft ,vork. I t also becomes necessary to Tesort to hand building or 
modeling in the construction of glass pots, chemical stone,vares and 
complicated architectural terra-cotta units. 

(2) Wheel-throwing 9r Spinning. This consists of shaping the 
piece by hand on the potter's wheel. Considerable skill is required in 
this process for the soft clay roust be formed into the desired shape by 
hand while revolving on the turning ,vheel. This method is employed 

,. 

-

FIG. 5. UNGLAZED PIECES "MADE IN BEGINNING GIRLS' PO'ITERY CLASSES 
AT IOWA STATE COLLEGE. These pieces were made with little mechanical equipment 
and illustrate the type of ware for which Iow,a shales and clays are well adapted. 

in practicall)' all art potteries. T t permits of more distinctive and ar
tii;;tic forms than can be produced by casting or mechanical means alonf' . 

A lump of clay, ,vhich should be very plastic and fine grained and 
thorolr p t·epa red by ''"'edging·', pressing and rolling to expel all the 
air, is thro,vn, as nearly as possible, on the center of the plaster bat 
of the potter 's ,vheel. This is done vvhile the ,v-heel is revolving qt1itr 
rapidly. The ball of clay must then be centered, worked into a low con
ical form and then gradually dra,vn out to suit the fancy of the potter. 
Skill and strength both are required in this process and the potter 1nust 
know the possibilities and limitations of his medinni or he will meet 
,vith failure. 
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(3) Forming in Molds. P laster, wood or metal molds may be used 
for this process. rrhe soft clay is usually pressed into the molds by 
hand but this can be done by machinery in many cases, after the man
ner of making roofing-tile or SeVi'er pipe. 

( 4) Jiggering. This process is partly hand work and partly ma
chine 1''0rk. It is a combination of the potter's lathe or tu1·ning metho<l. 
and hand pressing. By this method the clay, almost too soft to stan,1 
alone, is thi-o,vn into the mold. The mold is set upon a ,vheel ,vhich 
is revolving from 200 to 400 revolutions per minute. The clay i8 then 
formed in the mold by the pull-down or jigger tool. From 60% to 75 % 
of common pottery is produced in this way. 

(5) Fluid or Slip Casting. This process is used to a great extent 
in most potteries, as pieces of almost any shape can be p1·oduced by this 
method. Plaster molds are used because of the peculiar qualities af. 
fo1·ded by plaster. 

'rhe n1ethod of ,vorking consists in the absorption of the \vater of the 
clay by the plaster, the evaporation of the ,Yater from the outside of the 
mold, and the shrinkage of the clay on account of loss of ,vater. The 
shrunken piece can be 1·emoved from the mold easil)· for clay bodies will 
not adhere to plaster under proper conditions. 

J\Iolds are made usually in t"·o or three parts to allo,-v for the removal 
of complicated pieces with rims, lips, spouts and handles. 

DECORATI V E P ROC E SS E S 

Pottery offers greater decorative possibilities than any other industry. 
The vai-iety of decorative processes and ,vide rang-e of ceramic colors 
and glaze textures are almost unlimited. 

Pottery ,vares ma)' be decorated by modeling or building· up the dec
oration upon the piece itself, by incising or cutting out the design irt 
, ariou~ ,vays, by adding color to the body, by painting upon the bod v 
,vith different colored clays, and by inlaying clays of different color. All 
these can be done before the piece is fired, \Yhile it is still in the ''green'· 
(! J a~r stage. 

Use of Color. After the piece has been fired to the "biscuit" stage, 
the firing necessary to t1·ansform it fro111 clay to potte1·y, it can b,~ 
decorated by underglaze, or mine1·al color painting. It is then coaterl 
,vith a clear, t1·ansparent glaze and refirecl to mature the glaze an<l 
bring out the color. This is a very p1·actical form of decoration because 
the design and color is beneath the glaze and is thus protected and ·will 
last as long as the glaze lasts. 

Color offers the greatest decorative possibilities. As has been men
tioned, the color may be added to the body or painted upon the body. 
Tt may be used in the glaze itself, under the glaze or upon the glaz,~. 
'\Vith the present knowledge of ceramics it is possible to produce the 
fines t colorings and textures upon the commone:--t and cruelest clay:-. . 
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Glazes. 'l'he ter1n glaze as used in Ceramics refers to a thin vitreous 
coating that becon1e firmly attached to the body of the ,,are under heat 
trea tment. This makes the ,Yare impervious to ,vat er and gives it a 
surface that is sanitary and easily cleaned, 1·enclering it hard and se!·
viceable. It gives t o pottery its gloss or texture, "·hich is one of its 
chief charms. The function of the glaze is two-fold, it makes the ,vare 
st.>r viceable and beautiful. In commercial pottery the former is the 
essential consi<le1·ation; in school and studio ,vork the latter pla~·s the 
important part, but in all cases both consideration~ are important feat-
11res and shoul<l not be ignored. 

The decorative use of glazes can not be measuted for ne,Y glazes ar<' 
being developed aln1ost every day. There are transparent, mat, cr~·s
talline, enamel, lustre, opalescent and hundreds of va1·ying types, tex
tur es and colors of glazes maturing at various temperatu1·e treat111ent..,_ 
1eing used successfully in the pottery industry today. 

POLYCHROME DECORATION 

Several pieces produced clu1·i11g this investigation " ·ere deeoratecl by 
incising the design upon the green clay. rrhe pieces "·ere then fired to 
the "biscuit" and finished "·ith rich golden bro,\·n, red, blue, green, 
violet and yello,v tones of mat glazes. 

The deco1·ation ,vas carried out by the '' inlay mat'· process. Th0 
pieces were first glazed, then '"hen sufficiently dry to permit handling 
the design 1notifs ,vere traced upon the glaze, (unfired ), and, cut out. 
Different colored glazes ,ve1·e then painted jnto the patte1·n and the 
pieces " ·ere fired to mature the glaze. All pieces ,vere glazed in~idr 
" 'ith a tran8parent lead glaze to 1nake them mo1·e impervious to ,vater. 

It ,vas discovered b:· accident that by adding a s1na11 amount of r<'d 
l;n1·11ing clay to the cream colored fire clays t1uriug the process •Jf 
""•edging" and tempering of the plastic clay, preparatory to its use 
on the potter's ,vheel, that a striped effect of body could be obtaiueil 
,Yith spirals and streaks of red and cream colors. This ,Yas produced by 
the revolution of the mixed clays th1·ough the hands as the piece " ·as 
being shaped on the wheel. Several very pleasing pieces ,vere produced 
in this way, and the clear transparent lead glaze ,vas used on these, both 
inside and out. 

PREPARATION OF GLAZES 

The f ollo,ving basic glazes ,vere prepared and used in a se1·ies of ex
periments to produce pleasing tones and textllres of glaze:,:,; for use on th !" 
pieces of the tests. 'I'hese basic mat glazes ,vere compounded using thl' 
rnineral oxicles for coloring agents. 'I'he che1nical for1nulae ancl ha t c·l1 
\'\'eights are given belov.' . 

• 



Chem ical Formulae 
(A) Yellow brown mat , (Fe2O3) . 

. 65 PbO }.36 AbO:i }1.6 

. 26 CaO .10 FeeO3 

. 20 KeO 

SiO2 

(B) Red mat. (K~CrtOa). 
. 70 FbO }.38 Al2O~ 
. 20 CaO 
. 10 K,O Red base 

(C) Blue mat (CoO). 
. 03 CoO }.35 AhO:1 
. 62 PbO 
. 26 CaO 
. 20 K2O 

(D) Green 
. 10 CuO 
. 46 PbO 
• 25 CaO 
. 20 K2O 

(El Purple 
. 07 MnO; 
. 53 PbO 
. 26 CaO 
. 20 K, O 

mat (Sb2Oa). 

1.36 SiO2 

(Drakenfeld) 10% 

} 1.5 SiO; 

(F) Ye!low 
. 70 Pb:) 
. 20 CaO 
.10 K~O }

.38 Al2O,1 1.36 SiO2 

10% Yellow Base (Drakenfeld) 

(G) Gray Orange mat (U2O3 ) . 

. 56 PbO }.35 AleO:i }1.6 

. 26 CaO .06 U 2Oa 
. 20 KeO 

( H ) Light 
. 03 NiO 
.66 PbO 
. 22 eao 
. 20 K, O 

(1) L ight Blue mat. 
. 0060 CoO .36 Al2O3 
.6400 PbO 
. 2900 CaO 
. 1600 K .. O 
. 0025 MnO, 
. 0160 CuO 

SiO~ 

1.32 Si02 
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Batch W eight 

Iron Oxide . . . . . . . . . . . . . . . . . . . . . . . 16. 0 Gros. 
Felspar .......................... 111.4 Gms . 
W hiting . . . . . . . . . . . . . . . . . . . . . . . . . 26.0 Gms . 
White lead ...................... 141.9 Gms. 
N. C. Kaolin ..................... 38.7 Gms. 

333.0 Gms. 

Red base . . . . . . . . . . . . . . . . . . . . . . . . 34.0 Gms. 
Felspar . . . . . . . . . . . . . . . . . . . . . . . . . . 56.0 Gms . 
Whiting ......................... 20.0 Gms . 
White lead ....................... 180.0 Gms . 
Florida clay ............ . ........ 72.0 Gms. 
Flint ............................. 12.0 Gms. 

374.0 Gms. 

Cobalt oxide . . . . . . . . . . . . . . . . . . . . 2.4 Gros . 
White lead ....................... 134.2 Gros . 
Whiting . . . . . . . . . . . . . . . . . . . . . . . . . 25.0 Gros . 
Felspar .......................... 111.4 Gms . 
N. C. Kaolin ..................... 38. 7 Gros. 

311.7 Gros. 

Copper oxide . . . . . . . . . . . . . . . . . . . . 7 .9 Gms . 
White lead ....................... 116.1 Gms . 
Whiting .......................... 25.0 Gms . 
Felspar .......................... 111.4 Gms . 
N. C. Kaolin .................... 38.7 Gros. 

299.1 Gms. 

Mangane:Se dioxide . . . . . . . . . . . . . . 6.09 Gms . 
White lead ...................... 136. 74 Gms . 
Whiting ......................... 25.00 Gms . 
Felspar ......................... 111.40 Gms . 
N. C. Kaolin .................... 38.70 Gms. 

317.93 Gms. 

Yellow' base ...................... 34.0 Gms. 
White lead ....................... 180.0 Gros . 
Whiting . . . . . . . . . . . . . . . . . . . . . . . . . . 20.0 Gros . 
Felspar . . . . . . . . . . . . . . . . . . . . . . . . . . 56.0 Gms. 
Florida clay ...................... 72.0 Gms. 
Flint ............................. 12.0 Gms. 

374.0 Gms. 

Uranium oxide ................... 26.2 Gms. 
White lead ...................... 141.9 Gros . 
Whiting . . . . . . . . . . . . . . . . . . . . . . . . . . 25.0 Gros . 
Felspar .......................... 111.4 Gms . 
N. C. Kaolin ..................... 38.7 Gms. 

343.2 Gms. 

Nickle oxide . . . . . . . . . . . . . . . . 2.25 Gms . 
White lead ...................... 141.90 Gros. 
Whiting ......................... 22.00 Gms . 
Felspar ......................... 111.40 Gms . 
N. C. Kaolin .................... 38.70 Gms. 

316.26 Gms. 

White lead ..................... 138.00 Gms . 
Whiting ......................... 29.00 Gms. 
Felspar ......................... 83.00 Gms . 
N. C. Kaolin .................... 64.00 Gros . 
Cobalt oxide . . . . . . . . . . . . . . . . . . . . .48 Gms . 
Copper oxide . . . . . . . . . . . . . . . . . . . . 1.17 Gms . 
Manganese dioxide . . . . . . . . . . . . . . .29 Gms. 

306.94 Gms. 
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DEVELOPMENT OF GLAZES 

rrhe f ollo,ving 8eries of glaze e);perin1rnts \\'as planned to clrvelop a 
"·idrr 1·angr of eolor tones than ,yas afforded b)· the basic glazes tabn
]atccl ahoYe. rrhc•sr rxpe1·in1l'nts prod,nct>cl 1nore than sixty <liffrr<'nt 
glaze mixtnr(->s Y<'I')' plc>asing in color, quality ancl textul'e, having- a 
soft vrlvrt.v 1nat surafcr "·ell adapted to the clispla~· of the eolor of th• 
g-)aze. In eaeh sc.,1·ies three of the basic n1at glazes \\"<'l'e i-;<'lf'cted an<1 
1.f,ed as encl men1hl'rs of the triaxial <liag:1·am. 

All of the blends of the series produced goo<l colors al con(>s 05 and O~. 
and f1·01n a (\•1·a1nic pale1 tr for nsr in pol)·ehron1<> cleC'oration . 

I 
I 

. s5 P!oJAl,_O, f S:o._ uc~o 1 r 15 
40 K~o u. o, . 

05 
If 

\ CNAKT 1 
\ l(_ed, orat1~e and 

\ Ye1lor< ~erie~ . 

% 

' 

\ 
\ 

.
Io I( oj Al Oi f S, o,. ,I 'J! l,....!;:,r;,_...( J--f!':f--{ J--',.19--( 1-~;.......1 10 ~ o l Al .,_o1[.5i011 
io ~ti :fg l'·~" \[_, . ·f:~to} 18 •. ~, 
70 ,o~. '(~n • ., ba~ ~ - ·- -- - - -· - Orar,~e - - - - - - - ➔ 101, ltd base 

CHART I SHOWING METHOD OF MAKING UP GLAZES OF VARYING SHADES OF 
RED, ORANGE AND YELLOW 

~eries No. 1. To Develop Red, Orange, Yellow, Red-orange, and 
Yellow-orange Colors. r n th is srrirs thr r1ul 1np1nbers ,vrl'P: 

Basic Glaze ( C) Cray oranl{e. equiv. wt. 313.0 M. F. 1.6 
E'as'c Glaze (F) Yellow, equiv. wt. 374.0 M. F. 1.06. 
Bas:c Glaze (B ) Red, equiv. wt. 374.0 M. r'. 1.65. 
Blends, (Table ishows percentages and fluid weights in !{'rams). 

GLAZES GLAZES 
No. G F B No. G F 

, , wt. r , .. wt. ( 't, wt. ( (' wt. (, wt. 

4 80 = 440 20 - 146 37 20= 110 80-684 
r, so - 440 10=73 10 =62 3!J 20=110 60=-138 
6 so - 440 20=124 ·11 20-110 ,10 =292 

11 60-330 40 -2!!2 43 20-110 20=1'16 
13 60-330 20 146 20 124 ·16 20-110 
)6 60-= 330 40 -248 68 80-684 
22 40 - 220 60 =·138 60 60 = 438 
24 40-220 40 -292 20-12,1 63 •Hl -292 
26 40 .. 220 20 146 40 - 2•18 64 20= 146 
28 40 =220 60-372 

B 
ro ,vt. 

20= 124 
40-248 
60-372 
so - 495 
20- 124 
40 =248 
60= 372 
80 496 
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Only about one half of the pos:,;-ible mixtures for each diagra1n ,vete 
1na<le because previou:::; experience had sho"·n that in 1nixing t"·o diffe,:
ent glazes onl~· about five steps could be dete1·minecl iu i.he 1·esultin~ 
glaze trials. 'rhe 111i:xtures used, are noted by circles on the diag-ram. 
See (}ha1·ts No. 1, 2 and 3. 

The equivalent ,Yeight ( equiv. ,Yt. ) and 1noi1-ture factots (l\I. F. ) " ·er0 
co1nputed for each glaze used and the n1ixtures ,Yere 111atle by the fluid 
1nethocl. 'l'he per cent of each glaze for the various t1·ials -n·as ,veighed, 
put into quart jars and thoroly mixed by shaking. 'l'his mixture ,,~as 
then applied to ,Yhite ,vall-tile biscuit, p1·operly marked and fire<l 1'0 
cone 05 and cone 02. 

CHART 2. SHOWING METHOD OF MAKING UP GLAZES OF BLUE-VIOLET AND 
BROWN 

Series No. 2 To Develop Blue-violet and Brown Colors. I n this ser-
irs the end, 1nembers " 'ere : 

Basic Glaze (A) Yellow-brown, equiv. wt. 333.0 M. F. 1.5 
Bas ic Glaze (C) Blue, equiv. wt. 311.7 M. F. 1.25 
Basic Glaze (E) Purple, equiv. wt. 317.9 M. P. 1.36 
Blends (Table shows percentages and fluid weights in grams). 

GLAZES GLAZES 
No. A C E No. A C 

% wt. <'/o wt. (>(' wt. <{, wt. ,., wt. (} 

4 80=400 20=80 37 20= 100 80 = 320 
5 80=400 10=40 10=43 39 20 = 100 60=240 
6 80 = 400 20=86 41 20=100 40 = 160 

11 60 = 300 40 = 160 43 20= 100 20=80 
13 60=300 20 = 80 20=86 45 20 = 100 
15 60=300 40 = 172 58 80= 320 
22 40 = 200 60=240 60 60=240 
24 40=200 40 = 160 20=86 62 40=160 
26 4.0= 200 20 = 80 40 = 172 64 20 = 80 
28 40 =200 60 = 268 

• 
E 

"lo wt. 

20 = 86 
40= 172 
60 = 268 
80=344 
20=86 
40 = 172 
60 = 258 
80 = 344 
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.S5 P/JO) At,_01 ( c') ,o_.. 

::t:/;,~ ~: CHART 9 
, 

1 ~~ \ 'T11nf.1 ct~dGraYs. 
I 4 ~ \ 1Zed,1Jlue and 

✓, .. _ ..., _ _.w---41~ \ blue-vtoleT c5er·,es . 
·;f - - \ , 

. ~ ti }--ll6-
~ .... 

/!11,~-1~-( 
~ 

• 

/ ~Z l-~<"t--{ 
I 

I 
/ 3J\.......3j~-{ ~ ~~ \-lAl+-f./fO \ 

/~ \.-..@1--4)~~-~~~~ ~~'\ 

I ·}~~:r.o l"'.._o,r~•O-.. 
.7o Pbo lA{,p, [s,o. ~ )---,1;~-(?°g }--,a~~ bO ~-----';¥...◄ W.1-~~ {,I-I )--j~-{ I ·-~~:~~ .u, 1

-~i. 
·.7~~~) .11 _t.), - ,-, . 1 ~ _ oou-,;.o 

" , .,_ ponlc base+------ -- -- ,_.ray-Vl0U4\.- - - - 4 ·• •~oc-o 

Series No. 3. To Develop Grays and Tints of Red, Blue, and Blue
violet. In this sel'ies th0 rncl 1nernbers "'rr e : 

Basic Glaze (H J Light gray, equiv. wt. 316.26, M. F. 1.64 
Basic Glaze (Bl Red, equiv. wt. 374.00, M. F. 1.66 
Basic Gleze (I) Light Blue, equiv. wt. 306.90, M. F. 1.40 
Blends (Table shows percentages and fluid weights in srrams). 

GLAZES GLAZES 
No. H B I No. H B I 

<, wt. 
30=141 
80= 141 
20=-94 
20=94 
20=94 
20=94 
20=94 

Cr \Vt. 
40=268 
30-201 
80= 636 
60=402 
40 -268 
20-134 

', wt. 
4 
6 

11 
13 
16 
18 
19 
22 
24 
26 
26 
28 

,,,,,, \\'t. 
80=376 
80=376 
60=282 
60=282 
60=282 

40-268 
20-134 

60 .C,- 235 30 = 201 
60=236 20-134 
40-188 60=402 

,, 
r wt. 

20=60 

20=60 
40=120 
20=60 
30=90 

40=188 -10 =268 20=60 
.J0-188 30-201 30=90 
10-188 20-134 l0 =120 
40=188 60=180 

32 
33 
37 
39 
41 
43 
46 
58 
60 
62 
64 

80=536 
60=402 
40-268 
20-134 

30-90 
40=120 

20-60 
40- 120 
60-180 
80 .. 240 
20-30 
.JO- 120 
60-180 
50-240 

The follo,Ying transparrnt lracl ~laze \Yas used ,Yith good results: II 
is a g-ood briiht or shiny !,!laze at te1npera tu1·es fron1 cone> 05 to c·o11<• :) . 

. 'i0 PbO }.20 Al:!Q,. }1.6 SiO_ White lead ...................... 180.6 Gm, . 

. 20 CaO W hiting .......................... 20.0 Gm . 

. 10 K.iO Felspar .......................... 65.7 GmM 
N. C. Kaolin . . .................. 26.8 Gm11. 
Flint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -18. O Gm~ 

330.l Gms. 

This opaque• tin c>na111c>l \Yas u~ed "'ith goocl l'Psnlts at COUP 02: 
.40 PbO }.25 Al"O" } 1.76 SiO_ White lead ...................... 103 Gms . 
. 2·, CaO .30 SnO

0 
Whiting ............. , ............. 25 Gm- . 

. ~0 K~O Felspar ............................ 111 Gm . 

. 16 ZnO Zinc oxide ......................... 12 Gm·,. 
N. C. Kaolin ....................•. 13 Gm-. 
Flint .............................. 27 Gm . 
Tin oxide ......•................... 4:; Gm~. 

336 Gm.•. 
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CON C L USIO N 

It has been demonstrated by this investigation that Io,va clays of th~ 
lo,v grade fire-clay group can be used successfnlly in the production oi 
a good grade of potter·y of the stone,vare type. 

A better grade of ,vare could be made, ho,vever, by the use of several 
I o"·a clays in combination and the addition of some felspar and flint. 
Good reRults ,vill be obtained by the follo,ving mixture, thirty-three 
parts of a plastic cla)', t,venty-five par ts of a more sanely clay, t,venty
t"·o part" felspar and t,venty parts of flint. 

If the temperatu1·e at ,vhich the body is to be burned is either too 
high or not high enough the mixture shoulc"L be changed accordingly, i. "· 
n1ore felspar to lo"'er the heat treat1nent, and more flint to increase it. 

All Io,va clayR tested sho"r traces of iron, therefore, the color of the 
body obtained from Io,va clays "rill vary fro1n red to cream or Yello,v 
lVOl:Y, depending upon the i1·on content of the clays used. . 

TABLE I. GENERAL CHARACTER OF RAW CLAY 

~ -.in I Finenesi; Visible Carbon&tes 
Name of s hale Color Structure of grain objectionable by 

material acid test 
1. Mason City Lig ht Soft Fine None Medium 

Blue shale gray shale 
2. Mason City - Yellow Soft, 

- -Coarse Sand, High 
Yellow clay earthy limestone 

{Glacial ) roots and stems - - - -3. 80"c Mason City Light Medium 
Shale g ray 

20'lo M. C. Yellow 
4. Des Moines Light Soft -

Sand Fine Slight 
River shale gray shale trace . 

6. Sioux City Dark Hard Fine 
- None None 

Shale gray shale I 

Soft, - - - - -6. Ames Glacial Light Coarse Fine sand, gravel. High 
Drift yellow ea1·thy limestone, organic 

I 
matter 

8. Des Moines Dark Hard Fine Coarse sand. Slight 
Fire clay gray shale organic matter ti,ace 

9. Maquoketa Yellow Soft, Coarse Fine sand None 
Over-burden earthy 

10. Anamosa Lio:ht Soft, Sandy Much fine None 
Loess clay yellow earthy sand -12. Maquoketa Light Hard Fine None None 
Shale yellow shale 

18. Danville -
Soft -Very light Fine None None 

Fire clay gray shale 
14. Adel Light · Hard Fine Few grains of N one 

Fire clay gra:1- st-ale iron pyrites - -
Ft. Dodge 17. Very Jight Soft Fine I Modules of None 

Fire clay irray shal" iron pyrites 



1. Mnson City 
Blue Shale 

2. Ma,1on Ci ly 
Yellow Clay 

( gl11cinl) 

Grinding 

Easy 

Easy 

3. 80', Mason City Ees)' 
Shale 

·I. 

6. 

6. 

20• " M.C. Yellow 
Dc-s Moines Ells)' 

River Shale 
Sioux City Hard 

Shale 
Ames Glacial 

Ddrt 
1 En~)• 

-,---=--
8. Des Moin,1s 

- I 
Metlium 

9 

10. 

12. 

l:l. 

1-1. 

17. 

Fil·e Clay 
J\laquokcta 

Over-burden 

Anamo,m 
Loesi; C h1 y 

Mn<1uokctn 
Shale 

Dnnvill~• 
!•' ire Clny 

Add 
Fire Clay 

l•'ort Oowe 
l•'!re Clny 

En,.y 

Easy 

Eu~)' 

Emiy 

Easy 

Ens)' 

TABLE II -WORKING PROPERTIES 

Plaist,icity Lamination 

✓ery plastic I Much 

Low plasticity, I Little 
short and sandy 

Good Much 

Fair plasticity Medium 

-Low pla11ticily, Much 
short 
Low plasticity 
and short 

I Somo 

Very plai-tic I Some 

111cdium Little 

-Low plas ticity, Little 
short 
Good i Merl; \;IT' 

Very r,lastic Medium 

Good Medium 

-
Very r,lru;tic Medium 

Die troubles Modeling propertie3 Jiggering and casting 

Lal'' inati<'n !Rather sticky but surfaces up Tendency to crack in the 
well. Does not crumble or crack moulds 

'l'enrr. I Cl'umbles badly and crackles in C- r~- k- ed-- b,-a_dl __ y_i_n_t.,...h_e_ 
modeling, does not sul'f-ace up moulds 

Lamination 

Nono 

Laminaticn 

Tears 

Lamination 

'l'ean; 

Tears 

Lamination 

Lamination 

Lamination 

-· - Lamination 

wel. 
Good modelinit clay. Does 1101 J Dried safely without 
crumble or crack. Surfaces u1 cracks 
well. 
Models well, but coils have ten 
,jency to crackle. 
Does not surface up well, 
crackle s1 iJthtly. 
Not a suitable modeling 
hard to surface. ------

coil~ 

clay 

Dried quickly without 
cracks 
OTied s afely without 
cracks 
Cracked badly in moulds 

Good modelinit clay in 
way. 

every I Dried quickly 
cracks 

without 

---Models well, but trifle short 
and tends to crackle. Takef 
goocl surface. 

Cracked very badly 

INot a suitable modeling clay. 
Does not surface up well. 

Cracked very badly 

---
A good modeling clay. 

- -
A trifle fat and sticky 
modeling clay. 
Fine modelini:r clay. 

Good modeling clay 
wa}. 

Dried safely 
cracks 

but good I Dried safely 
cracks 
Dried safely 
cracks 

in every I Dried safely 
cracks 

without 

without 

without 

without 

t-,:> 
00 



" 

23 

TABLE III. DRYING PROPERTIES 

Rapictity Shrinkage Cracking Warpm'.! 
Tendency I Name o! shale of Un-

I Washed .Pottery Brick Pottery Br:ck to scum drying washed - -% '/o Very None Very None Slight 
1. Mason City Rapidly 8.0 8.6 slight little 

Blue Shale and safely 
Badli 

- -2. Mason City Medium 8.0 8,6 Very Cracked None Very 
Yellow Clay little too badly 1 slight 

(glacial) to tell - ---- -
None 3. 80~'i, Mason City Rapidly 7.5 8.0 None None None Slight 

Shale and safely 
20';'o M. C. 

Yellow I 
4. Des Moines Rapidly 7.0 I 7.6 None None None None Slight 

River Shale and safely 
I - - - - ----5. Sioux City Rapidly 4.0 

I 
5.0 None None None None Not notice-

Shale and safely able ----6. Ames Glacial Had to be 4.5 I 5.0 Badly Very I None Slight 
Drift Dried s lowly little I -- -- - 1---- ---8. Des Moines Rapidly 7.0 I 7.6 None None None I None INot notice-
Fire Clay and safely able -- -9. Maquoketa Had to be 10.0 I 11.0 Badly Some None None 
Over-burden dried slowly 

I None 10. Anamosa Had to be 7.5 I 8.6 Badly Some Slight 
Loess Clay dried s lowly 

Maquoketa Medium 
J I 

-----12. 7.0 7.5 None None None None Slight 
Shale - ----13. Danville Rapidly 6.6 I 7.6 None None None None None 
Fit-e Clay and safely 

Rapidly ·--14. Adel 9.0 I 10.0 None None None Nona None 
Fire Clay and safely 

I r,;:-Ff Dodge Rapidly 
- -6.5 I 7.5 N one N one None None None 

Fire Clay and s afely I --

, 

~ 
~ 
~~ 
~ 

! 

/ 



TABLE IV-BURNING PROPERTIES 

I 
Fire Shrinkage I Total Shrinkage 

I 
Absorption 

Color 
Hardness 

Oxidation 
Name of Shale 

/ Cone /wa~~~ i' Wasned wa~~;d Waa1 hed w~~~ / Washed I w~h~d / W ashed 

I No. I 'lo I % '/, % % o/o 
1. Mason City I 06 16.1 I 21.2 S. H. S. H . 2.0 1.6 10.0 10.0 Salmon 

Blue Shale 02 11.2 lZ.l Hr. S. Hr. S. 2.0 2.0 10.0 10. 6 Salmon 
___ ______ 2 4.7 4.2 Hr. S. H r. S. I 2.6 2.6 10.6 11.0 Salmoll 

2. Mason City l 06 24.7 23.8 Soft Soft 1 1.0 1.6 9.0 I 10.0 Light red 
Yellow Clay 02 21.6 21.4 S. H. S. H. 1.0 2.6 9.0 11.0 Light red 

(glacial) 2 17.4 16.1 S. H . S. H. 3.0 3.0 11.0 11.6 L~ht red 
3. 80',, Mason City i 06 16.0 16.6 S. H. S. H. 1.6 I 2.0 9.0 10.0 Salmon 

Shale I 02 12.8 13.2 Hr. S. H r. S. 2.6 / 2.6 10.0 10.6 Salmon 
20', M.C. Yellow 2 6.6 6.3 Hr. S. Hr. S. 3.0 3.0 10.5 11.0 Salmon 
~- ...=..,=.:... -·· - - · -· - -

Medium 

Easy 

Easy 

River Shale I 02· 4.6 3.2 S. H . Hr. S. 5.0 5.5 12.0 13.0 Light red 
4. Des Moines I 06 I 9.4 7.5 S. H. S. H. 3.0 3.0 10.0 10.6 Salmon 

_ I 2 _ 0..,_7_ .4 Hr. S. _ Hr. S. 6.0 6.5 13.0 14.0 Da1·k _re_d 

Medium 

6. Sioux City 
Shale I 06 l 21.0 17 .0 S. S. S. H . 1.0 I 0.0 I 6.0 I 5.0 Light salmon I Easy 

02 16.0 14.2 S. S. S. H. 2.0 1.6 6.0 6.6 Salmon 
_ _ 2 12.6 8.0 S. H. S. H. 3.0 2.6 7.0 7.6 Dark salmon 

1 
___ _ 

Drift 02 19.0 17 .1 Soft S. S. 1.0 1.0 6.6 6.0 Buff 
6. Ames Gl11cial l 06 24.7 18.0 V. Soft S. S. 1.0 I 1.0 I 6.6 I 6.0 Salm_ on 

_ _ _ _ 2 11.0 6.1 S. H. S. H. 4.0 6.0 8.6 11.0 Buff 
8. Des Moinei:1 

Fire Clay 
I 06 9UJ9 10.3 S. S. S. H. 3.6 4.0 10.6 11.6 Light red 

I 02 6.3 6.2 S. H. S. S. 4. 0 4.6 11.0 l Z.0 Light red 
2 2.6 1.6 Hr. S. Hr. S. 7 .0 6.6 14.0 14.0 Dark red . ' 

9. Maqu~keta I 05 I 16.0 16.8 S. S. 1 S. S. ?·O 1.6 10.0 12.5 Red 
Ove1-burden I 02 16.2 11.2 S. H . S. H. 3.0 3.6 13.0 14.6 Red 

__________ i 2 6.0 4.7 S. H. Hr. S. 6.0 6.0 16.0 17.0 Da1·k red 
10. Anamosa 

Loeiss Clay 

12. Maquoketa 
Shale 

13. Danville 
Fire Clay 

14. Adel Fire 
Clay 

- -
17. [•'ort Dodge 

Fire Clay 

05 18.7 18.7 s. s. s. s. 1.0 I 1.5 Lill_·5 l 10.0 Red 
02 14.2 12.3 S. H. S. H . 3.0 3.0 10.6 11.6 Red 
L 5.8 6.1 . S. H. _ S. H . 6.0 6.0 13.6 14.6 Dark red 

06 7.2 l 6.6 S. If. S. H. 6.6 I 6.0 \ 12.6 I 12.6 Salmon 
02 2.1 1.6 Hr. S. I H r. S. 6.0 I 6.0 13.0 13.6 Salmon 

_, 2 .7 .6 Hr. S. Hr. S. Bloated I Bloated I Bloated! Bloated Dark salmon 

06 l 13.6 14.8 I Soft Soft 0.0 I 0.0 I 6.6 LJL·5 Cream 
02 13.3 14.7 S. S. 

1 
S. S. 0.0 0.0 6.6 7.5 Cream 

_2_ 12.6 12.6 S. S. _ S. S. 1.0 0.0 7 .6 7 .6 Cream 

l 
06 11.4 I 11.2 S. S. S. S. 1.0 I 0.0 l 10. 0 10.0 Lig ht buff 
02 11.1 10.2 S. S. S. S; 1.0 I 1 0 10.0 11.0 L!ght buff 
_2 8."r_ 8.6 S. }l. S. l_L____ 2.0 __ 1,.Q_ __ 11.0 11.0 Light b!!f.f_ 

02 7.3 7.1 S. S. S. S. 4.6 f 6.0 11.0 12.5 Cream I 05 I 11.6 I 13.4 S. S. I S. S. 3.6 I 2.6 10.0 10.0 Cream 

2 3.0 2.9 S. H. S. H. ___ 7.6 I 6.6 14.0 13.0 C1·eam 
Note: S. S. Softer than i;teel ; S. H .-Steel hard; Hr. S.- 1-Iarcie~ than steel. 

Easy 

Easy 

Easy 

Easy 

Easy 

Easy 

Easy 

Easy 

c.) 

0 
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GLOSSARY 

Blunger-Machine used to mix water and clay in preparing slip. 

Blunging- Mixing of clay with water to form slip. 

Coiled-Pottery ware that is coiled, is n1ade by rolling out bits of clay into 
coils and then building coil on coil until the shape is finish ed. 

Damp Box-Box in which air is kept moist, so that pieces of pottery and clay 
,vill not dry. 

Dunking-Cracking of ware during the cooling period, after firing. 

Fe I spar-An abundant rock-forming mineral; potassium, calcium, or sodium 
or combinations of the same ,vith aluminum-silicate; used in body anfl 
glaze compositions. 

Filter Press-Machine for removing water from clay slip by forcing the water 
under pressure through canvas or cloth, leaving the plastic clay in the 
press. 

Glaze- Any fusible composition transparent or otherwise, which is depositecl 
on the clay or biscuit ware for the purpose of decoration and protection; 
colors being given it by the varying additions of different metallic 
oxides. 

J igger-The wheel on ·which clay shapes are moulded with the aid of a jolley 
or profile. 

jiggered- Ware made on a jigger which is a modification of a potter's wheel 
and on which the shapes are made mechanically instead of by hand as 011 
the potter's wheel. 

Lathe-A n1achine on ,vbich to turn pottery pieces for trimming, etc. 

Lead Vitreous- Lead, oxides and carbonates of, used as a flux in glazes for 10,v 
temperatures. 

Mat Glaze-A dull glaze, opaque usually, which has a velvety or sheen-likP. 
surface. 

Plaster Ba t s- Slabs of plaster of Paris, on which clay can be wedged or work
ed easily. 

Pug Mill-lvlachine used to mix water and clay to prepare clay in the plasti..! 
state. 

Pull Down-One part of a machine used in potteries to obtain the interior form 
of pieces of pottery. 

Sagger-A box made of clay, usually fire clay, in which delicate pieces are 
placed ,vhile being fired. 

SI ip-Clay in a creamy liquid state. 

Spun-Pottery ware that is "spun" is made on a potter's ,vheel, ,vhere the clay 
is turned or "spun" into shape. 

Tempering-Preparing of clay with water by mixing and cutting to form clny 
in plastic condition. 

Wedging-Working of clay, by cutting wedge-like masses of clay and dashing 
the wedges together, to expel the air bubbles. 
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The College 
The Iowa State College of Agriculture and Mechanic Arts con-

ducts work along five major lines: 

AGRICULTURE 

ENGINEERING 

HOME ECONOMICS 

INDUSTRIAL SCIENCE 

VETERINARY MEDICINE 

The Graduate College conducts advanced research and instruc
tion in all these five lines. 

Four, five and six-year collegiate courses are offered in differ
ent divisions of the College. Non-collegiate courses are offered 
in agriculture, engineering and home economics. Summer Ses
sions include graduate, collegiate and non-collegiate work. Short 
courses are offered in the winter. 

Extension courses are conducted at various points throughout 
the state. 

Research work is conducted in the Agricultural and Engineer
ing Experiment Stations and in the Veterinary Research Labor-
atory. 

Special announcements of the different branches of the work 
are supplied, free of charge, on application. The general bulle· 
tins will be sent on request 

Address, Tbe Registrar, 
Ames, Iowa. 
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