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Principal 
Clays Util
ized in Iowa 

Loess 

Surf acL 
and Glacia: 

Clays 

Coal 11eas
ure Shales 

De,onian 
Shales 

Cretacl'ou~ 
Shales 

C}IARACTERISTICS OF IOWA CLAYS AND CLAY WARES. 

Typical 
Characteristics 

Sandy, no pebbles, 
Unifonn size of 
grain, Lo,v plasticity. 

P r<'paration 
r.fachincry 

Open pug mills, usu
ally. 

\Vares for \,Vhich 
Utilized 

Common and pressed 
brick and small drain 
ti le. 

Manufacturing 
Characteristics 

Low shrinkage. Poo1 
drying properties. 

, C~ntains considerabk Open pug mills ana Common . br_ick 
1 ~nt, U<-ually so~e frequently rolls. small drain tile. 

li1ne pebbles, Fa,r 

and 

plasticity. 

Contains some hitu- Dry an<l wet pan and 
, minous strata or pug mills. 

coaly 1naterial, soml' 
Pyrite or lviarcasite. 

Smooth ,easily slaked, 
high lime, some 

pyrite Good Plasticity 

Smooth and disinte
grating rolls and open 
pug mills. 

\' cry siliceous, 
plastil it). 

fair I l)ry pan.., and open 
pug mills. 

Common, face and 
paving brick, hoi:o,v 
block, drain tile and 
se,ver pipe. 

Black cores unless 
kilns are propcrl) 
handled. Pyrite 
causes a rough sur
face. 

Common brick, hoi- I Laminates badlv. Low 
lo" block, drain tile, f ucl cost at the kiln. 
and fireproofing. 

Com1non and 
brick, hollow 
and drain tile. 

face· Low shrinkage. Re
block quires rather a higil 

I heat to reduce to lo\\ 
absorpl;on. 

I 

-------~------------~------,.-~--~-=----..---~~--,-

Characteristics 
of the \'fl.fare 

Color van es 
good red to 
browns. High 
sorption. 

from 
di rt) 

ab-

Color, <'ommonly red. 
f re q u en t l y Jim<' 
specked. 

Color from fair red 
to chocolate and a l
most black. HiQh 
c r u sh i n g strength. 
H.ough surface. 

Color, salmon-red t"> 
chocolate brown when 
flashed. 

Color, ln1ff to dark 
red. 

.. 
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I. TJII~ Pli()8Pl~< 'TING AND TESTING OF l 'LAYS FOR 
TIII~ l\IANUFACTURE OF CRUDE PRODUCTS. 

HOivlER F. STALEY. 

INTRODUCTION. 

The 1nanufacture of clay products is a very poor business 
for a beginner. ·\Vhile this state1nent is true of any business> 
it applies "'ith particular force to t he manufacture of crn<lc 
elay pro<lucts. In n1ost any other business, operations can be Rtal'i
cd on a sn1all scale and n1ethods and equipn1ent altered as the 
business gro,vs. :BJven a change of location is not unusual. On 
the other hand, in the n1anufacture of crude clay products. a 
clrfinite loeation 1nust be secured and a con1plete p lant bnilt 
befor0 op0ra tions can be carried on at a profit. If a 1nistako 
is 1na<lc in locating the plant, it can not be n1oved an<l is of Ettle 
val ne for an~' other use. I f poor judg1nent is used in installing
.;1 c·crtain typ0 of n1achinery, dryer, or kih1s, the tJTor can he 
C'.)1Tcet0<l onl~y at great expense. In fact, fron1 an econon1ie 
standpoint the d0cisions that n1ust be made in locating ancl 
building- a elay plant are irrevocable. 

In spite of the great hazard in the location 'lnd building 
of hrick and tile plants, there see1ns to be a ~eneral idea amoug: 
sn1all invcstors that such a plant can be huilt ,vherever there 
is au outcrop of clay, and be 1nade to pay. The consequence 1s 
that the loss clue to ignorant and ill-advised iuvestn1ents i& 
cnorn1ous. I n this State alone, several plants, costing up into 
the thousands of clollal's, have been built at points "·here there 
is no c·lay of suitable quality. Such a gross 111istake is hardly 
<·onc<.'iva blc. 

Other c·on1mon crrol's arc location of plant ,vhcre the cla:·: 
is practically inace0ssible, the cost of digging being too great; 
or ,v here the facilities for n1anufacture are unfavo1·able; or the 
1narkct inadequate or re1not0. The plant may be built to ust' a 
Jncthod for ,vhich thr clay is not suited, or the n1achinery, dryer 
or kilns n1ay be of a type n :.:> t .. 1d:1pted to the conditions existing 
at the givrn plant. 

lTnfortnnatel)· n1ost of these losses have fallen on con1para
t i vely small investors. Large financiers seldon1 lo-se n1oney jn 
this " ·a)·. si1npl)· beeause they refuse to invest in any enterprise 
until it has undergone a thorough investigation by the best, 
talrnt a,·ailahlc. But the sn1all investor is liable to be persuaclcJ 
by the enthusiastic state,nents of a professional promoter. or t0 
take the eqna lly dangerous. but 1nore disinterested. advire oi 
loeal ·'boosters''. Since, to an outsider. the n1anufacture of 
brick and tile looks so siu1pl0, this c-lass of investors do not 
realize the danger, and consequently arr liable to think that to 

a 
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have the propos1t1on in, e-;tig-atcd h~ a propC'rly qualifi1'1l Pn~i
nec1· is a nel•llll'SS cxpensl'. ()f conrst. sollll' i11Yl'St?~ati11n is al
"·a., s 1nadc before a ne"· plant is huil t. hut past <'Xpcrif•11<.·1· has 
sho\\'ll that in hr far too n1an~ c·ases thl· prrlin1ina1·~· study of 
the situation \\as \\Ocfull~- inadeqnat(•. 

It is not intrnded to i1npl~- that all hri<'k an,l tih· plants 
arc poor i11Yrst.1ncnts. hut to insist that all suc·h entcrpris<'• 
shoulll be thoroughly studied h.,· a con1petl•nt an<l disintercst\.•li 
inYl'stigator. \\'hen this is done and thl' report is favorable. 
thr in,·estor c-an feel that the husiucss is startinµ; under faYn1·
ahll' anspiC'es ancl that "ith rcasonal>lr rffi1·icnt 111anagc111l'llt it 
is assured of sut·c·css. \\'hen once \\'C'll cstahlishctl llllth•r favor
able t nHlitions a1Hl good 111a11c\~en1.cnt. a fa<'tor~· n1aki11g- t1·u11e 
clay pro<lutts is fa1rl~· (·ertain to pay a 1nollcratc 1liYi<lt•n1l for a 
long tt•rn1 of years on tlu.> capital ac·tually in, cst(•1l. It is thr 
n1ain pnrpos(' of this paprr to indil'atc "·hat is rntailccl in thl' 
proper investigatic..n of a l'lay bed. 

YALl'E OF ENGINEERING SERVICE. 

The lol'ation and building of a C'lay protluc•L.; plant calls 
for the services or a high g-:ade eera1nic· engineer. 'l'ht· co1n11r1ra
tivrly sn1all expense "·111 he repaitl 111::111., tin1es 1,y the inc•rca~c,! 
cftiC'icn<'r of the plant. antl the inv(•stors "ill be assurc•J againsi 
thr gross 111istakcs in jntlg1nc11t that occur too frequently when 
this plan i-. not follo" ed. \\'hilc the adYitl' of th<.· "prac:ti<'al 
clay\\'Orkcr" should not he disparaged. yc•t tlays and C'Onclition-: 
diffl'r so "idrly that his experienc·e 11u.1r not ha ,·c c•0Ycrc1l ,1 

si1nilar situation. .\n c•xpPric•nc·cd 1·cra111i1· cngincrr has a ,Yidcr 
kno\\·lcclge of C'lays an,l 1·la~ \\'Ol'king prohle1ns in !!eneral thal! 
it is possihlc for a praetic·al n1c1n to haYe. ancl also has 11101·c 
eficc·ti,c· 111ethods of t(•sting c:lays a1Hl solving 111annfac·tu1·ini~ 

prohlen1s. 
LOCATING TIIE DEPOSITS. 

In lookin:r for a snitahh· tlay in a c•crtain lo<'ality. all tht• 
l'l'po1·ts of the· Statc antl t·. S. (}eologic:al SnrYl'YS <lcali11g ,vith 
the 1·la~ sin the ~iYt•n r1•gion should bl· c•o11sulted. H~ thl' aicl of 
ti cs<' an C'Xpcril'n<·l'<l prospl•etor \\·ill hl' ahlc to idt•ntify tli<' 
Yarious outcrops appeal'in~ i11 11atul'al an1l a1·tificial cxcaYations 
such as gullies. st1·ea1n banks. quarri(•s. railroa,l euts. ,.t,·. 
~tarting fl'on1 thcsc. ht is usually ahle. by applying a kno\\·l<'•}g1! 
of geology, to lo<·ate th<• a,ailablr c-lay beds of the r,~gion. 

J>RELL\11::-- .\RY S .\:\1 PLING 

Fron, th< n1ost pr11n1ising locatio11. san1plC's fo1· tc>st shonl<l 
hr takcn. In taking san1plcs it shouhl al\\·ay:s bl· r~1nr1nhercd 
that the tt>st-; will be maclc on th<' sarnplc•. a111l the report oi 
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the-;e t<'sts \Yill onlr upply to that })al't of the clay heel of \Yhich 
the san1pl0 is a fair rcprescntatiYe. Thrrefore, gl'eat C'Hl'<' 

shoulcl be taken to g,et re1n·esentativr sa1nples of C'aeh portion 
of the hrtl. and C'arrful note should he n1ade of the l'C'la
tive abundaner of these portions. For instanc0, if a cla.v 
brd eonsists of scvC'ral layers occ·u1Ting both in outcrop and 
c·overed positions, sa111ples should be taken of each layer both in 
the rxposrtl and coverc<l be<l. Notr should be n1adc of the rel.:i
tive an1ounts of 0ac·h of th<'S<' portions in the bed as a " 'hole. 
(}reat cal'(.' should he en1ployrcl to include a proper proportiott 
of obvious in1pnrities such as stones, ronc•rctions, g)·psun1 c•J'ys
tals, cte. I f the bed eontains a la)·cr of unusablr or objcctinn
abl<' nu1terial, careful note should he 1na<lc of its charaC'ter, thiek
nrss ancl plaC'C of oc·rurrenc•e. If there is any qnestion of its 
c·o111positio11, a san1ple should be taken for analysis. 

~\ sirnple ,vay to scrure a san1plc of a given layer is to clear 
a vcl'tieal section and then to dig out a uniforn1 furro,v fro1n 
top to botton1. c·a tehing the n1atc1·ial on a cloth. The ftUTl'" 
should be of sneh a size as to produce at least a hunc1re<l pounds 
of sa1nple, "hich should be put into a clean, tight rontainrr (not 
a dirty rrn1cnt saek or olll l i1ne, salt or oil barrel), and carefu11-'· 
labcl<.,d. 

Thr san1plcs of cla-'' should he shipped to son1e ceran1i<: 
en!.dncel'ing testing laboratory, "hic·h n1ust be under the C'ontrol 
of c·on1pt'le11t and \\'hollr disinterested parties. It ir.; stipulated 
that the testing should be donr hr \\'holly disinterested partiPs, 
not bC'c·ause it is thought that intrrcstcd persons "·ould be in
tentionally dishonest. but because it has been n proverb for 
thousands of years that it is easy for hun1ans to helirYe that 
,vhic·h it is to their interest to belieYe. 

'l'he pcoplr '"ho are to clo the testing should be supplied 
\\'ith all aYailable data as to thr rnotle of OC'<'UtTent·c, rrlati,c: 
un1onnls. rte .. of the various kinds of C'lars sub1;1ittrd. This 
i11 forn1ation enables the invei-tigators to blend the c·lar sa1nplrs 
in the various proportions in ,Yhieh it ,voultl be possible to dig 
lhl'tll f1·nn1 thr hank. 

PRELL\IINARY TESTS. 

'l'he te,ts n1aclc on cath <'la-'· and n1ixture of <'la)·s shonli! 
c•o,·er at least thr follo,Ying points: 

I. (}cneral tharacter of th<' ra,Y claY 
• 

(a) l'olor 
(b) Structure 
( t') I•'incness of grain 
( d ) \·isiblc obje('tionable 1na terials 
(e) l>rcsence of c·nrbonatcs as inLlieatcd hy acitl test 
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I I. vVorking properties 
(a) Ease of grinding 
( b) Grade of plasticity 
( c) Tendency to lan1ina te 
( d) Die troubles 

III. Drying properties 
(a) Rapidity of drying 
( b) Shrinkage 
(c) ('racking and "'arping 
( d) Tendency to scun1 

I,..... Burning properties 
(a) Ease of oxidation 
(b) Porosity at cones 07, 0-l, 02, 1. 3, 5 and 7 
(c) I-Jardncss at saJnc heat treatments 
( d) Shrinkage at sa1nc heat treat1nents 
( e) ('.olor at same heat treatments 
(f) Behavior ,vhen overfired 

\T. Refractoriness ( for fire clays only) 
(a) Fusion point 
( b) Load test at high ten1peratures 

CHEMICAL ANALYSIS. 

Chemical analyses are not desirable as a pr elin1inary test 
for clays to be used for crude products. The clays used for 
such purposes vary so ,videly in composition and the relations 
bct,veen co1npositions and physical properties arc so obscure 
that. in general, chen1ical analyses arc of little value in judging 
the Yalue of the clay. If, in the preliminar;v or n1orc complete 
tests, the n1ost a vailablc clay deYelops son1e defect. the expla
nation or cure for ,Yhich seen1s liable to be discoverable by means • 
of n chcn1ical anal~·sis, either a co1npletc or partial analysis 
should be n1adc. l'o1nplcte rhen1ical analyses 111ay also be uscJ 
in conjunction "·ith practical tests to determine the uniformity 
of a clay bed at different points. 

EXTENDED TESTS. 

The prelin1inary tests \\'ill sho"' in a general ,va~· the possi
bilities of the various clay beds sampled. If the tc<:its arc satis
factory for a clay fro1n a bed. that see1ns available fron1 th~ 
standpoint of location, amount of 1naterial probably present, etc, 
1nore extended. tests of this clay should be n1ade. These tests 
should approach as nearl)' as possible to n1anufacture under con1-
mercial ronditions according to the processes that the preli1ninary 
tests indicated ,vere most suitablP for the particular clay or 1ni::-:
turc of clays. It ,vill seldo1n happen that this ,vork can he 
carried on in a comn1ercial plant, since the conditions at a given 
plant arc not liable to be ideal for the " 'orking of the ne"' cla)·. 
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~Ioreover, a sn1all an1ount of "'are n1ade fro1n one ela~' and dried 
and hnrned ,Yit h a large an1ount fron1 another c·lay n1ay not 
give the sa1ne results that a large a1nount of \Yare fron1 the fir~t 
clay "'ould haYc given . 

.. \ s illustrations of the danger of "praetical tC'sting" of clay 
n1ay be cited t,vo ins1anccs, \\·hiC'h arc typieal of 1nany other s. 
Sonte parties ,vishing to 1nake S<'\\'<'I' pipe fro1n a shale, ,Yhich in 
its general physical properties ,vas suitable for that class cf 
,Ya1·r. hacl a 11u1nbrr of pi<'<·es 1nade up and burne1.l in a neighbor
ing SC\\ er pip<' plant. The trials ,ve1·e satisfactory in ever~· 
respe<•t, a1Hl so a large plant \Yas built. Tio,Yever, ,vhen the 
fil'st kilns at the ue"· plant ,vere fired, the "·arc in the kilns 
caught on fire as soon as reel heat ,,as reached and rneltccl to a 
lot of ,varped and bloated <·linkers. On ex.a1nination, it ,,as 
fon11d that the rla~· c·ontain0<1 several per cent of bitu1nin0ns 
n1atcrial ,vhich "·as gi,·0n off as an infla1nahlc gas at red heat 
Th<' sn1all a1nount of gas fron1 the fC\\' pieers had no ap;H·e
<'ia hl<' cff0ct on th0 large kiln in "hich aln1ost all of the ,varc 
\Yas 1nade ft·on1 non-hitu1ninous shale. \\7 hrn, ho,vcv0r an 
att<'1npt ,vas 1nadr to bnrn the kilns fil1cd entire!.,- ,vith ,rare 
1nad<' fron1 thr hitn1ninous shal0, the large an1ou11t of con1bnst
iblc gas<'s giYen off took fire and i·aisrc.1 the hrat so rapidly that 
th0 "arc "·as 1·nin0t1. Sin('c thev ha<l their n1onc,· invcst<'d, 

• • 
1 hC's<' Jll'OJ>l<' had to n1akr " 'are in the h0st "a)' possiblr, and 
thrrefor0, d<'visrd a slcnY and cxpcnsiYc "'ay of burning so as to 
a,oid, as fnr as possiblr. the ill 0ffr<'ts or the hitnnnnous n1attr" 
in th<'ir <'lay. Thr plant ueyrr paid, C'hang<'d hands S<'Yr1·n l 
tin1l's, \\as ro11Ye1·t<'<1 into a b1·i<'k plnnt, \\'hich also failed, o,Ying 
1o th<' <liffic·nlty of hun1ing the c·lay, c111cl finally, brforr it \\'as 
half "01·11 out. "as ahandoned. 

A\ noth<'r' 1nan \Yishr<1 to 1nak<' dry )ll'l'ss fa<·<' hri<'k and to 
hurn thC:'111 in a C'ontinuous kiln. I I<' 1nadc up about a hu.11t1rcd 
bri<'k at a th') 1n·0ss faetory, haul0d th0111 to anoth<'r fartor)· and 
had thPn1 hurnrd in a c·on1 in nous kiln. along- "ith thr general 
rnn of "ell Llri<'<l stiff nnu1 brick being n1ad<' ther0. IJ is sa111ples 
" ·ere vrr~ pleasing in<lred. h0ing of an esprc·ially clra r red l'olor. 
1 Te hong ht an rXJH'nsivP plot of ground, built a la ''9't' <h') JH'<'Ss 
hric·k fa<·lor)·. an<l instullrd a lirxt-<·lass ('Olltinuous kiln. ~\ll 
t hP "are l'Yl'I' 1111ttlc• in that plant "as sen1nn1ed. rrhc rlay <·011-

tainP,l ,1 Int of sulfu1·, whic·h "hen th<' trial hl'iek..., \\'Cl'e fit·t~d 
"as si111 pl~· tlriY<•n off a1Hl <ll'positc'd on th<' ot hrr n1a11 's \\'arr. 
\\Th<'ll thP <>ntirc• c·o11tinuons kiln at thr lH'\\' plant \\as fill0d 
\\ilh snlphu1· h<1 nring c·la~-. thl' sulphur \\as dr·i,<'n out of onn 
lot ot' thr hrieks and. 1nixing \\ ith 1hr n1oistnr<' fro1n the 
dry }ll'<''<S h1·i<'k. \\els dc1 JH1si1('d on the• hri<'k fa,thrr nlo11g· in thP 
(•ool pal't n.t thP kiln, fnr1ning a de11-,r s<·nn1. 'rhis 1111111 \\'OJTied 
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along for t\\rent~y years selling his produ<'t for co1nn1on brif'k, 
finally gaYe up in despair, tore do\\'n his plant and quit t1'c 
business. 

The extended test8, therefore, should hC' made under the 
direction of a disinterested and C'xpericnced enginerr either in a 
factorr or in a testing laboratory. All the points noted in a 
preli1ninary test should be studied in 1nore detail. and. in 
addition,all other peeuliarities ,Yhieh the rlay dc>Yelops in n1an11-
facture should be carefully ro11Sidered. Suitable tests shonld 

• 
be made to deter1nine the quality of the burned ,Yare. If the 
tests indicate that some Yariation in the 1nethocl of 1nanuf,1<·ture 
frorn that tried ,vould be 1norc suitable. this should not be taken 
for granted, but a ne,v series of tests should be run. .r\.s inc1irat
e<l before, a che1nical analysis n1ay be desirable at this tin1e to 
clear up son1e debatable point. 1!,ron1 these extended tests an 
experienced eeran1ic engineer ,vill be able to state definitely 
the quality of " 'arc that can be n1ade fro1n the clay sarnple sul -
n1itted, and to prescribe the n1ost suitable processes of 1nanufac-
ture. 

COMPLETE SURVEY AND SAlvIPLING. 

0£ course, before the extended tests arr 1nade on any clay, 
the prospectors should be reasonabl)· sure that the)· haYe n11 

adequate and aYailable supply of the clay. This, like eYery
thing else in a prelin1inar)· cxan1ination, n1ust be dcfinitE'ly 
determined. 1:\.fter a cla)· that proYes satisfactory in extendcu 
tests is found, a trart of suitable size 1nust be surveyed and 
systen1aticall)· sa1npled. A topographical surve)' of the trac:~ 
should be n1aclc. Drill holes should be put do"'n [)0 feet apart 
in thick beds and 100 feet apart in thinner deposits, and a rerord 
kept of the thickness of earh stratun1 encountered. I n addition, 
samples of the la)·er or layers of clay ,vhich it is experted to " ·ork 
should be set aside for test. A t<'"' larg-er hole's should be dug- at 
the extrcrnities of the property in order to get 1nore satisfart<n') 
sarnples. The sa.1nples of the cla)· "·ould then he sul)jected to the 
tests described under prclin1inary tests in order to deter1nine the 
Yariation in properties of the ela)· beds at different points in the 
tract. I f desired, these tests could be supple1nented b~· r•he1n
ical analyses or other forn1s of test . 

• Fron1 thE' results of the survey, 1na ps should be dra" 11 

,vhich \\'ill sho,v the la)' of the land, the extent of the <'ln~· 
beds. their quality at different points, the an1ount and rharaf'ter 
of overburden an<l other extraneous 1naterinl that ,vill haYe lo 
be ren10Yed in ,vinning the elay, and finally the dra111agc facili
ties. Fron1 these data an expericnc•ed engineer can go about tlH' 
building of a elay 1uanufacturing plant ,vith the san1e n1ct hod
iral opera hons that an expcricnf'ecl high,vay engineer <'ll1p lo~ ~ 
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1n building a bridge, and ,Yith equal assn1·anc·c of success. 
:\Iethodic·al testing and surYeying of a eiay pl'opc, ty ren1oy1•~ 
the deYelopn1ent of the property fron1 the r0ahn of pure rha11ee 
and n1akes it a c•on1parati,·ely si1nple engineering proble111. 

USES OF THE DAT A OBTAINED. 

By use of the data supplied by the tests an<l surYeys. the 
cera1nic engineer is able to solYe all of ,vhat "'e n1a~· call th~ 
engineering- proble1ns in,·olYetl in the <levelopn1ent of the cla~
deposit. 'r hese prohle1ns are listed belo"' by nlunuers and the
data on "·hich their solution depends by letters. 

1. .A1nount of cla~· of suitable qualit)· present 
(a) 1\ Yeragc depth of the layer of suitable quality 
(b) Extent of the layer 
(c) "\Veight per cubic foot 

2. Diethod and cost of digging the rlay 
(a) Physica l character an d depth of the "lay or clays 
(b) Amount and character of the OYcrhul'den 
( c) An1ount and characters of layers or nodules of 

n1aterial that n1ust be removed fro1n the clay n1 
digging. 

(d) .A.vailahle n1ethods of draining the p1t 
3. The most ec·ono1niral location on the tract for the plant 

(a) Suitable sites for the plant 
(h) Estin1ated cost of transporting rla~· to the p lant 
( c) Estin1ated c·ost of railroad s"·itrhcs to the plant 

4. The kin<ls of "·are that can he 1na<le and type of 1na
chincrY, <lr,·cr and kilns to he used ' . 

(a) The physical and burning properties of the cla)·. 

In dra,ving conrlusions fro1n the data presented by the s11r
YCy, the ccra1nie engineer n1akes use of a fund of kno"'lC'<lge 
derived fro1n his tec·hnica l training and practiraI experienrc. 
There " 'ill he pointed out only a fe,v of the gross errors that 
n1ight have been aYoidecl by the us0 of ordinary c·on1rno11 se1;sc 
if such data had been available " 'hen certain plants \\'ere built. 

AMOUNT OF CLAY. 

The a1nount of clay of suitable qualit)· in a !liven area is 
found, of course, by multiplying togC'ther the depth jn feet, ar0a 
in feet, and " 'eight per cubic foot. l(no,ving the raparity of the 
proposed plant, the a1nount of elay needed for the life of the· 
plant can be cstin1at0<1. F'ro1n these figures it can at once be 
perceived \\'hcther the plot un<ler ronsidcration co11tains enongh 
clay. A child of tw·C'lvc C'an 1nakc the calculations, yet )·ea1· afte1· 
year plants arc built in this rountry on sites " 'hif'li do not con
tain enough clay. This does not 1nean that the 111('11 ,vho bui1ll 
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these plants are fools. except in the sense that a n1 an is fooli~h 
\vho risks large sums on an uncertainty that eonlcl he n1ade cer
tain at a slight expense. They simply assume that the cla~· 
examined in t\V0 or three places extends over a large area. 

I n purchasing clay land, it should al,vays be remen1berecl 
that the capacit~' of the plant may be increased and that in ull 
probability adjoh1ing land ,vill never be any cheaper. In fact. 
the establishment of a successful plant auton1atically raises the 
value of surrounding land. Since a clay plant C'annot be 1noved 
,vithout great expense, it is, therefore, generally "·ise to pur
chase considerably n1ore clay land than the amount needed to 
supply the plant at its initial capacity, so as to escape the ne<·es 
sity of buying adjoining beds at high Yalues. 

METHOD AND COST OF DIGGING. 

The question of digging the clay should be considered as a 
long-time proposition. It is not a question of ho,Y cheap the 
most accessible clay can be dug for the first fe,-v yPars supply. 
but a question of ho,v much it is going to cost to dig the total 
amount of clay needed during the life of the plant. If this had 
al,vays been done, ,ve ,vould not see the many instances of 
plants abandoned or ,vorking at a serious disadvantage because 
it becomes more expensive to dig the clay each year. Of course 
there is no objeetion to digging the cheapest rlay first; but if this 
is done, the n1oney saved must not be considered as profit~ and 
disbursed as dividends or thro,vn a,vay in cutting prices, but 
should be set aside as a sinking fund to meet the excessive cos;; 
of digging cla:v in later years. 

v\Then it is realized that in the life of onl~· a n1odcrate sizct1 
clay plant one to t,vo million tons of clay "·ill he dug, it is 
plain that a saving of a small amount pe1· ton in the cost of 
digging \Yill amount to a large su1n. Ten cents a ton on a 
million tons n1eans, of course, $100,000, a sum that may mean 
the difference bet,veen a satisfactory and unsatisfat>tory invest
n1cnt. Such a saving could in many cases be securt>d by the use 
of a proper n1ethod of digg·ing in place of an improper n1eth0d. 
In other cases, the use of econo1nical systen1s of digging are 
precluded by some characteristic of the bank that " 'as unkn0\\ 11 

or not appreciated at the tin1e the plant was buiJt. In sonic 
plants clay is still dug by hand at a cost of J 5 cents a ton ,vhcn 
it could be dug by 1nachinery at a cost of 5 cents a ton. On thl~ 
other hand, it is not unco1n1non to sec expensiYe 111arhincr~· in
stalled in pits ,vhcre it is of little value O\\'ing: to the fact thaf 
the pit is not capable of being ,vorkcd to aclYantage by tliat 
particular kind of n1achinery. The conditions at each cla)· pit 
must he n1a<le a subject for special study by a disintcrest~,J 
exper t. 
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As a general proposition, digging by n1achinery is 1nore 
cconon1ical than by n1ethods calling for a larg·e amount oi 
manual labor. Thin layers of clay are generally expensive to 
dig beeausc t he n1ost effective types of clay <liggi1ur 1nachinery 
arc not ,vcll adapted to such beds. The expense of digging cln.-· 
,vith a stea1n shovel decreases until the thickness of the bed 
equals the height of cut that can be n1ade by the shovel, 18 to 
2-l feet. Beyond this height the expense rc1nains about the 
san1e, ,vhethcr the rlay is taken out in t,vo cuts or. as is usual. 
the overhanging cla)' is blasted do,Yn into the pit. ,\.-ith n1arhines 
of the shale-planer t)·pe the expense deereases rn1til a n1nclt 
grca ter height is reached. since these arc essentially 1nachincs 
for deep-cut ,vork. 

The amount of overburden 1nust al,vays be considered as 
relative to the an1ount of clay beneath it. T,venty feet of bur-. ' 
den over fifty feet of clay is in the san1e ratio as £our feet of ' . 
but·(lcn over ten feet of clay. In fact, the t~venty feet of burden 
ronlcl be ren10Ycd n1ore cheaply per cubic yard than the four 
feet. The an1ount of overburden that can be rcn1oved per t011 
of elay drpcnds altogether on the value of the rlay and the total 
cost. per ton of good clay, of reinoving burden and digging the 
c•la~·. This "·ill depend on local conditions. J~ightcen cents a 
ton ,Youlc.l p1·oba bly be a maxin1u1n price for brjck nnd tile chl~'H 
ju I o,va. 

The character of the overburden should be carefully con
sidered. Rock ,vill cost six to ten tin1es as n1uch per cubic foot 
to rcn1OYe as earth. ..A. layer of hard rock a fc"' inches thick 
" ·ill cost practirally as n1uch as if it "·ere a foot th:"k. R.ock in 
the body of the oycrbnrden is ntore objectionable than if it " 'ere 
at the top or botto1n only, since it precludes the eff Petive use of 
1narhinery in ren1oving the earthy part of the burden. \\,.hen 
the hul'c.len rontains objectionable n1aterial such a~ lin1esto11" 
pebbles or g)·psun1 c·oncretions, there is a tendency for these to 
bec·on1c 111ixcd ,vith the upper layer of the good rlay, and it n1ay 
be ne<·cssa ry to "~aste part of this. 

IJayers or no,lules of objeetionable material in a clay bed 
ahYays inc·rease the cost of digging. In nearl:· all rases th0~· 
prrrlnc.lc the rffcctiYe nsc of 1nachincr)· and in addition canf::0 
expense for their o"·n rcn10Yal. In fact. there is no"' no k110\':11 
n1cthocl of ren1oying any considerable an1ount of nodules of nu1-
tcl'ial fro1n a clay for erude ,vares in an econon1ical n1anner . • 
Large an1onnts of n1onc:· have been lost by confiding juvrstor5 
in thC' clevclopn1ent of this kind of be<ls. I n sending sa1nplcs fo1· 
testing, a ecrtain rlass of pro1noters arc a1',·ays c1rcful to ex
<·lude all such objectionable n1aterials. 'l'he 1·esult is that n 
.satisfnrtor~· report 1nay he n1a<.le on the c·la)·, ,vhile if a proper 
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proportion of the objectionable 1naterial is inrluded the report 
1night be entirely unsatisfactor)·. I n other C'as0s ,yhere th<' 
harn1ful substanc-e oc•curs in la)·ers, operations arr begun by 
digging the rlay h)' hand. and thus the ren10Yal of the lay0rs 
doc:i not increase the expense to a largr ('xtcnt. It is onlr ,Yhcn 
the operators ,vish to C'hange froni extravagant hr1ncl Jigging 
to cconon1iral n1achinc digging. that the)· rralize the)· ar(' for
eYer prevented fro1n doing this by the seen1ing-l>· triYial l ay('J ' 

of objeetionable 1naterial. 
"\\Thenever a clay pit lies helo,v ground-,,·ater l0vel. clran1-

age is a continuous expense. T he chief difficult>·, ho,veYcr. is 
that the clay retains a large a1nount of ,vatcr. no tlifferen<•<" 
,vhat kind of drainage s>·st('1n is installed, and is liable to be too 
,vet to "'Ork properly iu grin<ling and screening n1achin('r>'. 
Other things being equal, a pit ,vith natural draina~(' facilities 
should be chosen. 

LOCATION OF PLANT. 

There are generall~· several suitable sites for a p lant on 
any given tract of clay la1Hl T he qu('stion generally na1-ro,Yf; 
do"·n to a calculation of ,vhether it is ehcaper to transport ra,v 
rla)· a considrrable distance, or to build long('r railroad s,vitrhes. 
L oe-al conditions 1nust be taken into eonsideration, hut in grncral 
it is cheaper to place the p lant elose to the cla~·- R ailroad 
s,vitches entail a larger initial invest1nent, but ro<.;t very Uttl~ 
for operation and n1aintenanc·e. A clay transporh1tion systen1 
of equal length ,vill cost 1nuch less to build, but ,vill be a constant 
source of large expense for Jnaintcnance and operation. 

T he Yaluc of a prelin1inary surYe~· is often strikingl)· illus
trated in the n1atter of plant location. T he follo"·ing are onl> 
t,vo instances of a nun1ber in lo\Ya. .l \. large briek and tilt• 
plant ,vas uuilt in on(' eorner of a tract of rla~· land. \\Then the 
plant \\' US praetiC'ally con1pletecl, it ,vas found that the clay at 
that point ,vas covered by a heavy burden containing a thirk 
la~·er of hard roek. T he plant ,Yas torn do,vn picce-1neal and 
rebuilt on the far corner of the trart ,vhcrc th(' overburden ,ras 
quite light and contained no rork. S,vitrhing facilities ,Yer•" 
cquall>· goocl at the t,vo sites. I n the other case, the plant ,\·a::-. 
located ahout a quarter of a n1ile :fron1 the railro,Hl S\\' iteh a11<.l 
sepal'atc<l fro1n jt hr a <leep ~ully \Yhich precludes the building· 
of a s,vitC'b. 'l'he sa1ne elay is found across the gnll>· and Dtl

jacent to the 1·ailroa<l. 

l(IN D OF V..' ARE. 

The kind of " 'arc to be 1nad(' and the typr of 1nac·hinrl'_,·. 
dr)·e1· and kilns to be ns0d should depend upon the nh~·siC'al antl 
hnrning properties of the elay. l Jnfortunatcly. \Yhen the tPst-
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ing of the clay and building of the plant is not done under tJ1c 
direetion of a disinterested expert, they arc n1a<le to depend OH 
n1an~· irrelevant things. 

The sa1nples for testing· n1ay have been i111propcrl~· taken . 
. A. sn1a1l san1ple of fire rlay from a deposit in this statr "·ns 
sent a,vay for test. ,,T ord earne back that the clay ,vas equal in 
quality to any in the \\'orld. This ,vas probably true; but aftt'r 
the plant ,vas built, it \\'as found that the bed contained a lay<'i' 
of this 1natcrial just six inches thick. T he rest of the deposit 
,vas of pool' grade. I n fact there are several "fire hrick" 
plants in this and adjoining states, ,vhose only trouble is tha~ 
they have no fire brick claY. The ill effects of fr1ilure to in-. . 
corporate in the san1pl0 a just proportion of injurious n1aterial~ 
orc•urring in the bank, the effects of in1proper 1nethods of te~ting-, 
.and failure to detern1ine the unifor1nity and extent of the clay . . 
h0c.l. have been discussed above. 

\\,.hen it ron1es to building the plant, every one \\' ho ha .-, 
son1cthing to sell, he it 1nachi11cry, a patent dry0r, or patrnl 
kiln, takrs a hand in the ga1ne. Ile is perfectly ,villing to trst 
the rlay free of charge, and the tests generally den1onstratc 
that the clay is prruliarl~· adapted to the use of his equip1ncnt. 
( 'hoosing fron1 the 111c1ss of ronflicting· advice that pours in fron1 
cYcry side. the builclcrs nnally c1·ec-t and equip ::i plant that. 
arc-ording to the la,y of averages, is prett:v sure to be ,vrong 1n 
-011e or n1ol'c i1nportant points. 

ECONOMIC PROBLEMS. 

I n addition to the engineering problc1ns, there arc several 
.fi11an<1ial considrrations that are <lircctly connectrd ,Yith the 
location of a plant on a particular ela)· brcl. These arc:-

1. Invest1nent an<l other fixc<l charges 
(a) C'ost of land 
(h) Cost of partic·ular kind of plant ncressary to ,vo1-l;. 

the elay sureessfull)· 
( c) .. \rnount of \Yorki ng- capital requirrd hy n1cthod of 

1nanufa('turc and type of 1narket 
( d ) Taxes. insuranee, ad1ninistl·ation. ct('. 

~- Labor n1arkct 
(a) Suppl)· and t~·pe of labor aYailable 
( b ) C1ost of la hor 

3. Supplies 
(a) T)l)C, qnalitr, and ('Ost of fuel availaLle 
( b ) San1e fol' 1ninor supplies 

-t. ::.\Ia rkct 
(a) Oen1and for product at a prire abov~ <·ost 
( h ) ('ost of selling 
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( c) Cost of deliYering 
( d) C'o1npetition, existing and possible 

These subjects are so much a n1atter of local conditions 
that it is not possible to discuss them to advantage 1n a general 
treatise. ~Ioreover, the~· are the sort of questions that any- suc
cessful business n1an cen understand and are thus of a different 
order £ro1n the highly technical problems inYolve<l in testing 
the clay and building a p lant. 

Attention should be called to the fact that there has no~ 
been listed an1ong the business propositions to he ronsi<lered in 
building a plant. the one that is often mo~t po-,Yerfnl,-na.1nely. 
case of raising 1noncy. P ro1notcrs, and sometin1es legitimate 
clay"·orkers, are often infl.uencecl to build a rla~· \\'Orking plant 
in a certain locality, not because it offers an extren1ely desir
able location, but because capital for the ne,Y enterprise can be 
easily raised there. Local pride in a to,vn or c-ornmunity is 
often an impelling cause to these un,vise investn1cnts. The 
deYelopment of every clay bed should be 1nade to stand on its 
o,vn n1erit. If it is a good proposition £ron1 the technical and 
economic standpoints, capital ,vill be forthcon1ing, no difference 
,vhcre it is located. I f it is not a good proposition fron1 these 
standpoints. the clay had better be left undeveloped. 

Note 

The three papers relating to the "I>rartiral IIandling of 
Io,Ya Clays'' ,vcre prepared in responRe to nun1erous inquiries 
for infor1nation on the subject. The papers ,rerr presented in
for1nall)· at the 1915 n1eeting of the Io,va C1lay :i\Ianufactnrers' 
Association and ,vere so fayorablr rec·eivecl that their publica
tion see1ned warl'anted. The ,Yriters do not clai1n anY consiclcr
able an1ount of original material. The papers arc rather the as
sen1hling of all the available material concerning the propertie-; 
of lo"'a ('lays and the application of ,vell established ceran1ir 
principles thereto. The "·ritings of the leading ccra1nists hnY<' 
been consulted freely. "\\Therever literal quotations arr 1nadc. <.ipe
cific ackno,vledg1nents arc given in the text. Thr "riters sperinll)· 
desire to ackno,rlcdge their indebtedness to the splendil1 paprr" of 
Dean R<l,varcl Orton, J r., and Dr . .1\. , .... Bleininger, and to the 
eporh making ,vork along ceramic lines of Dr. Ilerrnan Seger. 
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11. :\11\J UF .. ACTURE OF CLAY \V r\RES v"\TITIJ RI~.B"J~ ll
EN(·E TO lOvVA CONDITIONS. 

1'IILTOX F. BEECHER. 

INTRODUCTION . 

. A. detailed <lisrussion of the processes involved in the manu
facture of clay goods " 'ould require volun1es; and ,vhile it ,vonld 
all b<' of interest to rlay ,vorkers, the space available necessitates 
li1niting the <liseussion to s01ne of the n1ore important feature<; 
of the n1etho<ls used in Io,va. v·Vhile the State ranks eighth in 
the production of clay goods, the diversity of our lines of en
deavor arc rather rcst1-icted. The bulk of our product is drain 
tile, in the production of \Yhich ,ve rank first an1ong the statrs. 
ntaking altnost half again as n1uch as the next lal'gest produrer. 
But ahnost the ,vhole of our production comes \Yithin the rlass 
of the coarser ceran1ic wares. T he only exception is our limit,jd 
output of stone,vare and roofing tile. The 1nethod of n1anufac
turc. then, in this State is lilnitc<l ahnost ,vholly to stiff-n1nd, 
"·ith considerable variation, of course, in the 1nethocls of pr<'par
ino- thr clav and drvin°· the \Yarc. -, • • C 

PREPARATION OF CLAYS. 

( 'lay as it co1ncs fron1 the bank is not in ~ondition for • 
shaping- for the reason that it contains too little " 'ater to be 
1nolclable ancl ver)· rarel)· even approaches a unifor1n con1pos1-
tion or quality. Reduetion of the lu1np clay is thel'C'forc nerl'S· 
sary to facilitate th<' ready assin1ilation of \Yater ;\ncl to bring 
abont a n1ore thorough 1nixing. The 1neans used for reducing
is goYerned by the rharacter of the cla~· and the product to he 
1nade. 

GENERAL TYPES OF CLAYS IN IOv\'A. 

I n Io,Ya ,vc have, in general, five kinds of clays fron1 ,Yhic-h 
the great bulk of our product is 1nade; the loess. th~ glacial and 
surfa<'e clays, the ('oal ni casures shales, the Devonian shales 
and the ('rctaceous shales. 

The loess, ,Yhich rovers n1ore than one-half the su1 face of 
the State. has peculiarities of shortness, uniform size of grain. 
and tenderness in drying \Yhich render it distinrt fron1 other 
clays and n1ake it easy to identify. This type is being- used to a 
less extent in the past fc,Y ~·ears. probabl~· be<'ause ,ve arc passing 
into an era of larger and fe,ver factories ,Yith ron(;eqnent <lis
continuance or assin1ilition of the sn1aller plants. T his change 
in I o,Ya, has affected those plants usin~ the loess ancl the surfarc 
rlays. P robably, also the quality of \\·are possibl<' to proclnee 
has been one of the determining factors, for 1oess and snrfn,·r• 



--18-

clay proJucts arc not usually of a quality equal to shale pro
ducts. 

For these reasons it is not the policy of our < 
1cramic Dc-

partn1ent to recomn1end a loess clay deposit as a fe~1sible propo
sition for the developmC'nt of a ne,v plant in lo\\'a. except ,vitit 
lin1i ta tions. 

The loess clays because of their f r iable, sand:· character 
are very easily disintegrate<l. ....\s they come from the bank the~· 
arc probably n1ore unifo1n1 than any other and take up ,vate1.· 
n1uch n1ore readily. They require the least ,vork in pugg-ing and. 
preparation of any of the I o,Ya clays. 

The g-lacial and surface clays, ,v hich 1nay be grouped ,vith 
the loess, require but little n1ore expenditure of energy in prep
aration. They differ, ho,veYer, in having a greater plasticity, usu
ally also containing pebbles of varying sizes. The preparation of 
these frequentl:v requires the remoYal of the larger pebbles. 
Especially is this necessary if the pebbles arc of Ji n1e; other
,vise crushing 1nay be resorted to, to reduce them to pern1issible 
size. 

The n1aterials requiring the next greater degree of prepa
ration are the Devonian shales. These arc available only over • 
a lin1ited area of the State. Of most in1porta11ee are the de-
posits in Cerro Gordo, Floyd and Franklin (..'011ntie~ ,vhere 
they are ver:· extensively utilized for hollo"' goods. They slake 
Yery readily in ,vater, contain son1e nodules of iron pyrite, au<l 
though the chemical analysis shO\\'S quite a large lin1e contrnt 
it is not present in the form of pebbles. L edges of sand roek 
occur in most of the pits no,v ,vorked. and ,vhile portions of the 
rock frequent}~· <:onta1ninate the clay these n1ay be rPn10Yed ,vith 
conical rolls; or if the a1nount is not too great, they may be 
crushed and passed on ,\'ith the clay. The n1arhinery best adapt
ed to preparing this type of clay seen1s to be s1nooth or disinte
grating rolls and the horizontal pug n1ill. 

The Coal Measure shales occur oYer nearly one-thirrl oi 
the State's extent. The outcrops and ,vorkings arc confined quite 
largely to the Yalley of the Des nl oines River and its tributaries. 
The:· supply a great abundance of material that is utilized for a 
great variety of ,vares and are the n1ost extensivel)· used of any 
of the Io,va clays. 

The Cretaceous shales occur in the west and north,vest 
portions of the State. ,Vhile cretaceous rocks cover quite a 
large area, the outcrop of usable clays and shales of this geo
logical period are less frequent and are utilized in only a fe,v 
localities, principal among ,v hich is ,Voodbury ( 'ounty. 

The Coal nleasures and l'retaceous shales as far as inanner 
of occurrence is concerned, are so n1uch alike as to require prac-
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tically the saine 1netho<l of treat1nent. These pits or 1nines 
usually contain strata of both hard and soft clay, an<l frequentl)
streaks of bituminous, or coaly 1naterial. In the case of Coal 
i rcasures shales p)·ritiferous strata are hardl)· eYer absent. 
Obviously the preparation of these for shaping in the plastic 
state, requires 1nore thorough and extensiYe crushing- and 1nix
ing than the clays 1nentione<l above. The presence of the harder 
clays and the pyrite-bearing strata n1ake nccessar)" the use oi: 
hcav)· r1·ushing n1achincry. Dry pans arc con1n1onl)· e.inplorcd 
for the pu1·pose. 

GH.INDING AND TEMPERING MACHINERY. 

The si1nplcst rnachinc, and also the one " ·hich ,lisintegrates 
and 1nixes the clay the least, is the horizontal pug n1ill. Only 
such clays as arc naturally soft, such as the' loess. the glacial 
and the surface clays, can be sufficiently reduced and tc1npc1·e<l 
in the horizontal pug· 1nill alone, and then only ,vhen they do 
not contain concretions or pebbles that n1ust be crushed or re
n10Yecl. The pug n1ill is in no sense a crushing 1nachine but 
si1nply a n1ixer. and nothing, of course, is eYer accon1plished 
,vith hard or stony clays in the pug n1ill. The po,Yer consu1np
tion of pug Jnills for a given output is not affected directly b:'I 
the shape or set of the k11ives as is often stated, but by the 
a1nount of pugging done. The shape and set of the knives affect 
the a1nou11t of pugging and that, in turn, affects the po,ver 
consu1nption on the output basis. 

For shales and cla)'s of n1oderate hardness. such as are 
represented as a class by our Devonion shales, combinations of 
open pugs and rolls seen1 sufficient preparation; and for the 
C1oal ~Icasures, and (;retaceous shales, dr~· and ,Yet pans are 
aln1ost invariably used. 

The amount of preparation that it is feasible to give de
pends largely upon the kind and quality of ,vare it is possible 
to 1nake fro1n any }Jarticular clay, for there' al'e fe,v rla)'S that 
c·annot br ,vorkcd, shaped, dried and burned into scrYiceahle 
products if the proper 1ncthods and preC'autions arc URcd. 
IIo,vevcr, the n1arket prier of any particular kind or quality of 
,vare cletcrn1ines to " ·hat extent the proper n1ethocls and prc
eautions necessary to the production of a servirea1le ,vare 1na:-r 
he carried out, and if a satisfacto1·)· a veragc bct,veen cost of 
production and quality cannot be found, the clay is com1ncr
-cially valueless. For instance, certain surface and glacial clays 
,vould be usable if the lin1e pebbles ,vcre re1novcd, and the stick)· 
joint clays if preheated properly, or if subjected to the right 
drying conditions, " ·ould dry safcl)·; but the market prices of 
the resulting product dctern1ine " 'hether or not this additional 
expense n1ay be incurred. \\Tith practically all clays, the 1nore 
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thorough the grinding and pugging, the better the quality of 
the produrt; but all ,Yares ,vill not stand the cost of the 1nost 
thorough preparation possible, nor is it necessary in order to 
produce a marketable product. "\\~en ,Ye consider that the 
po,ver consu111ption for grin<ling alone, ,vhen <lry pans are use<l, 
is about one-half the po,ver required for the ,vhole machinery 
equipn1cnt, ,ve sec the hearing of the cost of preparation upon 
the cost of the finished product. ( R. R. Hice. Vol. 1--l. Trans. A. 
('. s.) 

Of the seYeral types of grinding 1naehines in eo1runon use, 
the dry pan see1ns to be the n1ost efficient as a rough and ready 
machine, but it is the n1ost ,vasteful of po,ver. It reduces even 
the hardest lumps in the clay very effectivel)-, but, because of 
the large a1nount of po,ver it consun1es, it is con1mercially adap
ted only to those clavs v.7hjch arc very hard or contain verY hard .. .. .. ' 
lumps. The ,vet pan as ,vell, ,Yhich is very ~in1ilar in construc-
tion and operation, does the best job of tempering; but it alsv 
requires a great deal of po,ver, 1nore than half the po,ver de
livered to it being required to turn the machine alone, " 'ithout 
load. One case 1nay be cited in ,vhich a chaser mill, requiriug 
t,venty-four horse po,ver under load, took eighteen horse po,ver 
under no load. The ,vet pan, ho"1evel', as originally designeJ 
and used ,vas intended to grind and temper the clay direetl)· 
from the bank; but since the " 'et pan n1ust operate periodirally 
and the batch n1ust necessarily be sn1all. YerY little mixture ' . 
is accomplished, and good uniformity of the clay delivered to the 
auger n1achine cannot be obtained. So ,Yhere ,vet pans arc used 
today there is usually auxilliary crushing n1achinery to give 
proper ho,nogeneity to the clay. 

The an1ount of ,vatcr necessary to add to the ra"' clav to • • 

give it the proper consistancy for the auger n1achinc varies 
with <lifferent clays; and for each clay that proper an1ount of 
"·ater should be deter1ninecl and used, for 1nuch in subsequent 
operations and in the quality of the ,vare depends upon the 
te1npcr of the cla)·. I n common practice the proper ,vorking 
temper is that at ,vhich the clay is fluid enough to take almost 
an)· shape under reasonable pressure, solid enough to resist 
change of forn1 due to its o,vn ,veight, and cohesiYc as to itself 
but no longer sticking to the hand or metal surf aces. 

FORMATION OF CLAY WARES 

I\11 co1nn1ercial clay ,vares are forn1ed fro1n the plastic 
clay under pressure in molds. The diversity in the size and 
shape of the n1old, the variation in the amount of pressure and 
the degree of plasticity vary greatly. As to the n1ol<ls, ,ve haYe 
on the one hand the clos<'d pressers rnold of the potter ,vhich 
imparts to the clay every detail of the desired shape and on the 
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other hand the open 1nulJ or die of the brickmaker \Yhich for1n:s 
a continuous shape having only t,vo of the desired dimensions. 
The pressure used varies from aln1ost nothing in the case of 
pottery easting to the enormous pressures used in <lust pressi:ng, 
the process by ,vhich such goods as quarries, tiles and electrical 
goo<ls arc 1nade, and the plasticity from ahnost nothing in thr 
case of dust prC'ssing to fluidity as in the ease of the casting 
process. The stiff mud process presents about a mean between 
these limits of pressure and plasticity (if p lasticity is broadly 
understood to mean moldability.) 

TI-IE .AUGER l\lIACHINE 

The principle of the auger machine, the <le\'elop1nent of 
\vhich has been the developn1ent of the stiff n1ud process, is 
simply the continuous application of pressure to a n1oving clay 
colun111. The pressure is prin1arily applied in only or~e direction: 
but plastic clay being neither solid nor fluid, but acting to a 
certain degree like both, ,ve have the effect of pressure in every 
direction save one, and consequently a flo,v in that dirertion. 
\\Thile there is but one pri1nary application of pressure, the bar
rel of the n1aehine, frequently the 1nuzzle and al,vays the die, 
haYe a certain taper ,vhich indi1·ectly applies pressure latf'rally 
to the bar and causes a greater con1pactnes8. 

\\71ile auger machines are of several types and n1any n1akes, 
the principle of all is practically the sa.n1e-thc 1novcn1ent of 
the clay against a certain resistanre by 1neans of a sc·re,v. T he 
scre,vs may be sin1plc, double or even triple, and n1ay be either 
continuous 01· segmental. 

The success of the auger machine and the extent to ,vhich 
it is used, is due to its large capacity and its labor saving over 
the old soft n1ud and plunger 1nethods of brick m:--1king; but d 
gives to the products defects ,vhich are unkno,vn in brick n1a<le 
by the older methods. It requires a stiffer clay, since the b1·i<>k 
must bear handling at once, ,vhich means a te1nper at ,vhieh the 
clay ,vill heal less readily. Considering the sin1ple auger, ,ve 
have there a bar of clay formed by compressing a ribbon lai<.l 
<lo,vn in a spiral. This ribbon is 11ot only so stiff that it is not 
stieky, and so heals only imperfectly, but it has been slidiug 
over t"'o or three feet of n1etal surface and a '' slickc~nsided '' ef
fect has been produced ,vhich 1nakes the chance of its healing per
fectl3· even n1ore ren1ote. In the case of augers ,vith t,vo or 
three threads, ,ve sin1ply have t,vo or three ribhons of clay 
superimposed but producing the san1e defect. The advantage 
of more threads is to give a steadier flo,v. \Vith the single 
thread, if the nozzle and die of the machine are both short, the 
single discharge of the auger, moving in a circle, ,vill be follo,ve<l 
at 180° by a point of no pressure ,Yhich ,vill cause the colun1n 
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to oscillate fron1 side to side and produce ribs on the surface of 
the ,vare. \Vith a longer nozzle an<l cliC' this defeet c·an be par
tiall)· and son1cti1nes ,vholly elin1inatcd. The in1pcrfect heali11g 
of the spiral ribbon of clay itself 1nust be effeeted through pi-cs
sure, and the pressure n1ust be considerable to brin~ about any 
healing ,Yhatever. 

Since the stiff 1nud clay colru11n is fluid enough to tend to 
obey the la"' of fluids, ,vc have another and 1norc ">erious defect 
J)roduced in the nozzle and die after the clay has lr:'ft the auger. 
lt is the defect kno,vn as die la1nination. This defeet is <'au~e<l 
b:· the 1nore rapid n1oven1ent of the center than the outside of 
the colu1nn, and 1nanifests itself in rlcavage planes 1nore or less 
parallel to the length of the colu1n11. This differential 1nov"-
1nent is caused by the friction of the clay bar upon the die; and 
the ren1edy, ,,hich 1neans uniform 1noven1ent over the ,vhole 
area of the cross-section of the bar, can be effected partially by 
reducing the die friction to a n1ini1nun1 by n1eans of lubricators 
and also by a sn1aller taper in the die and nozzle. Since this 
friction cannot be ,vholly eli1ninatcd, this di:ffel'ential 1novcn1011t 
in the bar cannot he ,vholly ovcrcon1e, though it can be rec.lured 
to such s1nall proportions that the defect is not physically notice
able in the product. The corners, of course, arc hchl back 1nost, 
but they ran be relievecl by so distributing the lubri<:ant that 
the corners rec·eiYe the n1ost, or, in the case of dry dies, by cutting 
out the corners so that 1nore pressure ,vill be effec·tive at these 
points. This defect of die la1nination is particularly pronounced 
if the auger is too srnall in dian1etel'. 

It has been intin1ate<l in the fol'egoing that considerable 
pressure is required to heal the clay colu1nn of its auger and <lie 
lan1inations ; but it 1nust be borne in n1ind that ,Yhilc a ct"rtain 
pressure "'ill give the best results, any n1ore ,voulcl he si1npl~, a 
"·aste of po,ver, for ,vatrr is incon1pressible and clay is like,vis1

1 

practically incon1pressible. \\Then suffieicnt pressure has been 
applied to force the elay particles into close conta"t by the i-e-
1noval of the air, an)· further application is just a ,Yaste of 
po"·cr. It is practically in1possible to squeeze ,vatcr out of cla,,· 
if the ,vatel' has been properly tempered into the n1ass. 

The amount of pressure applied by any par:-ieular auger 
i~ governed by the resistance offered to the flo,vage of the clay hy 
the nozzle an<l die. The clay, being an i1npel'fcet fluid, trans-
1nits part of the pressure from the auger in CYl'l'Y clireet ion: 
.and as the auger pressure is increased, the pressurr against t ht• 
,valls of the nozzle and die increases, causing grrat,·1· fricti0nal 
resistance to the claY bar. These lan1inatio11 dcfc('ts arc pro
duced after the gran~lar plastic clay has been con1pacted into thr. 
ribbon delivered by the auger. The preparation of the ela)· "ith-
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in the li1nits of the ordinary preparation given to clay affect~ the 
degree of lan1ina tion to only a very li1nitcd extent. 

The prin1arr causes of lan1ination as ,ve have pointed out 
are three; the stiffness of the clay bar, ,vhich preYents perfect 
healing bet,veen t,vo surfaces in contact; the <lifferential flo,v 
in the bar itself clue to frictional resistance along the periphery; 
and the rotative tendency i1nparted to the clay by the auger, 
not one of ,vhich it is possible to " 'holly rernove. O,ving to the 
different physical characteristics of different clays, it is possible 
,vith some to reduce the lan1ination to aln1ost a negligible quan
tity. Strength and plasticity see1n to be the t,vo physical pro
perties "'hich most affect these defects. The stronge1· a clay, the 
less likelihood is there that the differential flo"· ,vill break the 
clay bond and n1anifcst itself in cleavage lines or la1ninations, 
and on the other hand the n1ore plastic the clay, ,vhirh is usually 
ac-con1panied by greater strength, the 1nore like a fluid it ac-ts, 
causing greater differential -flo,v not alone because of its greater 
fluidity but also by causing greater peripheral fri,·tion. Clays 
of Yerr lO\Y plasticity are least subjeet to la1nina tion. Snch 
clays a1·e usually lo,v in strength and the forc0s producing 
larnina tion 1nanifcst then1selves in ra ggiug the corners or break
ing the bar transversely. 

Fron1. these considerations, it is evident that one of the 
si1nplcst 1netho<ls of reducing la1niuation in a clay of average 
plasticity is to te1nper the clay to a ,vetter consistency, in ,vhich 
con<litiou it ,vottl<l require less pressure for the for1natio11 of 
the bar, and the ribbon delivered by the auger " 'ould heal n1ore 
perfectl)·. The teinper to ,v hich the clay 1nay be pugged is 
governed ahnost ,vholly by the softness at ,vhich the product can 
be handled fron1 the machine to the car and retain a peL·fect 
shape. The supposed disadvantage of having that extra a1nount 
of ,vater to eYaporate in the drier ,vill be spoken of later. A 
1·eductio11 in the tendency to la1ninate is also acco1npHshecl by 
c-utting do"'n the taper to the nozzle antl the die, thereby re
during the lateral pressure an<l the incident friction. 

Out· considerations thus far ha ,·e pointed to the fact that 
an)· pressure above that ,vhich is actually necessary to ren1ovc 
the air fron1 the granular clay and cause a solid rjbbon to be 
delivered by the auger is superfluous. This is not exactly in 
accord " 'ith the average hric·k1naker's conception. It is con1n1only 
suppose<l an<l has frequently been ,vritten that th0 greater the 
pressure use<l in for1ning a plastic clay the greate1· the density 
of the product. l l o\\·ever, a state1nent " 'as n1ade by Dr. 8eger 
sorne forty rears ago, to the effect that fron1 theoretical con
siderations it ,Yas eYident that no increased dcnsit)' is obtained 
br repressing. This "'as on the assun1ptio11 that thr repressini; 
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,vas done under great pressure. Recent ,vork done to test the 
accuracy of these theoretical considerations have proYen beyond 
a doubt that repressing, even under pressure as high as l GOO 
pounds per square inch, serves no other purpose than to give a 
true square shape to the brick, ,vhich can be accomplished just 
as ,vell at very lo,v pressures. Even at the highest pressures 
used no change in porosity, ,vhich is a n1casure of density. 
could be noticed from that of a brick n1olcled hr hand, under no 
pressure, fro1n the same clay. (P ar1nlcc \~01. :X\71. Trans. ACS.) 
lf pressure has no more effect than this in the case of repressing. 
it reasonably follo,vs that in the auger n1achinc pressure <"an 
accon1plish little more useful ,vork than to re1nove the air and 
give a true shape. vVhile some pressure is necessar)T to properly 
heal the ribbon delivered by the auger, increasing pressure in
creases the peripheral friction. 

'l'his discussion has not pointed out any definite pressures 
as sufficient or excessive for each clay. I ts own properties ,vill 
dctern1inc ,vhat pressure produces the best results. 

DIES. 

The principal difference in the several types of dies is in 
the method of lubrication. V,..T e have the dry die. the ,vater • 
lubricated, the steam lubricated, the oil lubricated, and, to con1-
plete the list, ,Ye should add the electric 1nethod, though it is 
of but little importance as yet. 

The characteristic <lifficulties ,vith clay flo,v in~ through a 
die have been described. As the flo,v of the bar ii- n1ost rapid 
in the center, anything ,vhich reduces the surface friction "'ill 
tend to equalize the flo,v. On the san1e principle, the flo,v of the 
clay along the side is more rapid than at the corners. and wjth
holding the sides tends to produce equality of ~nrfacc fto,v. 
There arc t,vo methods of attaining this end; ( J ) by cutting 
a,vay resisting surfaces at one point and a<l<liug them at another. 
(2) by lubricating. These t,vo n1ethods are directly opposite. 
I1ubrication reduces the friction at the slo,v point of fl.o,v; re
sistance holds hack the flo,v at the most 1·apicl. 

I n proportioning a die by the resistance plan, all possible 
n1etal is cut a,vay at the point of the slo,v fl.o,v, such as at thr 
corners of a brick die. vVhile increasing the actual amount of 
friction, this process reduces it in proportion to the increased 
area. 

I n connection with the dies for fireproofing, conduits and 
similar hollo,v ,vares, as ,vell as for sewer pipe, the stud~? of 
surface fl.o,v becomes 1nore con1plicated than i11 the produrtion 
of a solid bar. I n general the method resolves itst>lf into t.hr 
idea of cutting a,vay and inducing easier flo,v in the c.1ifferrnt 
parts rather than actually adding resistance at those part'> that 
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flo,v most easily. Either 1nethod ,vould accomplish the same 
results. 

The flo,v of a bar of clay through a die is greatly facili
tated by the presence of son1e liquid bet"·ee11 the f'lay an<l the 
metal. An:r liquid is an assistanc-c though son1e arc better than 
others. "\\'"bile 1nany haYe bt'cn tried, still the 1nost satisfac·tor~ 
seen1 to be " 'ater and oil. The oil is essentially either cru<le oil 
or kerosene. or kerosene containing Yarious p·roportions of the 
heavier or fatter oils such as castor or 111achine oil. The n1ost 
preferable of all is lard oil, but its price renders it out of the 
question. I n certain cases it is possible to us(' a solution of soft 
soap, and the use of crude an11nonia liquor has benn trie<l. 

These lubricants n1ay be applied in different ,va~·s; ( 1) 
0Yer the entire surface of the bar, in "·hich case it i-;i1nply fac-ili
tates the fio"' of the bar as a ,vhole. leaving the sa1ne relative 
disturbances of surface flo,v as if no lubricant has hecn applied, 
though it does reduce the differential fio,v bet"·een the center 
and the surface of the bar; (2) it may be applit'<l locall~· to 
facilitate the fio,v of portions ,vhich tend to hang- back, leaY
ing other portions unlubricatecl. This is the prcfcl'able 1ncthocl. 

The lubricant n1ay be applied as either a liqnid or Yapor, 
or the moisture supplied by the clay itself n1ay he 1nade to 
appear on the surface of the clay by the use of stean1 heated 
dies. In the last 1nentioned case, the cold clay coming in1 o 
contact with the hot die causes some of its ,Yater to be converted 
into steam or hot vapor at the point of contact, and this see1ns 
to answer the same purpose as if additional " 'ater had h<'<'ll 
added. 

The usc of lubricants sometimes causes defec-ts in the clay 
bar. l\Iany clays not suited to the auger 1nachin<' still crac-k 
after passing the die ,vhether it is lubricated or not. Lubri
cation " ' ill not correct a severe defect in the ,vorkings of a clay. 
I f oil is used, it is very likely to enter these cracks and prevent 
the possible healing in the subsequent handling or repressing. 
Occasionally repressed brick on being broken open sho,v dead 
spots covered ,vith a glistening filn1 of carbon, ,vhich is due to 
the oil fron1 the <lie entering the crack and being coked there. 
For this reason, oil, though more efficient, is more ob,jectionahle 
than ,vater. When ,vater is used it may enter the cracks in the 
same ,va~', but the pressure of water facilitates rather than pre
vents healing. For clays that are ,vell suited to anger n1arhinc 
work, no lubrication ,vhatever, exrept that induced by the hot 
die, is necessary. l 1nfortunately the number of clays possessing 
the right balance bet,veen cohesive strength and plasticity is 
not large, so that many clays used in auger machines require 
careful lubrication to get successful ,vorking·. I n ~cneral thiH 



,,---------------------------------------

-26-

is caused by too much fine non-plastic matter and too little elnr 
substa11ce. 

DRYING. 

Clay ,vares in the plastic condition haYe yet to be subjected 
to a hardening process to render them serviceable. 'rhis harden
ing consists in, first, the ren1oval of volatile ingredients, and, 
second, the con1bination of the re1naining into a ff1orc or less 
homogeneous, con1plex silicate n1ass. il part of the ren10Yal of 
the volatile ingredients is accon1plished in drying by purely 
physical n1eans, and the rest in burning, through both physical 
and chemical processes. 

Drying 1nay be vie,ved fron1 two standpoints, that of the 
physicist and that of the clay worker. In the former ,ve deal 
with the actual quantities of heat and air necessa1·)- to accomp
lish a given a1nount of eyaporation. In the latter ,ve detern1ine 
in ,vhat n1anner this evaporation 1nust proceed in or<ler to pro
duce sound, strong ,vare. I t is impossible to order a drying 
operation strictly along the lines of physical econo1ny. Never
the-less, ,vithout some conception of the econon1)·, the rnetho<ls 
actually used are liable to become needlessly ,vastefnl. 

EVAPORATION AND VAPORIZATION. 

The removal of ,vater by n1eans of heat fro1n the plastic 
clay, from any moist substance, or even from a container, 1nay 
be accomplished in t,vo ,vays, by evaporation or b)· vaporiza
tion. There are distinctions bet,veen the t,vo ,vhich it is ,vell 
to have in mind. Ev.aporation 1nay take place at any te1npera
ture belO",v boiling. This phenon1enon is confined to the expo-,etl 
surface of the liquid, i. e., the conversion of ,Yater to Yapor 
takes place only at and fro1n the surface that is exposed to a 
gaseous mecliu1n. It can continue only unbl the surrounding 1ne
dium has becon1e saturated. , raporization, on the other han<l, 
takes place only at or above boiling, ,vhich is at sea 1rYel 212° F. 
This phenomenon is not confined to the exposed surface. The ron
version of ,vater to vapor takes place throughout the "·hole body 
of the liquid. The vapor forming ,vithin the liquicl rises to the 
surface as a bubble and then passes off into the ai1·. ,Taporiza
tion requires that the ten1perature of the liquid and the pres
sure to ,vhich it is subjected be brought into such relation to one 
another that the vapor tension of the liquid exrerds the pressure. 
This means a ten1perature of 212°F. under atn1osphcric pressure 
at sea level, a lo,ver temperature in higher altitudes or iu partial 
vayllum, and a higher te1nperature ,vhere the liquid is confined 
under pressure greater than at1nospheric. Evaporation is tht" 
process ,vith ,vhich we have to deal in studying the drying of 
clays. It takes place at all temperatures belo,v boiling and re-
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qun·es a continual change of surrounding atmosphere. The 
reason fur the necessity of changing the atn1osphcre to effect 
continuous evaporation is found in aqueous tensions. \\Tater 
vapors at all ten1peratures exert certain pressures or tensions 
,vhich li1nit the an1ount of eYaporation that can take place. 
This pressure. kno,vn as aqueous tension, Yaries "'ith the te1n
pera ture, being Yery s1nall at 32° F., thus allo,ving verr lin1ited 
evaporation to take place, and 170 ti1nes as high at 212° F., thus 
allo,ving Yery rapid evaporation. ObYiously, as the atn1ospheric 
pressure changes, the aqueous tension at boiling changes, for 
boiling takes place ,vhen the aqueous tension is suffieient to 
overcon1e the atn1ospheric pressure or ,vhatever n1a)' be the 
pressure of the n1ediu1n surrounding the vaporizing liquid. 

The prirne object to be obtained in the <l1·ying of clay ,vares 
is to produce a sound, strong, product. an<l, since the rate of 
eYaporation of the contained ,vater affects the soundn<'ss and 
strength, the temperature and degree of saturation of the sur
rounding atn1ospherc is of i1nportance. The conYersion of ,vatel' 
into Yapor requires a certain a1nount of heat ,vhich disappears 
fro1n our senses ,rithout effecting any n1easurable ehange in tf'.'1n-
perature. This is ealled latent heat of vaporization. In acl<lition • 
to this a certain a1nount of heat is used in raising the ,vater to th0 
temperature at " 'hich Yaporization takes plare. The total an1ounl 
of heat consun1ed increases slightly ,rith the ten1perature at 
,vhich the conversion is 1nade, being greatest ,vhen n1ade at the 
boiling point. 

HU1\'1IDITY AND DEW POINT 

\ \Then a fixed, unchanging volun1e of air surrounding a ,vet 
clay lump hecon1cs saturated, a state of cquilibriu1n obtain£ 
which is affcrted onl~· by changing tc1nperaturc. I f the ten1pera
ture is raised, further evaporation takes place until cquilibriun1 
is again reaehed. This point of con1plete saturation, at ,vhich 
any lo,vcring of temperature ,vould cause deposition of de,v, 
is kno,vn as the de,v point. Ilun1i<lity is that qua11tit~· of " 'ater 
vapor contained by any given atn1ospherc at a given te1npera
ture, cxpresse<l as a percentage of the an1ount that could he 
held at the sa1ne ten1perature at the <le,v point. The amount of 
" 'ater Yapor that can he held by the air ,vithout deposition of 
de,v inc·reases ,vith increasing ten1perature. The hun1idity of a 
given volume of air n1ay therefore be lo,verec.l b)' raising· the 
temperature. The average hun1idity throughout the yeal' for 
t his section of the country is about 75°, making the atmospheric 
air only one-fourth as effeetiYe as dry air at the sa1ne te1npera
ture. Dry air, ho,vcver, C'annot be obtained br heating, for 
,yhile heating makes the air n1ore effective as a <lr,ving· 1,1gent, it 
is ac•cornplished by making the air capable of carrying 1nore 

• 
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,vater vapor ,vithout diminishing the amount it already con
tains. 

Thus it is seen that it is possible fron1 a physical stand
point to determine absolutely ,vhat heat must re used to 
"evaporate" a given quantity of water and ,vhat degree of 
economy is being obtained in any giYen drying plant. \"\Then the 
facts are lu10,v11 as to temperature and hun1idity and volun1e of 
the incoming and outgoing air, if the highest possible fuel econo
my in the clay dryer is attempted, it is not only possible but 
probable that the clay ,vares ,vould be utterly ruined by crack
ing, discoloration and other defects. 

I n drying clothes in a laundry, or paper in a paper mill, 
or slurry in. a cement ,vorks, ,vhere the problen1 is one of evapor
ation only, a dryer could be proportioned on stri (•tly physical 
considerations; but in drying clay wares the first an<l principal 
consideration is al,vays the ,vare itself and ho,v best to remove 

' the ,vater ,vhile still presernng the strength, color and shape. 
I n short, econo1ny of fuel is al,vays a secondary and often a 
very uni111portant consideration in drying clay ,vares; but it 
must be had in mind that it is often possible to greatly i1npr0Yc 

• the heat consumption and the physical side of the process ,vithout 
injury to the quality of the ,vare. 

The differences in treat1nent required in drying operations 
are not arbitrary or irrational peculiarities; the)· r>roceed fron1 
differences in the physical structure and charaetcri~tics of the 
clays themselves. The fatter a clay is, i. e. , the 1nore plastic clay 
substance it contains, the n1ore ,vater it " 'ill take up that ,vill 
have to be remoYe<l in the drying operation. Any addition of 
non-plastic n1atter reduces the an1ount of ,vater necessary for 
1naxin1un1 plasticity, reducing in turn the an1ount of shrinkage. 
At a n1oderate :fineness its reduction of shrinkage and water 
content is greatest. 

liere it is ,vell to point out another respect in ,vhich the 
drying of clay ,vares beco1nes a n1ore difficult proble1n than 
simply that of the eYaporation of a givrn quantity of ,vater. 
The physical la,vs en1ployed to dcter1ninc the quantities of hrat 
and air necessary to perform a given amount of drying are the 
san1e as those used to determine the quantities of hca t and air 
necessary to eYaporatc a given amount of ,vater fron1 a con
tainer, disregarding a certain affinity ,vhich clay has for ,vater 
and the tenacity ,vith ,vhich the clay tries to retain it. It is 
practically impossible to squeeze ,vater out of clay. It can be 
accomplished only under enormous pressure ,vhe11 the clay is 
very ,vet. A centrifugal force of about 3,000 times that of gra,·
ity has been found insufficient to ren1ove all the ,vatrr fron1 the 
soil. This force ,vith ,vhich the clay tends to ho1<1 the ,vater 

' 
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hrron1es effectiYe ,Yhen a certain optin1un1 of ,Yater content is 
reached. l Tp to that point the quantitles of heat, tin1e and air 
necessary to re1nove the ,vatrr arc ealculable, for the ,vatcr re
n1ovcd is that filling the coarser pore systen1 and is rc1noved 
through practically unhindered evaporation. When the ,¥ater 
fron1 thr coa rscr pore syste1n has brcn ren10Yed ho,vevcr, the 
proc·rss is no longer that of si111ple evaporation such as the 
evaporation of the last <lrop of ,vatcr iron1 a pan. Below a cer
tain rnoisturc content the rate of evaporation decreases because 
the ,Yater vapor diffuses n1ore slo,vl~- fron1 the finer capillary 
spaces an<l beC'ause the increase filn1 tension <lue to the thinner 
filn1s ranses a decrease in the Yapor pressure of the fihn ,vatcr. 

Thus it reasonably follo,vs that under ordinary drying 
C'onditions such as obtain in the average con1n1ercial dl'yer, the 
tin1c requi1·ed to dry a certain ,vare, is not greatly affected by 
thr total arnount of ,Yater in the clay, " 'ithin the li1nits for stiff 
1nud 1nanufacturc. for the heat and tirne required to re1novc 
the ,Yater ,Yhieh is tenaciously held b~· the clay ( ,vhirh in a stiff 
111ud proclnct is nea1·ly 100° of the ten1pering ,Yater) is much 
greater than ou1· calc•ulations on the basis of the la"·s governing 
eYaporation \\'ould indic·atc, au<l any additional ,Yater is rc-
1noyed "' iih a s1naller expenditure of tiine and energy. This 
faet is <'lcarl)· indic·atecl in the <lrying and experi1nents recently 
Jnade h)· J)rofessor Stalry, in ,vhiC'h a series of briquettes ,verc 
n1ade up fro1n the san1e c1ay using different a1nounts of ten1per
i11g "·ater. They " 'ere all dried at the sa1ne tin1r under the 
sa1ne conditions. and the drying of all ,vas con1plete in the san1~ 
length of ti1ne. The briquettes having the least ,vatcr secn1cdl 
to ha,e no adYantage in respect of tin1c of <lrring. And again~ 
the drying curves plotted fron1 the tin1e and ,vater loss reC'or<l. 
obtained fro1n ,Yeighing at frequent intervals, sho,ved that ,vhen 
a certain ,vater content " 'as reached, the drying of all the bri
quettes procrccle<l along the sa1nc C'urve. 

'rhat every clay presents its O"'n <lrying charactrristics is 
e, Hlcnt f1·01n s01ne of the n1arkeclly pcruliar properties exhibited 
by so1nC' cla) s, an1ong ,Yhich could Le n1cntioned thr Yery fat, 
st iekr. glacial elays found in sonic parts of southern nfinncsota 
a1u.l northern I o,Ya, and son1" of onr e:on1n1on. short. fine-grained 
lorss l'la)·s. I~oth present VCl')' poor drying properties rcquir
in~ exC'redingly slo,v drying: to insu1·e soun,J " ·11 r0; i1t .fact ,vith 
son1e of the sticky, glacial, joint c:a.1·3 it is a1Jnost in1possiblc to 
dr~· the1n slo,Yly enough to prr,rnt cracking. 'l'hc reason seenu, 
to be found in the excessiYe stickiness and fineness of grain and 
the joint structure ,vhich it is foun<l quite i111possible to obliter
ate Ly any amount of ,vorking. The ren1c<ly for these drying 
diffic-ultics, ,vhich " 'ill n1akc 1nost of these clays nsablr, is ob-
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tained in preheating. The clay before tempering is prcheatecl 
400° to 500° :B'., the exact ten1peratui-e depending upon \Vhat ii) 
found best for the particular rlay. This reduces the plasticity 
and stickiness and destroys the joi11t structure to sonic extent, 
making the clay safe drying. 1-Io,Ycver, all clays of this class 
are not rendered usable by this treatlnent. Son1e require such 
a high ten1perature of preheating to bring about safe drying 
that the plasticity is reduced to practically nothing. 

The short, fine-grained loess clays present peculiar clryiug 
difficulties. The surface dries out very readily causinO' pro-• • r, 

nounce<l cracks to open up ,vhile the interior is ~till ,vet and 
plastic. This seerns to be due to a peculiar pore structure ,Yhic:h 
allO\YS a very rapid evaporation of the \\·atcr. lt 1nay also be 
due in part to the character of the clay or sand particles in that 
they do not hold the ,va ter very tenaciously. l t also seen1s prob
able that this surface drying so alters the character of the sur
face shell that the evaporation of the ,vater frorn the interior 
is retarded, either by a closing-up or filling-up of the pore sys
ten). A ren1e<ly for this defect 1nay be accornplishcd b)· the 
addition of comn1011 salt during tne te1npering P"Occss in the 
proportion of from 5 to 10 pounds to the ton of clay. 

Of the three 1nost conunon n1ethods of snppt,; inv heat to 
the drying operation in l o,va, carh has its pa1 tirular advan
tages, but each also has its <lisa<l,·antages. 11)· the burning of 
fuel directly for the purpo&e ,ve probably arrive at the 1nost 
thorough control ,vith the least \\'aste of heat. In thl' case oi 
steam drying, good eontrol is obtained. but there is an oppur• 
tunity for greater ,vaste of heat by condensation. Both of these: 
n1ethods require an expenditure of fuel. \\- ith the use of \Vaste 
heat from the kilns less definite control of the drying: conditions 
is obtained, although there is the advantage of using heat that 
\v6uld other,vise be ,vaste<l. It docs, ho\\·ever, necessitate the 
expense of operating the fans, \\' hich is no s1nall itcn1 as c0n1-
pared ,vith the s1nall an1ount of fuel used ,rhere it is burne,l 
directly for the purpose. 
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llf. TIil<~ PJl\·sr< ~\ L ~\.\" I> l ' l:I J~:.\ll l'.AL l'J IANO l~R I N 
< 'IJ~\ , - I >l T{IXO Bl "R:\11NG. 

Il o:\IER I ◄'. ST\ I,FY. 

I'-:THOJ 1l1CTION. 

1'he lin1·11i11g of <·lay \\a1·es b,, 110 ll1C'a11s c·onsist-: si111pl,· of 
th<' applic·ation of h<•at to au in<•1·t 1nass. F',·0111 the• <·hcnti<'al 
sta11dpoi111 a pit•<·<· of l'H\\ c·la~ \\·a ,·e is 1nadc up of a Jarg1• ,a
t·iet., of Pl<•11a•n1s 111 \';11·ious states of c·o1nhi11alinll . l)u,.in~ the 
liu1·11i11~ sonu• of 11H'S< "ill he 1•xp<•lle•1I. otl1<•rs \\·ill hP takr11 up 
l'ro111 the• (•01nhust1011 gases, and thc·re \\'ill he n gc11<•rc1l l'C'-
111Tangc•n1cnt 111 state uf <'0111hi11ation of the c•le111c11t..,. 

1◄'1·0111 the J>h.,si<'al standpoint. a soft friahlc 1nass. held 
togPthc ,. h.,· a plast i(' ha11d, 111ust he 1·011,·crt('d info a hard re•
sistant hod~· held tog:1•th1•1· h., a , itr<'ous ho11d, and 1111s \\ithout 
loss of sha pr. \rh tic th i:-- t 1·.u1sf 01·1na t ion is tal,i11g plac•t'. largr 
,ol111111•s of g,1srs 11111st he• <'XJ>c•llc•d through the pol'<'S of the <·la.,. 
11th1•1·s nn1st find th rir \\a\ into th<' ,c•1·y c·e11ter of tl1<• n1ass n11d . . 
th1• pie'<'<' of \\'a1·1• \\ill dc•<·t·rasc in :-.izc fro1111 :;r, to :Jo,.,. 

I II fal't. the• h11n1ing of c-la., "a I'<'~ is a , ery r·o111pl<'\. e11-
ta11~lcn1<'11t of 1·hc•1ni<·al and ph., sic·al proc·e•sses. 'PhP }>l'O<'t'ssrs 
t hc•111:-.<'h e's c·an 11c•,·c•1· I><• 111ad<' s11nplc•, hut \\ ith a pro pet· appre-
1·iatio11 of th<• 11at111·r of th,•sc• 1t is possible fo1· us so to C'Olltrul 
the b11n1i11g- as to attain th<' results d<'si,·ed i11 the• 111ost expe
ditious a11d c•1·0110111ic·al 111a111H•1·. 

' l'he lntl'l1i11!.{ of 1·lay \\arc•s 111ay as ,l n1attl•1· of c·unvc•niencc\ 
b11 di\'id,·d i11to t h1·c·1• pc•1·iods: 

l>t>h,·dl'atio11 < >x idatio11. \·1trifi1·ation . • 

THE DEIIYDRATJO,'." PERIOD. 

'l'his period c>Xf<'tHls f1·0111 th<' sta1·t of lhc• l>tt1·11 to the poi11t 
at \\'hic·h t hc> Ja..,t of th<' c·o111hinc•cl \\ ate,· i11 the• c·Ja, is expPllc•d, 
that is to d11ll rc•d11Pss. c1bout 1-100° I•'. 01· i' :i0° ( . ' l'hii-. J>C'l'iotl 'HU.\' 
h<• suliclividc•cl a" folio\\ s: 

..\lt•1•ha11i,·al dc·h)·d1at1011 01· \\atp1·s11111l"11g- ·;oo 1•'., 1:,0° ('. 
<'h1•1nic•a ldc·h,d,.atio11aoo F 1-HI0 l◄'.1;-,0 <'. 7:10° 1·. 

\Vatersn1oking .\ .., the tc•r111 1s ns<•d he•t'<'. \\at<•l's1noki11~ 1s 
the• c·ornplct1011 ot thP dr., 111g Jll'o<•cs,. 111 in~ that p111tion of the 
d1·,·i11~ that 11111st hP du11<• i11 the• kil11 'l'h,, a111on11t .... of ,,at<'J' in • 

the• \\'ill'l a" it !.!<H's to lht• kiln \\' ill hr sOIIH'\\'ha1 as t'ollo\\s: -

~laxirnu,u ,;\l1111111nn1 ~\ ,·rra~P 
1 ~' ~ , 7r ~) ';} 

"' '..!½ :3 

I ) 1') p l'l'SS 
Stiff runcl frorn hot tlr·,·crs 

• 
Stiff n1utl fro111 c·ool and natural 

d l'\'l'l'S • 6 
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In addition to the above, a large an1ount of ,vater enters the 
kiln in the air used for burning, and a certain amount is pru
duced by the combustion of hydrocarbons in the fuel. 

W hile the an1ount of dr)·ing to be done in the kiln is al,vays 
considerable, the ordinary kiln makes a ver)· poor dryer for the 
f ollov,1ing reasons : 

1. The ,vare is closely packed in one large 1nass. 
2. I t is in1possible to apply the heat lu1iforn1ly to all parts 

of the "'are at once. 
3. I t is difficul t to dra ,v the heat in 1nild and uniforn1 

progression to the Yarious parts of the ,Yare. 
As a result of tho aboYe conditions, popping is liahle to occur 
in the ware closest to the source of heat; and condensation of 
water and acid de,v is liable to take place in the colder parts 
of the kiln. These conclitions are especially liable to prevail 
if the products of combustion are quite hot and s1nall in Yolu1ne. 

The condensation of ,Yater tends to cause the \Yarc to "'arp 
out of shape, espeeially if it is car rying a heaYy load of super
imposed ,vare. The condensation of acid de"' is sure t o causP 
sc~n1n1ing. The acid de"' consists of ,vater and suJrhurous acid, 
f orn1cd fron1 the sulphn1· co1npounds in the coal. \:\"'hen either 
of these acids comes in contact ,vi th a clay contaiuing calciun1 
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or ,magnesiu1n, a ,vhite scum is forn1ed. Since all ela~'s burned 
in open kilns contain enough magnesium and calciun1 to form a 
scum, ,ve ma) say definitely that ,vhenever acid de,v condenses 
on ra,v ,vares scun1n1ing takes place. 

The follo,ving conditions tend to 1nini1nize the difficulties 
of ,vaters1noking: 

1. Ware as dry as possible. 
2. r\ large an1ount of air 1ni:xed ,vith the pro<1ucts of co1n-

bustion. 
3. l{apid travel of gases through the kiln. 
4. Upward traYel of gases. 
5. Fuel lo,v in sulphur and hydrocarbons. 
The means of producing these conditions will be discu~se<l 

briefl:r . • 

1. It is not possible to set perfectly dry ,va1·c in a kiln. 
No difference ho\\' thoroughly the ,rare 1nay be clried in the 
dryer, as soon as it is exposed to the at1nosphere, it ,vill re-absorb 
,Yater to the extent of 2% or 3% of its o,vn " 'eight \Yithout being 
sensibly <la1np. This is due to the tendency of any fine grained 
material to becon1e covered ,vith a :filn1 of ,vater ,vhen in au 
atn1osphere containing 1noisture. This water is "alle<l hyg1·0-
scopic-. and its presence is unavoidable. 

IIO\\'ever, ,vare is often set h1 the kiln \Yhile containing five 
or six per cent of ,vater in addition to the hygrosropir ,vater. 
In this case either the kiln must be converted into a dryer, for 
,vhich purpose it is poorly adapted as sho\\'n above, or some 
,vare n1ust run a big chance of being ruined. 'I'he ,vorst con
dition is ,vhcn part of the ,vare in a kDu is <lry and nart is cla1np. 
This usually happens ,vhen there is a "hurry" to get the ,vare 
burned. I t is really a good 1nethod to ''make haste slo,vlyu. 
It ,vill take rnurh long·er to dry the ,vare poorly in the kiln than 
to dry it properly in the dryer. Ho,vever, in such rases usually 
onl)· a no1ninal atte1npt is n1ade to really dry the da1np ,vare, 
and the burner proceeds to \Yaters1noking. The rC'sult is that 
th0 dan1p "·are hangs behind the rest of the kiln during the 
"hole pl'oress of burning and is Ycry liable to prove defective 
in each of the stages. I n the ,vaters1noki11g stage the darnp 
,vare. being cooler than that surrounding it, is especially liabl~ 
to scrYe as a point of condensation for acid de,v. This is the basis 
of the notorious tendency to scun1 in ,vare set ,vhile dan1p. 

•) .A. large an1ount of air n1ixed ,vith products of co1nbus
tion is easily obtained h)' allo,ving air to pass in over the fire. 

3. .t\. rapid travel of gases through the kiln necessitates 
a strong draft. .1:\ chin1ne)· gives a strong draft onl)· ,vhen it is 
filled ,vith hot gases. Since the gases coining fron1 the kiln at 
this period arr not hot, a stack or stacks co11ne<"tccl only to the 



-34-

"' lfmr::nt o/" 7"' expjesseo' Ill ,Pen:?'¥ tVIHtbr qu .. m,i'_y 

,.,~-y 

~+---t---+---+-t-+---+--+-+-+---+---1 

~1-----1-----l-l+-l-+-+-+-+-+----l 

I 

Fig. 2. Curves showing the behavior of iron in the burning of a day under 
oxidizing conditions. 

,vatersn1oking ki ln ,vill not give the desired a1nount of draft. 
Rc,ncdics are: 
(a) Co1npound stack. H erc arc 1nore than one ki ln being: 
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taken c-are of b)· the san1e stack. I f one of the group 
of kilns is on high fire "'hile another is ,Ya tersn1oking, 
there "·ill br an equalization of draft ,\'hirh ,vill be 
bcneneial to hoth. The diffirulty ,vith 1his arrangc
n1ent is that it n1akes it difficult for the burner to get 
accustomed to the Yariations caused by different com-

• binations. 
(b) l Tse of a fan for draft during ,vatersn1oking. This is 

a satisfactory 1nethod. 
( r) Building a firr in the base of the c hin111 e~· to heat up 

the products of coJnbustion and cause a draft. Simple 
and fair ly effective if fire is large and hot. This is 
n1ain point of adYantag·e in a couple of patf'nted kilns 

,videly exploited at the present ti1nc. The idea itself, 
ho,Ycve1·, is old and hardly patentable. l\Inltiple stacks 
arc not desirable at this stag·c of the burn as there is a 
tendency for reverse draft to forn1 in son1e of these. 

-1. l Tpward traYcl of gases through the " 'are n1ay be ob
tained either b}· the use of updraft kilns or the so-called up and 
do,Yn draft kilns. I n either rase the length of t he ,vaters1noking 
period is shortened and the tendenry to scum1ning is 1nuch re-
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duccd. Draft is started quickly and condensati011 is a rare 
occurrence. 

5. A fuel lo,Y in sulphur is desirable bccaus<' the sulphur 
causes scum1ning. A fuel lo"- in volatile n1atter is desirable 
because volatile hydrocarbons form vvatcr ,,,hen they burn. ac
cording to the reaC'tion: 
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CH4+2. 0 = C10 2+2H :i0 
16 64 44 36 

On burning a ton of coal containing 30% volatile matter, 
there is manufactured 1350 pounds of ,vater. I t ,vill take 1~5 
pounds of roal to evaporate this and expel it from the kiln. 
Coke is the best fuel for \.Vaters1noking, because it is lo"• in sul
phur and for1ns little ,vater. \Vood is free from sulphur but 
<:oHtains and generates an enorn1ous amount of ,vater. I n this 
region a good short fian1e coal is probably the best fuel available. 
It shoul<l be realized that the ,vatersn1oking· period requires 
real!~, better fuel than any other period of the burn. 

The ,vaters1noking period ends at about 300° :b' . vVater 1n 
an open vessel ,vill boil at 212°F., but the small amount of ,vater 
in the fine pores of a piece of clay ware, or present as fine fihns 
of hygroscopic water on the surface of the grains, is held tena
ciously by the clay and is not all driven off until temperatures 
of 300° F., or higher, are 1·eached. 

~\ t the end of the ,vatersmoking period, the "rare, except 
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£01· the loss of mePhaniPally held "·ater. should be physically 
and chc1nically the san1e as " 'hen it \Yent to the ki1n. The only 
noticeable volume changes " 'ould be those due to bloating and 
popping, and the only chemical reaction " 'oul<l be that in-volYed 
in the for1nation of scun1 due to the condensation of acid de"·· 

Chemical Dehydration. \\"'hHe ,ve speak of this period as 
chemical dehydration, there are really seYeral reactions that may 
take place depending on the con1position of the clay. 

These arc: 
1. C'ombustion of carbonaceous n1atter. 
2. Distillation of half the sulphur fron1 pyrites. 
3. Dehydration of kaolinite and other hydrous mineralq. . . 
4. Breaking clo,vn of iron carbonate. 
5. Reduction of iron con1pouncls. 
1. Co»ibustion of Carbo11aceo1ls jJJatter. The carbonace

ous 1natter in clays may consist of any or all of the three follo""
ing <'lasses: 

(a ) Fresh vegetable tissue, roots, lea Yes, etc. 
(b ) Bitu1ninous and asphaltic matter. 
( e) CTraphitic matter. 
The s1nall a1nonnts of roots, leaYes, etc., found in cla~·s burn 

out at lo,v ten1peratures ,vithout doing har1n. 
1Jnder the action of heat, bitu1ninous and asph·\ltie 111attrrr

brcak clo,vn into highl~· con1bustible volatile hydror•nrhons and a 
residue of graphitic 01· coke-like carbon. The hurning of these 
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hy<lrocarbon gases in and aroun<l the "·arc produces an intrnse 
heat. If the)· arc present in any appreciable a1nount-2-6 % - an<l 
their volitalization is not controlled, the result " ' ill he a kiln of 
bloated and warped "·arc. The proper proredure is to cut clo,vu 
the air supply to the point at ,vhich the CYolution and romhns
tion of the gases take plare at a safe rate. It 1nay take five or 
six <la)'S to do this. I n I'jngland, ,varcs 111ade fron1 bitu1ninou::-: 
shales are burned in this " 'a)· ,vith the use of practif'all)- no fncl. 
1-Io,vever, ,vith fuel as cheap as it is in 1nost parts of this country 
such a procedure ,vould be poor gan1bling. 

Graphitir ca l'bon burns out slo,vl)· ,vithout flrunc, but with 
a sin1ple glo,ving·. The only necessity is that suftir·icnt ti1nc be 
given for its c•on1plctc expulsion at a good red he~t. In fact, 
1nost of this kind of carbon is not expelled until the oxidation 
peric,d. 

2. Distillation of Sulphur fro111 Pyrites. Pyrites, Fe S
2 

consists of one 1nolec·ule of iron and t,vo of sulphur. By sin1ply 
heating it at te1nperaturcs around 850°F., one n1olecule of sul
phur is driven off, leaving the other n1olccule con1biuccl ,vith 
th0 iron as li"c8. In a kiln the sulphur driven off unites nrjth 
oxygen forn1ing S()2 or S0:1 ,Yhich passes out the stack. The FeS 
rcn1ains in the rlay until the oxidation period is rearhed. 

:3. Del1ydrntion of Jiyrlro11s 1llinerals. These 1ninerals !ll'C 

kaolinite, (by far the most abundant) other hydrous silicat0s, 
li1nonitc, talc, n1ica, etc. The che1nirally co1nbined ,vater in :111 
thC'sc passes off quictl)· at tc1nperatures bet,Yecn 300° and 1-1-ooc 
F., \Yithout doing any <la1nag-c. T he theory that the expulsion of 
,vatcr of co1nbination fro1n C'lay causes s,Yelling is no long-er 
tenable. 

-t Br<aki11g Do11·n of Iron r'arbonaf e. T he ca1·bo111tcs 
con1n1onl)· found in cla~·s arc those of iron, ealcinm and the 
double ra;:bonatc of ralC'iu1n and 111eg11esiu111, called dolon1itc. 
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The decomposition of iron carbonate takes place quietly aro11nd 
700°F., ,vith the forn1ation of ('02 g-as and ferrous oxide. The 
other carbonates do not decon1pose until the oxidation period. 

Heat Treat1nent During· Chemical Dehydration. The pro
cess of "·aters1noki11g is necessarily slo"·, but as soon as no more 
water can be detected in the :flues by inserting a cold iron, ,ve 
can cut down excess air and begin to raise the heat quite rapirlly. 
I n fact it is almost impossible ,Yith many clays to raise the 
te1nperature too fast during this period. although of course 1t 
might be done. "\\Tith large pipes n1ade of dense cla~· '· slabbiug" 
n1ay occur, and, of course, if the clay contains Yolatile ron1hnst
ible n1atter, the ten1perature must be raised slo,Yly. The chen1ical 
,vater is being giYe11 off at this tin1e, but the clay is (}Uite porous 
and the ,Yater is generated slo,vly so that there is little dan~er 
of popping due to steam. H orizontal gates are superior to in
clined grates at this period, since it is easier to raise the ten1pera
ture readily ,vith the1n than it is ,vith inelinecl grates. The dis
advantage of the ordinary grate furnace at this pt~riod is that 
it takes a long tin1e to build up the fires to a point at ,vhirh the 
excess air can be cut do,vn to a 1ninin1un1. I n fact. i1i 1nost cases 
the excess air is not cut do"·n until the end of this period. Ex
cessive air at this stage is unne<'eRsary and is ,Yasteful of fuel 
and ti1ne. A simple door or plate to plaee oYer t h0 n1outh of 
the fire box ,vill help to saYC tin1e and fuel. 

End of Period. During the dehydration period, the c·lay 
has lost all of its ,vater. half the sulphur fron1 the n~·rites. all of 
its organic and Yolatile carb0n, and part of its C'C\!. I t still 
contains, as in1purities to be re1110Yed, graphitic carbon, sulphur 
in the forn1 of FeS, and part of its ('02 • Fron1 the physical 
standpoint. the ,yare is at its n1ost porous state. 'f o the pores it 
contained ,vhen the last of the hygrosc-opic ,,·ater ,Yas driYen off, 
haYe been added those produced hy the expulsion of the YariouR 
ingredients ,ve have been discussing. Shrinkage has not begun. 
In fact. in 1nost clays a slight s,Yclling is noticeable. 

OXIDATION PERIOD. 

The objects ain1e<l at in this perio,l of the burning is to ~et 
rid of ('0 2 , carbon and s11lphur, ,vhile the cla? is still porous, 
so that they ,vill not produce s,velling by forn1in!! gases afte1 
the pores of the cla)' begin to close up in the Yitrifi<'ation period; 
an<l to con,ert all the iron fro1n the ferrous to the ferric state so 
that the ,vare ,vill not have a black interior ,vhen Yitrified. 

The lov.·er limit of the oxidation period is fi~0d at ,1hc1ut 
1.f:00° F., by the fact that up to that time sueh a eopious ilo\\- of 
Yarious gases, chiefly stean1 and CO 2 • is c-on1ing fron1 _the c•lJr 
that onJ)y a small amount of oxidizing gases can \York 111. The 
upper lin1it is fixed around 16.50° F., first. by thr fri<·t that 1nany 
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clays begin to Yitrify and have their pores closed at that tc1n
peraturc, and, second, by the difficulty of n1aintainjn1,r thorough
ly oxidizing conditions at temperatures much aboYe 1650° F. 

The following chen1ical ehanges take plaee during the oxi
dation period. 

Expulsion of CO 2 . Forn1erly calcium carbonate and dolo
mite ,verc supposed to lose their C1O2 during the dehydration 
period. Later ,vork has sho,vn that dolomite does not lose its 
C:02 belo,v 1400° F., and calciu1n earbonate belo,v 1600° F. The 
CO 2 goes off quietly ,vithout doing any har1n. Clays high in limr 
n1ust be held at 1600° F. or a little above until all CO

2 
is out. 

Oxidation of Carbon. The carbon present in the clay at this 
period is in the form of graphitic carbon. ,A.t bright red heat 
and in oxidizing atmosphere, it slo,vly burns to CO

2 
gas which 

passes off. This reartion is delayed by the presence of carbo
nates in the clay. 

Oxidation of Sulphur. The sulphur is pre<,ent as FeS. 
Since carbon has a greater affinity for oxygen than sulphur has, 
little sulphur ,vill be oxidized until practically all the carhou 
is burned out of the clay. It ,vill then be slowly oxidized, but 
the last traces are Yery difficult to expel. and a clay high in 
sulphur is liable to bloat unless excessive time is given for oxi
dation. 

Oxidation of FeO to Fe20 3 . Some ,vhite-burning-, n1ost buff
burning, an<l practically all red-burning clays contain enough 
carbon and sulphur to reduce all iron present in them to th~ 
fer1~ous . fol'Jn. Since carbon and sulphur both have ,stronger 
affinities for oxygen than ferrous oxide 1ias, the oxirlation of the 
ferrous oxiJ.c does not take place until all the carbon i~Fcxpelled 
and most of the sulphur. I t is then gradually changed in an 
oxidizing atn1osphcre to ferric oxide. 

It is apparent that the function of the oxidation period is, 
as its narne implies, to furnish oxygen to every part of the <'lay 
" ·arcs. The rate at ,vhich oxidation takes place ,vill depend on: 

1. The presence of other gas for.ming materials in the elay 
,va1·e. This has been <liscussed. 

2. The structure of the clay ,vare. The denser the struc
ture the slo"·er the oxidation. 

3. The te1nperature. The higher the temperature the 
1norc rapid the oxidation. 

4. The amount of oxygen in the kiln gases. 
Heat T1·eatment During- Oxidation Period. The lin1its ot 

1400°-1650° F., haYc been given for the oxidation period, but 
in reality the bulk of the oxidation should take plare at a point 
in temperature rather than OYCr a rang-e of te1nperatures. This 
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oxidation point n1ust be slightly belo,r that at "·hich Yitrifica
tion begins, but as elosc to it as is consistant "·ith the use of 
consi<lera ble air excess. 

The one iinportant consideration at this stage is to haYe a 
liberal supply of hot gases carrying considerable ox)·gcn. 'rhis 
n1eans that there n1ust be good clear free-hurnin~ fires. The 
draft shoul<l be strong, the grate bars clean. and the> fires should 
be baited lightly but at frequent interYals. ..t\s far as is possible 
sn1oke should be avoided. \\Then bitu1ninous coal i,;; used, a cok
ing plate is to be reco1nn1cn<lecl 

A coking plate is. of course, a solid platfor1n inside the fire 
box on ,vhich the fresh fuel can be laid and allo,ve<l to generate 
its Yolatile con1bustihle 1natter slo,vlv. This volatile n1atter • 
passes directl~· over the be<l of hot fuel and burns "'ithout prv• 
ducing the sn1oke it ,vould if the coal had been plare<l directly 
on the fire. l◄"'or the best results ,vith a coking plate, it shonld 
be so arranged that the firc1nan 1nust n1ove the c•oked coal into 
the firing grates at the prope1· tin1e. Ilorizontal grate furnaces 
,vith a sin1ple coking plate built in the f r ont of the fire box al'<' 

satisfactory for this stage of the burn. The adYantagc of this 
type of grate is that it giYes a goo<l clear fire ,vhen properly 
handled. The disadvantages are that it requires jntelligent and 
close attention and that ,vith son1e coals there is c-onsidera ble> 
clinkering. 

I nclined grate furnaces arc easy to handle sinec ther ,v0rk 
sen1i-auton1atically and clinkers are fe,v and easily ren1ove<l . 

• 
H o,vcver, as ordinarily built, thry have a tende11c)· to give sn1oky 
fires, for t,vo reasons : 

1. The gases given off do not con1e in contact ,vith the hot 
coals but pass directly into the kiln. 

Z The fnel is not thoroughl)· eoked hcf ore it drops or is 
pushed do,vn into the co1nbustion zone. 

The first difficulty n1ay he avoided hv buildine- an arrhed . ' . 
roof slanting do,\ 11,vard over the fire box. The src•ond calls for 
fire boxes specially designed to 1neet the reqircments of the fnel 
being used. (Sec I lull. 'l'rans. ~.\in. ('cl". So<'. \'ol. \~III, page 
284). 

Chang·es During Oxidation. During this stage the poro~i1) 
of the piece has decreased slightly; exterior ,,olnn1c has lleerl'U'-
ed somc,vha t; and the ,varr has become slightl)· ha rclrl'. 1 f 11H' 
oxidation has been thorough , the ,vare ,vill be n11ifo1·n1 in t•olor 
over its cross section ; but if oxidation has 11ot hern c·o1npleted, 
a dark spot ,vill be found i11 the interior of a dra"' trial. 

On the chemical side, all of the ( 10 2 has hrcn exprllc>cl and 
also all of t he carbon. I f oxidation has been eo1nplrtcd. practiC'• 
ally all the sulphur ,vill have been expelled, and all the iron ,vill 
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have been convcl'ted to ferl'ic oxide. I f oxidation has been faul
ty, part of the sulphur ,vill remain, and part of the iron will b~ 
in the ferrous state. Ferrous iron, not carbon, is the coloring 
principal i11 the black spots in clay ,vares. Pron1inent among 
the pieces not properl)' oxidized ,vill be found those set dan1p 
in the kiln. 

VITRIFICATION PERIOD. 

This period extends from the time oxidation is stopped 
until the \\'are reaches the point "'here it contains very little 
pore space anJ yet retains its shape. If loss of shape occurs, th<' 
" 'a1·e has passed fro1n vitrification into fusion. Thr upper end 
of the vitrification period n1ay occur at 1800° F .. as in some 
li1ne~- cla)Ts, or it 1nay occur at 3000°F., as in son1e fire clays. 

The chen1ical reactions that take place in cla~·s during this 
period arc not ,vell kno,vn. It ,vill suffice at this tune to say 
that kaolinite and other hydrous silicates arc broken do,v11 into • 
more simple co1npound, and the basic oxides for1n con1pounds 
,vith silica or silica and alun1ina. 

,ritrification n1eans that n1elting is taking place in the ,vare. 
In any fine grained mixture the first 1naterial to n1elt is not the 
one ,vith the lo,Yest 1nelting point, but a mixture of n1inerals 
,vith a n1clting point lo,ver than that of any individual n1incral 
present. This is called the eutectic mixture, or easy melting 1nix
tnre. As the ten1perature is raised, this 1nixture gradually takes 
more n1aterial into solution. The glass forn1ed in the ware docs 
not run into the po1·es, but tends to spread out in films around 
the grains of unfused matter. These fihns of 111.olten glass exert 
a high surface tension and thus dra\v the particles of unfu'led 
1naterial closer together, causing the fire shrinkage of clay ,varc~ . 
.,!\t the saJne time, the open pores are squeezed shut. In short,' 
the ,va re becon1es vitrified. "\Vhile this shrinkage of exterior 
Yolun1c is taking place, the volun1e of the actual material in the 
brick is increasing due to the fact that most n1aterials s,vell 
,vhen they 111elt. This is the highest point to whi<>h the heat 
treat1ncnt should be carried. I f this point is exceeded, so 111uch 
glass n1ay be for1ned that the ,vare deforms and starts to fuse. 
In fact. " ·ith so1ne clays, notably lin1e? clays, the heat range be
t,vcen Yitrification and deformation is so short that it is not safe 
to attempt to vitrify the ,vares at all. 

No,v, if oxidation ,vas not properly conducted and any cal'
bon dioxide. carbon or sulphur ,vas left i"n the clay, s,velling 
,Yill take place as vitrification progresses. Except in cases oi 
gross n1isinanagement, no carbon dioxide or carbon ,vill be lef1 
in clay ,vares ,vhen vitrification begins. On the other hand. 
even ,vhen considerable care is taken during oxidation, sulphu1· 
,vill be present in 1nany clays when vitrification takes place. It 
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may be present as FcS or FeSO4 • The sulphur present as FeS 
may forn1 SO2 gas by robbing sorne ferric oxide of part of it:-. 
oxygen. The S{):.: in FeSO.1 1nay be replaced by SiO 2 , which is 
a n1uch stronger acid radical in 1nolten 1nag1nas than SO3 • The 
forn1ation of either of these gases in a Yitrifying piece of ,,ar~ 
ean have only one result. The piece of "·are bloats or s,Yells. 
This bloating takes place ,vhcnever the gas is generated. in a 
d ense piece of \vare ,vhether there is a black core in the piece of 
ware or not. It ,vas at one ti1nc thought that the black core had 
son1ething to do ,vith the bloating. The onl:· connection is that 
the black core indicates that oxidation has not been complete. an<.I 
therefore black-cored ,Yarc is 1nore liable to contain sulphur and 
to s,vell ,vhen vitrification ensues. This is reall:· the basis fo r 
the rather ,vide-spread belief that ferrous iron is a decidedlr 
stronger flu.~ than ferric iron . 

... <\_side fro1n the tendency for the black core of a piece oi 
clay,vare to retain sulphur, it has a detri.n1ental effect on the 
strength of the ,vare. All clay ,vares expand ,vhcn heated and 
<'ontract ,vhcn cooled. The rate of expansion Yaries "·ith the 
physical and che1nical condition of the ,vare. The rate of expan
sion, con1n101tly ralled coefficient of expansion. of a black: core 
is not the san1c as that of its surrounding red coYering. The 
eonscquence is that as the ,Yarc contracts cooling strains are set 
HP, ,vhich tencl to forn1 n1inute cracks and to ,veaken the plaC'c. 
It is a n1attcr of con1n1on kno,vledge that blaC'k-corcd or blaek
skin11ecl paYing brick do not stand the rattler test "·ell and that 
hlack-corcd or black-skinned pipe do not stand " 'Cather ,Yell. 

Heat Treatment. As soon as oxidation is con1plete, as ,Yiil 
ibc sho"·n by the disappearance of any sign of a blaek core in n 
<lra,v trial and the absence of blue sulphur smoke, the ten1perri
ture may be raised rapidly to the finishing point and then held 
there until the heat has becon1e uniformly distributed through 
the kiln. 

The kind of flan1e used <luring the finishing or Yitrification 
-period ,vill depend on the color of " 'are desired. If a clear red 
1.s ,vante<l, enough excess air must be used to keep sn1oke out of 
the kiln. Fifty per cent ,vill be enough if the fires arc C'arefull~
banclie<l. I f darker colored ,vares arc desired, a sn1ok:v flan1e 
may be used. In regions ,vhere dark colored ,vare hFtYe the 1nost 
:reeady sale, son1e manufacturers haYe found that thr~· can pro
duce such " 'arc by using an excessively smok~· fla1ne during- the 
last three to ten hours of the burn. The ,Yare is rC'ally no 
stronger, but it looks harder burned and stronger. 

The production of dark faC'ed rough texture briek has S<'Y<'l'

al advantages for the clay,vorkcrs of Io,•;ra , sinee so nianr of 0111· 

clays ~re rather off color for good reels and so n1an>- of then1 
scum in drying and burning. The ad,·antages arc n!'< follo,ys:-
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1. ( 'la~s "hie·h hurn to nn1cl<ly huffs or pool' rrds in ox i
dizing firrs c-an he 1nade to gi,·e a1·tis1ir hro\\·ns, dark 
1·rds and dark blues in roug]1 texture rffee•+s. _\ s far a~ 
c·olor is conc-ernecl a lmost an, c]ay c·an be usrd. . . 

•) Sc•u111 is not lH'a1·ly so uotie•cahle on rough texture faces. 
3. 'l'he sn1okY fla rne US<'d at the finish of the hu1·11 trncls to • 

c·ausr the sc•un1 to break up and disappca1·. Part of i t 
is Yolati li.1.rd and part is ll1<'ltcd into the• h1·ic•lc The 
a hsence of scun1 frorn flashed brick is ,vell knO\\'ll. 

4. 11 is easier to get good hard "·arc in the hot toin of the 
kilns, due 1 o 1 he faC't t hat a s1nok~· 1lan1c is a long flame 
and 1·eae·hrs to thr hotto1n of 1hr kiln. I 11 fae•t. 1'01· t h1s 
rrason 1he finishing period of t hr burn l'an often be cut 
do,yn fiye or six hours. 

Fo1· n1ethocli-; of pro<lu<'ing 1he ,·arious effrets in dark c·olorecJ 
\\a1·rs. referener is 111ade to an artielr hy \\T. ,\ . Ilull c•nti tled 
.. T he }~urning of l{ough Texture Shale BriC'k .... ( 'l'ra11s. ,;\n1. 
( 'er. 8or. , -01. x ,-1. J>. 179). 

i\ IR EXCI<~SS NEEDED FO R DVRN l~G 

~Iueh has hrrn ,,·rittrn about thr loss of hl'at dnc lo th<' nsc 
of rx.eess air in the firing of <'lay ,rarrs. \\Tith the' usr of solid 
fuel for any pnrposr it is lH'<'<'ssa1·~· to haYr about ;i0% exrcss 
air on H<'C'onnt of thr cliffi.rnl1) of src·nring propc•r <'ontaC' t bc
t,,rc•n thr ox) gen of 1hc• ai1· and thr fn<•l to be hu1·nrd. 'l'he only 
t\\o stagc•s of thC' hnr11 in \\hiC'h t he• eX<'C''-S air need rxc•rrd f>O?r 
arc thl' watersn1oki11g prriod and thr oxida1 ion pr1·iocl. 

I>nring- thr ,,atrrsn1oking prriotl, eight to t\\<'lvr 1i1nrs a<; 
1nnc•h air ,ril l hr usrcl a" is nrecssary for the e·on1b11stion of the 
tnl'l rnq>lo~ eel. 11,nYr, er. the a<:tna l C'ost of the use of 1 his rnor
n1ous cxc·css of air is really s111all bcc·ausc ( 1) the a111on11f of f uel 
lls<'d is quitr s111all. and (~) the gas<'s tlo not lca,·r the ki ln at 
tc111pr1·ature•s 111nl'h aho,·r that of the inC'o1ni11g ai1·. '!'he total 
hc•at c·a1Ticcl out hy the \Yastr gases clnring- \\'atC'rs 111oki11g of a 
kiln 1·011tainiug- a hundred tons of <lry \\'arr ,, il1 an1ount to 
abou1 1000 pounds of C'oal, and onl) part of this is c·hargcahle 
to {1X('C'SS a.ii·. 

\ s far as thr clay i" c·onc•crnpcl, thc•1·c is no need for <'X<·rss 
air during c·ht•1ni<·al clch) clratiou. \\'ith snitahlr fire' boxrs and 
p1·orH'I' 1il'i11g, thr l'X<·c•ss air nrC'tl not he lari..{e f1·0111 the tin1r t hat 
\\'atcrsn1oking rncls until o'i.iclation h<'gins. Sin<'l' 1he tcn1pei-.1-
tu1·e of the \\·ast<• gases Hl'l' still Hot high, thP loss fro1n <''-C'<'SS 
ai1· is not C'\.l'CssiY<'. 

J> uring the' oxiclation perioc.1. \\'C need <'Xc·ess ai1·, hut it is 
tlil'fic-ult to 111aintai11 tl'n1peratu 1·cs a1·ouncl I G00°1◄1 .. \\ith a large' 
e:-.i•ess. J~Ic,iningl'i- rPpor ts. in t hr T l'ans .. A 1n. c·r1·. Soc-. \ ' ol. X . 
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the heat distribution of four kilns. By ac·tual analysis, he found 
that at this period only about 35% to 607() of the fh.1e gases con
sisted of air. In other ,vords, the kilns \\'ere using from 53o/r 
to 150?'0 exrcss air. An average figure ,vonld he 100¼. During 
the finishing pe1·iod air excess need not be oyer 50o/r at an~· ti1ne. 
By calculation fron1 the data presented hy Bleininger, ,ve find 
that the losses of fuel due to an air excess aboYC !)0% "~ere a-; 

follo,vs for the complete burn: 
Se,ver Pipe Paving Brick 

l(iln JCiln 
3.4~ 1.61/c 

Terra C'otta 
J(i1n )::\ 

5.77r 

TC'rra ('ottn 
I(iln B 
2-1.8 o/<-

The figures for the paving brick kiln al'e too lo,Y for eeonon1y. 
In the c·ase of this kiln the air excess ,vas cut do,"n to 50% just 
\.vhen the kiln ,vas entering the oxidation period. The result 
,vas that it ,vas four a11d 01H'-half days in passing; through this 
period. It ,vonld haYe paid better to bave usecl more air and 
spent le~s ti1ne on the oxidation. 

T he figure for the last kiln is much too hig;h. 'r his kiln also 
,vas 1nismanaged in that entirely too rnurh air ,vas adn1itte<l 
during the rhen1ical dehydl'ation and finishing periods. th0 very 
tirnes at ,vhich it ,vas not needed. In this \\'aY 61/.~ tons of c•oal. 
01· 16o/n of thr an1ount used in burning the ·kiln.- \\'f'l'e ,vasted. 
In fact , an additjonal loss ,vas incurred due to unnecessary p1·0-
longatjon of the burn. I f ,ve deduct this apparent \\'aste, the> 
los~ due to excessive air for the kiln ,voulcl be 2..J.%-16'1'-= 8*; 
and this rould haYc been rut clo\\'ll ,vithout inju1·~· to the ,varc 
by using a little less air in thr other periods of the burn. 

\\Tc 1naY ronelude that thr onl~- t,vo periods of the burn 
during ,vhi(•h an excessive an1ount of air is nc(•cssar)· arc the 
\Vaters1noking and oxidation periods and that the loss fro1n C''-
cessive ai1· shoulll be not less than 3'1/r nor 1nore than 8'7c. ,~ith 
poor 1nanagcn1rnt. the loss ll11e to this c·ans<· n1aY an1ount to 2~'fr 
of thr fuel userl "·ithout any in1provc1nrnt in the " 'arc. 

RADIATION LOSSES. 
Th0 big rnusc of loss of heat in periodic kilns is llue t') 

ra rliation. 
Frain Bleininger's data has been c•alculat0cl the fol1o\\·in !~ 

hea t clistrihution in open kilns burning three c·lasses of ,vare: 
Se,Ycr Pipe Paving Brick Bnildi11g 

Heat taken up hy ,vare 
Rea t taken up h)· kiln 
Heat lost due to unhurnecl fuel 

in ashes 
II eat loss due to air a boYe =50% 

5.7 
5.7 

4.6 

3 . ..J. 

11.3 

3.9 

l.G 

Bri1·k 
1 () - ~ 

' . ,. ) ') 

9. 77 

1.51 

3.0:J 
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ll<'at loss tln<' to gas0s leaving 
kiln hot 1.:i.2 28.3 2..J..30 

!Jost h)' radiation 63.3 49.3 -10.00 
Building Better l{ilns. <'onsid0rablc eould be done to"•c1rd 

lrssC'ning the radiation fro1n periodic- kilns hr building thicker. 
,,..alls an,l c·ro"·ns and using hett0r heat insulating; n1atcrials. 
Although it is not gcnrrall)· recognized ,the great suving in fuel 
,1<·co1nplished in th<' substitution of continuous kilns in place 
of periodic· kilns is due, in la1·ge part, to the s1nallC'r ainount of 
radiating snrfa<'c per unit of "'are and to the heaYier construc
t io11 of thC' c·ontinnous kilns. In fact, if continuous kilns saved 
all th<' fuel used in pC'l'iodir kilns in othC'r \\'a) s, but lost as 1nnch 
b)· radiation ns do the pC'riodiC', they eould not sho\\· the efficieney 
thC') do. It is on ac•c·ount of this difference in radiation losses 
bc.·tw<'rn the t,,~o t)·prs of st1·uetur0s that atten1pts to apply the, 
c·ontinnous s)·st<•n1 of burning to a group of periodic- kilns b)· c·on
nC'eting thc1n up hy a systcn1 of flues 01· pipes, have not been as 
snc·er-;sful ,ls n1ight he- autieipatcc.1. I n this condition it is he
lirYl'cl that a sterl she'll for a kiln is a good thing. It \\'ill hold 
thC' kiln in shapr an<l preYent cold air fro1n leaking in at crac-ks. 
l lo\\·ryr1·. c·arr should be taken to sec that the insulating quali-
1 ics of t hl' \Yall arr at least 0qnal to those of an 01·dinary kiln 
,,all. 

<)f eoursC', 1hr larger part of the radiation fro1n kilns co1ncs 
fro111 the c·ro,, Hs. It ,Youlcl pa)· brick n1akcrs to inYt'stigatc 
llH'ans of insulating· thrsC'. In this countr)·, rro"' ll f'OYerings for 
JH.'rindic• kilns arr t'ither abst'nt 01· YCl')' light. In 1.Juropc the.v 
arc> 111c11le at h'ast n foot thi('k. The eoYering should n1akc a 
fairl> goo1l inHulator. and be light and l'csistant to "'ind and 
rain. .\shes haYe hC'<'ll used. hnt the,· blo\\' about in ,vinc.1, . . 
\\'c'at hl'l' and \Yash haclly in hrav)- rains, hcsidC's soaking- up all 
1ht' ,,att't' that fnlls on thc1n .• \ 111ixturc- of ashes anc.1 clay has 
l1t'rn -;nggp-;tl',l and also the use- of hollO\\' tile. J>robahl)· the 
11111st satisfac·tot·y 1nat<'rial \Yonh1 be Yery porous brirks or slabs. 
~ueh hriek arr on the 1uarkrt. hut it shou1d he possible for a 
hr1<•k1nakc'I' to 1nallufac-turr n1c1tcrial for hin1self. In all cases. 
1ht• <'O\"l'l'ing , honl<l he <·onted " ·ith a ccn1t'nt \\'ac,;h to n1ake 1t 
,,·at rrp l'onf. 

Shortening- the Burn. 'rhc sC'c·o1Hl 1nt'ans of saying radi
a tiou loss<'s is h~· shot·1ening the burn espcciull>· nt the high tire 
r<'riod. This 111caus that\\(' niust he able to raise the heat rapic.1-
ly "hc'n ,, t' "ant to. "hi<·h reqnires plcnt)· of cll'aft a ncl plenty 
of g-rat<· arl'a. lJ0Ycjoy1t <·lai1ns that the tendency in this eountr~ 
jq to huild kiln,,, ith too sn1all grate area. and reeon1n1cnds that 
thL' grate a1·l'n for kilns to he burned at eonc 1 should ht' 11 :1.'r 

•nrickynr d gcuno1nic:; 

• 
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of the cubical contents of the kiln. I n tc1·n1s of fire boxes this 
,vould be about as follo,vs :-

Diameter of kiln 9.0 ft. 24 ft. 28 ft. 
Grate area 33 sq. ft. -!-7 sq. ft. 65 sq. ft. 
Nun1ber of fire boxes JO 10 12 
Size of grate 1J"x36" 15"x-!-2" 15"x52" 

For higher cones n1ore grate area should be provided. \\Then 
the grate area is too sn1all, it is Yery clifficult to raise the tempera
ture and the kiln lags along, using up c·oal and heating up the 
surrounding atn1osphcre. In fact, it is perfcC'tly obYious that 
if the grate area ,verc too restricted ,ve ,,·ould reac·h a point at 
,vhich ,ve could keep on firing indefinitely ,vithout raising the 
ten1perature of the kiln. In all cases of restric·tecl grate area, 
,ve tend to approach this condition. 

CONCLUSION. 

\ Vith a giYen kiln and fuel, t he shortest and 1nost ccono1ni
cal firing can be accomplished by :follo,ving the progran1 giYen 
belo,v. 

1. 
2. 

3. 

-l. 

5. 

Set only dry \-Vare in the kiln. . . 
vVatersinoking-300° F. Use a Htrong draft an<l an 
a hundanre of air. 
C'hemical dehydration 300° .-bcst oxidation tc,nprra
ture, 1-1-00° F.- 1650° F. Ilaise tcn1peraturr as rapidl} 
as possible cutting off all air except ,vhat is necessar~· 
to prevent " slabbh1g. " 
Oxidation, 1400° F .- 1650° F. ) faintain a bright. clear 
fire at as high a ten1peraturc as possible '"jthout start
ing to Yitrify the clay. All smoke retards the burn. 
\ Tjtrification, 1400° F.-1650° F.- finish. Raise the ten1-
pcrature as fast as can br done fairly uniforn1ly, uo;;ing 
only as 1nuch air as ,vill giYe desired color to ,vare. and 
then allo,v kiln to soak until the heat evens up. 
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The College 
The Iowa State College of Agriculture and Mechanic Arts 

conducts work along five major lines: 

Agriculture 

Engineering 

Home Economics 

Industrial Science 

Veterinary Medicine 

The Graduate Divlsion conducts advanced research and in
struction in all these five lines. 

Four, five and six year collegiate courses are offered in dif
ferent divisions or the College. Non-collegiate courses are of
fered in agriculture, engineering and home economics. Summer 
Sessions include graduate, collegiate and non-collegiate work. 
Short courses are offered in the winter. 

Extension courses are conducted at various points through-, 
out the state. 

Research work is conducted in the Agricultural and Engi
neering Experiment Stations and in the Veterinary Research 
Laboratory. 

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

Address The Registrar, 

Ames, Iowa. 
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