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ORIGIN.

CHAPTER 1.

DEFINITION.

The term clay in its most common usage includes a large va-
riety of substances which, when mixed with water, are said to
become y:lastie, or capable of being wolded. The alluvium of
river bottoms and the purest kaclins and fire clays are alike
called clay. The numerous different varieties of clay differ
widely in botlr composition and physical characteristics but the
exanination of many clays shows the wniversal presence of cer-
tain constitwents which compeose the clay base. This clay base
is called kaolin or, if the isclated mineral, kaolinite. It 1s owing
to this mineral that clay possesses the property of pilasticity
whicli makes it of use to man.

Clay may then be defined as a mineral mixture in which
kaclinite is present in sufficient amount to impart to the mass
its characteristics to a degree allowing of its use in the manu-
facture of c¢lay wares. This definition includes all workable
clays from the purest kaclin and ball clays to the contaminated
shales and alluvium. It weuld exclude those bodies of argilla-
cecus material which contain impurities te the extent that they
are not utilizable in the manufacture of clay products. Under
this latter would fall the higlily calcarecus glacial till and the
pvritiferous and bituminous shales.

ORIGIN.

It hias been noticed that the essential base ¢l clay is kaolinite,
which is a hvdrous silicate of alumina. Tt is not an original
constituent of the earth’s crust but results from the decomposi-
tion of the feldpathic minerals. Kxpressed in chemical for-
mula, kaolinite is AL,O,, 2810,, 2H,0, having a percentage com-
positicn ¢f Alumina 39.8, silica 46.3, water 13.9. The most com-
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mon type of feldspar, cecurring in granitic rocks is orthoclase
having the composition, 1,0, ALO,, 6 Si0,. This is taken as
a type of the group, though the percentage of the acid as well as
the alkaline ccmpenents may vary to a large extent. In other
members of the feldspar group, potash is partially or entirely
replaced by soda amd line, and Lence the numercus vaiieties or
species whicli are designated respectively as potash feldspars,
soda feldspars, and lime-soda, soda-lime, potash-lime feldspars,
etc., according as one or another of these bases predominates.
Orthoclase 1s an essential mineral in granitic and syenitic rocks
from which many of the kaolins or pure clays of today are known
to be derived; so it may be assuned that to the decomposition of
this and related silicate minerals is due to a large extent the
essential constituent of the numerous varietics of plastic ma-
tcrials used in the ceramie industries.

When the residual material resulting from the decay of gran-
itic rocks remains in the place originally occupied by the rock
itself, it constitutes beds of kaolin. This material is sometimes
carried for short distances by running water and deposited in
lakes or other bodies of water in as pure or purer condition than
before such transportation. In this way have originated scme of
the kaolin beds of the southern states. Mueh of this disintegrated
feldspathic rock substance is carried long distances, is spread
over large areas and consequently intermixed, in its deposition,
in all proportions with debris resulting from the weathering of
different classes of rocks. Such deposits form along the borders
of the larger bodies cf water becoming beds of shale which on
elevation of land surface comprise the most important source of
clay tor the manufacture of the cruder clay goods.

As scon as these strata become land surface, the agents of
weathering begin to act, as cn the original igneous rock, to dis-
integrate and remove all the ingredients amenable to their attack.
In this way these clay materials are again worked over, some
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porticn carried and redepcsited in bodies of water, forming
secondary beds of clay; a portion is laid down along the courses
of streams forming beds of alluvium; and some of the more re-
fractery elements left ag a residumm. Thus we see that what
is recognized as a clay today is a mixture of different substances
that have originated from the decay of rocks of greatly varying
character, the parent ledges of which may be in some far distant
regicn.

CLASSIFICATION OF CLAYS.

On the bhasis of origin and occurvence, Dr. G. E. Ladd has
given the following classificaticn of clays:™

INDIGENOUS—
A. Kaolins
a. Superficial sheets,
b. Pockets,
c. Veins,

FOREIGN OR TRANSPORTED—
A. Sedimentary
a. Marine
1. Pelagic.
2. Littoral.
b. Lacustrine.
c. Stream.
B. Meta-sedimentary.
C. Residual.
D. Unassorted.

The indigenous group in this classification, as the term signi-
fies, includes these clays which have originated in place and oc-
cupy the position of the parent rock. They are usually very
pure clays or kaolins containing only those insoluble impurities
that resulted from the decomposition of the original feldspathic
rock.

* Bulletin No. 6—A Geological survey of Georgia, p. 10.
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The foreign or transported clays comprise much the larger
group. This group embraces beds of clay which originated by the
transportaticn or removal and sedimentation of the kaolinite
minerals from the place of their formation.

The first division of the group, the sedimentary clays, is
the most impertant and comiprises all clay strata that have been
deposited thrcugh the action: of moving water. As noted in the
cutline, the subdivisions under this head are (a) Marine, includ-
ing (1) Pelagic or deep sea deposite and (2) Littoral or close
shore deposits; (b)Lacustrine or clay beds put down in lake
basins; (¢) Stream, composed of (1) floodplain or alluvial clays
and (2) strata of similar nature deposited in the formation of
deltas.

The second divisicn of transported clays (B) Doctor Ladd has
derignated Meta-sedimentary meaning those originating from the
decomposition of once transported sediments as tufa, pumice, ete.
These are comparatively unimportant.

In the third division (') Residual, would be placed those clays
resulting from the removal of the weathering and soluble con-
stituents of some sedimentary rock in which was ineluded vary-
ing proporticns of clay materials. Nearly all calcareous and
arenaceous beds contain smlall proportions of clay substance
which were transported and deposited as such, and on the re-
meval of the cementing material the clay remains as a residuum.
(D) Unasscrted, is relatively unhmjertant in most distriets so
far as the awvailability for manufacture is concerned. It em-
braces those beds which have been depcesited by glacial ice. It
1s comunonly a heterogeneous mixture of clay, sand, pebbles and
bewlders with no such arrangement as is characteristic of water
deposits. The designation ‘‘bowlder clay’’ is aptly applied to
deposits of this nature.

Doctor Ladd’s classification of clays is to be regarded as very
excellent for a general classification. In order, however, to place
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an individual bed of clay in this cutline it would be necessary te
subdivide the members given in his tahle. This classification
would be incomplete for ITowa clays for it fails to comprehend a
division which constitutes a very important source of raw ma-
terials in this state. While in some instances the lozss clays
might be included in some subhead of the sedimentary group, as
given; in the table, it would be advisable when considering the
clays of [cwa to make a division of eolian or wind deposits.

Dr. E. R. Buckley, in his report on the Clays and Clay Indus-
tries of Wisconsin,* offers a elassification of clays whicli is based,
as is the foiegoing, upon the genesis of the deposits.

I. Residual, derived from:

A. Granitic or gneissoid rocks.

B. Basicigneous rocks.
C. Limestone or dolomite.
D. Slate or shale.

E. Sandstone.

II. Transported by:
A. Gravity assisted by water.
Deposits near the heads and along the slopes of ravines.
B. Ice.
Deposits resulting mainly from the melting of the ice of
the Glacial epoch.
C. Water. 1. Marine. 2. Lacustrine. 3. Stream.
D. Wind. Loess.

In the following scheme whicl, in the wmain, is the classifica-
tion offered by Prof. Edward Orton of Celmnbus, Ohio, the sub-
divisions are scmewhat more extensive and while the ultimate
basis is that of origin, the physical and chemical properties are
taken into account in making some of the lesser subdivisions.

*Clays and Clay Industries of Wisconsin. Bulletin No. VII, Part I, Wisconsin Geol. and
Nat. Hist. Survey.
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Primary or Residual Clays.

The origin of the different groups of the primary or re-
residual clays has been indicated but it may be of interest
te inquire somewhat wmore fully into the changes that take
place in the transformation of the original erystalline rock
to residual beds cof kaolin. In some instances, the process of
kaolinization is found in actual cperation showing the thoroughly
kaolinized stratum above, which passes by scarcely perceptible
gradations into the unmodified erystalline granite or gneiss be-
low. Suech is ohserved in the Cornwall quarries in England
and in the Brandywine feldspar beds of Pennsylvania.

The changes which occur in the weathering of igneous rocks
containing silicates of the alkalis are a series ¢f complex reactions
by which the primitive minerals are broken up and part of their
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substance dissolved away. The igneous rocks from which
kaclinite originates are composed chiefly of the following min-
erals: quartz, feldspar, mica, hornhlende, augite; and often con-
tain various other compounds as accessories, usually silicates.
Feldspar is a silicate ¢f aluminum with varying proportions of
potash or scda, lime and rarely barium. The feldspar group is
a broad cne, the =cparation of the different varieties being hased
cn the alkalis present and on the ratio of the oxygen held by
the bases as compared with the oxygen held by the acid element,
silica. Thus we have orthoclase, a potash feldspar with a ratio
of base to acid of 1:3, the lowest of the series. From this, the
most acid of the group, is a series with gradually increasing
ratio and varying hasic elements, to the plagioclase division in
which anorthite, a lime feldspar, has a ratic of base to acid of 1:1.

The micas are silicates of alumina, lime, magnesia, iron, pot-
ash and scda in varving amounts. Hornblende and augite are
silicates of alumiina, lime, magnesia and ircn. When these min-
erals are exposed to the weathering agencies, decomposition
takes place, the compounds are broken up or readjusted into com-
binations more stable under prevailing conditions. The effect
of freezing and thawing near the surface is to rend the rock and
ultimately to reduce it to the condition of sand. Contempora-
neous with this mlechanical disintegration are the chemical effects
of percolating waters. Most circulating water carries in solu-
tion large cr small amounts of carbonic and other acids. Thus
charged, its solvent power is increased and it attacks to some ex-
tent nearly all rock substances, either dissolving the mineral en-
tirely or producing an alteration in its clemical -composition.
‘Of the products of this change, the water bears away that which
is soluble leaving as a residue the insoluble portions.

Of the constituents of the igneous rocks, the feldspars and
iron-bearing minerals yield first to the action of the weathering
agents. Their mineral compeosition is destroved, soluble com-
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pounds of the bases are formed, probably largely carbonates, and
the alunina and silica remain as the hydrous alumina silicate,
kaolinite, and free quartz. In a similar manner the othev basia
silicates are decomposed, though less readily. Hornblende
yields with meve difficulty than feldspar but is known to leave
an aluminous residue theugh probably of different composition
from kaolinite. The micas, especially the white variety, mnusco-
vite, are comyparatively refractory mincrals and are very gener-
ally present disseminated throughout kaclinitic beds as small
plates and scales. So immune to external influences are they
that minute mica scales are frequently seen in deposits of Jime-
stecne and shale, transported, perhaps, long distances preceding
deposition. On decompcsiticn, these yileld magnesia and 1ron
and an alumincus porticn which is not carried away by percolat-
g waters. From the decay of hornblende and mica prinei-
pally, kaolins are universally mmore or less iron-stained, and often
to such a degree as to render the deposit unavailable as a source
¢l potter’s supply. KKaolin deposits are containinated with iron
or free fromy that element according as they originate from ig-
necus rocks bearing ferruginous minerals or free from the same.

The following comparative analyvses of a fresh, nnweathered
gneissic granite and the decomposition product of the same will
shew in a general way the relative losses of the different con-

stituents.®

~—PHER CENT—
Fresh. Decomposed.

Silica (S10,) e un i e e e 60.69 45.31
Alumina (Al,Oy) iiee it i i 16.89 26.55
Iron oxide (Fe,Oy) e 9 06 12.18
Lime (CaO) . ... i it i 4.44 Trace
Magnesia (MgO).. ... oo i 1.06 40
Potash (K,O) oo i e 4.25 1.10
Soda (Na,O)...ooh i 2.82 .22
Phosphoric acid (P,Og) . vovv vt Lot 0.25 .47
Ignition (H,O).oovviiiii i i 0.62 13 75

Total i e e 100.08 99.94

* Merrill: Rocks, Rock Weathering and Soils, p. 215.
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That there 1s a loss of some of the constituents and a propor-
tionate gain in cthers is clearly proven by many instances, but
ag tc just what the active agents are in bringing about this
change, scientists are divided in opinion. Weathering is known
to be very effective in bringing about these chemical changes
near the surface where it is most active. In scme cases, Lhow-
ever, granitic rccks are kaolinized to a depth of frem 50 to 100
feet. It seems hardly probable that this could have been brought
abcut by the action of descending water, and ancther theory is
advanced to account for such deep deposits. Indeed, somme authors
would account for all kaolin formation and much of the decay
of ignecus rocks thrcugh the action of ascending acid vapors, or
mineralizers, important ameng which are flucrie vapors. Kxperi-
ments have shown that feldsjar, when expcsed te vapors cf
hydroﬁﬁoric acid, decomnpcses into a silicate of alumina, soluble
flucrids of the alkalis, and silica. In support of this theory it
may be mentioned that kaclinization takes place at depths be-
yond which weathering is theught to extend; kaolin is often
associated with mineral fluorids; and lastly, unaltered sulfids
are found in kaclins which would certainly have decomposed
under weathering influences as they are always one of the first
to yield. In the laboratory, hydrofluoric acid attacks and decom-
poses other silicate minerals as well as feldspar. The fact, how-
ever, that the micas are nearly always present in residual clays
in unaltered condition, ccnstitutes a very vital chjection to the
fluorine theory. The kaolin beds of Eastern United States are
thought nct te belong to the flucric type but are due to surface
weathering. In the West, notably in the Cripple Creek region
of Cclerado, are found kaolin deposits whose origin can be ex-
plained only through the action of ascending vapors or liquids.
These of Zettlitz, Bohemia and Cornwall, England are likewise
cited as examples of the Cripple Creek type.
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Considered as geological agents, the influences that have
effected these transfeiinations are at work today as in past ages.
We find, therefore, intermediate stages between the crystalline
rock and that of complete kaolinization, each particular stage of
the gradation being somewhat transitcry. Many of the kaolin beds
consist of only partially modified grains of feldspar which are
mere or less protected by the thin ceoating of the hydrous silicate
of alumina that has formed around their exterior. Most kaolins
still retain larger or smaller propertions of the alkalis and only
a few approach the composition of kaclinite, Al,0;, 2510,, 211,0.

SECONDARY CLAYS.

CLAYS DEPOSITED IN STILIL, WATER.

Beds of rock laid down mechanically in still water consist of
the most finely comminuted rock fragments. These fragments
have remained in suspension in the water which transported
them, through all variations of velocity, until borne into scme
body of quiet water they were slowly deposited in the order
of their size and specific gravity. The great bulk ¢f the argil-
laccous materials used in the ceramic industries is derived from
still water deposits.

Fire Clays.—Fire clay, as the name indicates, designates a
clay that will withstand the action of fire. The extent to-which
a clay will withstand heat, determines whether it will be placed
in a classification as a fire clay or as a member of a less refractory
group. In a metallurgical sense, fire clays are such as fuse only
at temperatures sufficiently high to allow of their use in furnace
walls and other positions where they will be subjected to the
highest heats used and still retain their form and previous con-
dition, physical and chemical. As the temperatures employed in
different metallurgical industries vary to a considerable degree,
so in order to meet these conditions, fire clayvs must vary equally
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in refractoriness. If a clay fulfills its purpose when moderate
temperaturcs are empleved, it is as truly designated fire clay
as are those that stand mucl wore elevated temperatures. Pop-
ular vgage has, however, bhroadened cr, rather, distorted the sig-
nificance ¢f the term|, and it has come to he applied to all seams
of clay found beneath beds of coal. Such usage undoubtedly
comes from the fact that some of the best fire clays are found
in this position. But it seems hest to limit the scope of the term
fire clays to those clays which are eminent in fire resisting qual-
ities as shown abcve.

On the foregoing considerations, fire clays may be divided
into highly refractory and moderately refractory.

The highly refractory clays include two varieties, viz., so-
called flint or non-plastic fire clays and plastic fire clays. These
clays approach kaolin very closely in composition, being almost
entirely free from the common fluxes. A percentage of free,
finely divided silica 1s usually present. They are used in the
manufacture of glass pots and crucibles, fire bricks and other
wares in which the refractory quality is requisite.

The origin of both plastic and flint clays seems to have been
similar. Although not always found beneath seams of coal, the
best evidence goes to show that these pure clays are residual
soils that have supported vegetable growths and from which
all materials available for plant focd have been extracted. The
method of deposition may have been in no way different from that
of more impure clays, but they have undergone a purifying proc-
css through the action of organising and the agents of weatbering
which has left them essentially a hydrcus silicate of alumina.

The flint clays are eharacterized by their stony hardness and
their lack of plasticity no matter hiow finely ground. The cause
of this condition is as yet umnsolved, but it is thought to be due
to the plysical rather than the chemical constitution. Wheeler*
states that the flinty nature is prcbably due to alteration by

* Clays of Missouri, page 206.
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leaching and a recrystallization of the kaolinite. Oxrton® also
suggests that this characteristic is likely due to incipient crystal-
lizaticn of the clay.

Under these premises and our conception of the tlaky, scaly
structure of a clay as the chief cause of plasticity, it would
appear that a flint clay when finely counninuted shonld become
plastic as do other clavs. This seccndary crystallization, how-
ever, affects the clay as a mass and does not devele) individual
rlates or scales. When ground, it does not consist of small sep-
arate crvstals but of the powder of cne large crvstal of kaolinite,
so to speak.  Accepting the thin plate theory of plasticity, it ig
believed that there is a pessible explanation aleng this line.

The plastic fire clays differ little in compcsition but are less
refractory than the flint clays. In use, it is evident that soine
bonding clay must be emploved with the flint clays, for, hecause
of their lack of plasticity, it would be lmpossible to use tliem
alone. The flint and bond clays are in this way necessarily used
in conjunction, the former possessing the better heat-resisting
qualities, the latter fuinishing the bond which holds the ware
intact.

No lowa clays have as yvet been exploited that have the
requisite comyposition for a No. 1 fire clay. Most coal seams are
underlain with fire clay, as the teiy is popularly used, and in
some cases these clays are employed in the manufacture of fire
brick, but the ware is ¢f an inferior grade. 1t is highly probable
that [owa possesses geod fire clay beds not vet discovered which
gocner or later will be utilized.

The moderately refractory fire clays include those clays whiech
stand a sufficiently elevated temperature tc be used in the manu-
facture of the classes ¢f ware which require a salt or natural
slip glaze. The degree of heat necessary in the use of salt as a
glaze 1s at least 2000 F. Temperatures from 220)° up are

* Geology of Ohio, Vol. VII, page 53, 1893
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required for slip and Bristol glazcs. Wheeler® sets the lanit
which a clay must stand without melting to merit the name ““fire
clay’” at 2500° F. As many sewer Lipes burnt at salt glazing
temperatures are more or less vitrified, 1t is probable that
Wheeler’s standard of 23060° will need to be lowered slightly to
include this class of ware. ‘

Clays of this class ale cbtained ahnost universally from the
(cal Measures, commonly the under clays. In derivation they
do net differ from the more refractory clays, their principal
variations being the presence of larger proaportions of the flux-
ing umpurities, especially iren. Plant action has not thoroughly
removed all inpurities, or the inparities may have been brought
i and left by water carrying them in solution.

Shales.—The shales compose much the larger amonnt of the
materials used in the manufacture of clay wares. They con-
sist of a mixture of the residual minerals from the decay of all
classes of rocks. Shale beds ave always stratified and ave usually
compact and scmewhat slaty in structure. ‘Where unexposed to
weathering influences, a distinet slaty cleavage is often present
indicating an advanced stage of induration cr incipient meta-
nmcrphism,

The shale clavs are not commonly plastie clays, but when
finely ground or subjected to weathering processes they becomni
very plastic. Their plasticity is latent. A breaking down of
their more or less indurated structure by one of the above proc-
esses 1s necessary in order that a mixture with water will
develop this rcquisite property.

The slaty shales are those which have lost a proportion of
their water cr hydraticn through the metamncrplosing action of
heat and pressure. All degrees of tramsition exist, frcm the
rcadily plastic shale to the anhydrcus slate. Such slaty shale.
when used in conjunction with the plastic varieties, serves the

*Clays of Missouri, page 26.
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purpese of sand or grog in lessening shrinkage, but it hias no
bending power.

Bituminous and carbenaceous shales are those which still con-
tain a percentage of the organic cr carhonaceous matter that was
deposited contemporaneously with them. They usunally have a

“compact  structure, dark cclor and even a bituminous odor.
When employed in the manufacture of clay goods, they furnish
a portion of the fuel necessary in burning, and a kiln of wave,
when heated, is frequently allowed to stand for several hours
without the addition of any combustible until the contained car-
bonaceous matter of the clay is consumed.

The term ‘‘clay shale’” 1s meant to designate those shales
which in themselves are utilizable for the manufacture of clay
products. A bitmninous or calcareous shale must be mingled
with some purer variety as a dilutent to be successfully used.
The non-plastic shales are used with more plastic materials.
The great bulk of the shale strata that are used in clay manu-
facture is sueh as is not characterized by the preponderating
presence of any one impurity. The amounts of those that ave
present are not sufficient to hinder its use alone in the manu-
facture of any given claxs of ware. To these the term ‘‘clay
shale’” is applied.

The shales of Tewa belong largely to the Coal Measures, but.
valuable beds ave also found in the Devonian strata.

DEPOSITED FROM RVNNING WATER.

Alluvium.—The bedies of silty material that arve found along
most of the older streams of today are known as alluvinm. They
censist of interstratified lavers of sand and fine gravel and silt,
often attaining great thicknesses. These deposits ave put down
by the streamms during periods of high water, when they overflow
their banks and sometimes floed large areas. The character of
the deposit evidently depends on the material cairied as well as.
on its physical condition, fineness of grain, ete.
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Oftentimes the material is ¢f such a nature that it is usable

in making some of the cruder clay wares. It often possesses
a lhigh degree of plasticity but is usually accompanied by an
excessive shrinkage in drying. While the one quality is quite
necessary, the other is frequently the inevitable hindrance to
the use of alluvium as a clay supply.
" Loam.—In regions covered with drift or glacial till deposited
by continental glaciers, the lowland soils are spoken of as loam.
Their derivation is from ‘the hills and plateaus of drift from
which they have been gradually accumulated in less elevated
or sloping positions. They consist of partially decayed and
weathered material from the higher slopes that, when loosened.
is carried downward to lower levels. ILoam in composition is
little different from. the river alluviumm of glaciated countries,
being made up of the debris of weathered rocks which has been
subjected, to some extent, to the action of plant life. It is usu-
ally dark, scmetimes black, in coler, not very plastic when wet,
and although commionly intermixed with considerable sand,
shrinks largely in drying and does not produce a strong clay
body.

Loam 1s used in some localities for brick and tile making. It
burns a deep red color but will not stand a high temperature.

DEPOSITED BY GLACIAL ACTION.

Bowlder Clay.—As previously mentioned, the name bowlder
clay is applied to the heterogenecus deposit spread over a great
portion of the country by sheets of moving ice. Whether or
. not such a depoesit contains sufficient of the clay element to be
cf use as a souwrce of supply depends upon the region from which
it has been transported. Where the ice has passed over areas
whose country rock is largely shales, the final deposit will be
in large part argillaceous material. Instances are not lacking

where large masses of shale strata, as wecll as of other rocks,
4
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have heen Lodily carried for some distance and dropped in a
practically undisturbed condition. But the bulk of the clay con-
stituents of the drift is pulverized and thoroughly kneaded
together with the rock meal of other strata.

Besides the finely powdered vock substance the drift com-
monly contains numerous bowlders, large and small, and pock-
ets ¢f sand scattered promiscucusly throughout. It is only in
exceptional instances that drift is sufficiently fiee frem howl-
ders and high encugh 1 clay substance to be used for clay man-
ufacture. 1t is scimetimes possihle, where the bowlders ave com-
paratively few, to remeve them by hand picking, but this method
18 =eldom profitable.  The neavly universal presence of frag-
ments of luncestone i= often an effective hindranece to the use of
deposits of bowlder clay for making clay produets.

In newly-opened banks of this character, and especially in the
deeper portions of the bank, the clay has ordinarily a bluish
shade. This is due in large part to the fact that the contained
iren compounds are predominatingly ferrens. Near the surface
of such a bank weathering and percolating waters have altered
these lower compounds ol iron to the ferrie condition, which
change is largely responsible for the vellow or reddish color in
these parts. In the older drift regions leaching has progressed
to greater depths, and a section of considerable thickness may
shew a state of thorough oxidation, the entire mass being iron-
stained to a yvellow or reddish cast. Further than the mere oxi-
dation of the attackable compounds, the leaching process removes
scime of the soluble constituents whose presence in the clay
would he detrimental to its economic use. In these respects,
therefore, the weathered and leached glacial till is in a better
condition to be employed in manufacture than the hlue, unmodi-
fied deposit.

Many of these clays are very plastic and workable, and in
some places they are used to a considerable extent in the brick
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and tile business. Theyv are quite strong and their shrinkage is
not excessive. The most serious drawback to their more
extended use is their heterogeneous composition.

DEPOSITED BY WINDS.

Loess.—Over large aveas in the Central United States occur
depesits of a calcareous, silty matevial, the sc-called loess of the
Germans. In some places the loess is at the surface and in part
responsible for the topcgraphy. It is, however, cften fonnd
intercalated hetween two of the newer drift sheets. The loess
in the stratigraphie column of Towa appears to heav a constant
relation to one of the later sheets of fill and this rvelation is
thought to be genetic. 1ts derivation from the till is not fully
understood or, at least, not agreed upon hy geologists. Accord-
g to one theory, accumulation was breught about by quiet
depositien in extensive lake beds existing during the closing
stages of the glacial period. A second theory, and the one that
appears to answer moere fully, perhaps, many of the guestions
connected with the so-called ‘‘loess problem,’’ is that of its
accumnlation by winds. Under this hypothesis, thesc nmmense
and irregular heaps of finely comminuted voek detritus were
formed by wind-drifting from the recently ice-vacated aveas of
drift deposits.

The loess consists of only the finer particles occasionally
interspersed with streaks of sand.  Stratification is usually
absent, sections of fifty or more feet often showing no break in
the continuity of the deposit. Vestiges of stratification lines
are frequently observed, but assmning such directions as to he
scarcely aceounted for by water deposition. Hxamiration with
the microscope shows the constituent particles to he mostly angu-
lar and to range in size from .1 1mun. in diameter to impalpability
not measurable with the highest nower of the microscope. Prac-
tically all of the particles pass veadily through the 150-mesh
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screen. Mixed with water, loess is worked with difficilty and
develops very imperfect plasticity. It is short and hard to mold
and to dry safely.

Loess is used in Jowa at numerous points for brick manufac-
ture with a success varying from!indifferent to excellent, depend-
ing on the process employed. The largest deposits of loess clay
are coextensive with the larger river valleys of the state and
the principal plants making use cf it are located along these
streams.

CHAPTER II.

Composition and Chemical Properties.

As shewn in Chapter I, the essential components of clay are
silica, alumina and water in chemical combination, a hydrous
silicate of alumina. That kaoclinite is the only hydrous silicate
of alumina in clays is questioned by some writers from: the fact
that some of the purer varieties, as the flint fire clays, show a
higher percentage of alumina {han is contained in kaolinite.
Wheeler” quotes analyses of Missouri flint clays which run as
high as 43 per cent of alumina. Pure kaolinite, as given on a pre-
ceding page carries only 39.8 per cent.

The presence of pholerite, a more highly aluminous silicate
has been proved for some Missouri flint fire clays and New Jer-
cev fire clays. Pholerite has the compositicn:

SIlCR (S105) ettt e 39.3
Alumina (AlgO ) e et i e e 45.0
Water (H,O0)....... e e 15.7

The chemical formula expressing this composition is 2A1,0,,
3310, 4H,0. The excess of alumina in the clays mentioned

*Clays of Missouri, pp. 5C-51.
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is explained by assuming the presence of a mixture of pholerite
and kaolinite.

In ordinary shales and alluvial clays the proportion of the
non-essential constituents or impurities is so large that, by analy-
sis, it is usunally impessible to detect the existence of, or distin-
guish between, these two minerals. Their composition and prop-
erties are all very similar, and this portion of the composition
of a clay is commonly spoken of as clay substance. It mayv be
said, then, that in the components of a clay are included the clay
substance, or plastic constitnents, and the impurities, or non-
plastic minerals. Kach cf these exerts its own individual influence
on the behavior of a clay. The amount and character cf the
imipurities determine largely the use to which a clay may be put.
Brief consideration will be given to the common impurities
found in clays and the effects of such impurities on utilization.

Clay substance is essentially the hydrous alumina silicate,
kaolinite, or in chemical analysis, it is that portion of a clay solu-
ble in hot sulpluric acid and sodium carbonate. This commonly
corresponds fairly well with the formula of kaolinite. The per-
centage amount in various clays runs from practically pure
kaolinite in the flint clays and some kaolins, tc as low as one or
two per cent in alluvial and lake clays, ‘as determined by the
rational analysis.

Pure clay substance constitutes one of the most refractory of
minerals. It is a residoum frow the weathering ¢f mineral com-
pounds, and is itself almost unattacked by this influence. The
term refractory, however, as used in the metallurgical industries,
means the ability of a material to withstand high temperatures.
In this sense, kaolinite is considered invincible or as an infusible
anbstance. It, therefore, is the leat resisting element of clays.
All the accessory mineral substances found in clays serve in the
capacity of fluxes and lower the fusing point of the kaolinitic
base.
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Kaolinite becomes Al,O,, 2Si0,, when subjected to dehydra-
ticn temperatures and melts only at an excessively high heat.
This formula expresses the composition of Seger cone 33, which
softens at 3326° K., or 1830" C., a temperature somewhat above
that necessary to melt platinum. Alwmina alone is melted only
in the electric furnace, and requires a higher temperature than
silica. Mixtures of these two oxids vary in fusibility with the
proportions f each present. Additions of silica to alumina
lower the fusion peint until a mixture with the molecular pro-
portions Al,Q,, 17510, has been reached. This is the most fusi-
ble admixture of the two substances. Up to this point silica acts
as a flux. Further increment in the silica content causes the
resulting mixture to heccme less fusible. For instance, Al,O;,
20810, wonld stand a higher temperature before fusion than
Al,O,, 18510,. The influence of the silica has reached its maxi-
mmni, bevond which point it continues to approach the tirue
melting point of free silica, which, however, is not so high as
that ¢f alumina.

Water is found in all clays in two conditions: as mechanical
meisture; as chemically combined water. When clay comes
from the bank, it may contain even 40 per cent of water. After
it has dited in the air, it still holds a small amount known as
hiygroscopie water, all of which is not expclled below 212° F.
Clay heated to this temperature and allowed to stand in the open
air will again absorb water approximately equal in amount to
what it formerly contained when air dry. The percentage of
hygrescopic mioisture ranges from .5 per cent in open textured
clayvs to 3 or 4 per cent in clayvs of a denser texture.

All clays contain water in chemical combination. Iaolinite is
a hyvdrous mineral having ﬁear]y 14 per cent of water. There
are also other hydrous minerals usually present which carry
more or less of combined water, notably limonite.
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The renicval of the water of combination requires more than
drying temperatures. It is largely expelled at a low red heat,
about 1100° F., though small amounts still linger in large pieces
of ware for cne hundred degrees or so higher temperature.

The non-essential components of clays, or the impurities, may
be classified as follows:

Sili % Combined with bases in feldspar, mica, etc.
ica ...... S
Free silica or quartz sand.

Feldspar.
Mica.

[ Silicates—hornblende, augite, etc,

| Ferric hydroxid.
Iron . ... .. W} Ferric sulfid.

| Ferrous carbonate.
| Menaccanite.
| Magnetite.

[ Silicates—oligoclase, anorthite, etc.
| Precipitated carbonate.
Lime....... < Limestone fragments.
i Soluble sulfate.
| Phosphate.
Silicates—mica and some feldspars.

Magnesium { Carbonate.
Sulfate.

Alkalis—Silicates.

Organic matter.
’ SILICA,

It has been shown that silica is a comstituent of kaolinite and
its action when raised to high temperatures has been considered.

Silica is also present in clays as a constituent of the other sili-
cate minerals, feldspar, hornblende and mica. These are sili-
cates of the alkalig, alkaline earths and ircn. Silica acts in these
minerals in its normal capacity of acid. Its meltivig point is
much lewered depending upon the proportions of the fluxing
ingredients present. ,

The percentage of silica in clays of such silicate minerals is
variable, ranging frem a fraction of a per cent in pure varieties
to 25 per cent in low grade clays. It is very difficult to determins
the amount present in this condition hy chemical analysis.
Chemical methods will separate the free quartz sand from the
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silica combined as kaolinite and mica, for these minerals are
soluble in het sulfuric acid. Feldspar is not affected to any
degree by this treatment. By means of the so-called ‘‘rational”
analysis, however, ccmbined silica is assigned to these different
minerals in proportions depending upon the amounts of the alka-
lis present. The alkalis are considered tec be derived from feldspar,
and by employing the ratio commonly existing between silica
and the bases in typical feldspar, the approximate percentage of
this miineral may be calculated. This method of analysis is
largely employed with the higher grade clays used in the manu-
facture of classes cf ware where body mixtures of clays are
required and where it 1¢ necessary to maintain accurate control
of the composition. 7

Free silica or quartz sand is one of the most abundant con-
stituents of clays. It cecurs in disseminated grainsg of varyving
size, from those that are recognizable with the eye to the finest
““grit,”’” the presence of which can cnly be ascertained by testing
the clay between the teeth or examining it under the microscope.
Sand is found in all clays in amounts from 1 per cent to 50
and 60 per cent in some shales and kaolins.

Sand exerts both a physical and a chemical influence on a clay.
It acts as a fluxing ingredient, and also tends to decrease
shirinkage.

There is a prevailing idea that since quartz alone is infusible,
the fusibility of any clay to which it may be added will be de-
creased. For those clays that centain high percentages of the
commen fluxes and an already high percentage of silica in pro-
portion to alumina, this will liold true. Any addition of silica
to such a clay will render it less fusible. This would include all
ordinary brick clays. The effect of silica, however, cn a highly
aluminous clay, as kaolinite, low in fluxes, is to lower its melting
point. A silicecus clay can never be highly refractory in the
strictest use of that term.
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Sand is often added to clays to decrease shrinkage. This it
accomplishes by producing a more open texture. The sand
grains themselves, which do not shrink, occupy space which
without the sand would be filled with clay that now shrinks only
around the grains. The form of the ware is better preserved
and cracking often prevented by the use of small amounts of
sand.

Sandy clays are often found that without the sand would be
desirable for some classes of manufacture. On this class of clays,
washing has been practiced to some extent but with little suc-
cess. Unless the sand is quite coarse, this means of removal is
not practicable. Further, the feldspar grains which are not dis-
tinguishable froml quartz sand are likewise removed in the wash-

Ing process.
FELDSPAR.

Feldspar cccurs in clays in small rounded or angular grains.
It cannot commonly be differentiated from quartz sand but has
a very different effect on the clay. Feldspar serves the function
of sand or ‘‘grog’’ in the prevention of shrinkage unless the
clay be subjected to a sufficiently elevated temperature to cause
chemical union. 1t then becomes a powerful flux. Feldspar melts
to a clear glass at 1100° to 1200° C., and being a silicate of the
alkalis is very detrimental to the refractory qualities of a clay.
Its slow fusion favors vitrification and makes it a desirable
ingredient in paving brick clays.

MICA.

Mica is found in most clays. It exists in minute scales and
plates and is very slowly affected by weathering influences. The
micas are silicates of alumina and iron and the alkalis, and very
comonly contain magnesia. Because of a higher percentage of
alumina they do not fuse as readily as feldspar but are never-
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theless active fluxes at slightly higher temperatures. 'Their pres-
ence is also detrimental to the cclor of a light burning clay, on
account of the small percentage of iron which they usually carry.
The percentage of mica in clays is seldem large enough to be of
any harm.

IRON.

As indicated in the cutline, iron oceurs in clays in several
different forms. Clays may contain iron in one or numerous com-
binaticns, but it may be said to be universally present in some
form in all clays and in appreciable amounts. Ivon is the most
important colering agent in clays, hence its presence and amount
may in many cases determine largely the value of a clay.

The whitest of clays carries .25 per cent or more of iron. Fire
clays scmetimes analyze as high as 6 per cent.  Shales, alluvium
and glacial clays are so interrelated that the percentage of iron
runs about the same, ranging from 2 to 15 per cent expressed as
the percxid, Fe,0,. A very small amount of iron exists in clays
in silicate combination, as in hormblende, augite and biotite. The
ren thus contributed, however, is so smnall usually as to be incon-
siderable, not over one per cent at the outside. Iren as ferrie
hydroxid, Ke,0, + (1 Aq), is more commonly present than
any other form. It is this compound which gives largely the
reddish or brown coloraticn co often noticed in clays. This com-
pound of iron is the final result of the action of the agents of
disintegration and weathering on other irem compounds.
Fe(OH); cecurs in two cenditions: (1) fively divided as it was
precipitated from solution during the deposition of the clay sub-
stance; (2) 1 the form of coneretions.

From the method cf deposition of the precipitated oxid it is
widely distributed as minute particles, and as such is able to
exercise its maximuuy effect on the clay. On burning, the com-
bined water is lost, and the iron takes on the familiar red colox
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of the common brick. It is to this ferm that most of the iron
effects in clay wares are due.

The concreticnary hydroxid is nct so ccmmon as the preceding
fcrm, though it cecurs very frequently. This form is due to
clierrical concentration or segregation of the iron particles dur-
ing or following the depositicn of the clay. In some instances
thev may result from the oxidation and hydration of other con-
cretionary iron compounds. It is often possible to remove many
cl these conecretions by hand picking in the handling of the clay.
They produce effects on the ware by giving it a blotched appear-
ance, and where the ware is burned tc vitrification fragments of
1ron of this character will not amalgamnate into the body as do
the finely distributed particles, hence they leave a roughened sur-
face. .

In the burning of clay containing ferric oxid no further change
in the iron crdinarily takes place beyend the loss of water of
hydration. If the heat is carried high enough for vitrification,
and the kiln is frequently allowed a period of reducing atinos-
phere, i. e., with little draft and full of smoke, the state of the
iron is apt to be changed to the ferrous condition. Fe,O;, or the
red oxid, will be reduced to FeO. Combinations between Fe,0,
and silica are thought not to take place so as to form a ferrice
silicate. On reduction to FeO, which is a violent flux, silicate
ccmbination dces occur, forming the brown, black or greenish
glassy portion so common on the surface of paving brick and
unglazed sewer pipe. Often the bricks are well vitrified and
still remain of a red coler. Tt is believed that in this vitrification
the iron cxid has not entered into combination as a flux but is
merely in solution in the vitrified mass.

Ferric sulfid or pyrites is a common constituent of clays, as
well as of nearly all other classes of recks. In the older forma-
tions it is found most abundantly. It cccurs in the form of con-
cretions large and small and in crystals cften so small that their
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presence is undetected without the use of a lens. Commonly
it appears in sparkling vellow grains known to the miners as
‘‘shiners”” or ‘‘sulfur.””

The chemical formula is FeS,. Under weathering influences
it changes very readily by oxidation to FeSO,, especially if 1t
i1s in the form of marcasite. Ferrous sulfate is quite soluble in
water and may be carried away in solution or, in the presence of
other bases, as lime or magnesia, easily breaks up and becomes
Fe(OH),, ferric hydrexid.

Beds of clay contaminated with iron pyrites can often be
utilized to much greater advantage by subjecting the clay before
use to a process of weathering. The clay should he blasted down
and lcosened up, so tlie rain waters may penetrate it, and then
allowed to stand for six months or so. This length of time
will be found sufficient to do away with much troublesome iron
sulfid as well as cther soluble substances.

When heated, FeS, loses one molecule of S at about red heat
and becomes FeS. As the heat rises, FeS is cxidized to FeO
and SO,, the latter, heing a gas, ordinarily passes out with the
other combustion gases. In the presence cf steam and any com-
pound, as Fe,O,, capable of reduction, SO, may be oxidized to
S, which, with steam. becomes sulfuric acid. Any substances
in the elay, such as magnesium, or lime carbonate, that are sus-
ceptible to combination with this acid, are attacked, and salts
are formed on the surface of the ware. The same result may be
breught about by sulfur in the coal. These two, along with the
soluble materials whicl the clay itself may centain, constitute
the 1mportant sources of whitewashed or ‘‘saltpetered’” ware.

After oxidation of the iron to FeO, this compound either goes
into combination with silica, becoming the black ferrcus silicate,
or, if the kiln atmosphere be oxidizing, may be further oxidized
to Fe,0,, in which condition it does not act as a flux. Its distri-
bution in crystalline grains makes iron sulfid chjectionable as
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they appear on the finished product as blotches of slag or specks
of iron stain.

Clays contain ferrous carbonate, FeCO,, in two forms, precipi-
tated and concretionary. The precipitated carbonate is distrib-
uted in the clay in minute particles deposited contemyoranecusly
with the settling cf the clay itself. To the raw clay it imparts
a blue or slate-gray color when present in considerable quantity.
It is most common in shales. The presence of iron carbonate
may be detected by testing with warm hydrochloric acid. Effer-
veseence indicates the presence of a carbonate.

The clay-iren stoncs sc¢ common in the Coal Measures arve
largely composed of iron carbenate. Nodules of this material vary
from a fraction of an inch to a few feet in diameter. Often they
are partially medified to iron peroxid or hydroxid, which change
is evident by the red or brown color. The formation of iron con-
cretions is not fully understood. Examples of the segregation
of minerals from a matrix in which they were criginally dissemi-
nated in fine particles are very common. Such accumulation
seems to be due to some inherent property which mineral sub-
stances possess of attracting to themselves particles of like com-
position. The formation of concretions of this sort is a process
of concentration.

The nodular carbonate may be remocved largely by hand pick-
ing or washing, but that chemically precipitatcd and scatterced
throughout the bedy of the clay can only be removed by digestion
with acid. This method is too expensive to be put in general
practice.

Pyrometrically iron carbonate is hostile tc vefractcriness. It
works as a strong flux, as do other ferrous compounds. Wlhen
heated it loses CO, and is reduced to FeO. The latter, on a fur-
ther rise of temperature, is either oxidized to Fe,O, when the
increase in heat is sufficiently slow, or with a rapid increase
enters intc combination as the dark ferrous silicate, FeO, 2Si0,.
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Both menaccanite, (TiFe),0,, the titanate of iron, and mag-
netite, Fe,0,, exist as scattered crystalline granules in many
igneous rocks. In the decomposition of these rocks, the iron
minerals frequently resist the decomposing agencies to such an
extent that clays often contain them in their original erystalline
forms. Their amount, hewever, is small, seldom in large enough
quantities to make their presence manifest by any irfluence on
the clay in burning. Mepaccanite is the more vresistant to
weathering and is commonly found scarcely at all changed.
I"e,O, weathers slowly, being ultimately modified to the hydrated
sosquioxid whieh imiparts a red or brown color.

Metallic iron does not exist naturally in elavs, though once in
a while such articles as bolts, nuts, nails, ete., find their way into
the kiln. At high temperatures the results of their presence are
quite disastrous. To 1elt iron requires at least 1500° C., or
2732° F., which temperature is seldom reached in burning kilns.
Melting a piece of iron is not alone accountable for the fact that
it sometimes leaves a hlemished piece of ware by its slagging
and fluxing action. Instances are not wanting where a large
ivon fragment has penetrated several lavers of ware leaving in
its wake as the indelible mark of its presence a slagged and
sintered mass. When iron is exposed to highly heated oxvgen-
carrving gases, a scale ¢f ¢xid forms on the exterior which is
largely Fe,0,. This oxid fluxes the clay in immediate contact,
and the two processes, oxidation of the iron and silicate forma-
tion, continue together mntil the iron is conswmed. In this man-
ner a piece of metallic ivon is able to work its way through a
body of clav.

LIME.

Compounds of lime are very frequently met with in nature.
Their importance in clay working operations is great, for, as
with iron, the presence or absence of e in a clay often decides
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the use to which it may be put. Large amounts of lime, along
with cther fluxing hases, are detrimental to a paving brick clay.
A similar amount in clays low in other fluxes, used for the man-
ufacture of grades of ware requiring unusually high tempera-
tures, is also undesirable. Lime is a deleterions constituent.
Of the silicates, some of the feldspars most commonly include
lime in their composition. Oligoclase and anorthite are the com-
men varieties which carry lime and they are fonnd usually in
clayvs. The propertion of lime contributed by silicates is low, sel-
dom exceeding 1 per cent. The presence of lime in this form is
difficult of detection, though it is possible to obtain a fairly acen-
rate estimate of the leldspar. Feldspar in clayvs is a fluxing
ingredient, the higher in bases, alkalis and alkaline earths, the
more powertul dees it act in this capacity. In this state of com-
binaticn lime acts with the other fluxes to render a clay more
fusible. '
Jalelum carbonate is a normal constituent of many clayvs. In
such instances it was deposited by precipitation from the ocean
waters and is incorporated throughout the clay strata in a finely
divided condition. Its presence can ordinarily be detected by
testing with cold dilute HCL Through processes of concentra-
ticn, thesc particles ave often gatherced into the form of conere-
tions. The method of accumulation is probably one of solution.
as lime carbonate is quite soluble i acid waters. Lime is found
in seme glacial elays and very frequently in the loess, in nodular,
sometimes tube-like forms, so common to the latter formation
as to be known as loess miinuchen or loess pippehen, from the
Germans. Small tubes of ('aCO,; often surround plant rootlets
as though these had scrved to exeite accumulation rcund them.
In glacial clays principally, also to a lesser extent in alluvial
clays, fragments of limestone abound. These are at times difficult
to contend with, as they can only be removed by slumming, which
is usually impracticable. These limestone parvticles must he
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very finely ground or they produce injurious effects ¢n the man-
ufactured product.

In the finely divided conditicn, lime carbonate is most hann-
ful to refractoriness. It loses ('O, when heated, the loss com-
mencing at about 900° C. It is thus left in the condition of quick
lime and susceptible to silicate combination with advancing heat.
Whether or not lime in this condition exerts a fluxing influence
depends on its relative proportion to the other bases in the clay.
A shale in order to be used for the manufacture of vitrified
wares should not contain much linme. Shales are usually high
in the other fluxing impurities. When the requisite teinperature
is reached the fluxing action of lime is very rapid and a kiln of
brick may bhe melted into a shapeless mass with an increase of
enly 50° to 75° F. Excepting magnesia, the cther fluxes are less
rapid in action and are always preferable where the largest pos-
sible range is to be had hetween vitrification and fusion. Wherz
clays containing lime carbonate are not burnt to vitrification.
and especially where the carbonate exists in the concretionary
form, great harmi may come from the slaking of the caustic lime
after the kiln is cpened. The CO, is driven off early in burning
and the chemical combination of the moisture of the atmosphere
cr of rains, where the brick ave stacked in the open, form cal-
cimn hydrate, Ca(OH),, which produces chipping, swelling and
bursting. .

Caleimmny ccmbined as the scluble sulfate, gypsum, is very
common in the shales and clays of the older fcrmations. It is
usually erystalline, though alsc: ceeurring in grains and crystal-
line masses. Gypsun is so scft as to he readily scratched with
the finger nail, and in this way may be distinguished from cal-
cite which it in some respects resembles. By its hardness, and
also by its crystalline form, it may be tcld from mica or ‘‘isin-
glass,”” a terin that is conunonly although incorrectly applied to
this mineral. The sulfate is probably largely formed in clays
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by the action of sulfurie acid, resulting from the decomposition
of iron pyrites, on the carbonate of lime. Calcimn sulfate is
somewhat soluble and may be deposited or removed by percolat-
ing waters. Chemically, gypsun is CaSO,, 2H,0. Part of the
water of hydration is lost at a low temperature, beginning at
1007 . Plaster of Paris is manufactured by, caleining gvpsum
at a slightly higher temperature. At 500 all water is lost and
dead-burnt plaster vesmlts. At a high heat, SO, is given off,
which leaves CaO. 1In the presence of the acid silica, such
decomypiosition is facilitated, and the lime goes into silicate coni-
bination. It is the evolution of SO, from calcium sulfate that
may account for some swelled or puffed brick, especially those
that have been carried to softening in burning. Any gas set
free after the outer portious of the pieces of ware have begun
to fuse will encounter difficulty in passing outward through the
now non-porous body, and may be the cause of swollen ware.

On mixing clay with water, some of the soluble sulfate is
taken into solution. When this water is evaporated in the dryer,
such soluble matter is carried to the surface of the ware and
there remains, its appearance only intensified after burning.
Caleluny snlfate is a very usual cause of the white efflorescences
so Trequently noticed on briek walls.

MAGNESIUM.

Magnesium oceurs in clays in compounds analogous to those of
calcium. It is a constituent of some micas but 1s seldom present
in this condition in proportions high enough to affect the hehavior
of a clay. Im silicate combination it acts as a flux, thongh not
so violent a one as lime.

Tn the form of the carbonate, magnesinm is most frequently
present. Dolomite, the double cavbonate of lime and magnesia,
is its common occurrence. As with lime, this mineral is both
finely divided and disscminated, or in crystals and concretion-

bl
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ary masses. Dolomite is soluble in hot HCI, but it is not possi-
ble to utilize this as a means of removal.

A hydrous sulfate of mmagnesia sometimes exists in clays where
much iron sulfid is present. Sulfuric acid generated through the
decomposition of the latter attacks compounds of magnesia, es-
pecially the carbonate, forming the sulfate. Magnesium sulfate,
or Iipsom salts, is very soluble and may often be detected by the
tongue. In well weathered and leached clays this compound
seldom exists, and clays fren less exposed strata may be freed
from it by a process of weathering.

Under heat the behavior of the magnesian minerals is very
similar to that of the corresponding compounds of lime. Mag-
nesium is, however, not so severe a flux at high temperatures as is
limle. The sulfate of liine and magnesium are, on account of their
ready solubility in water, the two most common causes of efflor-
escences in clay wares.

ALKALIS.

The alialis, soda and potash, occur universally in clays and
most commonly in silicate combinations, as feldspar, less fre-
quently as mica. The total alkalis vary from .5 1o 10 per cent in
Towa samples. Wheeler has pointed out in his ‘¢ Clays of Missouri”’
the significance cf the presence of the alkalis in determining the
predominating species of feldspar in clays. Clays high in soda
and relatively low in potash probably contain largely the soda
feldspar, cligoclase, albite or labradorite. Likewise, those rela-
tivelv high in potash contain orthoclase, which is an alumina
silicate of potash. Analyses usually shiow both potash and soda
indicating the simultaneous occurvence of the different varielies
of feldspars in most clays. Through processes of weathering
these compounds are gradually broken up, the alkalis taking the
form bf soluble salts, sulfates, carbonates and chlorids. Small
amounts of them are always preseni, but commonly so small as
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to be inappreciable in their effects upon the clay. Where drainage
is imperfect, scils and clays are not leached free from the solu-
ble canstituents and the salts accumulate. In this way are caused
the ““alkali’’ lands of portions of the central and western states.

In silicate combination, as feldspars, the alkalis are injurions
to the refractory qualitics of a clay depending on the fusibility
of the feldspar. Orthoclase, the potash feldspar, fuses at Cone
1 and would exert its full influence as a flux at a temperature
a little higher than this. The soda varieties are even mpore fusi-
ble than the potash and would come into effeet at lower temper-
atures. Their action, however, at fusion temperatures is mild,
softening taking place slowly. In contrast to lime, whose action
is sudden and rapid, the feldspars are faverable to vitrification,
and in clays used in the manufacture of vitrified wares, paving
brick, sewer pipe and pottery, feldspar is an essential ingredi-
ent. That there be a considerable interval between the tempor-
afnre of softening or incipient vitrification of a clay body and
complete vitrification or incipient fusion is a necessary requisite
in the burning of all vitrified wares. The longer this interval
the better. It is desirable, then, to have in the clay the fluxing
elements which best imeet these conditions. As has been pointed
out, the presence of much lime is detrimental to this property, and
kilns of ware made of limy clays are occasionally ruined by car-
1ying the lieat a few degrees too far. The feldspars arve thie most
common fluxes as well as the most readily controllable in their
action. They produce a dense strong body on vitrification and
since they evolve no gas in fusion, never alone cause puffing or
blowing of the wares. The soluble alkaline salts are the most
effective in fluxing capacity, as they melt mostly at or below red-
heat. Their quantity is so small that any effeet prodnced by {hem
is seldonr noticeable.
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ORGANIC MATTER.

Many clays, and especially the shales, contain organie matter
in amounts varving from: a fraction of 1 per cent to 8 or 10
per cent. It is finely divided as deposited from suspension in
water; or in fragments of carbonaceous material representing
probably the remains of swamp vegetation. The colors imparted
by organic matter are blue or black and varying shades of
brown and red. The presence of iron and other minerals is
sometimes masked by the prevailing color of ovganic matter.
I'requently clays of reddish shades, apparently highly ivon-
stained, show on analyvsis very low percentages of iron. These
clays derive their original red color from contained orgame mat-
ter and after burning display the true color determined by their
mineral constituents. Most organic matter is lo=t at about red
Leat in burning. It thus is fuel that instead of being shoveled
into the fire holes is infermixed with the elay and burned in
immediate contact with the particles of clay which are to be
affected by the heat of combustion. For this reason, where a
considerable amount is present, it becomes an Important source
of heat generation; but it becomes available at a temperature in
the progress of the kiln where very slow increase is imperative.
In this regard organic mjatter is sometimes the cause of annoy-
ing difficulties.

UNCOMMON CONSTITUENTS.

The ocenrrence of titanium as titanate of iron, ilmenite, has
been noted.  Titanium rarvely occurs in needle like crystals as
the mineral ruatile, T10,. Its influence in a clay is not fully deter-
mined and in chemical analysis it is usually weighed with the
gilica. Its effect when added in small quantities to pure kaolin
and burnt is to produce a slightly yellowish body. Tn increased
amount, Seger has shown that it produces a body of bluish tint
when burnt to sintering. Because of its rare occurrence, it is
not an element of importance.
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Manganese as the oxid, pyrolusite, is very rarely found in
cornmon clays and shales. In some of the so-called slip clays for
glazing, it 1s present in appreciable quantity.

Alum occastonally exists in clays from the action of the sul-
furie acid of decomposing iron pyrites on aluminous minerals,
It is veadily soluble in water and does not occur in leached clays.
‘When present in appreciable amounts it renders the clay more
fusible.

CHAPTER III.
Physical Properties of Clays.

In studyving the clays of Towa, the following physical proper-
ties have been investigated, a knowledge of which is believed to
be important to the clay worker. They are listed according as
they apply to the clay in the raw or the buint state. Corve-
sponding terms applicable to both the raw clay and manufac-
tured product are discussed together.

RAW CLAY. BURNT CLAY.
Structure. Structure.
Color. Color.

Feel. Strength.
Slaking. Shrinkage.
Strength. Porosity.
Bonding power. Specific gravity.
Plasticity. Fusibility.
Shrinkage.

Porosity.

Specific gravity.
Fineness of grain.

STRUCTURE.

The structure of a deposit of clay is of importance since on it
depends the means employed in removing the clay from the bank
and in preparing it for the molding process. Clay structures are
slaty, shaly, jointed, laminated or concretionary when viewed en
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masse in the pit. These characteristics ave all more or less indic-
ative of the changes which the clays have undergone since depo-
sition. They are the result of the action of the natural forces
upon argillaceous beds which, it may be assumed, were largely
struetnreless, loosely aggregated and possessed plasticity when
first deposited. It is the function of the processes of grinding
and tempering the clay for manufacture to break down what-
ever structure mnay have bheen induced through the action of these
natural agents and to return it to the original plastic state.
Some clays are move easily disintegrated than others, and it is
he degree to which the hardening process has gone on and the
extent to which structure is developed in a clay that determines
the sert of preparation requived. It is always imperative that
the body of clay wares be as nearly structureless as possible, so
it is the aimy inw reducing clay to the inoldable condition to climi-
nate all possible traces of the natural structure of the clay bank.

The structure of burned clay that is of importance depends on
the operation of the molding machinery by which undesirable
laminations are oftentimes brought about. Auger and lamninated
structure 1n bricks made by the stiff mud process are included
in this class and will be discussed later under the consideration
of the anger machine.

COLOR.

The colors which elays assmne are ahnost inﬁni-tel.y variable.
Pure hydrous silicate of alumina 1s white, but when contami-
nated with iron may take on a creain, yellowisl, red or brown
shade. Cominon clays atve coloved brown, red, black, blue, gray,
Luff, and all tints between. The commnon coloring matters exist-
ing in clays ave: ivon compounds, carbonaceons matter and occa-
stonally manganese oxid. The iron minerals are usually respon-
gible for the reds, bufts and brown colors in clays. Moreover,
tle blue, black and gray shades are frequently due to iron car-
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bonate (IFeCO;) in the fine, disseminated condition. Most of
the blue, black and purplish tints, however, mnay be attributed to
the presence of organic matter. Reds are also sometimes due
to a finely divided vegetable residue.

Until the cause of the coloration is known, it is impossible to
predict what color a clay will barn from its color in the un-
burned state. The color of the raw clay is especially misleading
if it is due to carbonaceous or organic material. The latter is
all combustible and when the clay is burned disappears. It will
leave the clay with any color which its mineral constituents give
it.  (‘arbonaceous matter may, therefore, mask the presence of
a percentage of iron which, after the clay is burned, is sufficient
to give it a red color; or the raw clay may possess a decided
black or purple color which on burning may become white or
budf.

The colers of burned clay are much the same as the unburned
except the varviety is diminished. The shades are also more bril-
liant and clearer than in the raw clay. Whites, reds, yellows,
buffs and pinks are comunon. In hard burnt, vitrified ware such
as paving brick and sewer pipe, brown, green and sometimes
black are shown. These result frow the formation of the silicate
of iron due to the high temperature in burning. The iron is fivst
reduced to the ferrous or protoxid condition in which it is very
active at elevated temperatures and combines with silica as the
black or green silicate of iron. The reds, buffs and pinks are
caused by irom oxid in different proportions and in different
states of division and distribution. The same j.ercentage of iron
may in one clay give a red color, while in another only a buff or
yellow. Tle yellows of calcareous clays often result from the
masking effect of calcium carbonate on the oxid of iron. An
excess of alumina in the presence of ivon oxid also has a similar
effect. But the fine buffs are a distinet tyvpe and appear to
result fromr a peculiar distribution of the particles of iron oxid
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m the elay, probably in a very finely divided condition and per-
feetly disseminated throughont the body of the clay, or possibly
in chemical combination with the elements of the clay itself. Tt
1s such that it is iﬁl])ossib]o by mechanical mixtore to produce
the same shade to be had in the natural clay.

FEEL.

The fee] test is one of the first to which the prospector rescrts
in ascertaining the texture and plasticity of a clay. The feel
of the powdered, dry clay between the fingers tells something of
its texture and grain. Between the teeth, degrees of grittiness
may be detected. This is, indeed, quite a reliable way of dis-
tinguishing arenaceous and fine-grained clays. Wet with water,
clays become coft and if plastic will have a soapy or greasy feel
when rubbed with the fingers. Sandy and coarse-textured clays
do not exhibit this unctuous or cily nature to the touch and ave
lexs cohesive and less capable of being molded. A very unctuons
clay is said to be ““fat’” while a =andy, noun-cohesive clay is
spoken of as “‘short’”” or ““‘lean.”

SLAKING.

A substance slakes when by the additlion of water it is hroken
into flakes or small particles and slowly crumbles down. The
most common example of slaking is the action of commpon quick
limne when it comes in contact with water. There is a slight swell-
ing of the mass and it is slowly reduced to a pulverulent con-
dition.

This same disintegration takes place in air dried elays when
they are immersed in water. The rapidity and completeness of
the breaking down vary with different clays. Indurated shales
slake slowly, some requiring grinding before the water produces
any appreciable effect npon them. Some shales which appear

“quite hard and steny will slake to a very plastic mass in a few
mewents.  Otliers, in appearance wore porous, crumble with
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difficulty. Loess and alluvial clays slake very readily. They
reduce practically to a loose aggregate of constituent mineral
grains by the action of still water, while shales are left in a more
or less Jumpy condition, or in scales or flakes. In order to sep-
avate the Jatter into its constituent particles, they must be pul-
verized and thoroughly agitated in water.

To determine the slaking properties of the different types of
clays, samples of the natnral clays weve broken into pieces, the
largest having a diaweter of one inch. These were immersed
in water aud the time noted which elapsed before they were com-
pletely slaked. The interval required for its accomplishment
ranged frem five minutes to several weeks and a few of the most
stony shales showed little alteration even then. Those which
did not slake where prevailingly poorly plastic and developed
very low tensile strength after pulverization and mixing with
water. The shale clays which slaked most rapidly and com-
pletely were as a rule the finest grained and strongest, although
this can only be said ol this one class. Of the loess and alluvial
clays, the leaner, sandier varieties seemed to slake better than
those of finer grain.

The importance of this property is obvious. A clay which
takes water eagerly and rapidly crumbles down will work up
into the plastie, mioldable condition with greater rcadiness than
one that requires pulverizing before water has any appreciable
influence upon it. It is important also in the weathering of
clays. Where clays or shales are exposed to the atinosphere for
considerable periods of time, they gradually break down or
weather. The influence of water in the weathering of clays is
greater than in the weathering of most rocks. On ordinary
hard rocks, water exerts a mechanical disintegrating influence
in the process of freezing and thawing. Tt exerts a chemical
influence in the processes of hydretion and solution. Clays are
alike sulject to the effects of these processes but also susceptible
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to the slaking power of water. Slaking takes place only when
more water is present than the clay can slowly absorb, and fur-
ther, only when this water is suddenly given the clay when it is
perfeetly dry. Moist or wet clay, although it will gradually
cruble down if surrounded by water, does not ‘‘slake’” as does
the dry elay which also reduces te a powder in a much shorter
tine. A certain amount of water in a mass of clay may, there-
fore, tend to preserve its shape, while if an equal amnount nore
Le added the clay will disintegrate. It is the sndden access of
water to masses of dry clay during rains that produces the most
perceptible results. Where clays are hard and difficult to work,
they can often be improved by breaking down a supply in ad-
vance of use and spreading it out where it will be exposed to
rains or where it can be wet down intermittently from the
hydrant.

STRENGTH.

The cohesion of clays way be tested from two standpoints,
that of tension and of compression or resistance to crushing.
Dryelays exhibit in these respects much higher strengths than
do dry masses of other substances which have been similarly
powdered, wet and molded. Likewisc, in the wet condition,
clays possess a strength and tenacity to an extent not observed
among cther minerals. On first consideration, it may be sug-
gested that the tenacity of dry clay nay come from some chemi-
aal reaction accomnpanying drying, similar to the setting process
in wmortars. Since it is known that this tenacity is not destroyed
by repulverization, wetting and drying, it is plain that the
strength of clays must be done not to a chemical change in drying
but entirely to the physical coliesion of the mineral particles of
which the clay is composed. It may possibly be due to an inter-
locking of their grains or to some special shape which gives
them large areas of contact with cach other. This would also
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account for their unusual strength while in the p-las"cic condition.

It 1s found in general that the fine-grained and plastic clays
make the strongest dry product. For this reascon the strength
of clays is used to express relative plasticity as will be discussed
under that heading.

A knowledge of the strength of clays in both the plastic and
the dry condition is essential, as it has a practical bearing on
all the problems of inolding, handling and drying the ware. The
tougher a clay is when tempered to the desired emollescence for
molding, the more perfect and strong will be the ware, the less
danger is there in handling, and fromn cracking in drying. In
the pottery industries, especially, the clay must be of such qual-
ity that it will mold perfectly inte thin pieces of ware and at
the samie time be sufficiently firm when dry to stand the weight
of perhaps many superincumbent pieces when stacked in the
kiln. It is this property of great strength when dry, combined
with plasticity, or molding power, which makes clay one of the
wiost useful of materials.

In the table at the end of this chapter ave given the results of
the tensile strength tests made in the preparation of this report.
No systematic crushing tests of raw clays have thus far been car-
ried-on. The results of the tests of finished products will be
given in the chapter on Tests of Clay Produets.

In preparing the raw clays as they came in from the different
pits over the state, for making the several physical tests, it was
necessary to adopt at the beginning a certain standard method of
preparation which would be:invariably followed. Tt is plain
that this must be done in order that results could be in any
degree satisfactory and comparable. The following is a detailed
statement of the scheme followed throughout the process of
making the tensile tests and, up to the mixing of the clay with
water, exactly as practiced in p-repariﬁg for all the other tests.
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After air drying, the eclays were ground to pass a 40-mesh
sieve. The coarsest grain passing this sieve measures five-tenths
of a millimeter in diameter. The pulverizing was done in a Wea-
therhead mortar. This is a recent form of mortar and as a hand
grinding machine for small batches of any kind of hard inaterial
it has given good service. It consists of a rotating, steel-faced
pestle within a heavy iron shell. The pestle weighs about sixty
pennds and has a diameter of nine inches. It has a corrugated,
conical cpening in the center into which the material to be
ground is introduced. This opening fits down over a corrugated
crushing post which projects from the bottom of the metal shell.
Rotation of the pestle by means of two handles on opposite sides
crushes tlie clay, which then passes between the pestle and the
bottom. of the casing and by centrifugal force is carvied to the
outer rim of the pestle. Here is a row of steel lugs which carries
the pulverized material round to the spout where it is dis-
charged. Tn order to work perfectly in this, as in any other
wortar, clays must be thoroughly dry or they will pack and clog.

When a sufficient quantity for the test had been pulverized,
it was placed in an air bath in as shallow dishes as convenient
aud dried at 110° C. for three-quarters of an hour. This precau-
tion was taken to avoid all possible irregularity that might arise
from, the presence of hygroscopic moisture. Clays, at ordinary
temperatures and average humidity, contain 1 to 4 per cent
of water which can only be expelled by drying at temperatures
above boiling and which will be again absorbed if the clay is let
stand in contact with the outside atmosphere. As soon as cool
enough to be handled, the clay was weighed out in batches each
to iake four brickettes. With an average percentage of water, it
was found that the four required sixteen ounces of clay. The re-
quired amount of water was weighed in a small porcclain mor-
tar and the dry clay added directly to this.
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In beginning the work, it was thought desirable to make a
series of mixtures with each clay with varying percentages of
water. This was carried out by making sets of four brickettes
cach with contents of water differing by 2.5 per cent fromn least
to greatest workable plasticity. For instance, it was sometimes
found that a clay could he made up with 25, 27.5 and 30 per cent
of water, or 20, 22.5, 25, 27.5 and o on. In all cases, of course,
with the lowest percentage of water the clay was too stiff to
work well, while with the largest amount it was often quite sticky.
The average amount of water for the best plasticily was 25 to
27.5 per cent based on the weight of the dry clay as 100. So in
weighing out clay and water it was usually found expedient to
first strike a medimn, say 25 per cent, and then vary each way
from this.

The clay and water weve then thoroughly worked together
with the pestle in the mortar and finally kneaded with the hands
until of an equal consistency throughout. The clays were
nmolded in standard sized, brass cement molds. Sowme experi-
menting was necessary to ascertain thie best method of filling the
molds.  Wheeler™ advocates filling by pressing in with the
fingers separate small pieces of the wet clay. He advised this
method to avoid including air bubbles and to prevent lamina-
tions in the brickette. It was the experience of the writer that
it was impossible to fill the molds in this way without, in the
majority of cascs, entrapping small blebs of air or leaving flaws
in the brickette by the incomplete amalgamiation of the swmall,
separate masses of clay. By pressing alone, it is difficult to
cause the pieces to nnite so the division line can not be detected.
Sample brickettes broken in search of these defects would quite
often part along the contact between two bodies of clay, each of
which still showed distinetly the imjprints of the fingers. Pro-

fessor Kdw. Orton, Jr., has found the following method to give

*Clay Deposits of Missouri Missouri Geol. Survey, Vol XI, p. 1L
f Transactions American Ceramic Society, Vol. II, p. 110.
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uniform results and his method in its essentials was adopted in
the present experiments.

““After the clay had been wedged and had been brought into
a condition which seemed to possess the greatest plasticity of
which the mixture was capable, it was worked out into a eylin-
drical roll about three inches in diameter and about eight inches
i length; this was now cut up into seven secfions, using for this
purpose a hit of fine wire or a stout linen thread. The freshly
cut curface was examined for interior defects, flaws, or lamina-
tions, and if any were found the mass was wedged further and
tested again in the same manner, until it was found to be free
from any evidence of defective structure.”’

““When this condition was attained, one of the circular pails,
wlhich was about three inches in diameter, and about one and' one-
eighth inches in thickness, was put into an opened cement mold.
The mold was adjusted so that a portien of the clay stuck ont
from it equally on either side. The mold was now clamped
together, the narrowest portion indenting itself slightly into the
clay; the mold was then filled by carefully pounding the clay
inte the miold with light blows delivered by the bare hand. One
side was pounded for a short time, and then the other, so that
the excess clay was gradually worked into shape and filled both.
ends of the mold. The surface was then stroked off level with
the top of the mold, and the brickette was removed from it by
the use of a plaster of Paris block which fitted the interior of
the mold neatly.”’

The clay was kneaded and wedged until plastic and wvntil a
cross section of it showed the absence of air spaces or lamina-
tions. Each of the molds was then filled by taking a piece of the
kneaded clay more than large enougl to fill a mold and forming
it so its smallest thickness was about the minimum width of the
mold, one inch. This was placed against one side and the other
half of the mold was clamped against it, somewhat indenting
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the clay at the center. The wider portions of the mold were
filled by carefully pressing the clay into each side with the
fingers. By means of a wooden block which was made to fit the
mold exactly, the clay was firmly settled into the mold by a
couple of blows with the hand. The surface of the brickette was
then leveled off with a siall pointing trowel. This method of
filling the miolds makes a muech more homogeneons brickette and
the liability of including air or producing laminations in the
consiricted portion of the brickette where, of all parts, it is most
desirable to have the clay structureless, is redueed to a minimun:.
[lach brickette was stamped with its serial number and the per-
centage of water. A

By means of a sponge, the molds were coated with a thin film
of oil and were filled on a heavy glass plate also covered with
oil. The primary functicn cf the cil was to prevent sticking and
to facilitate removal from the mold. 'The oil served a double
purpose, however, by also preventing too rapid drying of the
brickettes. The brickettes were removed from the mold as soon
as stift enough to retain their shaje, which they would not do
at once in instances where high percentages of water were used.
They were taken out when sufficiently stiff and placed on a plaster
of Paris bench to dry. Drying required from one to four or five
days. If allowed to remain long placed flat down on the bench
while drying, more or less of distortion resulted, especially with
those clays having a high shrinkage. This was obviated entirely
by turning the brickettes up on edge after a few hours, so that
drying could take place equally from all directions.

Two sets of brickettes of each clay were made, one the exact
duplicate of the other. One set was tested dry and the other
burned and tested.
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Fra. 1. Fairbanks machine used in measuring the tensile strength of clays,

The testing was done with a Ifairbanks cement machine. DPre-
vious to breaking, the minimum cross section of cach brickette
was mweasured. This was necessary because of the shrinkage of
the clay in drying. The brickettes were then placed in the air
bath and heated at 110° C., for one hour, to remove hygroscopie
moisture. The presence of a small percentage of moistnre in the
clay will appreciably modify the results.
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In the manipulation of the testing machine, considerable diffi-
culty was encountered in securing perfect breaks in the smallest
cross secticn of the brickette. Owing to the shrinkage of the
clay in drying, the brickettes did not fit perfectly into the grips
of the machine. Care was taken to get as straight a pull as pos-
sible in the axis of the hrickette, but even after all precaution
was taken the clay would mere often part between the ends of
the grips than in the middle. Comparison shewed that brick-
ettes breaking in {his way had as high tensile strength as those
which brcke at the smiallest diameter. No diserimination was
therefcre made in averaging up the results. Lining the grips
with blotter paper was tried, but no advantage was gained by
this expedient. The same difficulty was miet to some extent in
breaking the burned brickettes, but as in the dry clay tests no
diseriminaticn was made in results on that account.

The second set of brickettes was burned in a Hoskins Muffle
furnace (See Fusibility) to 800°.(., and held at that heat from
one to cne and cne-half hours. Being a muffle, there is, because
ol its ccmstruction, little o} portunity for draft, but throughout
each burn effort was madc to produce a slight flow of air through
the clay. At 800 degrees the processes of dehydration and oxi-
dation should be complete and the object of producing a slight
air circulation through the muffle was tc faver these cliemical
reactions.

The design in burning a series cf brickettes was to ascertain
the relation between the strength of clays in the raw state and in
the burned condition. In cther words, to detcrmine whether the
strongest clays unbuwrned would maintain their prestige after
burning. It was first thenght to burn te vitrification. This,
however, was soon discovered to be impossible. Some of the
clays would not vitrify. Amnong vitrifying clays, the temper-
aturcs required are so different, and so dissimilar do they act,

that it was believed noc rvesults ¢f any value would be obtained.
6
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By burning all ¢f the clavs to a good red heat, subjecting them to
conditions exactly alike, we Lknow that only certain reactions
have taken place, hvdraticn and oxidation, and these have oc-
enrved in each and every clay whether refractory or fusible.
Results chbtained uuder these conditions are comparable and may
prove of interest in connection with the data obtained from the
dry clay tests.

The burnt hrickettes were acceurately mweasured and broken in
the Fairbanks muchine, and the strengths per square inch cal-
culated as given in the table,
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CLAY.

PRODUCTES
MANUFAC-
TURED.

Per cent of

IN POUNDS PER SQUARE INCH,

& L
Q q @ o
24 BURNED CLAY. 2y
< <

Flint Brick Co., Des
Moines, lowa, top
stratam,

Flint Brick Co., Des
Moines, Iowa, middle
stratum.

Flint Brick Co., Des
Moines, Iowa, bottom
stratum.

Flint Brick Co., Des
Moines, Jowa, green
briclk.

Iowa Briclkk  Co., Des
Moines, Jowa, top
stratum.

Iowa Brick Ceo., Des
Moine:, Iowsa, second
from top.

Iowa Brick Co., Des
Moines, Iowa, third
from top.

Iowa Briek Co., Des

Moines, Iowa, fourth |

from top.

Iowa Brick Co., Des
Moines, lowa, fifth
from top.

Iowa Brick Co., Des
Moines, [owa, bottom
stratum,

Capital City Brick and
Pipe Co., Des Moines,
lowa, top stratum.

Capital City Brick and
Pipe Co , Des Moines,
Iowa, second from top.

Capital City Brick and
Pipe Co., Des Moines,
Iowa, third from top.

Cambal Clty Brick and
Pipe Co., Des Moines,
Iowa, fourth from top.

CaEpltal City Brick and

ipe Co., Des Moines,
Iowa, bottom.

Capital City Brick and
Pipe Co., Des Moines,
Iowa, green brick.

Paving and
comwon
trick.

Paving and
common
brick.

Paving and
comron
brick.

Paving
brick.

Paving and
common
brick.

Paving and
common
brick.

Paving
brick.

STRENGTH.
TENSILE STRENGTH

&

®

= DRY CLAY.
2.5 | 201 M80 | 221 | 104
25.0 | 193 | 238 | 939 | 277
27,5 |¥173 | 204 | 212 | 218
30.0 | 201 | 196 | 167 | 192
25.0 | 142 | 164 | 178 | 152
27’5 | 155 | 166 | 161 |*122
30.0 | 150 | 164 | 188 (1%
825 | 115 | 116 | 125 | 128
250 87| 92| 70! 81
276 | 73| 71 ‘ 90 | 85
30,0 64| 79| 65 70
250 94| 98| 91| 129
27.5 | 128 | 183 | 160 |* 99
30.0 | 132 | 135 | 111 | 125
17.5 | 142 | 157 | 185 | 139
20.0 | 130 | 156 | 142 | 131
92.5 | 130 | 130 | 130 | 110
25.0 | 174 | 143 | 137 | 188
97.5 | 108 | 141 | 113 | 167
25,0 & | 92| 81| 83
27.5 | 56| 68 73| 80
300 70| 76l 71| 50
82.5 | 73 65| 62| 78
27.5 | 103 [ 11 | 95| 105
30.0 | a9 | 91 | 111 | 101
82.5 | 89| 102 | 93 |*78
85.0| 63| 72| 71| 83
25.0 mo‘ 164 | 144 ! 151
918 | 179 | 179 | 183 | ..
80,0 | 168 | 198 | 152 [*14%
82,5 *126 | 161 | 170 | 177
25.0| 72| 78| 62| T2
°7.5 | 61| 86| 60| 72
%0.0 | 64 | 51| 53 60
27.5 (120 | g | 118 | 121
30.0 | 86| 88| 100 82
82.5 | 8 | 62| 63 %57
85.0 | 61 66| 64 %55
8.5 | 65 | 55| 51 | 53
80.0 | 191 | 169 | 209 | 204
82,6 | 143 | 179 | 198 | 161
88.0 | 145 | 184 | 137 | 136
37.5 | 140 | 121 | 118 | 192
100 | 106 | 142 | 189 | 135
2.5 | 921114 | 107 | 122
25.0 | 18 | 16 | 110 | 101
97.5 (* 86 | 106 | 91 | 110
92.5 | 132 | 158 | 204 | 169
25.0 | 195 | 236 | 184 | 202
97.5 | 167 | 224 |*104 | 197
30.0 | 206 | 198 | 212 |*137
22.5| 89| 106 | 88| 91
25.0 | 81| 74| 69| o8
o1.5| 78| é7| 71| 88
80.01 82| 901 84! 60
25| 55| 47| 53| 62
25.0 | 43| 44| 50| 48
22,5 | 153 | 184 | 142 | 151
5.0 | 168 | 188 | 172 | 157
or5l152 1171l 170 | 124

‘ |

205 | 600 | 638 s17 | 635 | 644
236 | 515 | 494 | 430 | B34 | 4%
513 | a0 | 437 | 353 | 603 | a5
189 | 476 | 590 |*378 | 538 | 534
150 | 036 | 645 | 84| 755 | 721
161 | ea7 | 6o | =58 | wom | 774
167 | 686 | 738 | éud | 544
120 | 37| 970 | 714 | 641 | I

&3 249 | 415|402 | 828 | 349
g0 | 331 | 292|340 | 361|331
70 | 152 | 233|182 | 124 { 178
103 | s22 | ear|ves | o0z sss
137 | 859 | 542 |..... 466 | 156
128 | 667 | 5id [*300 | 546 | 586

~ac
o
o

mz| 191 | 229 S
101 | 97200 (...... 13
161 | 217 | 248 | 183 | 198" 210
132| 147 | 240 | 267 | 204 | 216

212 237 | 243 | 238 | 233

]43‘ 74 ] 208 | 200 | 192 | 190

|
104 7_29' 707 |70 | 632 | 6s8

153 | 808 | 714 | 564 | 615 | 674
178 | 678 | 651 %480 | 652 | 810

57 <156 | 224 | 288 | 269 240
118 | 228 | 365  4U6 | 567 [ 374
89 | 283 . 8ld 443 | 487 | 857
70 JZ[ 232 1 291 | 4n7 | 320

93 | 207 ‘ 209 | 154 | 247 | 204

74 199' 253 | 303 | 209 | 264

52| 173 | 158 |* 98 | 151 | 164
46 | 180 | 194 | 140 | 121 | 161

148 | 5268 | 861 ’ 419 | 403 | 425
154 | 4256 | 702
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-
2 TENSILE STRERGTH IN POUNDS PER SQUARE INCH.
PRODUCTS |- g ¢
CLAY. MARUFAC- | 3% i s
173
TORED. | 2 DRY CLAY. ¥ BURNED cLAY. |SW
[N -4 «
Granite Brick Co., Bur- | Pavingand  22.5| 45| 42| 43| 58| 47 111 |* 17 | 80 52 | 81
lington, Iowa, top building [ 25.0| 69| 58| 66| 69| 63 78 82 (105 |...... 88
stratum. ‘ brick. 21,5 €3 49| 56 | 68 | 50 68| 74| 83 82| 77
Granite Brick Co., Bur- | Pavingand | 22.56 | 91| 84 | 83| 85| 83| 398 ‘ 314 | 483 | 457 | 899
lington, lowa, lower building | 250 | 75| 64| 8 | 71| 73 * 170 | 834 | 343 | 250 | B09
stratum. brick. 276 % e3| 75| 89| 76 | 214 | 218 | 358 | 426 | 304
|
Clermont Brick and Tile [Common [ 20.0| 81| 84 | 81| 03| 8 | 887 | 650 | 558 | 482 | 516
. Co., Clermont, lowa. brick. 22,5 81| 77| 106 | 88| B8 |* 189 [* 250 | 765 | 55 | 675
black|cones
|
American Brickand Tile | Common | 30.0 | 190 | 2356 | 108 [ 218 | 210 | 524 | S8BL | 612 | 748 | €86
Co., Mason City,lowa, brick and | 82.56 | 138 | 163 ‘ 165 | 146 | 158 [* 813 | 705 | 548 |......| 626
Devonian shale. drain tile.| 35,0 | 158 | i64 | 1689 | 174 | 166 | 605 ‘ 447 | 434 | 783 | 667
|
Jester Clay Bank, near |Unused. 20,0 | 117 | 91 | 109 [ 122 | 110 | 140 | 161 | 218 | 133 | 163
Danville, Iowa. 22.5 | 118 | 122 | 117 | 136 | 128 | 123 128 ‘ 187 | 116 | 126
Harris Brick Yard,Rock- | Com mon | 22.5 | 176 | 154 | 142 | 176 | 162 |..... I ................. s
ford, Iowa, Devonian brick. 25,0 | 168 | 181 | 171 | 189 | 196 | 337 177 | 186 | 506 | 807
shale. 27.5 | 185 | 138 | 187 | 142 | 138 | 131 | 283 | 143 | 245 | 218
Dale Brick Co., Des |Common | 225 270 | 219 | 240 | 249 | 245 | 214 | 212 | 237 | 246 | 227
Moinesz, Iowa, top and press-| ¥5.0 | 281 | 230 | 191 | 261 | 228 | 237 112 | 167 182 | 176
loess. ed brick. |
Dalse Brick Co., Dis | Common |22.5| 82| 74 731 74| 76 75 77 69 |...... 74
Moines, lowa, bottom and press-| 25.0 | 99| 90 | 8l | 102 93 185 | 09 | 148 84 | 129
shale. ed brick. [27.5| ¢6 | 791 78| 74| 78 84 94 89| 102 | 92
Corey Pressed Brick Co., | Dry-press | 250|113 | 90 | 67| 94| 99| 698 | 532 | 625 AL | 679
Lehigh, Iowa, red brick, 27,5 | 143 | 118 | 124 | 118 | 125 | 702 | 629 | 669 | 477 | 642
burning clay. 80 0| 140 | 147 | 124 | 144 | 189 712 549 | 573 653 | 609
32,5 | 148 | 181 | 112 | 143 | 184 | £95 | 382 | B0OO | 693 | 604
Corey Pressed Brick Co. | Dry-press | 25.0 | 78| 88| 110 | 117 | 97 | 984 | 1100 | 818 | 875 | 944
Lehigh, Iowa, buff brick. 27.5 | 161 | 187 | 166 | 114 | 145 | 770 | 544 | 663 | 789 | 692
burning clay. 80.0 | 142 | 117 | 125 | 180 | 129 | 468 | 725 | 521 618 | 6883
32.5 | 140 | 118 | 154 | 149 | 140 882 840 | 814 972 ‘ 827
‘ 35.0 | 183 | 153 | 130 | 114 | 1833 | 1067 | 907 | 859 |...... 041
Near Colesburg, lowa, 276 94| 82| 91 75| 86| 910 | &80 | 693 | 1038 | #30
potting clay. 30.0| 86| 901108 (*68 | 96 | 571 8Y3 | 862 |* 47¢ | 775
82.5| 01|15 * 65| 88| 95| 1111 | 952 | 826 | 847 | 964
Storm Lake Brick and |Common | 25.0| 200 | 249 | 237 | 285 | 238 | 604 | ©69 | 634 | 630 ) 634
Tile Co., Storm Lalke, brick and | 27.5 | 240 | 297 | 285 | 307 | 282 | 613 | 6768 | 540 | 675 | 628
Iowa, Wisconsin drift drain tile,| 80.0 | 810 | 296 | B13 | 349 | 817 | 582 | 408 |.....|...... 4497
Besley Brick Yard, |Common | 22.5 | 163 | 128 I 140 | 188 | 142 112 | 132 | 138 107 | 122
Council Bluffs, Iows, brick. 25.0 | 128 | 185 | 122 | 183 | 137 93 | 128 119 |...... 110
top loess. 27.5 [ 112 | 124 | 120 | 149 | 126 | 10 97 | 180 97 | 107
Besley  Brick  Yard, 22.5 | 176 | 207 |*113 | 182 [ 183 | 203 | 182 | 185 | 153 | 168
Council Biuffs, Iowa, 25.0 | 105|167 | 150 | 188 | 175 | 141 138 | 97 148 | 181
middle loess. I 27.5 1211 | 152 | 172 | 198 | 188 | 120 115 | 103 114 | 113
Besley  Brick Yard, 22.5 | 187 | 211 | 245 | 273 | 220 | 24l 282 1 205 | 211 | 2385
Council Bluffs, Iowa, 250 | 244 | 263 | 279 | 264 | 263 | 280 | 288 | 262 | 255 | 266
bottom loess. ¥7.6 | 2id | 310 | 218 | 195 | 234 218 | 246 | 827 | 201 | 269
Gethmann Broe., Glad- | Dry-press | 25.0 | 242 | 208 | 238 | 275 | 240 | 214 | 280 | 628 | 600 | 431
brook, Iowa, inland brick, 27.5 | 262 ) 528 | 293 | 270 | 298 | 183 | 526 546 | 467 | 431
loess. 50 01 209 | 265 | 828 | 812 | 809 | 401 178 | 202 159 | 235

* Not included in averages.

responsible for the abnormal figures.

In these instances the brickettes exhibited defects which were
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In the operation of the Hoskins kiln, in which the clavs were
burned, it was difficult to bring about the same degree of oxida-
tion in all the samples. The open-textured, porous eclays oxi-
dized readily, but under the same conditions clayvs that were
dense and fine-grained were only partially oxidized. On these
facts may be explained some of the irregular resnlts which
appear in the table. The range of variation in the strength of
brickettes of the same clay and samme percentage of water after
burning is much greater than with the dry clays. In the latter,
it 1s unusual to find a variaticn ¢f 30 per cent above or below
the average, while in the results of the burnt clay tests depart-
ures as high as 50 per cent ocenr. The chances of evror due to
sucl variation weuld be muech lessened by using a larger number
of brickettes from which to obtain the average result. At least
double the number wsed in these experiments is recomnended.

The work that has been carried on along this line demonstrates
fercibly the necessily of exeveising extreme care in all parvts of
the experiments. The clays should be molded, measured and
broken by the same person and the complete preocess standard-
ized in every particular in order to obtain the most uniform and
useful results.

BONDING POWER.

The bonding pewer cf clays is defined as the ability to stand
the addition of non-plastic matter. The clays standing the addi-
ticn of the largest amount of sand or clher inert substance and
whose strength is least impaired by such addition is said to pos-
sess the greatest bonding power. This property would, there-
fore, he tested by determining the relative strengths of different
clays when mixed with varying proportions of sand. Bonding
power is thought to bear a definite relation to the plasticity of
clay; those clays which are highly plastic usually allowing the
greatest dilution with the least dimfinution in strength.
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A knowledge cf the bonding power of clays is of practical
mportance as a guide to correct mixtures wherever, in the pro-
cess of clay manufacture, it is necessary to use two o1 mere clays
together cr to mix inert material with a plastic clay. Sand is
cften used to decrease the shrinkage and to render the clay body
more cpen in texture. In the manufacture of many of the higher
grades of pettery wares and vefractery materials, non-plastic
kaclins and flint clays are mixed with plastic clays alike to
decrease shrinkage and to influence porosity; also tc give firm
bedy, refractery or other pliysical properties, fo the ware in
question.  Since the plastic clay acts as the bonding agent, iu
all sucl instances, it is essential to know hew much of the non-
plastic ingredients may he used and sfill give the required
strength of product.

There ave several classes c¢f non-plastic imaterials used in
clays. They may be separated into two divisions, viz., mineral
and cembustible ccmpounds. In the former are included quartz,
chamotte or grog, and lime. Quartz is added as sand, as a sandy
clay, in the finely divided state in which it exists in the infusorial
and diatomacecus earths, or as ground flint or sandstone.
Chamotte o1 grog has reference to the use of pulverized burned
clay ware, fire brick or cther refractory wares, as an admixture
in plastic clays. Lime is used in fhis connection in the formy of
powdered limestone, marl or slaked lime. These additions are
for the purpcse of decreasing shrinkage and produce only phy-
sical differcnees in the ware made. In the case of lime it is nec-
essary tc add a large proportion as it hecomes an active flux at
high temperatures.

It has long been held to be true that the finer the grain of in-
ert, non-plastic matter in clays the less plasticity i1s interfered
with and, snnilarly, the less will the strength of the clay be
affected. 'While generally accepted, no records of experiments
are found aleng this line prior to 1900. In this year Professor
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Edw. Orton, Jr.,* published the vesults of a protracted series of
experiments in the course of which he chtained information con-
firmatory of the generally accepted cenditions stated above.
From his results he established the Icllowing law: ¢‘That the
non-plastic ingredients ¢f a clay influence its tensile sfrength
inversely as the diameter of their graing, and fine-grained clays
will, other things heing equal, possess the greatest tensile
strength.”’

Under comhustible compounds may he hsted, coal, sawdust,
straw, peat and cthier organic materials. 1t iz evident that these
substances are detrimental to plasticity and also that they will
serve to decrease shrinkage in a plastic clay.  When the tem-
perature in burning reaches red heat and above, such matter
burns out and thus increases the porosity of the finished wate
if 1t is not burmed to vitrification. The latter influence along
with its cffect as a fuel are the chief functions which combustible
materials cf any scrt serve in a clay. The value of fuel thus
incorperated in the hody of the clay is high. as in exidation the
heat is generated in immediate contact with the clayv that is to be
affected by the heat. This fuel begins to bum at red heat and
is all available as soon as combustion commences, Its consumy-
tion cannot be accurately controlled. Red heat is the stage of the
burning process in which combined water is expelled and during
which the temperature maust be raised very siowlv. With any
considerable amount of combustible matter in the elay, the dan-
ger of over heating by the too rapid rise ¢f the temperature
during the water sinoking period is alwayvs innninent.

PLASTICITY.

Were it not for the property which clays possess of becoming
plastic when moistened with water, their economic importance
would be almst entirely lost. Clay in the plastic state can be

*Trans, Am. Ceramic Soc., Vol. 11, p. 100 and Vol. III, p. 198,
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shaped and molded by pressure into any form without rupture
and this forme is retained not only while moist but when dried
out. Plasticity is thus the characteristic of clays, when wet,
which allows of their being molded inte the innumerable shapes
and sizes of modern clay wares. These molded ferms are main-
tained when the clay is dry and are further fixed and rendered
less destruetible by burning; but we cannot vightfully attribute
these last facts to the property of plasticity which has to do
alone with the moist c¢lay. Water, therefore, being essential in
order to develop plasticity; it cannot truly be said to be a prop-
erty of the clay itself.

The cause of this valuable property is not fully known. Clays
are essentially the hydrous silicate ¢f alumina and viewed from
the standpoint of chemical composition it has been suggested
“that the water held in ccmbination is the cause of plastieity.
Wlen this water is driven off at ved lieat in burning, plasticity
is lost and cannot be restored. There are, however, numerous
hydrous minervals, several of which are very closely allied in
comyposition to clay, which it is impossible to make plastic nnder
any conditions. If the presence of water were the cause, otlier
hydrous almnina silicates should exhibit this same proporty.
This is the principal fact which makes the ‘“water theory’’ ap-
pear iprobable. In stadying the structure of clays with the
microscope, it has been noticed there are sometimes present
hovked or vermicular aggregates of crvstal grains which by
interlecking and clinging to each cther because of their shape,
have beern thought to give the clay plasticity. These crystals
are net usuvally present in suelh abundance as would be necessary
if we were to account for plasticity by their presence. It has
often heen found that the clays containing a large number of
these peculiar aggregates of grains are less plastic than others
1 whiclh they are coaspicucusly absent. This thecry is mani-
festly untenable. Many instances of unusunal plasticity in very
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impure clays have been noted. Tt is thought that sueh impuri-
ties as irecn and lime ccmpounds sometimes act as honding agents
to hold together the small particles of clay substance whiceh arve
not of themselves p:lastic, or, in the colloid state, they may act as
oily lubricants. While it miay be true that they frequently serve
in the way of a cement, they do not allow of any ncbility of the
clay grains without destroying their binding property. Further-
mere, although pure clays, which consist alone of kaolinitic
grains, are coonmenly nen-plastie, they frequently possess plas-
ticity o1 may be made to exhibit this property. by pulverization
and weathering and without any alteration of their comj:osition.
Thus many pure fire elavs and ball clays are very plastic. The
effect of mixing different sized sands with plastic clays las been
shewn to be detrimental to plasticity whether the latter is meas-
ured by the tensile strength of the dry elayv or by other means
commonly employed for this purpose. Sandy clays are prevail-
ingly less plastic than similar clays which lack the sand. Tn
scime instances it may he shown that impuorities sueh as com-
pounds of iron and lime, exert a cementing influence thrcugh
cliemical changes and thus affect the plasticity, if we measmie
this last quality by the strength of the clay, but we cannot hold
the impurities present responsible for the working properties of
the clay which ave usually the best gauge of its plasticity. Un-
usually plastic clays which are also very impure may better be
ccnsidered the excepticn than the rule.

Bearing on this topie from: a chemical standpoint a recent
writer® attributes plasticity partially to the influence of colloidal
substances when the clay is mixed with water. Among the in-
gredients in clays whiclh might act in this capacity are men-
tioned hydrated silicic acid, ircn: and other metallic oxids, alumn-
inum hydroxid and forms of organic matter. These all possess
partial and indefinite solubility in water, may be molded, and
sliink on drying, and are considered by the above writer to
mand. Zeitschrift fur Anorganische Chemie, Band XXXI, Heft 1, p. 158.
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exercise alwavs a greater o1 less influence on plasticity. It is
further stated that by the properties of thess suhstances may be
explained pecnliarities of plastic clays which are not adequately
explained by any theory that refers all to the wmechanical strue-
ture. The idea is an ingenions one and is thought sheuld be
ccnsidered of importance in clayvs where any considerable
amennt of colloids exists; but threughout the large range of
commmen clays, chemical tests wili show the very small and in-
considerable preportion of the ingredients which are ecapable
of assmning the colloid state by the action of water alone.
Among the investigators who have studied the subject, theve
are some who attribute plasticity to the fineness of the grain of
the clay. That is, the finer the particles composing the clay, the
more plastie it 1s. Az a general rule, this is found to be true.
The mcre plastic clays arve usually the finest grained. If, how-
ever, fineness alcne is the caunse, any mineral substance should
become plastic if finely ground. Professer Whitney* in his
mechanical analysis of soils designates as clay that portion com-
posed of grains below .005 mm. in diameter. In the study of
plastic clays it is found they are composed of particles, some of
which ave larger than thig but the great prepertion of which
range frem .005 mni. to such imipalpable fineness that the strong-
est power of the microscope fails to show their size. Professor
Whitney’s classification is made, however, with reference to no
other propertics than size of grain and inust be, therefore,
largely conventional. Nothing is implied with regard to plasticity
cr other characteristics which mnst be considered from the stand-
point of a user of clay. Mr. Wheelert conducted experimnents
with quartz and limestone ground to different degrees of fine-
ness. He ascertained that while the samples ground to pass a
200-mesh sieve were appreciably plastic and could be miolded,
when dry they were very weak, ‘‘dusting’” and falling to pieces

* Mechanical Analysis of Soils. Bulletin Department of Agrienlture.
T Missouri Geological Survey, Vol. XI, p. 162.
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in spite of careful handling, The quartz had the more feeble
strength of the two. The semewhat greater strength of the powd-
ered limestone may be partially accounted for by the small propor-
tion of clayey matter which is invariably present in all but the
purest limestones; alsc the mmove earthy nature of the limestone
which would give a pcwder more of the character of a dust or,
mud, when wet, than the glassy quartz whose grains are angulav
and sharp in outline. Professor Orten® alsc reports experiments
made by grinding glass so excecdingly fine that the particles
wounld flcat in water for an indefinite period. When collected,
this ground glass developed no plasticity with water nor pos-
sessed much greater strength than such a paste made from chalk
or flonr. The fact that the miost plastic clays are predominantly
the finest grained, suggests that something other than mere size of
ccnstituent particles is necessavy to fully account for plasticity.
It has been shown that hard mnmaterials like glass and sand generate
some plasticity when powdered, the more the finer, but can never
be made eminently plastiec by fine grinding. Clays which pos-
scss a fair degree of plasticity may be made more plastie by
pulverization.

It is thus plain that fineness along with scme certain shape or
‘character of grain are both essential to plasticity. If this be
true, any powdered mineral made up of grains having the cor-
rect shape should become plastic when wet with water. It has
been the effcrt of investigators to determine just what certain
shape of grains is conducive to plasticity. Along this line the
rescarchies of Jehnsen and Blaket are classic. Thev found that
most plastic clavs examined by them! were composed largely of
small transparent plates, many of which were grouped togcther in
bundles. On page 356 of the article cited above: ‘“We have ex-
amined microscopically twenty specimens of kaolins, pipe and

* Brick. Vol. X1V, No. 4, p. 216
1 American Journal of Science, (2) p. 351, 1876.
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fire-clay. Most of these are of unknown crigin. In them all is
found a greater or less proportion of transparent plates, and in
the moest of them these plates are abundant, evidently constitut-
ing the bulk of the substance.”” * * * ¢“The plasticity of a clay is
a physical charaeter, and ayppears to have clese connection with
the fineness of the particles. The kaolinite of Swmmit Hill, con-
sisting chieflv cf cryvstal-plates averaging .003 of an inch in
diameter, is destitute of this quality. The nearly pure kaclinite
from Richmond, Va., occurring mostly in bundles of much
smaller dimensions, the largest being but .01 ¢f an inch in
diameter, is scarcely plastiec. * * * The more finely divided
fire-clay from Liong Tsland, is more ‘‘fat’” while the Bodenmais
porcelain carth and cther clays, in which the bundles are ahsent
and the plates are extremely smnall, are highly plastic. Se, too,
the Swmmit Hill ervstals, when triturated in an agate mortar,
vield a powder which, when hicathed upen, acquires the argilla-
ccous odor, under the microscope perfectly resembles the kao-
hins, and in the wet state is highly plastic and sticky.”’

The plate structure of plastic clays was thus early recognized
and plasticity attributed to it by {hese investigators. It was fur-
ther scen that while the minute plates were the real cause, the
finer they existed or were broken up by powdering, the greater
the plasticity of the clay. Other investigators have corroborated
these observaticns.

In 1878 Biedermann and Hedzfeld* recognized the plate strue-
ture of plastic clays. Biedermann regarded the plasticity of
clays as due to the strength of cohesion and adhesion and brought
it under Newton’s law fcr the attraction of bodies. While it is
prcbable that Newton’s law unmodified would scarcely be applica-
ble in this case, the fact that these early scientists recognized
not only the characteristic structure, but likewise the bearing of
this structure on the working properties of clays, is of especial
interest, since it is the basis on which many of the peculiarities
of clay are explained.

* Dr. Carl Bischof, Die Feuerfesten Thone., p. 23.
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Haworth* in his examination of Misscuri clays found the most
plastie clays to be composed of minute scales and in general the
abundance of these scales was in proportion to the plasticity of
the clay. In fresh, unweatheved flint clay the plate-like particles
were absent and plasticity was found to be very feeble. 1t was
ncted also that the more finely divided the plates were the greatev
the plastieity.

In Wheeler’s report on the Clays of Missourif are recorded
experiments with other minerals which possess a lamellar or
plate structure. Caleite and gypsum when finely ground were
fcund to hecome quite plastic with water and to have tensile -
striengths as high as 106 and 350 pounds per squave incli respec-
tively when dry. It would sceur that calcite should afford an
excellent example for a test of this scvt. It is decidedly lamellar
bhecause of its perfect cleavage, always breaking into small
plates or rhombs no watter how finely pulverized. Its strength
would be enfirely due to the physical aftraction of the particles
for the surrcunding cnes thrcugh the fihn of water envelsping
each grain. Gypswm, on the cther hand, is somewhat soluble in
water and the strength attained may be partly due to solution
and recrystallizaticn as the water evaporated. Results obtained
with powdered slate lead in tlhie same general direction. Be-
cause of its tendency to cleave, slate finely ground would consist
of a wmass cf very small lamellae cr scalos.  When ground ex-
ceedingly fine, slate could be molded and on drying it possessed
censiderable strength.  Other lawellar minerals were tried and
all exhibited a greatev or less degree of plasticity when finely
powdered.

The exceedingly fine state cf division in which the component
erains in crdinary plastic clays exist makes it impiossible to de-

termine by the microscope very much regarding their properties.

* Missouri Greological Survey, Vol. XTI, p. 104, 1898,
t Annual Report Mc. Geol. Surv,, 1894, p. 106,
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Under the microscope, with magnifying powers as high as four
to five hundred diaweters, hundreds of grains can easily be in-
cluded in the fleld and still be sufficiently separated as to appear
plainly as individual particles. With polarized light, those hav-
ing the nature of plates all appear transparent, and only in ivoun-
stained clays are cpaque particles ncticed. Between crossed
Niccls, the field is entively dark with the exception of some few
of the larger particles which allow the light to pass and they ave
outlined as light angular spots. They extinguish and grow light
again as the stage ix revolved. Thesc mav be fragmenis of
quartz, calcite, dolomite or oth:r doubly refracting minerals, al-
though none of them. could he recognized. Tested further for
the abscrption of light, 1t is pessible to obtain a slight pleochroic
play of ccolors in some of the larger partieles, but this is not so
pronounced that it may be used as a distinguishing character.
While it is next to impossible to mnke cut wiueh concerning the
erystalline character of the minerals, it is also difficult, because
of their minute size in most secondary clavs, to say anyvthing
regarding their shape. In examining quite a series of samples,
hewever, it is noticed as a 1ule, that those clavs possessing a poor
plasticity, or that are ‘‘short,”” are made up of angular, often
coarse grains, and frequently bundles of tlicse same particles
which cling together and are not breken apart by the common
lrocesses of pulverizing. This was observed cliefly among un-
weathered shales. /The plastic clays were composed of particles
entirely similar in appearance to those observed in clays which
were not plastic, except that they were less angulay, their corners
were more rcunded, and it was seldom impossible to separate
the grains by agitation in water. A larger proportion of
excessively small grains was also present, many so very fine that
under a magnifying power of five {o six hundred diameters they
vet appeared as mere specks of dust to the unaided eye. “As
to the flattened or plate-like form: of these particles, no conclu-
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sive ohservations were made. In both plastic and short clays
were noted occasional elongated fragments and these often
showed parallel cleavage cracks, but it cannot he said that they
werc more predominant in one clay than in another. The chiaf
differences noticed, as stated above, were the greater angularvity
cf the grains and the existence of tewer of the very sinall sizes
in the lean than in the plastic clays.

‘Whether or not the flattened grains in clays which give to them
plasticity are certainly particles of kaolinite, it would seem haz-
ardous to say from what can be learned by studving the constitu-
tion of common impure clavs, Certain it must be that there ave
some other minerals in clavs in an equally finely divided state
that cannot be told from kaolinite. Common among these is
quartz which exists in nature in nearly all rocks and 1n all states
of division. Study of the geology and origin of clay deposits
along with specific mineralogical examinations of the character
of deposits of kaclin, which are largely free from the many im-
purities that are gathered up during removal and redeposition,
has warranted the inference that all clays are composed essen-
tiallv of fragments of kaolinite mixed with larger or smaller
amounts cof other mineral substances. Facts along these lines
are well established and a consideration of them need not be en-
teved into here.

Although it is not certain plasticity may be accounted for by
the thin plate thecry, frou the facts above enumerated, it ap-
pears to approach nearer the truth than any other yet put for-
ward, and since upon it as a basis many of the peculiarities of
clays may be explaiued, it is safe to assmme that the plate strue-
ture of clays is the principal canse of plasticity. It is probable,
hewever, that other important factors enter. Kaolinite is a very
slippery, greasy mineral of itself, which cleaves readily, and the
particles thus have the property of gliding over each other when
dry without great friction, as when clay powder is rubbed be-
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tween the fingers. Fineness of grain also evidently has a great
influence on plasticity. Importance is to he attached to the range
of size cf the particles. As has heen shown, cementing impur-
ities may exert an influence on plasticity. It is helieved that
vitimately all of these factors will be found of ilmportance in
explaining the plasticity of clay.

METHODS OF MEASURING PLASTICITY.

Accepting the thin plate theory, with the modifications noted,
fer the explanation of the cause of plasticity, it would appear
that the strength of clays should furnish an index of their plas-
ticitv. Their strength when wet would depend upon the cohesion
of the clay particles, i. e., their attraction for each other, and
upon adhesion hetween the clay grains and the thin film of water
which we ccnsider to envelop each and every grain. When dry,
their strength would be due to the force cf attraction among the
clay particles themselves which are new in contact, and tc the
cverconiing cf friction as the particles move upon each other.
Newtcn’s law expresses the attraction of bedies tor each cther
as ‘‘“in proportion to their masses, and inversely as the xquare

" Wlhen a clay is moist and plas-

of the distances between them.’
tic, attraction between particles must act through a small thick-
ness of water. Water being a liguid substance, is mobile, and
thus serves as a lubricant between the grains of clay which are
allowed to move with reference to each other without frietion.
Water is not elastic and thus has no tendeney te regain any form
when it is distorted. Tt is for this reason that a mass of clay
permeated with water may be molded by pressure into any shape
desired and the shape given to it remains when the pressure is re-
moved. This iz plasticity.

According to Newten’s law, all hodics exert an attractive force
for all other bodies. Bodies free to move under this force ap-
proach each cther until equilibrimim is established. As the water
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leaves a hody of clay, the particles approach nearver cach other
under an increasing attractive foree until they ave in actnal con-
tact and equilibrinm is brought about. So long as there is mo-
bility in the mass of clay, that is, while the grains are sarrounded
with water, the latter are more or less [1ec to meve and te arv-
range themselves in relation te each other in the most stable po-
sitions. This arrangement is facilitated when the clay is
kneaded or worked, which causes motion amcng the particles.
Assuming the particles to he elongated and flattened in shaype,
there would always be the tendency for them tc arrange them-
selves with their longest diameters parallel, hence, their hroadest
faces and narrowest edges towards eacl other. This 1s 1llus-
trated by the familiar experiment with a magnet and a flat piece
of steel. The steel will cling to the inagnet from one end ¢r nar-
row edge, but if given the least chance will be dvawn round in
parallel position with the broadest face and longest axis of the
magnet. The clay particles mayv be looked upon as each one a
magnet attracting every particle around it. The tendency al-
ways exists, therefore, to draw all the particles in a clay mass
lntc parallel pesition.

v As to the amount of surface presented by the flattened parti-
cles, they may be comparved with the spherical, which shape Dr.
Aron™ considered the constituent particles of clavs to have. The
sphere encloses the greatest volume with the smallest surface
area. The more a bedy departs in shape from the sphere the
lavger the ratio of smriace to volume becomes. The more flat-
tened the grains, therefore, the more nearly the attracting hodies
approach a plane and when arranged in parallel position the
more nearly at right angles must the attracting force act. On
these facts it is seen that the characteristically shaped grains of
which clavs are considered to be largely composed afford the
" #Die Keramischen Thonfabrikate, Dr. W. Schumacher, p. 10. Notizblat des Deutschen

Vereins fur die Fabrikation von Zeigeln 1873, s. 167.
7
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best of conditicns, not only for waking a plastic body when wet
but alsc a streng one when dry. 'I'he experiment with two pieces
of glass hetween which a thin film of wateyr is placed is known to
most readers. It will be recalled that the sections of glass after
being jivessed together with water between them cau only he
parted with the greatest difficulty in any other way than by mov-
ing them upon each other parallel to the surfaces of the glass.
If weans are taken to part them at right angles to this direction
the glass is often broken. It is this condition that exists among
the flattened and polished grains of a clay that permits it to be
worked and molded without rupture. The strength with which
the clay grains cohere, therefore, when Loth wet and dry should,
according to the above reasoning, be significant of the plastieity
of the clay. That of the wet clay ought to furnish the mcre ac-
curate idea of plasticity since we are dealing with the clay in the
plastic state, and the pull necessary to rupture it is the suun of
the forees required to overcome the attraction of the graing for
cach eother and the capillayy strength of the watcer in the clay.
The wethods that have heen employved to obtain a measure of
plasticity wmay be divided inte those that deal with the wet clay
and those that deal with the dry clay. With the wet clay, the
commonest, most practical, and for the miost purposes sufficiently
accuiate methed, s that of the fcel of the moist clay hetween
the fingers and its power to be moided as shown by mixing some
ol the ground clay with water and molding it in the hands. This
1s the field test to which the clay prospeetor rescrts aud 1s an
efficient means cf cbtaining information regarding {he worka-
bility of clay from any deposit. In order to have definite stand-
ards of comparison 1 testing large numbers of clays and to ob-
tain concrete expressions fer plasticity, several means have been
devised to measure the strength of wet clays. Bischof,* a (ter-
man scientist, recommended fcreing the plastic clays through

* Die F.euei'festen Thone. p. 84.
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a horizontal or vertical die into the shape of small pencils, and
taking the length of the little evlinders thus formed before they
broke of their own weight, as the measure of plasticity. The
Vieat needle is used in testing wet clays in a similar manner to
its use in testing the set of cement. The operation of this in-
strument depends upon foreing a needle into the plastie clay hy
the application of a known weight upon it. Langenbeckt states
that if the needle, with a weight of 300 grams, penetrates to a
depth of four centimeters in five minutes, the proper consistency
is attained. Omn this same principle is based the use of a balance
from one arm of which is suspeuded a plumb bob whiclh is al-
lowed to settle into the moist clay for a given period.® Weight
is given to the beb hy the removal of weights {rom the pan on
the other side cf the balance. By these methods it is possible to
determine when a clay has reached the correct consistency for
wolding, but they furnish little positive information vegarding
plasticity unless thie amount of water required is taken into con-
gideration. Langenbeck assumes that the more plastic a clay,
the more water 1s necessary to make it wp to a moldahle consist-
ency and uses the proportion ¢f water as a measuie of plasticity.
Dr. Ladd} deseribes another device for determining the strength
cf wet elays. The apparatus consists of two small sheet iron
troughs with perferated bottoms in the center of which are
placed test tube brushes in such position that when the trouglis,
which are mounted on wheels, are brought end to end, the ends
of the brushes come together. The dry clay is sifted into the
brushes and allowed to absorb moisture frem belew until satuy-
ated. The pull required to break the column of clay between the
brushes is then measured by placing weights on a scale pan at-
tached to one of the troughs, fill the troughs part. This test

o t Chemistry of Pottery, % 19,
*Clays of Georgia. G. E. Ladd, p. 5l.
i Clays of Georgia. G. E. Ladd, p. 52,
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gives little airect information about plasticity but appears to
have advantages for measuring the strength of clays through
different stages of saturation. The tensile strength of the wet
clay made up into brickettes and tested while wet and in its most
moldable state with a tension machine, has been employed to
some extent in determining plasticity. This practice 1z based
upon the assumption that the clay standing the strongest pull in
pounds per square inch is the most plastic. In carrying into
effect such a test with the soft clay, great care would be neces-
sary in handling and breaking the brickettes. A machine sim-
ilar to the Fairbanks or Rielle cement testing machine could be
used but it would have to be much lighter, more casily operated
and susceptible of more delicate adjustment. As these machines
are commmonly constructed the weight of the lower grip is brought
to bear cn the brickette when the Jatter is placed in position and
this weight is alene sufficient to pull apart nearly anv clay while
soft unless manipulated with unusual care. As noted earlier,
however, testing in this manner, clays made up: to the best work-
ing consistency should give an accurate idea of their relative
plasticity. By this mieans is measured the cohesive strength of
attraction between particles and the binding force of water which
are the agents of plasticity. The drawback to the use of this
method has heen the lack of a device that will successfully break
and record the strength of the clavs. ‘

Two plans have been followed in testing dry clays for plas-
ticity. Bischof suggested the use of a set of ‘‘standard clays”’
with which all clays were to be compared by noting the relative
amounts of dry elay dust rubbed off with the fingers over sheets
of paper. They might also be compared by the sane treaiment
after mixing with varying proporticns of sand. This method has
been employved very little if any in this country. The second plan
and the one that has been followed by investigators more than
any other perhaps, in fhis country, is to test the tensile strength



PLASTICITY. 101

of the dried clay. The method of procedure in preparing the
clays for this test and in testing itsclf has been considered in
detail under the head of Strength of Clays, in a preceding para-
graph. The results of the tests are also given.

It has been leld by some that the more plastic a clay is wlen
wet the greater will its tensile strength be when dry. If tuais is
true, then the breaking strengths will be positive indices of plas-
ticity by which different clays may be compared. The general
results of the tests made go to show that the strongest elays are
usnally the most plastic, among members of the same class of
clays. In comparing clays of different types, however, the method
fails completely. Considered from the sta.ndpoint of worka-
biiity, the well weathered shales stand well ahead of the locss,
alluvial and glacial clays; vet when tested in this way the latter
show in some instances tensile strengths nearly 50 per cent higher
than that of the shale clays. In the accompanying table is a ¢com-
parison of a few of the results which illustrate these facts:

| l

!

in,

CLAY. REMARKS.

pounds
per sq.in.

water.
sq. in.

Pounds per
sq. in.
Pounds per

Per cent
Pounds per
Pounds per

sq.
_Average

o
w

i
Capital City \I 30 ‘ 191 169 | 209 | 204 l
Brick & Pipe| 32.5 ‘ 149 | 179 | 148 | 161

194 I
171 | Very plastic, weathered
145 | 164 | 137 | 136 | 146 | shale,

Co. Top. 35

37.5| 140 | 121 | 118 | 192 | 143
L. C. Besley. ' 22.5 187 | 211 | 295 | 273 | 229 | Arenaceous and more or
Bottom of | 25 244 | 263 | 279 | 264 | 263 less incoherent loess
Bank. 27.5| 214 | 310| 216 195 | 234 | clay.

Storm Lake |25 | 200 249 | 237 | 265 | 238
Brick & Tile | 27.5 | 240 | 297 | 285 | 307 | 282 | Calcareous glacial clay.
Co. 30 310 | 296 313 349+ 317 ¢

(Hacial clays are usually very plastic and have high tensile
strengths, as shown in the above table. The plasticity of glacial
and loess clays, while usually sufficient to make them: run
smoothly through a die or to miold well in the hands, is mani-
fested in a different way from that of the weathered shales and
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five clavs. The fcrmer have neither the greasy, unctuous feel be-
tween the fingers, nor the sovapyv, glossy surface which are char-
acteriztic of plastic shales and five elays. Their plasticity may
be designated as ““sticky’” or “muddy,”’ in distinction from the
smocth, scapy nature of the latter. ILoess and glacial clays have
nct the power of cobesion that other clays possess when in the
moist ecudition. They will roll up and pull apart readily n
working, and scrrated edges on the bar which comes from the
auger machine are much more common when a loess clay is used
than in the case of other clays. Yet the strength of the dry
product, when free from these defects, is greater. The stability
and endurance c¢f the adobe (which is a naterial closely allied to
the locss) houscs and cliffs of the West attest this fact. These
classes cof clays are very sandy. Glacial clays are conmmonly
very fine-grained except fcr the sand which they contain. Lioess
clays are not high in c¢lay substance and consist largely of sand
varying in size frem pereeptible grains to impalpable silt.

On an inspection of the results from the mechanical analyses
of the loess clays, it will be noticed that the composition of those
having the highest tensile strength, have the moest evenly propor-
fioned amcunts of the sizes of the grains represented. Those
vossessing a large proportion of excessively fine particles, like
the ones running higl in some internediate size of grain, ave
weaker than the samples which analyze more nearly even
threughout the range of sizes. The difference in strength is not
s0 proncunced ncr has the number of clays tested heen sufficient,
to be in any way conclusive, but the results are instructive in
that they suggest a possible explanation cf the strength of clays
based upoen the proportion and range of size of the grains present.
The table shows such a conparison:
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Besley, Council Bluffs, top clay. .... | 1.55 | 8 44 22.10 49,11 13.44 10. 85 99.99 | 149
Gethmeann, Gladbrook. ....................| 259 519 22.46 | 32.04 14.15 23. 55 09.98 | 279
Besley Council Bluffs, bottom clay......... 2 04 | 1.62 25.26 20,72 17.85 24.74 | 100 23 | 244
SHRINKAGE.

It 1s well known that clays, on drying, undergo a decrease in
all their dimensions. This decrease is due to the settling tegether
of the clay particles when the water is evaporated. The fact
that the larger the amount of water necessary to render a clay
plastic, the greater the shrinkage is found to be, suggests that the
lJoss of the water is the prime cause in bringing about the dimi-
nution in volume. Tn considering the porosity of clays it will
be seen that the volume of the pore space may be measured hy
the amiount of water that will be absorhed without chauging the
form: of the body of the clay—that is, the water required te fill the
interstices among the grains when they are touching each other
at all possible points. This is called pore water and does not
alter the volume of the clay. Tf more than is necessary to 1ill
the pore system is present, 1t begins to get in between the points of
contact of the clay granules, and thevefore to foree them apart.
Scon each little particle is surrounded with a thin film of water
separating it slightly from each of its neighhors. When clay is
dry, the cohesion, or attraction of each clay particle for every
other, holds the mass intact. When the clay is wet, and each parti-
cle is separated from every other by a film of moisture, this same
force of atiractiom still exerts itself to hcld the mass together,
hut because of the intervening space and the confining film of
water through which it must act, the force is weakened and the
particles are not held ag firmly as in the drvy clay. Thus sur-
rounded and lubricated, so to speak, with a capsule of water, each
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grain glides upon its neighbor= when subjected to any outside pres-
sure and the clay may be deformed and molded into any shape. If,
now, more water is added than is required for plasticity, the film
round each grain beccmes thicker, the distance acrcss which
cohesive attraction must act is greater, so great, perhaps, that the
particles no longer cling to each other, and the clay gradually
melts down and loses its shape entirely. During successive adcli-
tions of water the clay will inecrease in volune as long as it
retains 1t= shape. Tf the water is now allowed to evaporate from
the eclav, the conditions that were noted in wetting up will be
repeated i reverse order. The clay will begin to shrink as soon
as water begins to leave it, and will continue to do so until the
film of water is removed from between all points of contact of
the grains and they again settle together as closely as possible.
At this stage shrinkage ceases, but there is still left in the clay
all the water the pores can held, which amocunts to from 1 to 5
per cent, depending on the porosity. Genervally speaking, the
finer grained clavs shrink more because of the large nmmber of
minute grains to be surrounded with water. But they ave usu-
ally the mcre plastic and strong and better able to stand an
excessive =hrinkage without eracking.

The shrinkage of a clay may in part be counteracted by the
addition cf a non-plastic maferial as hes heen shown under Bond-
ing Power. Cemmon sand or sandy clay are often used for this
purpose. This is done with clays that have such sliinkage that
they will not dry safely and which will stand dilution without
impairing the product. A non-plastic substance thus added to
a fine-grained plastic clay acts not alone to lessen shrinkage but
facilitates the evaporation ¢f water from the clay. If the non-
plastic substance used be of a refractory nature, as sand or
chamotte, it serves further to maintain the form of the ware
when vitrification oceurs.
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Fire Shrinkage.—Fire shrinkage is another important factor
in the utilization of clay. By this is meant the change in vol-
nme which a clay suffcrs during burning. This contraction heging
at red heat in all clays, and continues to vitrification, where the
clay reaches its greatest density. The tempervature of the vitri-
fying point varies with different clays. The shrinkage which
begins at red heat is largely due to loss of water which was com-
bined chemiecally in the clay. This water varies in per cents
from 3 or 4 to nearly 14 in high grade clays. Any carbonaceous
or other crganic substances in the clay comwence to burn ont
at ved heat, and are a factor in the shrinkage of the clay which
begins at this stage. The expulsion of these ingredients leaves
the clay in a porcus condition, but its contraction is not great
until a sufficiently high temperature is attained that the clay
commences to scften and to fill these open spaces. If the heat is
carried far enough the pores are eliminated aund the clay shrinks
te its limit.

The practical bearing of the determination of both air and fire
shrinkage comes in the application of any given eclay to the man-
nfacture of ware of certain size. It is necessary to know how
much a clay when mclded with a certain percentage of water,
will change in volmue through drying and burning.- With this
kncwledge, dies and molds may be constructed which will form
ware of such a size that when it comes from the kiln it will have
the exact dimensions desired in the finished product. In this
regard it wonld, of course, be necessary to experiment with the
elay, ground to the fineness, mixed with the percentage of water
and buimed to the temperature required in the actual manufac-
ture of the ware.

Shrinkage tests have been made of a number of Towa clays.
The method followed in the preparation of these clays for the
tests has been cutlined under Strength of (lays. After grinding
and screening tc the cesired degree of fineness, the clays were
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made nyr to their best plasticity, without regard to the amount of
water required. While in the plastic condition, they were spread
out hy means of a trewel on a glass plate into a pat about one-
Lalt inch thick. From this pat were then cut pieces approxi-
mately three by one and one-half inches.

In order to determine shrinkage in dryving it is necessary to
neasnre accurately the veluk of the clay when it is in the
moist and plastie condition and again when the clay is dry.
The difference in volume gives the per cent of shrinkage. Ifor
fire shrinkage, the difference in velume between the dry and the
burnt clay is taken. Such a method deterinines actnal change
in volmne, or cubical shrinkage. The Jinear, or shrinkage in one
dimension, may be obtained by extracting the cube roots of the
wet and diy volumes, taking their difference, and expressing this

. difference as a percentage of the root of
- the wet velume. Similarly for dry and
burnt clay.

The apparatus used for this determin-
ation is the Seger Velumeter. Tle voln-
meter consists (see Figuve 2) of a glass
jar with a capacity of about four litres,
having a bread mouth and closed with a
ground glass stopper. Through the cen-
ter of the stopper is a circular opening
intoc which fits the grcund end of a short
glass tube. The latter expands into a
bulb a few inches above the stopper and
1s again contracted to small diameter he-
vond the bulh. The interior of the jav
is thus open to the outside through this
small tube, into which the liquid will rise
when, the jar is filled. Near the base of
the jar is a glass stop cock, which, as

F1a. 2. The Seger Volumeter.
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shewn in the cut, is connected above with a long burette holding
125 cubic centimeters and graduated to tenths. The upper end
of the burette expands te a bulb that serves as a reservoir for the
liquid drawn upward through the burette. To the bent portion
of the tube above the bulb is connected rubber tubing of con-
venient length to usc in drawing the liquid into the burette. The
glass tube inscrted in the stopper of the jar has on it Just
beneath the expanded pertion a mark, which is at the level of
the zcro in the graduations on the burette. 'When the stop cock
in the lower part of the burette is open and the jar is filled with
liguid up to the mark on ghe small glass tube, the liquid will
stand at the zero point in the burette.

To use the Volumeter with any substance whiclh water will
not disintegrate, it is filled with water. If the material to be
tested 1s such that it will slake when immersed in water, as for
inslance, clays that have been mclded and dried, some oil is used
instead. The inventor ¢f the apparatus recommends the use of
a hicavy petroleum whichi has been decolorized by treatment with
sulfuric acid and caustic soda. Ordinavy kercsene oil with a
specifie gravity of about .8 (which must be accurately known) has
heen feund to give satisfactory results.

After filling the jar, the burette is drawn full of the liquid
by suction through the rubber tube, and held full by turning the
burette valve or by means of a pinch cock on the rubber tube.
The stopper is now removed and the test piece of the clay, which
is still plastic and permeated with water, is carefully wiped dry
of the ccating film, and put in. The test pieces described eavlier
as approximately three inches long, were allewed to dry till, on
picking up a piece endwise between the thumb and finger, the mid-
dle pertion did not sag. This point was noted carefully and all
samples were treated in this regard exactly the same. Care
is taken net to spatter any of the liquid in placing the block of
clay in the jar. In order to prevent this and to avoid breaking
o1 otherwise marring the test piece by dropping it into the ves-
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sel, a small wooden float o1 support (shown tc the right at the
bottom of the figure) by which the ¢lay may be carefully let
down into the liquid, is advantageous. This float is conveniently
made with a small eve or hock near cach end <o it may be
handled by reaching in with two stiff bent wire rods. Some
suel arrangement as this is found quite necessary in testing the
raw clays but can be dispensed with when the clays are hurned.
The stopper is now veplaced and by releasing the pinch cock,
oil from the hurette is allowed to flow back into the jar until it
stands at the mark on the short tube. The volune of the clay is
then indicated by tlhie height of the liquid in the burette above the
zero mark. The piece of clav is taken ont and placed to dry
while the Volumeter is again filled to the zero points to he ready
for the mext test.

When air diy the clay is heated in an air bath to 230° F'. to
expel all hygroscopic meisture and after weighing it is placed in
a vessel of oil nntil saturated. This is found to require three to six
licurs for small tesl pieces a.ppl'oxim‘ca.rtel_\ﬁ. 3 by 1% by 14 inches.
Wilen saturated the piece is again weighed and its volume meas-
ured as before. Having now the wet and dry volumes, the per-
centages of cubical shrinkage in drying is easily caleulated.

In measuring fire shrinkage, the samje test pieces were em-
ployed that were made use of in determining drving shrinkage.
They were placed in a small muffle furnace (deseribed under
Fusibility, page 123)and burned to a temperature of seven to eight
hundred degrees C. By burning at this heat, dehydration and oxi-
dation of the clay are completed. It is about the temperature at
which cominon, porous red building brick are burned. For the
larger number of clays, vitrification has not vet bhegun at this
heat and they ave left in the most porons condition attained dur-
ing any part of the bwrning process. In carrying on the bhuin-
ing of the test pieces, effort was made to bring about the best
conditions for oxidation of the clay. Tt was usually not difficult
to secure perfect oxidation througlout the sinall pieces that were
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used. In the majority of clays, very little shrinkage occurred.
In sonie instances an actual increase in volume was noted. This
was found to be true in the case of all the loess clays which are
prevailingly sandy.

In the actual carrving out of the tests, three test pieces of each
clay were used from which to obtain the average shrinkage in
drying. PBut two were emploved for fire shrinkage tests. The
figures given in the accompanying table are the results thus
obtained.

|
|
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Q._B m_'cl Q.,.B g=o
Flint Brick Co., bottom 9.44 | 1,99 |Cup1ta1 City Brick & Pipe Co., 4 " l
Flint Brick Co., middle. 1.82 || from top . .. 14,83 .85
Flint Brick Co., top 4,24 ||Capital Clby Brxck & Pxpe Co. ,
bottom. . 8.44 | -2.18
Iowa Brick Co., bottom............| 15.23| .34 |
Towa Brick Co , 8 from top....... 9.10 |-1.U7 '|Colesburg Potter’s clay........... 18.25 | 5.9
Iowa Brick Co,, 5from top........| 26.28 | .53
Iowa Brick Co., 4 from top ...... | 21.53 | 4.72 |Clermont Brick & Tile Co. , white |
Iowa Brick Co., 3 from top....... 13.90 - .59 burning. ..... 12.83 | -1.06
Iowa Brick Co., 2 from top........ | 1997 -1.48
Storm Lake Brick & Tile Co.,
Flint Brick Co., green brick....., \ 20.25 |-1. 53 Wisconsin drift . 27,11 | -8.78
Capital City Brick & Pipe Co ‘ | Dale Brick Co., shale.............. 3.7l | 2.3
green brick . . 23.80 | 5.668
B. B. Je:zter, fireclay ............. 15.93 | -1.49
Corey Pressed Brick Co., red
burning. .. 168.94 | 2.87 | |American Bnck & Tile Co. plﬂstlc |
Corey Pressed Brick Co., buff | shale ... .... ..| 2Ls2 | 0.00
burning. ... 27.00 | 2.91 |
| LOESS CLAYS.
Granite Brick Co., top stratum.. 4.86 -2.8
Granite Brick Co., bottom.. L1882 | .71 |L. . Besley, top of bank . 6.83 | -2.47
| L. C. Besley, middle ....... ... 9.62 | -1.57
L. M, Harris, bottom . ......... . 17.83 | .14 |0 ©. Besle}', hottom.. vieeeeenl 18,28 | - .45
Capital City Brick & Pipe Co., top| 25.79  6.04 |Dale BrickCo .... .... cveecure.ts 22.17 l -2 52
Capital City Brick & Pipe bo , 2
from top.... 10.84 -1.19 |Gethmann Bros. Brick Co........ | 28.20 | -2.76
Capital Olny Brick & Pi | |
from top.. ..... T - I I I V4 | i
POROSITY.

The porosity of a clay is defined as the vatio between the vol-
ume of the clay and the open or pore space among the clay par-
ticles. Ttis thus a ratio of volumes and 1s expressed in percentage
ol the total volmme occupied by the clay.

Porosity of any hody which is composed of an aggregate of
particles depends on the size and shape of these particles. If
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they are all spherical and of the same size, as in a mass of shot,
porosity is at its maximum. The more they vary in shape from
the sphere and the greater the range in size, in general the lower
the poresity. Clays have a great range in size and shape of con-
stitnent evain. It is evident that it a clay is made up of multitudes
of small mineral particles of nltifurious shapes and sizes, it is
impossible for them to be in contact with each other at all points,
even when the clay is in the most compacted condition. That they
are not is evidenced by the fact that diyv clay absorbs water,
which shows that it 1s porous. The microscope also reveals the
shape and size of grains to be vailable. Some ave flat and
rounded, others are elongated or sharp and angular in cutline.
The size of these grains ranges from sand which is visible to
the unaided eye, to such minute particles that the highest power
of the microscope fails to resolve them. Tt is clear that such a
mass of grains, varying as they do, could not settle together in
avch a way as to fill all the space which the tctal volume of the
clay occupies. That is, when the particles are in contact at all
possible points, there are still small spaces left between {hem,
and these spuaces conneet with others, thus ferming a pore sys-
tem throughout the clay mass. Thus the very smallest particles
fill in the spaces between the lavger grains. It is diffienlt to say
whether one elay is wmcre porous than ancther if nothing is
known as to the size and shape of the grains. One may absorb
water greedily because of its coarse grain and would he called
a porous clay. Awnother, wbile it may not take up water with
such avidity at first, may ultunately requive just as muech to
saturate 1t as the former coavse-grained one. The actual anmount
of pore space in the two might be the same, and their differ-
ences with respect to water aliscrption would prebably he due
largely te forml and size of the individual minerval paiticles of
the clay.

On the poresity of clays depends largely the amount of water
required to make them: plastic. On the water of plasticity de-
pends the shrinkage which clays undergo in drying. The ability
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of clays to withstand rapid drying witheut injury is dependent
partly on the shrinkage which they suffer. If the pores of the
clay are large, water may be absorbed rapidly and likewise given
off readily. If the pores are sinall, moisture is both absorbed and
evaporated slowly.

Porosity is a very important physical factor in burnt clay
wares. Unless completely vitrified, all clay preduets ave more
or less porous. As with building stones, the value of burnt clay
for structural pmiposes depends on its ability to withstand the
conditions under which it is placed, especially the influence of
weather. All unvitrified bricks absorb water from the atmos-
phere and the earth; whether with readiness and in quantity de-
pends upon. their porosity and fineness of grain. The freezing of
contained moisture in the pores of the brick 1mposes one of the
most strenuous tests which a brick must undergo. 1f the pore
systeny is fully developed and the pores arve large the hriek will
usually suffer little deterioraticn, as the pressure exerted hy the
expansion of water on freezing will be relieved by the exuda-
tion of small ice crystals fromy the pore openings at the surface
of the clay. That is, the small capillary tubes throughout the
clay are of such size that the expansive force at freezing pushes
the many little columns of ice outwards instead of subjecting the
brick itself to the strain. If the clay is very fine-grained (as
has been shown, its poresity may be the same as that of the open-
textured clay) its capillary svstem will cousist of very small open-
ings, tubes sc tortuous, perhaps, that no movement of the ice
spicules is possible when the water congeals in the pores. In
thix instance, the expansive force of the freezing water is directly
exerted to separate the particles and is effective in breaking
dewn the gtructure of the clay. If a clay is an exceedingly elose-
textured one, its porosity is apt not to be so pronocunced, and,
as in the case of many of the best grades of dry press face brick,
will not absorb enougli water to become a disrupting agent cn
freezing. Thus it i obvious that there ave two limits of safety,
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the strong clay with low porosity, and the coarser elay with large
pore spaces and a well developed pore system, if both are equally
well burnt, are but little affected. The determination of porosity
thus becomes of importance with both the dry and the burned
clavs. In crder that the results may be of the greatest practical
value, however, the clays should be dealt with after receiving
the treatmient to which they ave subjected in the actnal processes
of manufacture.

The porcsity of granular bodies is often found by noting the
weight of water absorbed and comparing this with the weight
of the dry miaterial. Since, however, the porosity is a relation
between vclumes, this method does not measure true porosity.
Buckley® has fittingly termed the result obtained by the ahove
process the ““ratio of absorption’, and it should not be confused
with true porosity, which is the volume of pore space compared
with the volume of the clay. Porosity is obtained by saturating
the body with some lignid whose specific gravity is kuown.
With div claxs it is impossible to nse water because of ity slak-
ing effect. In the tests made for this report, kerosene was
empleved for saturating the raw clays, after determining very
cavefully its specific gravity. For the burned samples, distilled
water was used and its specific gravity taken as unity.

The porosity determinations were made by the aid of the
Seger Volmueter described mnder Shrinkage.  Porosity was
measured on the samples used for shrinkage determinations.
The velume of the test pileces was measured after the clay was
dry. The pieces were then allowed to stand in the oil used until
saturated. (See Shrinkage.) The dry weight and that after
saturation were recorded. Let the volume of the dry testpicce he
called V; g, the difference in weight between the dryv and the satu-
rated piece, or, in other words, the weight in grams of oil
absorbed ; s, specific gravity of the oil. Porosity is obtained
from these data by dividing the weight of oil absorbed, g, by

* Building and Ornamental Stones. Bulletin No. 4, Wisconsin Geol, Surv., p. 69
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its specific gravity, s, and this quotient by the volune V, of the

test piece. Tle last quotient multiplied by 100 gives the per-
: g : .

centage of porosity. In formula, p= s  .100. For the porosity

v
of the burnt clay with which water could be used for saturation,

precisely the same plan was followed. The specific gravity
of distilled water at crdinary temperatures was taken as unity,
it was thought, without the introduction of any appreciable
error; s, therelcre, disappeavs fromr the ifotmula; g becomes
cubie centimeters, and the expression reduces to szf—.loo,
which is a direct comparison of the volume of water absorbed
with the volmne of the clay.

The resnlts given in the table below were obtained by taking
the average of three determinations for each of the clays in the
uuburned cendition; and the average of two samples of each of
the clays after they were burned at a temperature of 750° to
K00° (.
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Flint Brick Co., bottom of bank...,| 30.04| 26.94||Capital City Brick and Pipe Co
TFlint Brick Co.. middle PR 23. 00 24 7! 3 from top - 17.00| 20.81
Flint Brick Co., top. i Capital Ciry Brick and Plpe g
4 from top 25.18| 27.29
Iowa Brick Co., hottom of b nk... | 28.69| #3.45||Capital City Brick and Plpe Co., 5
Iowa Brick Co. 86 from top 27.64|| bottom stratum. .| R4l 5!:)" 26. 64
lowa Brick C... 5 from top... 21.41 |
Towa Brick Co., 4 from top 2.5'||Potter’s clay, Co’esburg, Jowa. 28 36| 25.51
lowa Brick Co , 8 from top... 28,99
Iowa Brick Co., 2 from top 21. 36||Clermont Brick aud Tlle Co s .vhxtu
: burning . . J...| 22.66( 39 63
Flint Brick Co., green brick .. ... | 23.20| 23.47
Storm Lake Brick and Tile Co.,
Capital City Brick and Pxpe Co., Wisconsindrife ............ ..... 19.27| 20.88
green brick. . 21.88| 22.15
Dale Brick Co., shale................| 28.98] 31.02
Corey Pressed Brick Co., red burn- |
ing clay, ...... . ....| 80.10| 38.24||B. B. Jester, Danville, Iowa, fire clay.| 20.35| 23.66
Cor(.v Pleqsed Bnck Co., buﬂ' burn-
ing clay. . cee eee...| 28.10] 29.59 |American Brick and Tile Co plns-
tic sha'e .o ... | 268.71) 80.46
Granite Brick Co., top of pit.. 23 01| 25.57
Granite Brick Co., bottom of pib 22.41] 22,95 LOESS CLAYS.
L. M. Harris, Rockford, lowa......| 24. dt 34.78 |L. C. Besley, top . e eeeeeee...| 20.77) 32.66
L. C. Besley, middle . ..| 25.80| 28.58
Capxbal bey Brick and Pxpe Co E L. C. Be\ley, bottorm . .| 24.03| 22 82
top . 30.&0’ 97.89
Dale Brick Co.....v cemvuavenoooouo. | 18.14( 20.03
Capital City Bnck aud Pxpe Co.,
2 from ton 25251 26. , ladbrook . ..... | 22.43] 25.27

8
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SPECIFIC GRAVITY.

Specifie gravity has not been shown to be a factor of especial
importance in the economic treatmient of clays. According to
the coneeption that speeific gravity is a function of porosity, it
is considered to liave a bearing on the fusibilty of clays. The
more compact and non-porous the clay, other things being equal,
the higher the specific gravity and the lower the fusion point.
On this basis, the clay might have one specific gravity as it came
from the bank and this would change with each variation in
manipulation. The ground clay would have a different specific
gravity from the undisturbed clay in the bank. TIf clays were to
be used in their natnral state for building purposes, as are other
classes of quarvy produets, a knowledge of their specific gravity
hased on the above counception, might be of some vaiue as indi-
cating relative mass. This is not, however, the true specific
gravity of the clay, which depends alone on the minerals com-
posing it and is independent of porosity. I'rom. this standpoint,
the specifie gravity of a clay is constant no watter what condi-
tion the clay may have.

Pure kaolinite has a specifie gravity of 2.6, Quartz sand has
a specific gravity of 2.65. The ivon minevals occurring in elays
arc all heavier than the above constituents. Lime carbonate is
likewise scmewhat lieavier. The principal impurities in clays
that are lighter than the essential constituents are feldspar, cal-
c¢ium and magnesimn swlfates, alum and soluble salts of potas-
siuni and sodinm.  Other salts of low specific gravity occasion-
ally cecur but seldow in sufficient quantity to appreciably wod-
ity the weight of the clay. In fact, the proportion of the sub-
stances mentioned as of less specific gravity than kaolinite is
usunally not large, so that, viewed frow. the point of ineral
composition, most clays should have specific gravities very close
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to thal of kaolinite iteelf.  Clays high in iron compounds will
of course have higher specifie gravities. This 1s found in gen-
eral te be true, more ol thew, however, being below 2.6 than
above, some departing so abunorvmally that it is hmpossible to
explain snch departure by a study of the mineval constitution
ol the clay. This is especially true of the loess clays.

The Seger Volmueter described earlier was employed for spe-
cific gravity determinations.  Only the data collected in the
measurement of poresity and shrinkage were requived to calen-
late specific gravity. 'I'his was calculated on the same samples
used to determine porostty.

If we allow G to stand for the actual weight or mass
of the test picee when dry, this value divided by the
volume of the latter i1 cubie e, % , would give specifie gravity
if the clay were entirely non-porcus. But since V represents
appavent volume, that is, clay plus yore space, in order to get
the real volumie of the clay present, this volume must be cor-
vected for pore space. 100 per cent less the percentage of por-
osity, P, gives the percentage of the apparent volume which is
actually occupied by the clay particles. This difference multi-
plied by the already obtained volume of the clay gives the space
in cubie centimeters really occupied by clay. The weight of the
clay sample divided by the corrected volume equals the true spe-
cific gravity. This is expressed in formula thus:

G
V (100 per cent-P)

= Sp. Gr.
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Flint Brick Company, bottom............. e e 2.40 | 2.24
Flint Brick Company, middle........... ........ e 2.51 | 2.46
Flint Brick Company, top ... .. viiiis i 2.41 | 2.46
Iowa Brick Company, bottom .... ....... ... ... . i 2.36 | 2.41
Jowa Brick Company, sixth from top ...... ... iiin .. 2.37 12 34
lowa Brick Company, fifth from top........... et eranene.d 2.45 | 2.42
lowa Britk Company, fourth from top ......... ... ...t 2.40 | 2.54
lowa Brick Company, third from top...... ... oo iiiiin i 2.46 | 2.42
lowa Brick Company, second from top...........coiiiiiiiiiiennn.. 2.53 | 2.51
Flint Brick Company, green brick... ......oooviiiiiiiiiei ... 2.52 | 2.42
Capital City Brick and Pipe Company, green brick............ 2511]2.49
Corey Pressed Brick Company, red burning......... ................ 2.54 | 2.52
Corey Pressed Brick Company, buff burning............. G 2.54 | 2.49
Granite Brick Company, top ..o vuer ittt 2.2512.23
Granite Brick Company, bottom ... ... ............ e cee. ....| 2.42 1 2.43
L. M. Harris, bottOm .. .o it i e it i e e e e 2.56 | 2.52
Capital City Brick and Pipe Company, top ...........covvuiinnn oonn. 2.64 |12 50
Capital City Brick and Pipe Company, second from top.......... .. | 2.48 | 2.39
Capital City Brick and Pipe Company, third from top ............... 2.53 1 2.50
Capital City Brick and Pipe Company, fourth from top .............. 2.45 | 2.39
Capital City Brick and Pipe Company, bottom ...................... 2.40 | 2.32
Coleburg, potter’'s Clay .. ... oot vt i i e o 2.62 | 2.37
Clermont Brick and Tile Company, white burniag ...... ........... 2.58 | 2.54
Storm Lake Brick and Tile Company, Wisconsin drift.... ... ...... 2.42 | 2.4
Dale Brick Company, shale. ...t it e 2.48 | 2.41
B. B. Jester, fireclay........... e e e 2.49 | 2.42
American Brick and Tile Company.... .......o.iiiiiiin i oons 2,51 | 2.42

LOESS CLAYS.

L. C. Besley, top ..o e 2.34 | 2.77
L. C. Besley, middle. ... ... oot i i ... 2.32|2.28
L. C. Besley. bottom . ......... ... il e 2.40 | 2 23
Dale Brick Company.... ... ... i e e 2.44 | 2.35
Gethmann Brothers Brick Company .................... e e 2.41 | 2 28

FINENESS OF GRAIN.

Much can be teld as to the fineness of grain of clays by their

appearance, the way in which they slake in water, and by the

feel of the wet clay between the fingers. Such tests as these can

be applied readily and rapidly in any case and to the clayworker

usually give all the mformation that is required regavding the

grain of the clay and its working plasticity.
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The fineness of the grain of clays has an important bearing on
blasticity, shrinkage, porosity, rapidity with which they can be
dried and burned and tlweir fusibility. Some have considered
fineness alone the cause of plasticity. Tt has been previously
shown nnder Plasticity, however, that mere fineness does nof
account enfirely for this property but that the plate or scale
structure of the grains is of primary importance, while fineness is
probably secondary and its effect on plasticity depends npon this
first factor. Nevertheless it may be held as a general rule, that
the finest grained clays ave the most plastic or, in the usual order
of observation, the most plastie clays are found to be the finest
grained. Under Shrinkage and Bonding Power has been pointed
ont the effect of size of grain on the chiange in volume in drying
and burping. TIni general, fine-grained, and thercfore, plastic
clays shrink the mest. To this rule there are, however, very fre-
quent exceplicns. 1t may be stated that at present too little is
known abeut the mechanical constitution of clays to account for
many of these exceptions to the rule. Tt is helieved that they are
due mostly to tlie range of the sizes of the grains represented
and in some degree to the shape of the particles. The porosity
of ¢lays is likewise influenced by the fineness of grain but more,
perhaps, by the shape and range of the sizes. The rapidity
with which a clay can be dried depends wpon the development of
its pore systen and upon the amount of shrinkage. If the clay is
fine-grained, its pores will he small and the water which leaves
it will find difficulty in reaching the surface. The outer portions
of the clay shrink avound a still moist and expanded interior
which often causes checking and cracking. In a coarse-grained
clay the water readily passes outward, the whole mass of clay
shrinks together, and, other things heing the same, cracking is
mueh less apt to ensue. There is, though, always the matter of
the coherent strength of the clay to be kept in mind. Oftentimes,
elavs of very fine grain and high shrinkage are rapidly and sue-
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cessfully dried hecause of their inherent strength which tides
them over a period of considerable strain. Coarse-grained clays,
il they lack this strength, are apt to check if subjected to the least
possible amount of drying strain and, therefore, require very
careful landling. There are two ways in which clays are
affected by the rising tempcervature in burning. The temperature
of the body of clay itself must be raised to that of the atmos-
phere surrounding it. This is accemplished by conduetion
through the clay by contact of one particle with another. Clay
is a poor conductor. If the Lieat is raised rapidly, checking may
be brought about by differential expansion due to difference in
temperature in parts of the same piece of clay. This is espe-
cially important with large and thick pieces ol ware. Solids are
‘usually the best conductors of heat, because their particles are
in most intimate contact. A cloxe-textired eclay in whieh the
particles are closely packed together would, therefore, conduct
heat most readily; while there would be more danger of injury
from. this caunse to a coarse-grained clay, because of the large
pore spaces and the lack of inherent strength. Secondly, by the
giving off of combined water and other gases. This takes place
at red heat and above and would subject the clay to a set of con-
ditions shinilar to those of drying. With a well defined pore
system, as In coarse clays, the guses easily pass out. Their
passage 1s move obstrueted in fine-grained clays by the small size
of the pores and the clay is subjected to a strain. The lmita-
tions with regard to the strength of the fine and coarse-grained
clays hold in this instance as in the case of drying strains. Tt
i& shown under [usibility that ordinary clays are more fnsible
the finer their grain. This is explained by the greater intimacy
of the contact which the fine grains have, and especially if they
are of varying composttion, by the fluxing effect of fusing parti-
cles on those around thew. '
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The mechanical compesition is thus of nnmportance in the
explanation of many of the properties of clays. A fuller knowl
edge than 1s to be obtained by the tests ontlined at the beginning
of the chapter, is to be had by making mechanical analyses of
the clays. There ave two chief methods by wlhich this is aceon-
plished. They are both gravity methods, cne depending npon the
ability of a current of water of given velocity to carry out a cer-
tain range of particles; the second upon the settling of a range of
st os in a certain period from quiet water in which the clay
particles are suspended. The forner is illustrated by the
Schoene apparatus, a deseription of which may be found in
many of the standard German text-books on ¢lay working® and in
volume XXXITI, page 436, of the ('layworker, published in this
country. The latter is exemplified in the Whitney| process,
which was devised in the mechanical study of soils.

The process employed in the analysis of clays for this report
is & modification ¢f the Whitney process. A settling can of
tinned sheet ivon one foot high and six inches in. diameter was
made. It was provided with a stop cock three inches from the
hottom. Before nse could he made ol the mstrmment, standard-
ization was necessary. According to Whitney’s method, the fol-
lowing terms for the different sizes of grains are used: .1 to .05
mm. in diameter, very fine sand; .05 to .01 man., silt; .01 to .005
mm., fine silt; below .005 man., clay. In the avalyses made, this
nomenclature was followed with the exception that all particles
helow .003 mm. are included as clay. This was done becanse
003 mn. corresponded with the smallest micrometer division in
the microscope used for measurement. Only luess elays have
heen analyzed. Tt is probable that the above classification wonld
require much modification to express the true composition of
plastia shales and five clays, especially if it is attemyded to sep-

* Die I'enerfesten Thone. Dr. C. Biachof, p. 79, .
t Mechanical Analysis of Soil .  Bulletin Department of Agriculture.
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“arate clay substance from. the other constituents. Thus Seger™
includes under the head of ‘‘clay substance’” all material from
01 mmn. down. It is necessary to standardize the process accord-
" ing to the class of clays investigated. Thus for kaoling, which
are largely clay substance, a still brooder range of particles
would be included as clay. 1t is cstensibly impossible to estab-
lish fixed lines hctween particles whieh are real clay and grains
of other minerals based on size alone, and this is not necessary.
All that is desired is {o separate clays into a series of sizes cf
grain and the points at which the divisions are made are entirely
arbitrary.

In order to analyze the clays according to Whitney’s classi-
fieation, it mmust next be determired how long periods are re-
quired for the diffcrent sizes of grains to settle under the condi-
tions which exist in an instrument of the given dimensions. To
do this, a. sample of clay, the amount to be later used in analysis,
was placed in the scttler, agitated, then allowed to settle quietly.
At frequent intervals, measurements of the maxiimum grains
still in suspension were made by means of a petrographical
microscope provided. with the eye-piece micrometer; and, after
tapping off the water, of the range of particles that had settled
in the observed length of time. By experimenting in this way,
the following periods were cstablished forr the several sizes: for
particles above .05 mm. in diameter, 5 minutes, 4 minutes, 3
minutes, 2 minutes, 2 minutes, 1.5 minutes, 1.5 minutes; .05 to
.01 ma. 1 diameter, 11 minutes, 10 minutes, 9 minutes, 9 min-
utes, 9 minutes, 8 minutes, 8 minutes; .01. to .003 mm. in diam-
eter,, 20 minutes, 19 minutes, 18 minutes, 18 minutes, 18 minutes,
17 minutes, 17 minutes. At the end of each settle the water was
tapped oft, carrying all suspended material with it. At the close
of eacl series of settling periods, the water was practically clear.

In the execution of the work, a sample of 50 graws of the air
dried clay was weighed out and dried at 230° I'. in an air bath

* Collected Writings. Translation. Am. Ceramic Sccidly, Vol. 1, p. 42.
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for three-quarters of an hour, then reweighed for hvgroscopie
moisture. The clay was then placed in a large beaker of water,
heated to boiling and leld at that temperature for one-half hour,
This was done to separate the grains from one another. The
loess clays disintegrated very readily and completely by this
treatment, but it was impossible to reduce the plastic shales in
this way. Whitney employs a ‘‘shaker’” in which the soil solu-
fions are vigorously kept in motion for days at a time if neces-
sary, until disintegration is complete. Some arrangement of
this kind must be used in the treatment of plastic clays.

The clay samiple is next thrown onto a 150-amesh sieve and
thoroughly washed through by water from a small hose uunder
strong lydiostatic pressure. All particles above .1 min. in
diamecter remain on the sieve, are dried and weighed. The clay
solution is now poured into the settling can with the outlet
closed, which is then filled with water from the hydrant to one-
half inch of thie top. For an agitator, a piece of wire gauze was
made to fit the interior of the can. To the center of this was
attached a stiff wire rod so that the gauze could be drawn rap-
1dly upwards through the liquid several times, finally coming to
rest on the bottom. By this mears all the clay is brought into
suspension withiout the generation of any well defined currents
which would tend to buoy the particles up, as would be the case
if cireular currents were started by stirring. Vertical currents
are not noticeable and the material settles in practically still
water. At the end of each of the periods of settling given above
the tap was opened and the supernatant water above the aper-
ture with all the particles still suspended flowed rapidly out into
a settling tank or into separate receptacles. The settler is again

filled and the operation repeated. When the first series of set-
~tles is completed, viz., 5, 4, 3, 2, 2, 1.5, 1.5 minutes, the saud
remaining in the settler is removed, dried and weighed as “‘very

b

fine sand”” and ranges in diameter from .1 to .05 mm. The
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water whieh has accumnlated, approximating nine or ten gallons,
is best allowed to stand 1n a large tank until all suspended mat-
ter has settled to the bottom. This requires from 36 to 40 houvs.
The supernatant, clear liguid is then siphoned off and the slime
again placed in the settler. To obtain the succeeding sizes of
particles, the process of settling is simply vepeated as described
above, using the longer periods of time as the particles become
smaller and smaller.

Care 18 to be exercised in all pavts of the process, especially
in the matter of removing the slimes from the settling tank and
the various sands from the settler. In spite ol all precauntion
an analysis will usually total more than 160 per cent. This is
in part acconnted for by the presence of soluble salts if hydrant
water is used. This portion of the error could be corrected by
making use of distilled water. In the present work, care was
taken to evaporate substantially the same ammount of water in
drying each of the sands so the sawne correction could he applied
{o the weight ¢f each one. In each case, therefore, the cxcess
was proportioned amnong the separate weights so as to make
the total 100 per cent.

To furmish an idea of the acenracy 1t is possible to attain in
this work, and as an example to illustrate the degree to which
the work of one person may be made to check that of another,
the following comparison is given. The first analysis was made
by the anthor and the second a year later of the same sample by
M. T. L. (reen, a student in the ceramic labovatory at the Towa
State College.

II. I.
Hygroscopic water .................. .o.20 1.55
Above .1 mm.... ........ ... ... ... ... 1.38 3.44
1to .0Smm., ..o 26.63 22.10
OS5to Olmm..... oo 46.71 49.11
01to .003 mm.oee e 12.02 13.44
Below .003 mm................. ceo.... 13.03 10.35

Total ...... ... ... . 99.59 59.99



In the following table is a list of the analyses made.

FUSIBILITY.
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2 SIZE OF PARTICLES. .
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L. C. Besley, top clay........ 1.55| 3.44 |22 10 | 49.11 | 13 44 | 10.35 | 99.99
I.. C. Besley, middle......... 1.65 .62 1 23.38 | 40.40 | 16.17 | 17.77 | 99.99
I.. C. Besley, bottom ........ 2.04 1.62 | 25.26 | 29.72 | 17.85 | 23.74 | 00.23
Dale Brick Company.. .. 1.41 | 27.42 | 12.84 | 14.39 | 10.57 | 33.35  99.98
Gethmann Bros.............. 2 59 519 | 22.46 | 32.04 | 14.15 | 23 55 | 99.98
Cameron Bank, Ames. ... 3.77 1 0.00 1 22.32135.98 1 12.87 | 25.06 1100 00
FUSIBILITY.

A substance is said to be fusible when, by subjecting it to a

certain set of ecenditions, it may be made to change from the

soitd to the liquid state.
liquid form 1s known as fusion.

The precess of passing from solid to

The melting of ice to form the

I'ra. 3. Hoskins furnace with Le Chatelier's pyrometer for making fusibility tests on clayaa
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liquid, water, is as truly fusion as is the phenomenon which
takes place in the glass pot in the reduction of the miechanical
mixture of glass forming ingredients to a vitreous and imolten
mass. The difference lies only in the amount of heat required to
bring akout this change in physical character.

Theoretically, all elements and mineral substances, that is, all
inorganic compounds of definite chemical composition, are cap-
able of existing in the three conditions, solid, liquid and gaseous.
Substances are found in nature in all these three conditions.
They so exist because under their surroundings they are stable
in the condition in which they occur. If their environment is
altered, they may be made to assume both of the other physical
states. A solid, for example, may be made to pass into the
liquid condition and later to the gaseous state.

The two 1mportant factors which influence and limit the ply-
sical condition of any definitely composed substance are tem-
perature and pressure. Under ordinary temperatures and pres-
wres, a body may exist as a solid, while if these are varied, the
body will change to a liquid and even a gas. Theoretically, then,
it is possible to make all substances assume these three condi-
tions if only they can be subjected to the correct combination of
heat and pressure. Thus, this was the problem that had to be
solved in the liquefaction of air from the gaseous state as it was
also the problem for solution in the liquefaction of lime from
the solid condition. \

Considered from our present standpoint, however, the press-
ure factor may be disregarded and the application of leat under
ordinarily obtaining] atmospherie pressures taken as the all-
important condition. In clays, nonme but solid substances are
dealt with so far as fusibility is concerned, and it is always at
temperatures above the ordinary that fusion oceurs. There is
also anotlier limiting factor which should be mentioned in con-
~sidering the fusion of solids in general. That is, the tendency
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of many compounds to decompose hefore reaching the point of
fusion. Tlis tendency is often so pronounced that it is impos-
sible to reduce many minerals to the liquid state by the appli-
cation of lieat alone. This is especially true of those compounds
which eonsist of a basic oxid in combinaticn with a gaseous ele-
ment or radical and all minerals that hold water in a state of
chemical combination. On heating, these break up, giving off
the gaseous components before fusion occurs.

Clays are not of definite chemical composition. They are
made of a mixture of minerals, eachh definitely composed and
possessing a fairly well marked melting point of its own. The
proportions of these ingredients vary, no two clays having
exactly the saine constitution. When such a mixture is sub-
jected to a rising temperature, il is evident that the changes
which take place are different frown| those noted in the case of
a simple mineral, viz., the transition, at a certain temperature,
fromi solid to liquid. This could not be true of any aggregation
of mincrals in which no two, perhaps, possess the same melting
point.  As the temperature is raised, the fusion points of the
several minerals in the clay ave successively reached and they
melt, in contact with all surrounding particles of different com-
position and more refractory nature. As a vesult, this liqud,
which we may now think of as existing in, and partially filling
the pores of the clay, begins to attack and combine with the still
unfused portions. Most anenable to attack, of course, would
be those substances next in order of fusibility which, being
brought into chemiical combination, would no longer possess an
mdividual melting point, but succumb to the effects of the heat
at a lower temperature. This action proceeds as onc after
another of the clay constituents is brought into fusion until
finally the whole clay i1s reduced to the molten condition.

1t will be noticed that the process of fusion is one based upon
familiar chiemical laws. 1t is well known that chemical action
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rarely takes place between solids, no matter how finely ground
and well wixed or how intumately in centaet they wmay be. 1t
one of the reacting substances is a liquid, or a gas, chiemical
combination is greatly favorved. 1f they are both liquids, e. g,
i soluticn, er hoth gases, reaction proceeds most expeditiously.
No long as the ingredients of a clay vemain as sclids, chemical
action among them is slight, although heated to elevated tem-
peratures.  As soon, however, as melting of any ingredient takes
place, chemism between this liquid and the solid components
with whiell it is in contact becomes much stronger and the action
fellowing is that of a liquid attacking a sclid.

The natural law governing chemical action among substances
in different plysical states is not an inflexible one, nor oue to
which there ave no exceptions. 1t is not to be considered that in
a mixtnre of minerals such as compose common hnpure clays, 10
chewmical etfects are bronght about between the fluxing constitu-
cuts and the clay base until the melting points of each of the
fluxes is reached. That is, it is not necessary that actnal fusion
overtake cach fluxing ingredient before it exerts any cheical
mfluence on its neighbors. It is known that some of the most
common cf fluxes; as llme and magnesia, are, when heated alone,
infusible at all temperatmres short of the oxy-hydrogen fHame
or the electric are. Yet, when heafed in contact with silica and
alumina =ilicates to teniperatures ordinarily attained in conmuon
kiln practice, they become very active fluxes. They wmust he
locked upon as possessing caustic properties at these cowmpara-
tively slightly elevated temperatures which enable them to
react in the solid form. They commenly oceur in clays in com-
Linatien with other elements which at high heats are driven off
as gases. The loss of the latter may leave the basc in a more or
less nascent state in which 1t is mbre susceptible to chemical
uuion thau it normally would he.
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In the fusion of elementavy substances or simple mineval comr
pounds, the heat necessary to effect the change ix utilized entirely
in Lringing the temperature of the subslance to its fusion point
and, at this temperature, in converting it to the liquid condition.
The temperatures of fusion for the elements and for many com-
pounds are fixed and invariable. As a rule, when the wmelting
point of a substance is reached, the temperature does not rise
with further application of heat but rewmains stationary till all
of the solid has assumed the liquid form. It is evident, since
Leat is continually supplied and the temperature of the body
does not rise, that there must he a consumption of heat due to the
change which is taking place. It is found that this is true and
for every substance of definite moleenlar proportions that can
be made to change its state, the amount of heat consued in this
change is always the same for the same amount of the substance.
The heat units thus stored up ave nct again freed so that they
ave evident to the senses until the liquid returns to the solid
form. This so-called ““latent heat’’ is an important constant hoth
in the determination and economic application of many chemical
compounds.

If an aggregation of minevals is lwated to fusion, the heat
apphlied will be used up by the absorption of each component till
its fusion point is reached; hy their absorption of latent heat in
fusion. TMurther than the mere consumption of Leat due to melt-
ing, there are, where a nuber of elements are fused together,
additional heat units required to supply the necessary encrgy
for chemical union. A clay fused to a more or less homogeneous
glass 18 looked upon as a chewical commpound formed by the
combination of the scparvate elewents of the raw waterial.
Thermo-cliemical study has shown that all ehemical reactions
involve the consumyption or evolution of certain amounts of heat.
Fov given proportions of the elements required to complete a
reaction, the heat evolved or consmmed is always the sawme.
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Those reactions which consume heat are known as endothermic
reactions and continual addition of heat from an outside soutce
is requisite to their propagation. Reactions in which lheat is
evalved are said to be exothernic, and when once started con-
tinue by their own thermal generation. A common example of
the latter is the combustion of coal in which heat is gencrated
by the unicn of the carbon of the coal and the oxvgen of the air.

The former class of reactions, those in which the consumption
of fuel is necessary to carry them on, is very ccimnonly exempli-
fied in the metallurgical industries and, of the chemical reac-
tions whieh occur in the fusion of clays, it may be said they are
all, as far as is known, endothermic. Here, then, as was inti-
maled in the last paragraph, is another factor in the consunyp-
tion of the heat applied in burning clays to vitrification. It is
bound up lrretrievably in the different compounds that are
foried among the clay minerals. A clay thus brought into the
fused condition has absorbed a considerable amount of heat in the
ways indicated. After cooling, if the vitrified mass be again sub-
jected to the heat required tol mnelt it, it will be found that it will
not only take actually fewer heat units to bring’it to a similar state
of fusion but that it will fuse at a slightly lower temperatnre.
The reasoun for this is cbvious from the facts that no lheat units
are necessary to bring about cliemical combination and, having
once been melted, it is more nearly homogeneous in all its parts
and will therefore respond more readily, due to its better con-
duetivity.

Sumining up briefly the preliminary statements thns far made
regarding the principles upon which the fusion of mineral sub-
stances depends, we have:

Ttlements, or compounds of definite composition, will, when
leated, change to the liquid state at temperatures which under
standard conditions are essentially fixed.



FINENESS OF GRAIN. 129

In passing from solid to liquid condition, lieat units are
absorbed at the tempcerature of fusion, whiel dc¢ not raise the
temperature of the melting material. The awmownt of latent lieat
thus bound up is always the same for the same mass of a given
suhstance.

The tusicn of a mixture of elements or compounds, ench of
which has a fairly definite melting point and latent leat of its
own, is brought about by chemical reactions among tlie ingredi-
ents of the mixture by which the latter is reduced to a homo-
Qereous mass.

The heat neccssary to effect the fusicn of a mnineval mixture
such as a clav, 1s utilized in the following ways: (a) in raising
the temperature of each component to its fusion point—the
amount. varving with the specifie heat; (b) as latent heat, in
converting the fusible ccnstituents to the liquid form; (e¢) in
bringing abuut chemical union among the several ingredients
of the clay.

EFFECT OF CHEMICAL COMPOSITION ON FUSI.BILITY.

Clays are composed essentially c¢f the hydrcus alumina sili-
cate, kaclinite, having the formmla, Al.,O,, 28i10,, 2H,0. As
accessories, there commonly occurr compounds of the alkalies,
soda and potash; of the alkaline earths, lnne and magnesia; and
cf ircn eompounds. Small amounnts of some cf the less common
minerals cceasicnally cceur. Some clavs carry small propor-
tions of manganese, titanimml and even phospherus, but these
are seldomy present in sufficient quantity tc he of importance in
any way.

In the present discussion on the fusibility of clays, only the
common fluxes enumerated ahove will ke taken into considera-
tien. In fact, chemists, in the analvsis of clays, seldom deter-
mine cther than the ones mentioned, unless for some special pur-
pose. It will be necessary to consider the fluxes only as they act

in rendering a clay fusible. That is, since iron, for instance, is
0
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always considered as entering into silicate combination in the
ferrous condition, no matter in what form it is found in the raw
“elay, its fluxing power will he considered as due to the acticn of
the ferrous cxid, FeO. ILikewise, lime enters into combination
as Ca0; magnesinm as MgO, scaium( as Na,O, and potassium
as IO,

As a general statement, it may be said that the higher the pro-
portion cf these fluxes in a clay, the lower the temjperature
required tc melt the clay. That is to say, the farther its com-
position varies from that of pure kaolinite, due to the preseunce
of these impurities, the more fusible will it he. If this varia-
tion 1s due to one or several fluxes, the fushility is always
increased but the ability of the different jmpurities to exert a
fluxing 1nfluence is different. It requirves mmore of one than of
another toc bring about the same degree of fusibility. The tem-
peratures, likewise, at which thev become active vary through a
consideralle range.

Until 1868, little was known concerning the relative imipor-
tance of fluxes in effecting the fusion of clayvs. In this year, Richt-
ers, a German, formulated the results of a protracted series of
experiments into three Jaws, as follows:

(1) The refractory guality of a clay of any given proportion
of silica and alnmina is most influenced by the fluxes in the fol-
lowing crder: MgO, Ca0, FeO, Na,O, ,0.

(2) Chemically equivalent quantities of these oxids exert
equal influences cn the refractoriness of a given clay. That is,
40 parts of magnesia, 36 parts of lune, 72 parts of ferrons oxid,
62 of scda, 92 parts ol potash, will each produce an equal degree
of fusion in the same quantity ¢f the sawe clay.

(3) If a nunber of fluxes are present in a clay, the fusibility
produced will he proporticnal to the sum of their chemical equiv-

15K,0
.15Ca0"

sheuld fuse at the same temperature as one of the composition,

alents. For example, a elay with the formula, Al1,0,,28i0,
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.lKgol
1Ca0
.IFeOS

More recent investigators have tested the truth of these laws

. Al,O,, 2Si0,.

and have found them to be a good working basis for stddying the
refractoriness of clays. In the establishment of the laws, Riclt-
ers made use of mixtures of silica and alumina to which he added
certain known proportions of the fluxes. The action under heat
of these mixtures was noted first, by using silica and alumina in
the proportion in kaolinite. Second, he added a higher content
of silica than is found in kaclinite and made a similar set of
observations. '

It is known that silica and alumina in kaolinite proportion
(102 :120) have a melting point of approximately 1830° (., cone
35 of Seger’s scale. Wlen silica is added to this in inereasing
proportions the fusion point is lewered umtil the ratio Al.O,,
17810, (1 : 10) is reached. Beyond this, which fuses at Seger
cone 26, or about 1650°, the mixture becomes nore refractory
with increase of S10,. We see that silica in this instance acts
as a flux tc alumina, and in all high grade clays an excess of
silica is always detrimental to the refractory qualities of the
clay. Further, the presence of silica in a clay mixture along
with the cther fluxes has a modifving effect on the action ¢I the
more fusible ones, in general, accelerating their action.

More complete experimentation has shown that where fiee
silica exists the order of fluxing power ¢f the oxids is somewhat
altered. Dr. Cramer of Berlin published in 1895* an investiga-
tion of Richters’ laws in which he announced their verification
as far as their effect on kaclinite is concerned. In the presence
of free Si0,, however, the order of fluxing power he found to be
as follows: FeQ, MgO, Ca0, Na,O, K,0. That is to say, in a
clay containing free SiO,, chemically equivalent guantities of
the fluxas do not produce equivalent effects, 72 parts of ferrous

'Thoﬁlfxlgustrie Zeitung, 1893, Noe, 40-41.
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oxid being able now to do more work than 40 parts MO, 56 of
(a0 and s¢ on, as enunciated in Richters’ second law.

It must be understoed that these laws hcld good only when the
fluxcs are enabled to exert their maximum effect. The tempera-
ture must be sufficiently elevated that they all come into full
play.  That is, while cne may begin work at one temperature,
others will require considerable higher heat hefore they come into
action, but this latter temperature at least is necessary in order
that they may produce effects in accordance with the laws of
Richters and Cramer. The clay must be.brought into a state
of actual glassy fusion. These laws apply, then, only on the com:-
plete melting of a clay body and would not be true for the action
of fluxes as clays are ordinarily burned in the kiln nor would
they be any more than very generally approximately true in
the vitrification of clays.

From this brief consideration of the effects of fluxes in the
fusion of clays, it may be seen that the higher in clay substance
a clay is, i. e. the more aluminous, the more refractory it will
be. Alse, in a clay witlt a low percentage of fluxes, additions
of silica lower its refractoriness. But a clay alrcady high
in flaxes will be rendered less fusible by increasing the silica
content.

EFFECT OF PHYSICAL CONDITION ON FUSIBILITY.

The two most imiportant conditions whicli influence the fusi-
hility of any composite substance are homogencity and the char-
acter cf grain. If it is a mixture, the particles of each compon-
ent must be uniformly distributed so that each part of the whole
will be like every other part, in order that the mass will respond
best to the action of heat. It is well known that clays as found
in nature are reldom. homegeneous, but the constituent minerals
are more or less segregated and separate from each other. In
testing clays for fusihility, it is necessary to reduce them to a
condition of as great homogeneity as possible.
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The fineness of the constiuent grains of a clay is known to
influence its fusibility. If the particles are finely divided they
are able tc comp more intimately in contact with each other,
leaving smaller openings or pore epaces across which heat must
be transmitted from one to another. For this reason the heat
1s propagated rapidly and distributed mere uniformly through
the heating body than when the particles ave larger, hence in
contact at fewer points, and have larger interstices between
them. This is known to be true for all of the lower grades of clay,
or those which would not be classed as five clays. Hoffman® has
shown that for fire clays (clays melting above cone 26, about
1650° C.)the chavacter of the grain has substantially no influ-
ence on the fusibility of the elav. Aside from meve fineness, the
shape and range of size of particles have a contrclling influence.
Tt is impessikble for rounded grains to as completely fill in space
as angular cnes. A range of size is also advantageous to fusion.
The smaller granules fill in, so to speak, the interstices between
the larger ones, which makes the clay denser and lence a hetter
conductor.

Physically, therefore, the finer and more angular the particles
the more favorable is the structure to fusion of the clay. A
range of sizes still smaller than the maximumn sized particles is
alsc conducive to the easiest fusion of the clay.

METHODS OF EXPRESSING FUSIBILITY.

With a knowledge of the relative values of the several com-
mon fluxes in clays in influencing fusibility, investigatcrs have
undertaken tc express comparative fusibilities by means of the
relation ¢f the fluxes to the refractory elements of the clay.

Bischof, a German scientist, has developed such an expression
whicl he calls the ‘‘Feuerfestigskeit Quotient’’f. It is as

follows:
F. Q. = (Oxygen in Al,0,)?
e {Oxygen in RO) (Oxygen in SiO,)

* Am, Ingtitute of Min. Eng. Vol. XXVIII, p. 440.
t Die Feuerfesten Thone, Dr. Carl Bighof, p. 116.

, in which
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RO represents the sum: cf the fluxes, each considered as the
protexid. This will give numerical results ranging from a very
small decimial to as high as 25.

It is seen according to this formula that the fusibility of clays
varies directly as the square of the cxygen in the alumina and
inversely as the oxygen in the silica and the fluxes. Bischof’s
cbscrvations led him to the conclusion that the amount of alum-
ina in the clay practically determined its fusibility. In regard
to the adequacy of this formula for expressing fusibility,
Wheeler* states:

‘(1) That while an increase in the percentage of alumina
decreases the fusibility, when it becomes very high it acts the
part of an acid instead of a base and tends to lower the fusing
pecint instead of raising it, which is just the reverse of Bischof’s
formula, when this pecint is reached; neither does the fusibility
decrease when the alumina is in moderate amounts, at the rapid
rate of the square of the alumina; (2) when the silica is present
in amounts greater than a momo-silicate (which is always the
case with clays), the fusibility decreases as the silica increa.»ses;
which is just the reverse ofl Bischof’s formula; yet this is one
of the best and most conclusively established facts in metal-
lurgy; (3) as a broad rule, the fusibility increases as the bases
increase, at least to the extent that they occur in clays; but there
is a very great range in the fusibility according to the bases that
are present. The alkalies are more readily fusible than the fer-
rous oxid, which latter is more fusible than lime, and lime more
fusible than magnesia. Again a mixture of bases is more fusi-
ble than a single base, and the greater the number of bases the
greater the fusibility. Bischof’s formula, however, pays no
attention to the bases present, or how many, though usually
lime, iron, magnesia and the alkalies are present in all clays to
some extent. As the above experience of the metallurgist with
~ « Missouri Geological Survey, Vol. XI, p. 146,
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slags covers a very wide range of silicates, though they are more
basie, less aluminous and less silicious than clayvs, it.at least
throws very grave doubts upon the reliability of Bischof’s for-
mula.”’

Again on page 148:

“The unreliability of Bischof’s formmla arises pavily from its
faulty censtruetion, partly from the faully weighing of the detri-
mental constituents, and partly frone ignoving the plvsical fac-
tors. The latter fault is very sericus, if clays differ much in den-
sity cr fineness, but when these phyvsical properties ave similar,
then it is possible to compare the fusibility of two clayvs solely
froml the analysis, if the proper valuations are given to the con-
stituents.”’

Dr. Seger, one of Bischof’s contemporaries, devised as a sub-
stitute for Bischof’s formula:

_(AL0,), A1,0,

~ RO X Si0, RO

F. Q.

This has proved somewhat of an improvement over Bischof’s,
but neither take into account the factors porosity and fineness
and character of grain. These fermulae assume that the physical
structure has no influence cn fusibility, which is kncwn not to
be the case. They are based entirely upon chemical considera-
tions and are of use only with clays of similar physical condi-
tion. The more nearly pure the clay is, the more accurate would
these expressions be, for, as shown by Heffian, the size of grain
in refrectory clays has practically no effect on their fusibility.
It has been repeatedly demonstrated that these formulae fur-
nish the least reliable information with the most impure clays.

Wheeler, in his report on the Clays of Missouri referred to
above, page 149, expresses a relation between the detrimental
and non-detrimental constituents of eclays which Le calls the
fusibility factor.
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N in this expression represents the smn of total silica, alum-
ina, titania, water and carbonic acid. D is the total fluxes: the
alkalies, iron oxid, llme and magnesia. D’ represents the sum
ctf the alkalis.

Wheeler in this icrmula dees not diseriminate between free
anc combined silica and asemmnes that silica in the free state does
not act as a flux. The alkalis are added twice as they ave esti-
mated by him to have double the fluxing value of the other oxids.
The formmla as written above will give numerical valucs which
represent the velative fusibility of clays that are physically
alike, 1. e., have the same specific gravity and fineness of grain.
If clays under ccnsideration differ in those properties, the for-
mula is to be medified as follows:

N ~ H .
F. F. = DID F ¢ C having these values:

C==1 when clay is coarse-grained and specific gravity exceeds 2.25.

C=2 when clay is coarse-grained and specific gravity ranges from 2to 2.25.
C=13 when clay is coarse-grained and specific gravity ranges from 1.75 to 2.00.
C=2 when clay is fine-grained and specific gravity is over 2.25.

C=23 when clay is fine-grained and specific gravity is from 2 to 2.25.

C==1 when clay is fine-grained and specific gravity is from 1.75 to 2.25.

In offering a formula cf this nature, the author of it is
certainly progressing in the right direction hy taking inte con-
sideration the physical character of the clay. The values ave
not specific and it is obvious that they can not be until some
accurate method of designating degrees of fineness of grain is
obtained. The specific gravities given are not based on the min-
eral constituents of the clay alone. While they represent the
specific gravity of the clay as a body consisting of mineval par-
ticles and pore spaces and may serve the purpose of use in this
formula, they are not the true specific gravity of the roek which
iv always determined by the minervals composing it.

The foregeing are examples of the chemical »upthods of
expressing fusibility. These are not yet sufficiently refined to be
of much practical value. Tt is the opinion of the writers that fur-
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ther development of these metheds may come from study cf the
rational composition of clays, aleng with a knowledge of their
mechanical composition. Tt is believed that mechanical analysis
and the chemical determination of the mineval constituticn of
clays are to play a more important role in studying their be-
havior under lieat than heretofore. From thesze phases of inves-
tigaticn, light may not only be thrown upon the action of clays
1 fusing but many of the phenomena of ordinary burning may
be better understood.
METHODS OF MEASURING FUSIBILITY.

Tle means of mcasuring fusibility may be classified as indi-
rect and direct. In the first, the measurement depencs on deter-
mining, or estimating, the degrees of temperature required to
fuse a given clay. The latter amounts to a comparison of the
ability of different clays to withstand the effects of rising tem-
perature. Of the indirect methods, those of Bischof and Hoffman
will Dbe hriefly rveviewed. Bischef made wuse of the Ger-
man  Saarau fire clay which fuses at Seger cone 36,
“or about 1850° (., as a standard of comparvisen. A
weighed amount of the clay to be tested was then toned up
with increasing quantities ¢f a mixture of equal parts of pure
silica. and alummina. 1t was then formed intc small prisis and
heated with a prism of the Saaran clay. The temperature nsed by
Bischof was slightly above that of the melting point of wrought
iron. The prisimy of the clay thus toned up which hehaved in the five
as the standard prism, was the one which furnished the index of
{he fusibility of the clayv. That is, althcugh neither of the clayvs
actnally fuse, their similarity of behavior gives an approximate
idea of the refractery quality of the clay tested.

Bischof used this method largely for testing only very refraec-
torv clays. In testing those that are not highly refractory Iut
still not sufficiently fusible to be readily welted in the gas fur-
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nace, Heffman® has followed the same principle of toning up
with refractory ingredients but las assumed as the standard
instead of the Saarau clay, Seger cone 206, fusing at 16507 (.
This ccne 1s arbitrarily emploved as the dividing line between
refractory or fire clays and non-refractory clays. The reason
for assuming cone 26 as the standard was that such high tem-
peratures weuld not be needed and that it wounld be of more inter-
esf and value to determine how far a ncn-refractory clay was
below the refractory eclass than to find out how much negative
flux would have to be added to it to bring it up to the cone 36
standard.

Instead of making into the form of prisms, Hoffman melded
the toned samples into small cones o1 pyramids the size of the
Neger cone. These were heated with cone 26 in a Deville fur-
nace until the latter fused. The mixture of clay and flux show-
ing the same degree of fusion as cone 26 is taken as the critical
mixture and the amcunt of flux required is the index of fusi-
hility.

As stated above, the direect method consists of actual 1eas-
urement of the degrees of heat required to melt a given clay.
This is accomplished by two fairly distinet means, viz., the
pyrometer and the Seger cone.

There are several types of instrumental pyrometers on the
market which are capable of giving fairly accurate results within
certain limits. Awmcng these may be menticned the optical
pyrometer, whose use depends on the analysis of the light emit-
ted from a heated object by means c¢f twe Nicol prisms hetween
which 1s a thin quartz plate; Siemen’s water pyrometer, which
werks cn the principle of the water calorimeter, the temperature
of any heated space being determined by immersing a small
metal cylinder, drawn from the temperature to be measured, in
a vessel of water and noting the rise in temperature of the water.

* Am. Inst. Min. Eng., Vol. XXVIII, p. 435.
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These, I believe, are not used to any extent in the clay industries.

The Wedgewocd pyrometer which depended upon the expansion
of hars of clay when leated is no lenger considercd sufficiently
accurate and has practically gone into disuse. Pyrometers de-
pending on the difference of coefficient ¢f expansion of two met-
als are also manufactured, but they are short lived because of
the susceptibility of most common metals to the attack of hot
gases or liquids which corredes them and alters their properties.

The clectric pyrometer is used in many establishments manu-
facturing the higher grades of clay wares icr controlling the heat
of the kilns and it is coming into somewhat general application
i all the metallurgical industries wheve it is necessary to con-
trol the temperature of any process. The common form of the
instrument consists of a thermopile and galvanomieter. Its oper-
ation depends on the measurement of the light electric current
generated by heating the union of two wires of slightly differ-
ent chemical composition. The metals commonly employed are
platinum and rhodium, as they are non-corrosive and their fus-
ing points are very high.

The Le Chatelier pyrometer is the best example of the electric
type. It consists of a thermo-element, the wires being about four
feet long, one of which is pure platinum and the other an alloy
of platinum with ten per cent of rhodium. One of these is en-
cased in a small porcelain tube so that the two are Kept separate.
A large porcelain tube closed at the furnace end surrounds all,
thus protecting the wires completely from contact with the
medium whose temperature is to he measured. A galvanometer
of the D’Arsonval pattern registers the current in milli-volts
and i1s also graduated to read degrees Centigrade. This instru-
ment is made accurate to 1600° C. With this device a temper-
ature curve can be drawn for each burn by recording at intervals
the readings ot the pyrometer. Some firms also furnish recording
devices by which a continuous curve may be traced on a rotating
eyunder.
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Alleys of the precious metals silver, gold and platinum and,
even the metals themselves all of whese melting points ave
known, have heen madc use of to some extent as indicators of
temperature in different branches of the ceramic industries.
They are not only extraordinarily expensive bhut the 1ange of
temperature which it is possible to control with themn is of nec-
essity small, hence they ave nct fitted for practical use in any
large way.

Experimentation along this same line cf producing mixtures
of known fusion peints led to the inventicn by Dr. Seger® of his
pyrometric cones which have in recent vears attained a wide use
in all lines of clay working. These cones, or bhetter called pvra-
mids, or tetrahedra (for thev are triangular pyvramids with flat
bases), are made from thie raw mineral ingredients, feldspar, cal-
cimmn carbonate, iron oxid, quartz and kaolin. In cther words,
from the same substances of which clays themselves are largely
compesed. The cones are small, two to two and cone-half inches
high and since they are very similar in composition to clavs,
will when heated undergo exactly the samme changes. The appli-
cation of these mixtures to the determinaticn of clay burning
temperatures means simply the use ¢f a small amount of clay
whose melting point is known, instead of some metal or alloy.

In composition, the cone series begins with Al,O,, 1.5S10,, the
most refractory mixture. The cones were originally numbered
from 36, which has the above composition, down to 1, with the

.3K,0 .2Fe,0,

composition 73z .3A12o:,} 4si0, with a gradually increasing

proportion of fluxes between these limits. Scmie time after their
invention, Dr. (‘ramer extended this series by adding a more fusi-
hle series and numbered them from cne downward by prefixing a
cipher to each number. Thus the ccinplete serics at present num-
bers from 36 to 1 and frem 01 to 022, the last being the most fusi-

* A discugsion of the development of the Seger cone series may be found in the American
translation of Seger’s Collected Works, Vol. I, p. 224,
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ble cf all. In these more fusible mixtures of Cramer, other fluxes
were necessarily empleyed than those mentioned above. Soda,
lead oxid and boracie acid are used in thesc low numbers.

The complete range ¢f temperature represented between the
limits cones 36 and 622 1s 1260 degrees Centigrade, from 1850
dewn to 596 degrees. Cone 022 melts at a visible red heaf, while
the highest of the sc1ies vequives for fusion dazzling white heats.
The difference in the melting points of any two consecutive mem-
bers cf the seiies is unifermly 20° C. from 36 t6 610. Below this
they run 30 instead cf 20 degrees apart.

COMPOSITION AND FUSING POINTS OF SEGER CONES.

E g ‘ COMPOSITION, B _@
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COMPO3ITION AND FUSING POINTS OF SEGER CONES—CONTINUED.
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COMPOSITION AND FUSING POINTS OF SEGER CONES—CONTINUED.

°<3"c=5 " |FUSING POINT.
690 COMPOSITION. —_—
8 F | c
- T 18 |

25 0.3 B0 6.6 AlLO, 66 SiO, 2,9660 1,630
26 03 %0 7.2 ALD, 72.  SiO, 3,002| 1,650
27 | 83 Ié;O 2.0 AlO, 200  SiO, | 3,038 1,670
28 [t AlO, 10 Si0, 3,074 1,690
29 | ueo AlL:O, 8  SiOs 3,110 1,710
30 oeea AlL:O; 6  SiOe 3.146| 1,730
3| AlOs 5 Si0, 3,182‘ 1.750
32| ALO; 4 S0, 3.218| 1,770
33| AleDs 3 Si0, 3.254| 1,790
34 | AlLO; 2.5 SiO. 3,290| 1,810
35 (o AlsOs 2 SiO. | 3,326| 1,830
36 e | ALO, 1.5 Si0, [ 3.322| 1,850

In practice, the cones are mounted upright on a small bloek of
clay and placed in the kiln or finnace wheve they will be sur-
reunded by as nearly the average temperature as possible. An
advantageous method is to =0 locate theml that they may be ob-
served from the outside. It is first ascertained to the melting
1cint of which cone the wave is to be burned. Then a number ¢f
the more readily fusible than the critical one ave usually put 1n
#¢ that the fusion of the lower ones gives warning of the approach
to the required temperature. As the melting point of a cone is
neaved, it gradually softens and the top bends over. When the
tip of the cone just touches the base, its fusion point is considered
reached. Tt is not customary for the users of these cones, nor
indeed 1s it at all necessary, to detcrmine temperatures in degrees
of any thermometer scale. What they wish to determine is the
finishing heat for the ware they are burning. When a certain
cone melts they know that a cerfain amount of work has been
accomyplished by the heat and that it is time to close down. They
beece aceustomed to burning off at cone 02 o1 cone 1 rather than
1110 or 1150 degrees Centigrade.

Following this brief discussion of some of the prineiples upon
which the fusion of clay depends and of the methods of express-
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ing and measuring fusibility, it is the object of this werk to pre-
sent the methods empleyed and the results obtained in experi-
menting to deternine the fusibility of some ot [owa’s clays.

METHOD OF PREPARING THE CLAY FOR FUSION TESTS.

The clay was first ground to pass a iorty-mesh sieve. A small
amcunt was then mixed with water to its best plasticity and
spread ont on a glass plate by means of a small trowel or spatula
tc a thickness of about cne-fourth of an incli. From this were cut
simall strips, approximately three and one-half inches in lengtls
and tapering frem three-cighths of an inch in width at one end
tc ene-eighth at the other.

These werce allowed to dry and then mounted by setting the
navrew end into the upper end of a block of soft fire clay. This
block of fire clay shaped with a trowel is two and three-fourths
to three inches high, about an inch and a quarter square at the
hase and slightly narrowing upwards. The strip of clay to be
tested was so cemented into the plastic fire clay that 1t maintained
an npward sleping position from its support of 15° to 20° from the
herizental. The heavier end being thus unsupported and some-
what above the cther, will gradually lewer as the clay softens.
While still soft, the fire elay was perforated near the center so it
could be remeved fromi the furnace by means of a bent metal rod.

After the fire clay bases were dry they were placed in a Hos-
kins Ne. 4 wuffle furnace in positions such that they could be
chiserved through a peep hole in the muffle door. In order to note
the change suffered by the clays during sueccessive stages of the
burn, a series of six samples cf each clay was prepared in the
alove manner and only cne clay could be tested at a time. The
first sample was drawn at 5007, a secend at 8007, a third at 10007,
a fourtl at 1100 and so cn until the clay was melted.

On actual trials with paving, common and pressed brick clays
by the nrethed above cutlined, they were found to act in general
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as was expected. (hanges in color, porosity, ete., took place as
the temypierature was raised, just as in ordinary kiln burning, until
vitrification temperaiures were attained. As the clay softened,
the weight of the outer, licavier and unsupported end of the clay
strip caused bending downward of the latter ¢lose to the fire clay
support. The indication of the pyrvometer was cavefully noted
when the clay first began to bend as also when it was clear down.

In some of the weaker, less coherent samples, trcuble was en-
countered by the strip breakiug just before reaching the vitrify-
ing point. This was the case with some of the Joess clays and
very arenacecus and induarated shales.  After undergeing dehy-
dration and cxidaticn, the clays appeared to he weaker than when
raw—enough so that they were no longer ahle to maintain the
rigidity which they possessed dvy. This was further evidenced
Iy the vesults ¢f the tensile strength tests of the 1aw and burned
clav.

In making fusion tests of clays, {here ave two principal points
which it is desivable to deterwine. It is interesting from the
scientific standpeint alone to ascertain just how mueh heat is
required te melt a clav, 1. e., to reduce it to a state of actual fusion.
Secondly, 1t 1s net only of interest frem the scientific viewpoint
but meuch wore s¢ fiom the practical standpoint, to determine
where a clay hegins to soften or vitrifv and what the vange is
between this incipient vitvificaticn and the condition where 1t
would be too solt to bear anyv weight without distortion. The
latter conditicn is not vet cne of fusion but oue c¢nly of thorough
vitrification. A knowledge of the interval befween begin-
ning vitrification and the stage where {lie claxy will no longer
retain its shape is very important and even indispensable to the
manufacturer of vitrified ware. It is of no use to hiny to know
hew much more heat would be necessary to actually fuse the clay,
for the state of complete vitrification is the limit so far as the
maling of a salable product is concerned.

10
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In the present experiments, no atteinpt was made to bring the
clays tc a state of fusion. This was unnecessary in order fo give
the results their greatest value in a practical way. The clays
were heated until the small bars hegan to hend and this point was
considered incipient vitrification as defined by Wheeler. The
increment of temperature pessible between this and the attain-
ment of the vertically hanging position of the strips was consid-
ered the allewable range in kiln practice. This last stage is,
chvicusly, with most clays mueh different from actual fusion.
which may still require a few hundred degrees increase of tem-
perature. Tt is a condition, however, in which the clay is becom-
ing viscous and will no longer hicld its shape under the action of
any outside defciming feree. This would be the condition which
pavers reach in the bottor of a large kiln when they come out
““kiln marked’” o1 indented by the bricks ahove them.

These tests were made in a Hoskins mutfle fuinace No. 4. The
chamber has inside dimensions approximately 8 by 14 by 5 inches.
The fuel is gasoline supplied to twe burners from a six-gallon eyl-
indrical tank. An air pamp is attacher to the tank so that any
pressure below fifty pounds per inch may be maintained on the
burners. (See figure 3.)

Temperatures were measured by the LeChatelier pyrometer,
checked uite frequently with Seger cones. There was sone-
times found a considerable 'disparity between the two, as much
as 100 or 125 degrees C., then again they would check within a
reasonably small margin. This variation could sometimes be
accounted for by the difference in temperature in different parts
of the muffle. Fiven in such a small chamber as this there is often
a difference of 100° in the space cf several inchies. The readings
of the LeChatelier instrument were substantially velied on
throughout the tests. A temperature curve was drawn from the
pyremeter readings with every burn. = A reading was recorded
every ten minntes. The abscissal distance was thus divided into
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fen. minute spaces and each ordinate division represented 30
degrces Centigrade. The clays required from three to six hours
for each burn, depending upon the refractoriness of the one under
trial.

The subjoined table is made to show the temperature data
obtained.

Temperature of Vitrification » C.

CLAYS. Incipient. Complete.
Flint Brick Co., DOttOm . . vovve it e e et 1150 1200
Flint Brick Co., middle ...ovveviiiiiiiis iiii i e 1200 1300
Flint Brick Co., tOp . ooit i i e 1340 ??
Flint Brick Co., green brick. . ....... ... ..ot 1130 1260
Capital City Brick and Pipe Co., top ..... .......oivnen. 1060 1175
Capital City Brick and Pipe Co., 20d................covutn 1110 1250
Capital City Brick and Pipe Co., 3rd ........... ....0...... Unvitrified at 1300
Capital City Brick and Pipe Co., 4th............. ... ... 1115 13004
Capital City Brick and Pipe Co., bottom ................... 1110 1260
Capital City Brick and Pipe Co., green brick .... .......... 1140 1250
lowa Brick Co., bottom. ....... ... oo it . 1100 1235
Towa Brick Co., 2nd ..... . (i e e 1100 1225
Iowa Brick Co., 3rd. ..o i e i e e s 1300 2?
Iowa Brick Co., 4th ... ... i i 1100 1250
lowa Brick Co., Sth .......... ... Lol il 1170 1230
TIowa Brick Co., top ... ... . i Unaffected at 1325
Granite Brick Co., top........oiii i 1045 1130
Granite Brick Co., bottom ........ .. ... i 1065 1110
Dale Brick Co., shale. ..... coreiiiin it e iiaiaeee e 1090 12004
Corey Brick Co., red ... 1175 1225?
Corey Brick Co., buff ... L R 1200 1300+
L. M. Harris, white bBUrning .. .oevverovrecueneans e, 1100 11301
Clermont Brick and Tile Co., white burning ........... ... Unvitrified at 1300
Storm Lake Brick and Tile Co., drift clay.....coovvvnean... ?? 1150
American Brick and Tile Co., plastic shale.... ............ 900 1060
B. B. Jester bank, white burning.. .............. . e Unaffected at 1350
Colesburg, potter’s clay.............oo. caenaiie. e 1120 1200+
L. C. Besley, loess top............o....n e e e e 950 1030
L. C. Besléy, middle loess.......... ...... . iiiiiiiiiien 990 1075
L. C. Besley, bottom loess.......... .ottt 1010 1115
Dale Brick Co., top loess.......... B ... 1020 1125
Gethmann Brick Co., 10€8S . .uuuevin it ciiiaianian e 9490 1000

The first eighteen members of the table are clays used in the
paving brick industry. The following three are used in the man-
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ufacture of dry press hrick. The two white burning elays, that of
M. Harris and of the Clermont Brick and Tile Cempany, are em-
pleved in making building brick by the stiff mud process. The
Storm Lake Brickand Tile Company usea wash from the Wiscon-
sin drift for making common brick and drain tile. The American
Brick and Tile Company make an excellent grade of lhiollow brick
and block besides commmon brick and drain tile. The white burning
clav from the Jester bank near Danville, Towa, is not at present
utilized. The Colesburg potter’s clay has been made use of in the
manufacture of the comimoner pieces of stoneware for which 1t
was fonnd quite suitable, but its use is now limited to flower pot
mannfacture. The Besley ¢lays are used for common brick made
bv the soft mud process, while the last two clavs listed in the

tahle are emploved in making dry press brick.

CHAPTER 1IV.
Processes in the Manufacture of Clay Wares.
WINNING OF THE RAW MATERIAL.

In the manufacture of any produets making use of raw nate-
rials found in nature, the first problem to be et is that of win-
ning. Winning includes that preliminary part of the process of
manufactare which brings the crude materials to the preparing
machinery. In the eclay industries, different methods are em-
pleved which arve determined prineipally by, first, location of the
clay deposit with reference to the plant; second, stratigraphic
positicn ol the desired clay strata; thivd, charvacter of the clay
itself; fourth, attitude of the strata in the bank.

It is always advantageous to build the manufacturing plant
as close as possible to the deposit of raw material. When it can
be located in immediate proximity to the bank and at the same
time have good facilities for conveving the products from the
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factery to the markets, no other location should he considered.
The expensc ¢l convevance from pit to works is low and where
railrcad transportation of the finished product is had, the cost
of any short extension of the necessary branch to the main line
will not in the long run be considerable. If the ware is trans-
ported by team lLaulage, an extra few miles” drive wakes little
difference; it is the handling, loading and unlcading that is the
expensive part of this cperation, and just as much of this is
required with shert as with long hauls.

Conditicns ave frequently such that a plant must be situated
at a considerably higher level than the clay to be used, and often-
times at some distance laterally. Such a relative location of elay
and plant is economical only when it comes to a question of lift-
ing the raw clay or the finished product to a level where railroad
shipment is possible. Were the plant placed on the level of or
below the pit in this instance and in such a position that switches
cculd not be extended to it Ler loading direct into cars, elevation
of the mmarketable ware would he necessary, which again would
involve all the expense and inconvenience of handling the ware
an excessive number of times. Where team haulage and deouble
handling are not to be avoided, there are advantages in placing
the factory below the level of the strata ¢l clay to be utilized.
The clay may thus be transferred to the works largely by gravity,
whether wheeled, carted or carred, a large factor that should be
considered throughout the manufacturing process. Even under
these conditions, however, the location cught to be chosen with
discretion, looking to the lay cf the land, water supply, drain-
age, ete.

In the exploitation of clay deposits, desirable strata are found
In varying positions with reference to the surface of the countrv.
They may be at the surface, as deposits of alluvial and glacial
clays are found. Clays and shales are very commonly taken from
a bank which is overlain with a layer of bowlder clay of greater
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or less thickness and which on account of its limy, bowldery char-
acter is 'undesirable in the clay mixture and must be removed.
Besides glacial material alone, clays are often buried beneath
strata of other undesirable argillaceous materials and sometimes
limesteues or sandstones cover the deposit. In this case, the
ordinarv operaticns of quarry stripping must be carried out to
expose the clay stratum that is to be worked. Should the clay be
found to possess excepticnal qualities for some special line of
manufacture cr to be of a superior grade in some way especially
desirable in any class of woik, it may be mined where the vein
is thin and the overlying strata rvelatively thick.

With c¢lays in a loose state of aggregation, as alluvium and
loess and most clays of recent origin, no greater force is necessary
to loosen them up than that brought to bear with the plow, shovel
and scraper. Some of the more compact varieties require the use
cf the pick and even blasting will be found necessary. Many of
the shales are more or less indurated and possess a shelly, hard-
ened structure so that blasting and picking are continunally re-
sorted to in reducing them to ponderable masses.

The attitude of the strata in a clay bank has much to do with
the work which is required in removing the clay for use. As with
other geolegical strata, beds cof shale may often occupy other
than horizontal positions. Thev may dip in one dirvection or
another, but such inclination is usually at so low an angle as to
make the dip an unimportant facter in working. Thin layers of
limestene or sandstene or bands of coaly or carbonaceous matter
are sometimes intercalated at varying intervals in clay beds.
These may extend indefinitely or, in lens like masses feather ouf
1 a short distance. At any rate they ave obstacles to successfully
winning the clay and as they can not ordinarily be used in the
imfixture, must be gotten rid of.

The commen means by wlich clays are won are: swrlace dig
ging, quarrying and mining.
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Swrface Digging: Clays of the more carthy, loose-textured
varieties cccurring at the surface c¢f the ground may bhe dug in
shallow pits. Diserimination between surface digging and the
second divisicn, quarrying, may be made by placing the dividing
line where the clay pit is worked as a ‘‘bank’’ and where hlasting
1S necessary.

Surface digging is carried cout by the nse of (1) the shovel
and wheelbarrew. This is of necessity the slowest made of opera-
tion and the mest expensive. It is not fcasible on any large plan
or where the clav must be transported for any distance to reach
the plant. A second method is by the plow and scraper. By
these means, more extensive operations may be carried on than
with shovel and wheelbarrow and the clay may be Lauled eco-
nomically some distance to tlie preparing machinery cr io tle
terminus of the connecting line of transportafion from pit to
works. With otherwise favorable conditions, a haul of five or six
hundred feet is perhaps the limit.

In surface workings it is difficult to employ a method which
will answer under all changes of weather, even dnring the work-
ing season. The materials are commonly of such a natuve that
heavy rains may permteate the strata worked to a greater or Iess
extent and even fill the pit with watcr. Any means of working
in an open pit must, therefore, be a fair weather method. Of the
two mentioned above, the shovel and wheelbarrow method would
be more closely confrolled by the weather than the plow and
scraper.

The use of the steam shovel for open surface workings is prev-
alent in some of the larger clay-working centers of the country.
This machine could be used only wlere the material is of a fairly
friable nature and the output large. It has been successfully
operated in elay banks with open faces as high as twentyv fect,
and is employed where the excavation or elevation of large
amounts of any earthy matcrial is to be executed. In clay pits
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where, as is usnally the case, there is a vertical variation in the
character «f the strata, the use of the steam shiovel is advan-
tageous in averaging and maintaining more nearly censtant in
composition the supply of raw material. The initial ontlay for
the steam shovel, ol course, hars its use in all small plants.

Quarrying.—Quarry metheds are resorted to in digging elayvs
where the latter ave of such a chavacter or the strata of such a
thickness as to require mere forcible means in leosening them
up than the pick, shovel and plow. The shales, which furnish a
large proportion cf the raw material utilized in the clay indus-
tries, where unweathered, are usually more or less indurated.
This induration has often proeecded to such an extent that the
deposit takes cn a slatv or stony hardness and can be broken up
only by drilling and blasting. Tt is to this class of clavs prinei-
pally that quarry methods ave applied.

The best quaryy practice requires that where faces over twenty
feet 1n hieight ave fo be worked, {he work is best carried on hy a
series of henclies, one ahove another after the fashion of the steps
of a stalr. For instance, instead of taking down vertically a
thirty-foot bank, exyperience has tanght that moest quarvy reck can
be more advantagecnsly removed by establishing an intermediate
beneh and working two low faces of fifteen feet each. The prin-
cipal difficulty enconntered in cperating a quarry in henches is
that of getting the rock from the upper benches to the means of
transportation from the quarry. In thoronghly indurated rock
like limestone and sandstone, this question is less sericus than in
a shale quarry. By blasting, shales are shatteved iuto fragments
of various sizes all mcore or less incohervent and which st be
further broken up so that it may be handled with the shovel hefore
leaving the pit. The difficulty of handling this partially com-
minuted clay in a quarry or several benches is evident where car
lines can not be run at the different levels. This principle of
quarry praectice is not usually followed cut in the development
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of clay banks. High banks are either taken down as a whole or
cenlv comparatively low exposures are worked at a time. Kach
werking face should be of such a height that it can be loosened
frem top to bottom with the common sized charge of explosive.
It is customary to pick under the face of the hauk as far as possi-
ble, then by means of a series of charges placed in drill holes
arranged parallel te and a few feet back frem the quany facve
and set off simultanecusly, hreak down and shatter lavge hodlies
of the clay. The quantity loosened with one blast depends largely
upen the chavaeter of the clayv itself and the type of explosive used.
Black blasting powder and dyvnamite are in common use. They
are somewhat different in their action. The explosien of black
powder is due to a process of combustion, while that of dynawmite
ig the result of a molecular rearrangement in the chemical struce-
ture of the explosive. In use, dynawite is less efficient as a lift-
ing force than powder, so theyv are frequently used in conjunc-
tion, the oune for opening up the hottom of a drill hele thus jiro-
viding space iocr the charge of pewder, the explesion of which
becomes the real shattering force.

By a series of charges set according to the arrangement above
ontlined, himmense bedies of clav can be broken down, if for a
sall plant, sufficieut to run for a large part of the season. In
such loosened condition, weathering progresses more effectively
and the elay is in better shape when brought to the prepaving
machinery. In some clayvs, and particularly these ¢f a fossilifer-
ous nature, as shales and some fire clavs, the matter of weathor-
g is of prime importance. These clays have been brought to
their hard and steny condition through the action of geologie
forces which have compacted and modified them largely from
their original purely sedimentary character. They have been
subjected to the effects of changes in temperatnre and pressure
consequent upon elevation from their place of origin on the sea
bottom. Their stimeture and mineral constitnents have heen more
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or less altered through scluticn, replacement and infiltration hy
pereolating waters after assuming their positions above sea level.
The action of the surface weathering agents, atmospheric and
aqueous, is to break down the indurated structure. This it accom-
plishes in a mechanical way by a process of slaking, similar to
the visible change that occurs when water is added to caustic
Inme, which gradually crumbles the elay into fine particles. Morve
mmportant, hoewever, are the chemical effects of the weathering
agents. The chemical processes aitc essentially oxidation and
solution. Scme of the mineral constituents of clavs, as the alkalies,
some 1ton, and Hwe salts, are seluble in water. In weathering
these are dissolved cut. Many substances which were not ovigin-
allv scluble, are rendered so when subjected to weathering influ-
ences througlh chemical changes due largely to oxidation and
hydvation. In ummnodified shales, the ivon compounds are lavgely
in the ferrcus state. Irom carbonate in weathering loses carbonic
acid and is oxidized to fevrie oxid which to a large extent gives
te weathered clays their yvellow cr reddish apjpearance. Fes, ex-
pused to air and water 'becomnes the sulfate, melanterite, FeSU,, a
soluble salt. (‘aC’O, in the presence of sulfates may be largely
changed to the sulfate and carried out in solution. Substances
already soluble are removed. Minerals are oxidized and hy-
drated, some becoming soluble, others rendered insoluble. What-
ever the change, it is from a less to a more stable cowpcund
under the prevailing conditions. The benefits of weathering ave
appavent. To be fully carried cut, this process should be allowed
tc gc on until all the oxidizable constiluents are changed and
until all the scluble ingredients are removed. This is usually
accompanied by a change in the physical character of the clay
which develops its property of plasticity.

It is due to the presence of soluble salts in the clay that efflor-
escences avise. A thoroughly weathered clay, therefore, would
show no efflorescence. Clays containing ferrous iven compounds
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are much more subject tc trcuble in burning than clays free from
these. Buming in itself is largely a proecess of oxidation and
the more fully this part of the operation can be accomplished
befere the kiln is reached, the less the danger ¢f diffienlty in the
kiln. Similarly the less scluble lime compounds, percentages of
which usually accompany the clay te the kiln, will be less obnox-
ious if oxidation has proceeded to the full limit.

Tc carry cut weathering on an extensive plan would require
large miaasses c¢f clay te be broken doewn and allowed te remain
exposed tc the action of rains, frost and temperature changes
until completely leached. Necessavily a larger quarry face
would have to be kept open than where the clay is conveyed
directly to the plant, but the supericrity in the working quality
of the clay and the improved character of the resulting ware will
often justify the extra outlay in this direction. A plan followed
in some instances is to provide large sheds under which the clay
1s piled. Under these sheds the clay is kept scaked as it is heaped
up layer after layer. It is cccasionally wet down while allowed
to stand until needed. The effects of such treatiment are similar
to the outdoor process except as nature is aided and its action
accelerated by man in providing a comstant supply of water,
which is the most important element in weathering.

Mining.—The third method of winning clay is employved only
where the clay to be won is of such a nature as to be especially
desirakle for scme line of manufacture and where clay which will
scrve the same purpose is not chtainable at the surface. The sup-
rly of clay in the world is so large and widespread that no deposit
need be cpened up unless the location and environment are favor-
able. In like manner in winning, no method need bhe emploved
which will not furnish the raw material, and ultimately the fin-
ished ware, to the market as cheaply as it can be dcne at any place
in the given region. Mining is practiced in the clay industry
only to a limited extent. It is more expensive than any other
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method of clay getting because of the extra equipment necessary
in the way of timber and extensive track lines, and provisions
Lor ventilation, light, ete.

Mining a vein of clay would be carried on according to the
same prineiples followed in wmining ceal. Two svstems are 1n
common use: the zo-called room and entry or pillar plan, and
the long wall system. The former is nsed where the veins ave
thick and mmeh timbering is required. The long wall svstem is
emploved with comparatively thin veins and where the overlying
material is of such a character as to furnish a fairly stable roof.

In Towa there ave but few places where clayv is mined. With
the exception of the Foert Dodge pottery miue, the mining of clay
1 carried on only in connection with the mining of coal. The
clay accomnpanies the coal vein in the usnal relation of a fire clay
stratam and is taken out along with the coal ifself.

Following the winning of the clay, or its removal from the
bank, the different stages of the process of manufacture are as
follows: transportation to works, preparation for molding, form-
afion of the ware, dryving, burning. These different operations
vary in importanee with the process of manufacture and the char-
acterr of the clay used. For instance, in making common hrick
from a soft alluvial waterial, the processes of grinding and mix-
g would be less important than in the utilization of a hard shale.
Likewise, with wares made by the dry press method the matter
of drying requires little consideration. Brief discussion will be
given to the different phases of ¢lay working cperations and tleir
importance noted in velation to the process of manufacture em-
ploved.

TRANSPORTATION OF THE RAW MATERIAL TO THE WORKS.

This is accomplished in several ways, depending upon the
ameunt of clay required and the location of the plant with respect
to the clay deposit. Wherve the slope is low and the distance short,
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the clay max be wheeled from the pit in barrews and domped close
to the preparing machinery. For distances over a few rods, it is
seldom economical te handle clay in this way. The actual amount
of clay aman can dig is greatly reduced by his having to wheel it
for even a few vards. With alluvial and glacial celays that can be
worked by the shovel and plow, transpertation may be effected by
means of wheeled scrapers. The clay is seraped upiand dewn di-
rectly to the plant. Large quantities of clay can he economieally

F16. 4. Automatic Clay Gatherer, adapted to yards using Sutface Clays.

remeved and carried scme distance 1n scrapers, as only oue
handling is required from bank to jlant. The principal draw-
back te the more extended use of this methed 1s that only ~oft
matcrials can be handled satisfactorily. It can he used only
where the clay is {aken frem a shallow surface stratom; and not
wherve it is worked as a bank. In some insiances, where it is im-
possible to locate the plant close to the clay depesit, the clay 1s
hauled in wagons to the werks. This would be feasible if the c¢lay
possessed some guality rendering it desivahle for a ecrtain class
of goods, or where the operations ¢f a plant ave not extensive.
Clays are frequently shipped in by rail from, distant points.
either to be used in mixture with a d-posit near the plant or as
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the entire source of supply. In any instance, this system of trans-
portation would scarcely he advantagecus unless the class of ware
made was of an exclusive character, or conditicns of manufac-
ture such that all competitors were placed on an cqual basis in
this regard.

Horse and cart haulage is quite conmmon. The clay after being
blasted and picked lcose, is loaded onte two-wheeled carts, each
drawn by one horse. A wmoext favorable conditicn to this class
of haulage would be the existence of a low slope towards the
works.  On the level it will work very well, even though tle
distance be considerable. After a few days’ employment the
movements of the horses will need little attenticn. The animals
simply follow the accustomied roadways, and after the cart is
dumped at the plant, rehwn unaccempanied to the bhank. The
excellence of this method over the wheelbarrow and the seraper
lies in its application to all classes of clavs and in the saving of
the labor of one man for each cart while it is being hauled to
the wovks and back. Where a driver is required, a small hoy
is often emploved for this work. Of course, with a high slope
either towards or from the works, it would not be advisable to
use this as the best means of convevance.

Transportaticn over car lines is practiced in neavly all of the
larger plants. This is the most economical of any plan when
large amonnts of clay ave needed and where the gradient to or
from the plant is high. With a slope tewards the works the clay
may he hauled largely by gravity and the tracks so arranged
that an empty car will he drawn up to the bank by the descent
of the loaded car to thie works. This method would necessitate
a double line of track for somewhat over half the hauling dis-
tance and a revolving drum at the upper end of the line. To
each end of the cable, which passes round the drum a few times
so as not to allow slipping, a car is attached, so that one end of
the cable is payed out as the other winds up. To effect an
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arrangement of this sort the weight of the cars and the size of
thie lcads would have to be adapted to the gradient of the roadbed.

A more common location for the plant, however, is above the
level of the base of the clay deposit, and the clay ninst be ele-
vated to the machines. Among numerous plants this elevation
varies from the level to sixty or eighty fect. 1Vith the exception
of clay raised from mines, lifting the clay is quite universally
accomplished by the use of tramways, the cars being drawn up
by the application of steam or horse power. Horse cars are
emploved to some extent where the gradient is low and the dis-
tance not great. But steam power transmitted fronw the power
plant of the factory secondarily by means of cables is the com-
moen agent. The cars are drawn up by the cable which winds
round a dimm located at.the works end of the Hne. Power is
quite eommonly supplied to the drom, which is thrown in or
out of metion by the use of some style of cluteh arrangement,
divectly from the main shafting of the factory. When not 1un
in this manner the drum is actuated by a small auxiliary engine
supplied with steam from the main boilers. Whether one cr the
other is best in a given case depends essentially upon the elevation
and slope of the track and the size of car used or, in other words,
the amount of power required to do the work. If considerahle
power is necessary and the capacity of the plant fairly large, it
is usually advisable to install a small engine of the required
horse power to run the hoisting drum. No matter if the slope
Ie long and low, or short and high, it 1s possible to elevate the
clay materials in this way. Although, where the gradient angle
18 high and the distance considerahle, the aerial or overhead
train or ropeway might be economically emploved. So far as
known, this system is not in practice in the state, but there ap-
pear no valid reasons why 1t should not prove efficient for this
purpese.  Its construction is not excessively expensive, it is up
and out of the way of cbhstrueticns and where made use of in otlier
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industries it has been shown to be even less expensive o keep in
repair and to operate than the average rail-track svstem.

The cavs used in this connection are of three principal types.
viz., side, Lettem and end dump. Any of these may be had of
varving capacity carrying from one up tc two or three cubie
vards of clay. Whether one sivle of car cr ancther is used
depends on the arrangements for dumping; and, if a large ov a
small car, on the amount «i" clay required and the height to which
it is to be raised. For a plant of an average capacity, say 40,000
brick per day, frowy fifty to sixty-five cubie yards of clay will be
needed. With cars each carrving a yvard and a half of clay, to

Fia. 5. Side-dumpiug Clay Car.

supply thix output weuld take thirty-five or forty cars per dayv.
Or, in a working day of ten hours, three to four cavs per hour.
In an ordinary shale pit this would require the work
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of eight to ten wmen and could easily be handled by
two cars. Instead of merely weeting the demand for
clay as it is needed at the preparing machinery provision
ig usunally made for a reserve supply. Somelimes sheds are
previded wnder which the clay is accumulated in excess of what
is needed for immediate manufacture. This supply mav be
drawn upon in periods cf inclement weather or when for any rea-
son whatever clay is not brought direct from the bank. The
suppily shed is usually sc located as to bring the clay as near as
possible to the machinery in order to reduce the expense of extra
handling to the miniuwyum. The common plan is to elevate the
car track somewhat above the level of the grinding apparatus

¥r16. 6. End-dumping Clény Car.
and dumyp the 1aw clay on a platform or into a bin so that it may

be fed, largely by gravity, to the machine. Side-dumyp cars would
11
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be convenient in dumping the clay off either side of the elevated
track where it is desived to store up a supply abead of the ma-
chines. These cars may also be used in emptying to either side
on a platform when found necessary. An excellent arrangement
is a funnel shaped bin opening below directly into the dry pan
and surrounded above by a substantial platform. The cars are
ron in over this bin and the clay emptied into it. When filled,
Tarther supply may be placed on the adjacent platforms. The
clay is then; fed entirely by gravity to the pan by the regulation
of a slide at the bottom of the bin. In this case, bottom. or end-
dump cars would be most advantageous. In most modern car
systems means are fuinished for automatically duwmping the
clay when the cars reach a certain point in their course. The
device consists of a projection or catch attached to the track
which unlocks the doors of the car as it is tilted to the side
or end.

Whatever the system of transportation made use of, delivery
of the clay scniewhat above the preparing machinery is always
advisable. If drawn in on cars, it can be conveniently carried
to a bin above the dry pan, as previously outlined. Brought in
by horses and carts, even thongh hauled up a slope, it can better
be elevated a few feet higher while on the cart than be dwuped
in such a position that a lift of one foot or more is necessary to
put the clay into the machine. Arrangements can usually be
made for delivering the clay onto an elevated platform from
which cne man can feed it into the machine. With a slight slope
of the platform toward the preparing apparatus, feeding is
mueh facilitated. If brevght from the pit by wheeling in bar-
rows, o1 by the use cf scrapers, the same principles can well be
horne in mind. Wherever horse or steam power can replace
man-labor a saving is realized. It is less expensive to elevate the
raw clay higher to begin with, by whatever means is used to
bring the clay from the pit, than to elevate it only part way, as
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is sometimes done, where it must be re-handled to lift it to the
preparing machinery. A saving of labor is thus accomplished
by transferring the clay in such a manner that gravity may be
taken advantage of in doing the work.

PREPARATION OF THE RAW MATERIAL.

The condition of the clay as it comes fromj the pit is not ordi-
narily such that it can at once be formed into ware. If it is a hard
shale clay, it will require grinding and a thorough mixing with
water. If a surface clay, grinding is less linportant but complete
mixing is necessary. Reduction to fine particles is not the only ob-
ject in pulverizing a clay. Clay banks seldom: consist of material
constant in character from top: to bottom. By grinding and mix-
ing, an average of the bank 1s accomplished. The more the clay
is worked with before it is molded into ware, the more perfect
this mixture becomes. Tt is essential that the composition of
the finished product be as nearly constant as possible. The
burner will encounter fewer difficulties in obtaining the best re-
sults if he is unhampered by the necessity of continually adapt-
ing his firing to a clay ware of varying composition. In order
to attain a uniform composition, which is always desirable, it
is not only essential that the different kinds of clay be added in
certain proportions, but that the mixture be uniform in all parts
of the same piece of ware. This can only be brought about by
pulverization of the clay. This reduction of the raw materials
to a degree of fineness which experience has shown best for the
class of goods to whicl they are applied, and blending or mixing
these constituents into a liomogeneous body, is accomplished by
two typical methods, the dry and the wet.

DRY METHODS OF PREPARATION.

Crushers.—The first step in the preparation of clay in the dry
way is reduction to fine size. For this purpose, the common
rock erusher of the Blake type is an example ofi the apparatus
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used. The machine consists ¢f two jaws, one of whieh is sta-
tionary, and the cther mounted to work on a pivot. The faces of
these two jaws are set at an angle sloping towards each other
at the bottom, thus forming a V-shaped hopper. The movable
part is actuated by a low eccentric by the revolntion of which
the hopper is alternately narrowed and broadened above and the

F1a. 7. Sectional view of the Jaw Type of Rock Crusher,
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outlet somewhat enlarged. This back and forth motion of one
side of the hopper allows the rock fragments to gradually pro-
gress downwards until they are fine enough to pass the exit
opening.  The size of the crushed material is dependent of course
upon the size of the exit. In some machines this is adjustable. A
modification of this, though hased upcn the same principle, is the
evlindrical hopper in the center of which is supported a gyrat-
ing cone-shaped metal head with corrugated surface. This cen-
tral ccne is yropelled from below by gearing and an eccentric
arrangement which imparts te it the gyratory miption. This
class of crusher has a greater capacity than the so-called ¢‘jaw
breaker.”” It requires little more power to operate, is adjustable
and also applicable to a larger range of rock material. The
capacity of these crushing devices will vary from two to two hun-
dred tons per hour, depending upon the character of the rock.
They may he made to break as fine as three-eighths inch and as
coarse as desired. In the clay industries, erushers are available
for breaking only dry and the most brittle material. To reduce an
indurated shale ov steny fire clay thev may be emploved. The
property which clay possesses of packing, and thus apt to clog,
when subjected to pressure, althongh it may apparvently he per-
fectly dry, renders any machine whieli comuunutes by ¢rushing
inapyplicable except to a very limited extent in clay manufacture.

Rolls.—Crushing rells are used to a considerable extent in the
clay industry, as a means of preliminary preparvation of hoth dry
and wet clay. Tyvpically they consist of two revolving rolls be-
tween which the clay passes. The rolls are set distances apart
according to the size of the clay partieles desired in the crushed
prodact.  In some machines jrovision is made for adjusting the
rclls in order to regulate the size of the particles passing hetween
them. The range of size whicl rolls will take depends upon the
diameter of the rolls themselves and the distance they are sef
apart. The more uniferm: are the lumps of clay given to the ma-
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chine the more suceessfully will erushing be accomplished. In
installing a machine of this sort, an accurate knowledge of the
character of the clay to be fed to it would be necessary in order

Fig. 8. Clay Crusher, Corrugated Rolls Type.

to select a myachine that would give the highest possible effi-
ciency. There are many modifications of this situple tvpe. In
a crusher with rolls of the same diameter and which are diriven
at the same speed the force which breaks the rock fragments is
truly a crushing force and that alone. If the size of the two rolls
varies, or if thev are revolved at different velocities, an addi-
tional strain is brought upon the clayv particles in the form of
rubbing frietion. They are not only drawn in between the rolls
which tend to crush them, hut they ave sukjected te the rending
influence of friction or rubbing hetween the clay and the voll.
This fact 1 made use of in the constructicn of this class of ma-
chinery, a large, slowly moviﬁg roll serving to draw in the raw
material while a rapidly revolving smaller roll furnishes the
real disintegrating energy. Often the volls are armed with pro-
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jections which tend to knead the clay more or less as it passes
thrcugh. These projections are in some cases rows of steel lugs
or pins, and in soine a series of knife edges cr cutting bars set
in the surface of one or both rolls. Rolls used move especially
in the softer clays are often faced with corrugations or winding

Fi1g. 9. Clay Crusher, Corrugated Rolls with Automatic Relief Feeder.

thread. Theirr knecading power is greater than the smooth or
lugged rells and they are more effective in removing any lavge
lamys or stones from the clay. Such large ov hard fragments
which the rolls will not catch are graduallv carried along the
pitch of the thread until cast off at one end of the roll.



168 TECHNOLOGY OF CLAYS.

The execllence of the smooth conical roll depends also upon its
ability to remove foreign material. Timestone or other pebbles
beyvond a certain diameter may he sorted from loamy or glacial
clays, the revolution of the rolls carrving them towaids the end
having the larger diameter, where they arve dischiuged. A set
of average sized 1volls will prepave clay for 25,600 te 150,000
brick (95 to 570 tons of clay) per day, depending upon the speed
at which it 1s run, wheve the clay is of such a character as to
require no other preparing machinery.

Distitegrators.—Where variations in construction ave brought
in so that the machine becomes more than a wmere crushing de-
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I'ra. 10. Clay stmbcgratox and Pulverizer of the Steadman Type.
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vice the termy disintegrator is applied. Among disintegrators,
two broad divisions may be made, these that pulverize partly by
crushing and in part by rubbing, and those in which comminu-
tien 1s accomplished by the foree of impact. The former ave
exemplified in the modified rolls considered above; the latter by
two characteristic types, among which may be mentioned the
Steadman Tmproved Disintegrator, the Simpsen Compound
Pulverizer, and the Williams Pulverizer. The Steadman ma-
chine consists of several revolving cages one inside of another.

Fra. 11. William's Disintegrator and Pulverizer.

In operation, each cage turns in an opposite direction from the
cage next outside of it. The clay is fed into the innermost cage
and 1is carried outward by the centrifugal force of revolution
through the bars of the consecutive cages. By impact with
the bars and among the particles themselves, the clay is reduced
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to a powder. The velocity of revolution is adapted to the par-
ticular clay to be ground and to the degree of fineness requived.

The Simpson and Williams machines, which will illustrate the
other type of impact pulverizer, are similar in principle of con-
struction. They consist essentially of series of bars or hammers
attached to a rapidly revolving shaft. Onc series is revolved in
one direction at a high velocity, a second series in an opposite
direction. These hammers are swung from one end so that they
fly outwards by centrifugal force. The clay is supplied through
a hopper from above and is broken up by impact with the swing-
ing hammers. Disintegrators are employed wmwost advantager
ously with dry clays and in the dry clay processes ot manufac-
ture but are also recommended for plastic materials. Their
capacities vary with the clay and with the speed of revolution.
They are made with cayacities of fromi 60 to 400 tons of clay per
day and require from ten to forty horse power.

Dry Pans.—The dry pan crusher is employed to a greater
extent than any other grinding machine for shale and other hard
and lumpy clays. It has a wide range of usefulness because of
its ability to pulverize any hard material, from worn-out fire
bricks for use as greg, and bard limjestone in the cement indus-
try, to the less refractory classes of raw clays. The machine
consists essentially of a revolving metal pan above which ave
supported two large mullers which, in different sized pans, range
in weight from two to three tons. These mullers are held in
position by horizontal shafts. In some machines both ave
mounted on the same axle, while in others the axle is divided and
each roller is allowed to act independently of the other. The
extremities of the axles are set in grooves so that the latter are
free to move up and down as the mullers encounter large ov small
lumyps of clav. An advantage is found in the segmrented axle
in the fact that the movements of one muller do not affect the
other. Where the shaft is continunous, the rising of a muller on
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one side imposes an exfra strain on the opposite one which may
loosen it or tend to wear off its cuter rim excessively. The mul-
lers are actuated through contact with the revolving pan.
They are commonly allowed to rest their whole weight on the pan
floor so that each particle passing beneath them is subjected
to a crushing force equal to their actual weight. For use with
bowldery clays where it is not desirable to crush the harder
pebbles to a fineness such that they will pass the screen plates
in the pan bottom machines are constructed in which the muller
bearings are carried on strong springs so that they will easily
ride over an ocbstacle withcut necessarily crushing it; or in
some cases the crushers are suspended a small distance above
the pan bottom and clay passing under them is necessary in
order to start them into motion. This style of pan is used in the
reduction of soft glacial bowlder clays or of those centaining ob-
jectionable concretions of any kind which are considerably
harder than the clay mass proper. The inner portion of the pan
floor, upen which the mullers rest, 1s solid. The outer portion
has a perforated bottom and the clay after passing beneath the
rollers is carried outward over the screen plates by the centrifn-
gal force of revoluticn. The mesh varies with the clay and with tle
degree of fineness desired, but the majority of pans are made
withy three thirty-seconds cr one-eighth inch perforations. All
material Tailing to pass this mesh is gathered in by scrapers set
so as to throw it again immediately in front of the revolving
mnullers. The ground clay passing the screen plates is caught
in a receptacle beneath the pan and concentrated at the foot of
aw elevator which conveys it to the screens.

Dry pans are ccenstructed with either wcod or steel frames.
Whatever the material of the supporting framework, it must be
substantial and built to withstand constant jar and heavy jolt-
ing. The steel frame is mcre rigid and affords less relief for
any extra strains brought upon the machine than does the wood,
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which, while it must of necessity be more massive and elumsy,
has a certain give and elasticity that enables the working parts
to adjust themselves tc all varieties of usage. On the other hand,
the weod frame while requiring less care in operation, is, on
account of the constant jar, much more apt to get out of true line
because of loose bolts, ete., than ave the steel frame pans. The
initial cost of a weod frame pan is low but the expense fer repair
1s usually greater than for steel. The elasticity that a wood frame
possesses means the censumption of more power in operating
than with a perfectly rigid frame.

The vevolving pan is propelled through a vertical shaft with
a heavy cogwheel pinion: either below the pan or at the top of
the frame above the mullers. The top gearing is almost univers-
ally used as it is up and cut of the way and not so subject to the
effects of dust and grit as it weuld be if lecated beneath the pan.
Perhaps the most vital point in the construction of the dry pan
1s the support or ““step”” beneath the pan which carries as dead
weight practically all of the working parts of the machine. Not
only must it support this load, but its bearings must be suely that
it can do this and at the same time serve as a center cof revolution
for the pan itself. The pan sheuld be well balanced and mcans
provided fer constant and perfeet lubrication of the parts of
this bearing as it is diffiendt to make it dust proof and it will
scon cut cut cr continually heat by friction. Scveral patent
“steps’ have been devised, some of which have attained a greater
or less measure of suceess.

Dry pans are made from five to nine feet in diameter with
mullers having eight to fcurteen-inch face. Tle power required
to drive one of these pans depends upon the materials to be
ground and the degree of fineness. So far as eccuomy is con-
cerned, they are wasteful, but no cther machive has been found
that will replace the dry pan with an equal expenditure of power.
Likewise, its capacity is variable. With an average dry clay, it
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PrATE 1V,

..

Standard nine-foot Dry Pan with Steel Frame and Up-to-date Improvements.
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may be said that a nine foot pan will pulverize to pass a one-
eighth mesh screen over one hundred tons per day of ten hours.

Ball Mills—Ball mills are employved in the preparation of
clay in the manufacture of some of the finer grades of wares,
where fine grinding and intimate mixture of ingredients is espec-
ially important. They consist of a lhollow eylinder that rotates
on a horizontal axis and into which the clay to be ground is
admitted through an opening at one side or end. The machine is
charged with the clay and balls (which fill abcut one-third of the
volume of the cylinder) of some hard material, quite commonly
iron, although where it is essential that the clay be as frea
from: iron as possible, porcelain bhalls, or water worn Iceland
flint pebbles are used. The material is pulverized by abrasion
or rubbing friction between these balls as they are caused to
move upon each other by the rotation of the cylinder. There
are two principal types of ball mills whiclh may be designated as
the intermittent and the continuous. The former are those which
are run with a given charge until the requisite degree of fineness
is attained when this is removed and another charge put in.
This class of apparatus may be used to grind either in the dry
state or with the clay suspended in water as a slip. The latter
or continuous class includes the more improved types of ball mills
for turning out a large product of fairly finely ground naterials.
They are so arranged that the raw ingredients are fed in at one
end of the rotating eylinder and gradually work their way towards
the other end, hecoming finer and finer until they are discharged
in the desired state of commminution when the opposite end of the
drum is reached. The continuous ball mill is in use very little,
if at all, in this country but is rapidly coming into use in Ger-
many. The periodic mill is used to some extent by the potteries
of this country.

With the exception of the shales, the large number of clays
are, as they come in from the bank, already in a partially
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weathered or plastic condition. Tt is, therefore, not necessary
to grind these clays before water is added for tempering, but
grinding, mixing and tempering may be accomplished in the
same operation. Such clays as may have concreticnary matter
scattered through them; which must be finely divided and
thorouglly disseininated throughout the mass before molding,
require the use of a crushing device to attain this end.

WET METHODS OF PREPARATION.

Wet Pan—As has been noted, some stvles of rolls will work
with plastic clays, and some disintegrators will pulverize either
the wet or the dry clay. Ordinarily, however, either apparatus
must. be accompanied by some other machine to complete the tem-
pering. By tempering is meant the process of working the clay up
to the plastic state with water. For grinding and tempering in the
same operation, where the clay has come from the hank in the
plastic conditicm or has come from some other grinding
machine, the wet pan has given good satisfaction. Tn construec-
tion, the wet pan does not differ essentially from the dry pan,
consisting of a revolving pan in which grinding is accomplished
by two heavy mumllers. The mullers are vsually somewhat nax-
rower and the flooxr of the pan is solid instead of perforated as in
the dry pan. The clay may be shoveled or spouted into the wet
pan, the proper amount of water is supplied, and the clay is
ground and mixed to the required consistency. Without stoj-
ping the machine, a clhiarge of tempered clay is usually trans-
ferred from the pan to a conveyvor by the operation of a shovel
mounted on a pivot close by the pan. The work of a wet pan
can scarcely be said to be continuons as it is necessary to treat
each charge separately, then remove it before more clay can be
supplied. Because of this fact, it has a smaller capacity than a
dry pan of corresponding size and it is fully as wasteful of power.
But even under these conditions, the machine is doing double
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work, that of grinding and tempering, and no cther machine
has been shown te be so effective as this. In the stoneware pot-
teries of the state, and in the sewer pipe factories, the wet pan is
emploved, in some cases, as the scil elay preparing apparatus
and it is peculiarly efficient for blending clays of different
natures into a homogeneous body. If used on clay divect from
the bank, however, since there is nothing to serve the purpose
of a screen, there is always a chance that small lninps may evade
the crushing mullers and find their wayv into the ware ungreund;
so that in applying the wet pan to any clay, there is always this
limitation to be borne in mind. A mcdification of the wet pan
called the chaser cr ‘‘tracer’’ is used to some extent in the stone-
ware potteries. The general plan of this machine is the same
as the wet pan but instead of the moving pan, the rells are made
to chase each other in a staticnary pan. In scue machines of
this type, the mullers follow in a circle of constant diameter;
in cthers, they are made to trace a spiral course gradually
approaching the circumference of the pan, then receding to-
wards the center, thus covering substantially the whole pan bot-
tom: in the course ¢f a few reveluticns.

Pug Mill.—Like the wet pan, the pug mill is frequently used
alene for commingling and tempering plastic clays. Its main
use, though, is in conjunction with other machinery by which
the clay is given a preliminary preparation. The pug will is
used more than any cther machine fer tempering clay, in the
manufacture of paving brick especially, but also largely in the
drain tile and building brieck industries. The png mill
consists ol a semi-cylindiical trougl, usually of steel,
thouglh sometimes made of wood, in which a series of jro-
jeeting knives is mounted cn a revolving shaft. The stecl shells
are made from six to fourteen feet long. The knives arve set
spirally arcund the shaft and each placed at an angle with its
plane of revolution. The clay is thus gradually pushed forward
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by the revolutions of the entting knives with a velocity depending
upen the angle at which the blade is set and upon the speed of rev-
oluticn. Quite stony clays may thus be reduced without the aid of
any other prepaving machine, especially if the pug mill is of
the clesed-top pattern. TIn the closed-top mill, the clay is worked
under pressure, which gives the cutting knives much greater
effectiveness than in the open-top machine.

The commnon pug mill is, however, pre-eminently a mixing
machine. It is efficient for temipering powdered raw clays, in
mixing them with sand, chamotte or other non-plastic matter,
and in blending clavs of different character. The capacity of
pug wills is difficult to state, depending so muclh on the dimen-
sicns of the mill and the nature of the clay. With a good work-
g clav, a pug mill will temper elay in ten hours for 25,000 to
60,000% brick, according to its size.

For wet clay preghration, the wet pan and pug mill already
referved to constitute the most modern devices. Because of
their historical interest, hlowever, and since they are still in use
in the state to a limited extent even at the present day, should
be wentioned the primitive soak pits and wooden-anmed pug
mills. These were the only clay-tempering devices used belore
the manufacture of day goods froni clays and shales which ve-
quire grinding was undertaken. They are still emploved in
working cnly the loess and alluvial elays and well weathered,
plastic shales.

Soaking Pit.—The pit for soaking is dug in the ground to a
depth and size depending upon the capacity required, usually four
or five feet deep and six to twelve feet in diameter. It may he
rectangular or circular,

The clay is shoveled into the vectangular pit, wet with water,
and simply allowed to stand till thoroughly permeated. This
may take over night, after which the clay 1s shoveled out to the

* H. Ries. Claysof New York. Balletin 85, N. Y. State Museum, p. 660.

12
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pug mill. The old style wooden pug consists of an upright
enclosed framework inside of which revelves a vertical shaft
set with projecting wooden arms. To the upper end of this
shaft is attached a sweep, by means of which the mill is operated
Ly horse power. The clay is put in at the top, well worked by
the pugging arms, and issues at the bettom ready for molding.

Built on a cireular plan, the pit is usually not so deep but
larger in diameter and is walled up with boards or hrick. The
object in making it this shape is te provide for tempering and
wmixing at the same operation.

The clay is shoveled in, water and sand added, and the mixing
is accomplished by the revolution of a heavy wheel, so supported
that in the ccursc of a few circles it covers practically the whole
area of the pit from center to circuinference. At the end of
this process, the clay goes to the molding machinery.

The same styvle of mixer is made use of to some extent in
preparing impure clays for earthenware and steneware manu-
facture. In these instances the clay is mixed and stirred and
encugh water furnished to biing it to the slmiry condition. It
is then tapyped off at one side into a settling fank located at a
somewhat lower level than the mixing pit. In passing from: the
mixing pit to the settler, the clay is run over screens, having 60
to 70-mesh openings. These sievex retain any concreticnary
Ampurities or other substances which have not been reduced to
a very fine condition. As the slip passes over tliem, the sieves
are constantly agitated and the concretionary or lnmpy material
is thrown off outside the tank. The water with the clay in
suspension is usually allowed to stamd until evaporation has
left the clay at a workable consistency. With clays containing
imypurities, this is a very inadvantageous method of procedure
as on evaporation of the water all the dissolved salts are depos-
ited in or at the surface of the bed of clay. An expedient in this
case would be to tap off all supernatant water as soon as the
subsidence of the suspended clay particles has left it clear.
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SCREENS.

There are few, if any, of the different machines for grinding
dry clays that reducce them to particles of such a uniform size
that a later grading process is not required. Grading
1s accomplished by wmeans of screens. Screens arve made
with meshes depending principally upen the size of par-
ticles to pass them: although, as will be scen later, partly upon
the style of screen employed. There ave two classes of materials
used in the manufacture of clay screens, wire netting and per-
Torated metal. The former is much used, but less and less as the
werits of the latter become known. The proportion of ojen
space to sclid metal in the perforated screen as now made ap-
proximates that of the wire screen, which gives it an equal
screening power. The perforated screen being entirely in one
piece is smooth, and theve is not the chance for roots or other
fibrous matter to lodge in the meshes that theve is in the wire
screen. It is thus easier to clean and to keep clean. The loosen-
ing of a single wire is apt to disable the wire screen while the
metal is not subject to this disadvantage.

There are three chief types of screens, viz., the inclined sta-
tionary sereen, the inelined vibrating screen and the rotary
screen, _

Liclined Stationary Screen: The igelined sereen is essentially
a rectangular trough, the bettony being covered with netting or
perfovated metal. Its length varies from ten to fourteen feet. The
treugh is inclined at an angle of thirty to forty-five degrees, ac-
cording to the size of particle that is to pass the mesh of the screen,
and the eondition ef the elay. 1t should be so supported that the
inclination mayv be adjusted. The clay is hrought up by an eleva-
tor from the grinding apparatus and dumped onto the upper
end of the sercen. TIts fall over the screen is due to gavity alone
and at a certain inclination will have a definite velocity; and
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hence a specific maximum size of particle will pass the mesh
under the conditions. This size of particle will be smaller than
the absolute size of the openings. If the inclination is lowered,
the particles passing the sereen will approach the actual size of
the mesh. The lower the angle, however, the more care 1s re-
quired to keep the screen clean. (lay passing through the
screen falls to a trough below and is conveyed to a bin best lo-
cated immkediately above the tempering machine. [Particles too
ccarse to pass the mesh of the screen run into a separate chute
and are carried back to the pulverizing machine.

Inclined Vibrating Screen: The inclined shaking screen is
similar in construetion to the fixed screen except that it is wuch
shorter and is set at such a low angle of inclination that mechani-
cal aid 1s used to cause a continual downward movement of the
stream of clay. The screen-hottomed trough is in this case
swung by chains or springs or other means of support, so that
either a lengitudinal or a lateral movement may he given to it.
This movement is imparted by either an eccentric or crank.
The clay is thrown on the screen as before and if the impulse
given to the screen be longitudinal, the clay is gradually car-
ried downwards by repeated little jumps in the direction of vi-
Lratien. If the vibration be transverse, the clay will be thrown
fremside to side and will meve to the lower end of the sereen move
slowly than in the former case. Within limits, the longer the time
required for the clay to pass the length of the screen the more per-
fectly will sercening he accomplished, and in all instances with this
style of screen, the maximum size of the particles passing it is
approxinmately the diameter of the mesh. It is to be recommended
i the use of this class of screen that sufficient play be provided in
the vibrating device that a brief pause is allowed at the extremity
of each swing. There should be provided solid blocks or posts
against which the screen is brought to a sudden stop with each
vibration. The repeated jar thus imparted with each swing is
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very effective in keeping the meshes open, especially if the clay
happens to be damy.

The operation of the shaking screen consumes considerable
power and subjects the factory building to a continual Jar, both
of which are avoided in the use of the stationary sereen. There
1s little difference in the cost of construetion. Figuring alone on
the basis of the amjount of clay screened, the vibrating screen gives
a much higher efficiency and they both require more or less con-
stant attention while in operation.

Eotary Screens:  There are two principal types of rotating
sereens, cylindrical and polygonal. The ecylindrical screen is
sometimes modified to the frustum of a cone. The polvgonal is
made with a varyving number of sides and its cress section may be
anything from the square to the dodecagon.

The retary sereen consists of an open framework covered or
limed with sereen nyaterial, either wire cloth or perforated steel
plate. The clay is fed in at one end and that which does not pass
the mesh makes its exit at the other. That which passes falls to
a bin beneath. TIf the screen is a true cylinder or is prismatic in
form it is set at a low slope so that its rotation will cause the clay
to progress from one end to the other. If a section of a cone or
pyranid, the taper of the screen itself will bring about the gradual
movement of the clay. The sereen is driven by gearing on a cen-
tral shaft.

The framework, which is wood, is sometimes placed outside and
somjetimes inside of the screen. Advantage is claimed for the lat-
ter, for it tends to carry the clay farther up before it is dropped
back with each revolution, thus giving greater screening power.
This also consumes mere power than where the inside is smooth.
Similarly the polygonal sereens have a greater capacity than the
circular, owing to the ability to lift the clay higher before it is
dropped back against the bottom of the screen. Tle sereening
force in the rotating screen is simply the force of impact of the
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clav particles with the wetal of the screcn as they continually
drop back, having been carvied up by revolution beyond the stable
angle. This force is not great and is cne of the reasons why rotary
screens crdinarily give morve trouble to keep them clean than
melined sereens.  For the purpose of keeping the screens clean,
several devices are employved. Scme have brushes inside which
by centact with the sereen clear it of adhering and wedged parti-
cles and keep 1t from blogging. Such metal brushes are often
placed on the exterior, but in either instance their contact with the
sereen must be so heavy and continuncus that the metal is rapidly
worn away. In fact, the brushes 1 many cases determine the life
of the screen. Automatic pounding instruments are resorted to
to accomplish the same end. Short pieces of chain or heavy rope
or wood are fastened to a rapidly rotating shaft above the screen
and as they swing round keep up an incessant pounding on the
outer surface of the screen. This is fairly effective but it is dam-
aging to the sercen.

Of the types discussed, the fixed inclined sereen is the cheapest
in construction, needs the least repair and requires no power to
operate. DBecanse of its necessary length, it requires a higher
building than the cthers and ccusequently the elevation of the

———

Fra. 12. Rotary Type of Clay Sereen (Octagonal),
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ground clay this extra height. Tts actual screening capacity is
lower than cither of the others, but can ordinarily be made ample
to the demands of the plant.

The shaking screen i1s an efficient 1method of sereening clay,
though requirving some power to operate, and it is somewhat detri-
mental in its vibratery effect upon the building. Of the two kinds
of shaking screens, the transverse has proved in geneval best. It
requires less attention to keep it clean than any other screen in
use and has a relatively high capacity.

Of the rotary screens, the polygonal form has greater capacity

than the cireular or conical, and any of the styvles with the ivrame-

Fi1G. 18. Type of Revolving Clay Sereen with Automatic Brosl Cleancr.
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work inside do better work than those with the exterior frame-
work. Anything, however, which roughens or makes the inside
uneven or angular, whether it lessens in extent the screening
surface or not, necessitates the expenditure of a greater amount
of power. The rotary screens all require more care than the
nelined and are in general shorter lived.

The Dunlap Screen.—The Dunlap is a sectional revolving
sereen.  The sereen plates are attached to sprocket chains on
each side and travel upward on au inclined framework. There
arc four attachiments for each plate, two on each side, one attach-
ment 1s at the forward edge of the plate and the other is at the
center, pevmitting the plates to travel arcund the sprocket wheels
without fricetion or binding. The screened eclay after it passes
througlh the perforated plates drops onte a floor which is between
the upper and lower sheets of plates. The floor is more highly
inclined than the screen, thus facilitating the delivery of the fine
clay at the lower end where it falls onto the reverse side of the
perforated plates and is discharged into a bin below as those
plates circle the lower sprocket. The tailings flow over the lower
end of the screen and are returned to the pulverizing machinery.
Curtains may be supplied to retard the flew of the clay aud a
rotary brush is provided for cleaning the screen antomatically.

Storage bins are usually provided for the reception of the
eround eclay. In a bin of considerable size, several cubic vards
may be stored for use when the preparing machinery is not in
cperation. A convenient shape for the storage bin is that of a
large hopper, broad above, with a long taper to a relatively
small opening in the center of the bettem.  The bin should be
as high and its sides as steep as is feasible, since there is always
the tendency of pulverized clay to pack and to hank up under
the most favorable conditions. For this reason, if the eclay is
conveyed from the bin to the pug mill or auger machine by a
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spout, the latter will furnish a more constant supply of clay
and cause less trouble if it is large and uniform in size or even
broader helow than is thie opening from the Lottem of the bin.

THE FORMATION OF CLAY WARES.

In the following discussion of the manufacture of clay wares
consideration is given only to the classes of products that arve
made within the state, viz., briek, tile, sewer pipe, hollow block
and pottery. The cutline indicates the different methods used.

{ Hand.

| Wet........ { Soft mud... | Machine.

Manufacture of brick............... 4 Stiff mud...{ Machine.
L Dry........ { Machine.

Manufacture of drain tile and hollow % Wet { Stiff mud...{ Machine

block vovvnniiini i T T '

Manufacture of sewer pipe.......... { Wet.... . ...{ Stiff mud ..{ Machine.
Manufacture of pottery............. { Wet........ { ﬁigl?i-ue

MANUFACTURE OF BRICK.

As indicated in the outline, the wet methed of brick making
may be subdivided into the soft and stiff clay processes. In the
first instance, the clav is mixed with a larger percentage of
water than in the last, and because of its resulting soft and
muddy nature requires different treatment. Measures must be
taken to prevent the clay sticking to the molds. The large
amcunt of water necessitates extra precantions in drying. The
clay will shape moere readily but is more easily deformed while
wet.

Soft Mud: The primitive way of molding brick was by fore-
ing the wet clay into wooden miolds by the hands. On the
smaller vards this method is still employed at the present time.
The clay is nsually mixed in the wooden armed pug mill de-
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scribed on a preceding page. It is forced out in a heayp at the
bottom of the mill on the opposite side from the soak pit from
which the clay is shoveled into the mill. The ““molder’’ takes

Fra. 14 Soaking Pit and Wooden Pug Mill, Carl Hagcmeister, Muscatine, Iowa.

with the hands, Jiieces of the clay of sufficient size to make one
brick, and brings it forcibly down inte the mold which Las been
previously sanded. The clay is of the correet consistency, when
it will just retain its shape, and vet is solt enough to fill the mold

perfectly. The molds are made in frames, each frame contain-
ing four to six or seven each. At each end of the frame is a

handle, so that 1t mav be carried. When a section is filled the
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top 1s stroked off even with a small wire or thin blade to which
handles are attached. The ““offbearer’’ then takes the filled
molds to the dry vard, where the bricks are turned out on the
ground to diy, or empties them onte pallets and places them in
racks under sheds. One man will mold four to five thousand
brick in a dav.

F1e. 16. Ring Pit, Carl Hagcemeister, Muscatine, Iowa.

On some vards the clay is tempered in ring pits located at
the border of the drving vard. From these pits the clay is com-
monly hauled, a wheelharrcw load at a time, to yertable molding
tables, situated centrally on the yard. Each molder shovels and
hauls his own clay and dwmps his brick on the vard after mold-
ing. Tt has been found advantageous to engage werkmen on the
basis of so many brick delivered on the vard as a day’s work. An
average wmolder emploved on this basis will make sixteen hun-
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dred brick in six hours. If the demand is great, a premium is
occasionally paid for extra work.

Soft mud brick are miade with machines especially devised for
working the clay into molds similarly construeted to those used
in hand molding. The soft mud brick machine is built on both
the horizontal and the various plans. It consists essentially of a
pugging mill in the lower part of which the clay is forced into
molds by means of press plates or plungers actuated by wooden
or steel cranks. The mnolds to receive the clay are set in frames
and hold from four to eight brick. They are fed into the imachine
frem the side immediately beneath the press-box and, when filled
are automatically pushed forward to the ‘‘striker off,”” who by
means of a small wire or blade strikes the clay off even with the
top of the molds.

The sanding of the molds is an important part of the process.
They are either sanded by hand, that is, by pouring sand into
“each of the molds, which have been previously dampened
the molds then Leing shaken .and the sand dumped out;
or by the wuse of a mold-sander. This apparatus consists
of a rotary framework into which the molds are placed.
The frame is rotated inside of a ecylindrical shell in the lower
portion of which 1s sand, filling the molds with the latter and
dnmping them as they go round. A good grade of fine sharp
sand is best for this purpose.

The machine is ordinarily located so that the clay is dumped
directly into it from above or shoveled into it from an elevated
platform. The clay i1s at this point supplied with the correct
amount of water for tempering. The persons necessary to oper-
ate the soft mud machine are, one to feed and temper the clay,
one to strike off the molds, one to sand and feed the molds into
the machine, two men to dump the bricks on pallets, three men
to wheel to drying racks and place the brick, one to bring empty
pallets to the machine and one to place pallets on the dump
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PraTe V. Vertical Type of Soft Mud Brick Machine
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table. The last two tasks and also the sanding of the molds can
usually be attended to by boys, which lessens the running ex-
pense.  With {his number of attendants, a soft mud machine
with ¢ix molds will make 35,000 brick per day.

Frc 17. Horizontal Type of Soft Mud Brick Machine.

The power required to operate one of these machines depends
upon its capacity and the clay used. Only the softest, and those
clays that will most readily temper to the plastic condition can be
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successfully worked by the scft wmud process. The alluvial, sur-
face and loess clays are best worked by this process. These vary
considerably in hardness, and tenacity when wet, but with an
average clay a six-mold niachine will require ten to fifteen horse
power. Machines ¢l small capacity ave oftentimes operated by
a team of lLovses.

Fra. 18. Horizontal Type of Soft Mud Brick Machine.

Tlie brick made by the soft mud process ave of necessity less
dense than those manufactured by the other methods. Tley ave
porous when burned, but this is a condition favorable to the
development of good color and, indeed, when fairly hard burned,
soft mud brick possess qualities cf strength and durability. One
effort of the brickmaker 1s always to obtain a product whicl. is
frec from all signs of structure, so that one portion of a brick
1s exactly like all other portions of it. This comes nearest attain-
ment in the soft mud brick. Theve are no augers to produce
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lamination, and because of the free mobility of the wet clay,
there is no chance for defects to arise from the pressing of the
clay into the molds.

Stiff Mud: The term ““stiff mud’’ signifies the distinction
between this and the othev processex el making brick. The clay
1s tempered to a stiffly plastic state so that it can be molded, but
it will not shape or flow, under =light pressarve as does the ¢lay
when prepared by the soft mud process. The clay is made of
such a consistency that it will, under heavy pressure, flow
throngh a die in the shape of a bar, the latter heing strong
er:ough to retain its form even when subjected to considerable
strain either longitudinally or laterally. It must yet be soft
enough that under the pressure of coming through the die,
stratification produced by the angev will be to the greatest
extent eliminated.

There are two principal types of stiff mud machines: the
upright and the horizontal. They both consist essentially of a
small pugging chamber at the exit of which is the die that ferms
tiie har of clay. On the same shaft with the pugging knives is
an anger which is the means of forcing the clay through the die.
Machines are constructed which combine pug mill and auger,
thus providing for tempering the clay and forming the bar with-
cut the installaticn cf two machines. The clay ordinarily
comes to the brick machine from some preparing device
i which it has been tompered and rendered thoveoughly
plastic. In the brick machine, the pugging arms cavry
the clay to the auger and the latter compresses 1t into the
die. Through the action of the pugging knives and auger under
Lheavy pressuve the clav is strongly compacted and issues from
the machine in a solid bar. The bar of clay is, licwever, seldom
homegeneous. The face or end c¢f a brick will often shew lami-
natious, frequently concentrically arranged either parvallel to
the lengtih of the bar, or laterally, or both. Such laminations
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I'rg. 19. Vertical Type of Stiff Mud Briek and Ttle Machine.

ave the result of the joint action of two main causes. The action
of the anger screw on the moving clay is to arrange it in the
bar concentrically around the center of revolution of the screw.
The clay in sliding over the smooth surfaces of the spirals of
the auger is polished and these polished faces when pressed
together in the die do not fuse or amalgamate readily, and the
lines of contael can usnally be seen in the fresh bar or in the

finished warve. If they are well developed, as is more often the
13
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case with the most plastic clavs, the laminations become lines of
weakness in the resulting brick. With the effects of the auger
itself is the tendeney of the flow of the elay through the die to
exaggerate any defects that may exist. The planes of separa-
tion produced by the auger arve elongated parallel to the move-
mwent of the bar by the more rapid flow of the center than of the
outer portions of the bar of clay. This is due to friction in the
die. Dies and augers of apecial design have chviated this diffi-
culty to a considerable extent. Steam heating, steam and oil
labrication in the die are used to rednce the frietion of the issu-
ing bar. These means are also effective in avoiding the serra-
tion or tearing cf the edges of the bar of clay.

All defects of structure may often he largely remedied by a
thorough pieparation of the clay before it comes to the auger
machine. A very short and sandy clay will not work success-
fully in the auger machine, nor will an exceedingly plastic one
give good satisfaction, lhecanse of its tendency to lamination.

The bar of clay runs frony the machine onto a moving belt
which carries it to the cutting table. The brick may be made
“end’’ or ‘‘side’’ cut, according as the width of the bar of clay
is the width or length of a briek. Any size of bar may be made
from, the same machine by providing different sizes of dies.
Very commonly two or even three hars of the size for making
end cut brick are run simultaneously from the machine.

Impreved machines are provided witl: sand box which sands
the bar of clay as it issues froni the die. The primary use of
the sand is to facilitate handling and to prevent sticking of the
brick, but it is also held to be influential in giving good colox to
building brick in the burning.

The maximum capacity of the stiff mud machines making side
cut brick is eight to ten thousand brick per hour, requiring
seventy to seventy-five horse power. Auger machines of smaller
size are on the market with capacities ranging from two thousand
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upwards brick per hour and requiring frem twenty horse power
upwards. Both the capacity and the horse power necessarily
vary considerably, depending on the character of the clay used,
so only round numbers can be given.

Cutting Tables: There arve several types of cutting tables,
some of which are illustrated in the accompanving cuts. The
cutting device may he either hand or auntomatic. The cutting
1s done by wires which are tightly drawn from projecting parts
of a metal frame. This {f1ame may be parallel to the meving bar
of clay and consist of strips between which any number upy to
a dozen wires are drawn the desired thickness cf the bricks
apart. The cutter is operated by hand by pushing the frame
laterally, thus carrying the wires through the clay. By mechan-
ical devices it can also be operated automatically. By variations
in construction this type of cutter may cut the clay by direct
lateral movement of the wires, or by a lateral, partially rotary-
downward motion.

The wires may be supported between large pinions which
drive them through the clay as the pinions revolve. The rotary
cutter is a style in which the cutting wires are drawn radially
from the center of a wheel which rotates in a plane at right
angles to the direction of movement of the bar. In the types
thus far mentioned, the wires cut from the side. As the bar of
clay is in constant motion, provision is made to carry the cutter
with the bar while the wires are passing through the bar . With-
out such an arrangement, the brick would of course not be
square. When the wires have passed through the clay, the car-
rier moves back to its former position. All the foreguing are
applicable for beth end and side cut brick.

Constructed on a somewhat different principle are those cut-
teys or ‘‘headers’ which rotate in the direction of movement of
the clay. They are built as a vertical rcel to the extremities of
the armns of which the cutting wires are attached. The recl 1s
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cansed to rotate by the movement of the bar of clay and by
means of guides on the moving belt which supports the bay, the
wires are held squarely in their descent throngh the column of
clay., The number of arms and of cutting wires en a reel varies
from over fortv, where side cut brick are to be made, to six or
seven for cutting hollow block, drain tile and end cut brick.
With the greater nunmber of aims, this style of cutter of
necessity pessesses a great many joints to be kept tight and in

I'1g. 20. The Automatic Indeuting Brick Cutter.

repair, and the cutter will give =atisfacticn in the degree to whiely
constant care 1s exercised in its operation.

Tlie wires ave the most troublescme part of the cutting mech-
antsny. It 1s necessary that they shall he as small as possible
with the rvequisite strength, in order to lessen friction and make
a smooth cut. Anyv cbetruction, therefore, met by the wires in
the column of clay, as pebbles, voots er hard lmmps of clay, i3
apt to break them. As precautions to aveid the breaking of
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wires, means are provided, by regulating screws or otherwise,
for adjusting the wires to any degree of tension desired and for
easilv replacing broken wires. In some cutters the wires are
held tight by springs which allow of some adjustment to the
resistance which the wires meet in passing threough the clay.
Automatic wire cleaners are provided for some cutters.

The requirements which a brick cutter must fulfil are several.
The wires must make a smcoth and square cut brick. That is,
to accomplish the latter, the eutting must be dene at right angles
to the length of the bar of clay. With a continuously moving
eclumn of clay this necessitates the reciprocal movement of the
cutter while the wires are cutting the clay. The movement of
the cutter should be so connected with the movement of the clay
that a varying velocity of the latter will communicate a sinilar
change in the mcvement of the cutting wires. The cut should
be miade in such a direction that the edges of each brick will be
left as smooth and free from raggedness as possible. The most
advantageous direction of movement of the wires in any instance
will be mainly determined by the construction of the cutting
table. If not directly downward, a motion of the wires con-
taining a downward component has been found to be mest satis-
factory, as the clay is most firmly supported from below and
ruffled edges are least apt to be produced.

After the brick are cut, they are either delivered at one side
of the table on a pallet which can be moved horizcntally beneath
the bar of clay as cach cut is made, or they may pass from the
cutting table to an off-bearing bhelt; the latter having a velocity
greater than that of the moving bar, the brick are separated as
they leave the cutter convenient distances for handling to the
cars. The side delivery table is used mainly with hand operated
entters or with those that are semi-automatie, being thrown into
and out c¢f action by a cluteh under the contrel of the operator.
The off-bearing belt is a common accompaninent to the auto-
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Prate VIII. Automatic Oscillating Reciprocal Down Cut Table.
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matic cutter where the aunger machine is of large capacity and
run continuously.  IMrow this belt the brick may be removed on
one or both sides to the ecars.

The cutting platform over which the columm of clay moves
when the cutter is in action, is smoothly pelished to prevent frie-
ticu. TIf the clay gives tronble by sticking, lubricating vollers
are provided beneath auc at thie sides of the elay bar. These
rollers ave held in centact with the elay by springs and are kept

Fra. 21. Sectional Views of Reeciproeating Oacillating Side Cut Table.

continually moistened with an oil lubricant from a small reser-
voir convenicntly situated above the machine.

Of the several styles of cutting tables on the mavket, there is
always the question of which is the most suitakle for a given
clay. This 1s an inquiry that confronts everv brickmaker in
celecting an equipment for his plant. In many cases the ques-
tion is not settled until two or morve different types of cutters,
representing the expenditure of a few theousand dollars, have
heen purchased. It is then often realized that the last purchased
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eives little Dbetter satisfaction than the first, which may have
been discarded for something ‘‘new.’”” It is not an uncominon
thing on brick yards throughout the state to find them equipped
with cutting tables in duplicate, and sometimes triplicate, in
number and style, only one of which is in use at a time. The
others arc either Jaid by indcfinitely cr ave held ready for sub-
stitution 1n case of breakage or in cas2 some variation in the
clay appears to require a ehange. Very colten one cutter is used
for end and another forr side cut briek.

While in the casc of brick wachines, the machine must ve
fitted te the clay to be used, this is mueh less ¢ften true with cut-
ting tables. The cutting table is an accompaniment to the stiff
mud machine only, and ordinarily any clay that will work in
a stiff mud machine can be eut into bricks by the same kind of
cutter. That is, if the cutter is once adjusted to run with a cer-
tain anger machine, it will he found that the same cutter will
make brick from any clay that will suecessfully work in that
machine. It is seldom advisable, therefore, to change cntting
tables because of some slight improvement that may be claimed
for auncther style. The latter will likewise need adjustuient to
the brick machine hetore 1t can he used, and it 1s the experience
of many that it will quite frequently give no better satisfaction
than the cld one. Money tied up in cutting tables that ave
allowed te lie unused is an investment that can yield nothing but
negative returns.

Repressing: The repressing of brick made by the stiff mud
process has hecome a commen practice among paving brick
manufacturers principally. Building brick made by this same
process or by the soft mud methods arve also repressed to some
extent, although not to sueh an extent as pricv to the recently
extended use of the dry press machine.

The bhrick may be taken divectly Irom the cutting tahble and
repressed, cr they may be closely hacked and allowed to part-



Prate IX.
The Richardson repress, front and back views,
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tially dry until thev ave ¢l the proper consistency for repress-
ing. It ix of comrsge always necessary to allow soft mud brick
to dry befcre placing in the repress.

- Buick represses are operated by power or by hand. There
are several tyvpes of these machines on the mailet, Lut the prin-
ciples involved in the construction of each arc cssentially the
same. The term repressing signifies the process of subjecting
the brick to a second pressure, or to pressing again after the
briek have been fermed. The machine for this purpose consists
of a mold into which the hrick ave placed, and where they ave
subjected fo heavy pressure. In the latest improved types the
pressure is applied gradually and regnlarly by a plunger freom
aliove or by plungers frewm both abicve and helow. The brick ave
delivered te the repress cn a table or moving belt from which
they are automatically charged into the moelds. Accuracy in
design 1s quite necessary in order that the brick will be placed
squarelv in the melds with each revolution of the plungers.
The brick must alsc fit and fill the mold as perfectly as possible.
Fach size of hrick thus requires a separate mold. The mold 1s
in some machines stationary and the pressing is done by plung-
ers from the tep or hotteny, or from both moving towards each
other. In some, cne plunger is staticnary while the other moves
against this, carrving the mold with it. Pressure is exerted by
means c¢f a cam, crank or toggle joint. Movement is imparted
to these by levers if cperated hy hand and by eluteh-pulleys and
heavy gearing if otlier power is nsed. In the most snbstantially
built represses, pressures as high as 45,000 pounds per square
inch can be exerted on a brick. The pressure can be regulated
to any desived strength. It has been fcund by practice that a
better preduct results in mest instances if two maximum press-
ures are given with a partial velief of pressure between. In
cace a briek which is a little too thick comes to the repress, relief
fer the mold and pressing plungers is provided by swall epen-
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Prare X, The Eagle Double Die Brick Re-Press, Front View,
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ings in either mold or die plates so that the swplus clay is
forced ocut; cr by the use of stiong springs which yield when
the pressure 1caches any certain limit. The latter mode of relief
1s often prelerred to the fermer because of the blemishes left on
the brick by the vent hcles. Where springs are used, however,
the brick are not reduced to a uniforn size, while this is accom-
plished by the die plate vents. The power required to rmn a two-
mold repress is from one to two horse power. The capacity varies
from 1,000 to 3,000 standard-sized brick per hour.

The object of repressing stiff mud brick is three-fold: to nn-
srove the form and to imprint any desired design npon theny;
to give a smoother surface; to produce a denser and stronger
hrick.

For building brick, the first is usually the prime object sought
in repressing. DBy repressing, the cutlines of the brick may be
modified so as to change an angular, rough-edged brick to one
with symmetrically rounded or sharply angular edges as is
desired. By the use of special designs on the die plates any of
the ornate forms may be produced. The designs may be sim-
ple, as some gecinetrical figure, or may be of more artistic and
complicated chavacter. For paving brick, the apypearance of
the product is not an important feature. In the repress, how-
ever, it is possible to obtain ar svmimetry and fullness of outline
tor each brick which ave believed to both facilitate handling and
laying in a pavement, and to add to its durability.

In the manufacture of sidewalk blocks, the repress is in com-
mon use. The clay is ran from an auger machine in a column
of correct proporticns for cutting into the desired sized blocks.
As with brick, the blocks are placed in the repress, where their
form is improved and some design, in many instances the firm
name, is impressed or expressed upon them.

The pressure which the brick are given, slipping in and ont
of the mold, in which some lubricant is frequently used, renders
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the surfaces smooth and polished and especially is this hmprove-
ment noticeable on the faces that have been made by the wives
of the cutter. The hrick ave thus given a fough exterior or
“skin’’ which adds to their ability to withstand disintegrating
mmfluences, whicly, especially in the case of building brick that
are not hard burned, is an important feature.

Regarding the effect of repressing on the compactness, resist-
ance and stvength of brick, there has heen much speculation. It
1s more 1mportant to develop these properties in paving than
1 building briek, and this is the principal cbject in repressing
the former.

In the operation of tlie repress, the brick can not be made to
fit perfeetly tight in the mold. There is always more or less
space for the clay to expand laterally as pressure is brought to
bear from above and helow. The compressicn of the clay will
cause the particles to ¢ome into closer contact and the brick will
be decreased in thickness; hut at the same time a certain amount
of flow will take place to fill the mold and the brick will increase
in width and length. If the one extreme be considered, where
tlie briek fits the mold perfectly tight, and therefore no flow can
occur when pressure is applied, it 1s seen that practically no
change in strueture can be brought about, only a change in the
compactness of the brick. Such a brick still possesses the
original structure given to it by the brick machine, but has
gained in the matter of form, smoothness of surface and com-
pactness.  As an intermediate stage, suppose the brick to fit into
the mold rather locgely. This linited amount of space will
allow of a corresponding limited expansion. Instead of the de-
crease in thickness heing taken up entively by packing together
of the clay particles, sneh decrease will be accompanied by an
increase in the length of the brick to the capacity of the mibpld.
The flow of the clay which must take place under these circum-
stances tends to change and to destroy the former structure of
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the brick. A brick thns repressed has its old structure only par-
tially brcken down and possesses neither its original machine
structure nor any new ome which may be developed in the
repress. At the other extreme, or where the brick is placed in a
mold which it fits very loosely, the clay when subjected to press-
ure has ample cpportunity tc flow and the original structure is
entirely destroyed.* Any structure which a brick repressed
ander these conditions may bhave will be cne developed in the
repress. In this instance the only function that the auger or
scft mud machine has served is to furnish the clay to the repress
in convenient shape and in proper amounts to make brick of
constant size.

In the application of the repress to any class of brick made of
any certain type of clay, the questions to be decided are those
which relate to the above conditions. It has been found that
clays do not all respond to repressing in a similar manner. With
the same pressure, and that near the maximum attainable, some
clays will give a more durable product if treated in the repress,
as outlined above, so that nc rearrangement cf structure is pos.
sible; others are improved if subjected to conditions such that the
old structure 1s entirely broken down. Tt is ravely the case that
the resistance of a brick is not injured by repressing where only
sufficient flow of the clay is permitted to modify the original
structure but not encugh to reconstruct or build a new one.

““Comparison of the Wearing Qualities of Plain vs. Repressed
Brick” + was made the sulijeet of investigation by the National
Brick Manufacturers’ association in 1897 and 1898. After a
fairly complete series of experiments with different types of
clays and with Lioth side and end eut brick, it was found that
with the majority of elays repressing is a detriment to the wear-

ing lghrl|lf1u~ of the brick. This was not found to be true in all

* An eéven more nomplete breaki Fexperiment, by placing
the brick in l 1€ uuu\u 80 the preasing p [n this case, the orig
lui form of the birick is comp ated and it is entirely reconstructed

+ Report of the N. B. M. A. Committee on Technica 1l Investigation, p, 67.
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cases, but the reccmmendation was made that its truth be as-
sumed unless for a given produet it were proven that repressing
actnally impreved the quality. :

Parallel te the above investigation, experiments were made
to ascertain the *“ [nfluence ¢f Flew in the Repress Die.””*  From
the same clavs used above, bricks were repressed according to
the conditions cutlined ¢n a preceding page, viz., in a die where
practically no tHow was possgible; where a limited amount of
flow could take yplace, and with the brick on edge =o that all
traces of original structure was broken up.

The results of Loth the above sets of tests were summed up
in the following conelusicns:  ‘“Makers of paving brick sheuld
asstme that their plain wire-cut brick are superior to the re-
pressed brick until they have proven, by careful comparison
under identical tests, that the assmuption does not hold good in
their case.

“If vepressing is necessary tc meet inarket conditions, the
maker should petform the operation so as to cause a radical
breaking up of the aunger machine structure, and the production
el a new and characteristie structure due to repressing.  If this
is done, the prohabilities arve that no falling off in quality will
oceur, aud actual gain in stiength wmay frequently result.”’

Diy Press: The manufacture of brick from dry or partially
dry clay 1s a process which has come into extended use ¢nly n
comparatively recent vears. At the present tiwe, the dry clay
ltocess represeuts perhaps the cheapest method of producing
brick, which are at the same tune of a higher grade, in both
finish and durability, than these preduced by any other process.
Tle initial expense in equipping a dry press plant is, however,
somewhat above the ordinary.

The prineipal points in the prepavation of the clay for this
line of manutacture have bheen mentioned under that head. To

o R-epgrt_of the N. B. M. A, Committec on Technical Investigation, p. 92.
14



210 TECHNOLOGY OF CLAYS.

1f
the clay is & somewhat indurated shale, or of storage in the

rendeyr the clay in the best condition, a peviod of weathering,
dampened state, if it is one that will easily hecome plastic with
watcer, will be found advantageous. The weathering or storage
allows the moisture which is in the clay, or that which is added
tc it, to thoroughly permeate the mass, thus reducing all to the
same consistency. T¢ work best in the dry press machine, the
clay must not e plastic but should be of such a degree of damp-

¥r1a. 22. Modern four-mold dry press.

ness that when firmly pressed in the hand it will barely maintain
the {foim given to it. The amecunt of watcr that clays contain
that are worked by this process ranges from five to fifteen per
cent. These proportions depend on the character of the clay, the
finer, more plastiec varieties requiring the larger percentages.
After thorough granulation in some pulverizing apparatus,
the clay is ready to go to the press. The dry press machine
consists in its essentials of parvts similar 1n construction to the
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brick repress. The melds vary m number from two to six. The
pressing mechanism consists of plungers which exert pressure
from both above and below when elay is in the mold. The
plungers ave cjperated by cams or toggle-joints which are sup-
ported by massive steel framewcrk to give the requisite strength.,
The elay comes from a hopper or storage bin through canvas
duets into a small feed-hox from which it passes into a charger.
The chavger is made of a eapacity to hold clay for one brick and
with each raising and lowering of the press plungers, feeds this
amonnt of clay into each of the molds, being refilled as it comes
to rest beneath the feed box, while the brick are being pressed.
In all recently constructed dry press machines, two and fre-
quently three, pressures are given each brick., 1n some machines
all are of maximum amcuni, while in others two maximum
pressures and an intermediate lesser pressure are given. When
clay is pressed in the mold, air is enclosed in its pores which,
wlien but a single pressure is given, will uite often by its
expansion when the piressure is relieved, crack or burst the brick.
It 1s to remove this danger that the pressure is partially released,
thus allowing the air to escape through vents in the die provided
for the purpose. The final pressure compacts the clay to its max-
hmue density. After the wolds ave charged and {he pressuve has
heen applied, the brick are carried by the movement of the lower
plunger to the level of the top of the nold, where they ave pushed
forward on a delivery table by the incoming charger. In the
most impreved types, the melds are deep and the maximmum
pressure 1s given at the bettomn of the mold which gives the
larger distance of travel for the brick as they arve delivered,
thus smoeothing and polishing their surfaces; and, as the lower
plunger ecarries the Lrick upwards the plunger above maintains
its posttion on the upper surface, which protects the corners and
angles and gives a firmmness to the brick.  As the charger ad-
vances with its supply ol clay, the green brick are pushed ahead
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of it from between the dies and the molds ave filled.  In some,
the bottom plunger rvetains its position level with the top of the
mold until the chaige of clay is dircetly over the wmold, when
it lowers; in others, the lower plunger descends as soon as the
forned brick is remcved and the fre<h clay is allewed to drop
frem the charger into the open mold. Beth the charger and the
molds are steain heated to prevent adhesion of the clay.

Aside fromm the ordinary rectangular shape of the common
brick, special shapes may be produced by molds which are sub-
stituted in the dry press nachine. Shapes, face and edge designs
are produced by special molds and dies. Freom the machine the
brick are handled scpavately cr by pallets to div cars ¢ ave sent
diveetly to the kilns. Ifis claimed that the frame and the working
parts of a standard mwake cf diy press ave capable of enduring a
pressure of four hundred teus cn each brick. Such a pressuve 1s
never necessay in the manutactme of brick, mere than one hun-
dred tons on eacl hiick seldein being required. The pewer to op-
erate the presz iz vrually steam suy plied from the power plant. In
the case of the hydraulic press, the pressure is exerted by hy-
dranliec rams acting from abeve and below as do the plungers
in the other class of machines. The .capaecity of a sixanoll
dry press machine is 30,600 brieks per day. A press with four
molds will make 20,000 per day of ten lLours.

MANUFACTURE OF DRAIN TILE, HOLLOW BRICK AND BLOCKS.

The clays used for the manutacture of these wares are given
the same prepavation as when made into brick with the angev
whchine.  They ave pugged to the same plasticity and put
through the samne machine, the desired die being substituted to
form a hollow celumn in place of the brick die which gives a
sohid bar of c¢lay. Most connnon clays can be used for tile, but
i the case of hicllew brick and Llocks other requirements must
Be met than these exacted of drain tile. A ¢lay which will ran



DRAIN TILE, HOLLOW BRICK AND BLOCKS. 213

smcothly ficm a circular die may give trouble in a die with
sharp angles, The clay for angular blecks, which ave often cut
up; into two or more compartinents hy jpartitions, must be more
plastic and slippery {o give satisfacticn in the auger machiue.
Tile are subjected to {he disintegrating etfects of 1rost and soil
waters, but have essentially no weight to bear when i place.
The hollow brick and blocks when nsed in construction must
bear a greater or less weight, along with meeting similar con-
ditions tc which the drain tile are subjeet. Aside fromn plasticity,
therefore, it is neccssary te employ for the manufacture of the
last two classes ¢f ware a clay which when burned makes a firm
preduct, sufficiently strong to be used in building construetion
in place of brick.

The elay is run from the auger machine upon a entting table
especially designed for the ware made. If hollow brick or bloek
ate nade the brick culters may be used with modification to
acccmmcdale the different sizes of cclunn. TIn wmost instances,
however, tables of special design are made use of which ave
accompanicd with dwinping attachments, se the bleck or tile is
delivered upnigit and in convenient positien for removal with-
out injury. The cutting mechanisn is sihmilar in principle and
operation to the brick cotters already desciibed. Theyv are built
in beth patterns, the side-down-cut and the rotuwry.

The use of hollow blocks to replace the solid biick is Lecoming
rather common in Tewa. The advantages elaimed for the Lollow
ware ate several. While they de not possess as great ultiinate
crushing strength as the sclid briek, Blocks can be economically
produced which are sufficiently strong to insure a large factor
of safety in any common building construction with from one-
thivd to one-half the clay required in the solid wais to cecupy.
the same space. This decrease in weight, with vetention of the
necessary strength, not cnly saves clay hut Jessens the expense
of transportation very materially. Walls built of hollow hlocks
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are fully as protective against dampuess and temperature as
brick walls and by many users are proncunced much superior
fo the latter in every way. Decorafion of the blocks has not been
practiced to any extent in the state, but very desirable terra cotta
etfects are inexpensively preduced in other places where this
class of ware has been developed to a higher degree of per-
fection.®

MANUFACTURE OF SEWER PIPE.

Sewer pipe is made in a press especially designed for this
class of ware. The press consists of two cylinders connected
with a continuous piston. The cylinders are placed one above the
other, the upper being the steain and the lower the clay cylinder.
The ratio of the size of these two cylinders varies from 1:2 to
1:3. The piston is propelled by the admission of steam to the
upper cylinder, giving it a downward movement which presses
the elay through a die at the bottom of the lower cylinder. The
action is thus intermittent, the piston receding when it has
reached its length of stroke and a supply of clay is needed.

The clay previously prepared and in the plastic condition is
brought to the press on a moving belt. Fach time the piston
recedes the cylinder is filled with clay by throwing this belt
inte motien. The die which forns the pipe consists of a central
cone and an cuter die or bell. The space between the cone and
bell determines the thickness of the wall of the pipe. By chang-
ing these the various sizes of sewer pipe are made. It has been
found of advantage to have the issue, or the distance througl
which the clay must travel between the dies compressed to its
minimum thickness, quite long. Mr. J. E. Minter 4 recommends
an issue of not less than three inches for dies smaller than eight
inches and not below four inches for dies over eight inches in
diameter. The basis for this reconnendation is that where the

* A treatise on the manufacture and use of hollow building blocks by E. G. Durant is issued
by the American Clay-working Machinery Co.
+ Brick, Vol. XVIII, No. I, p. 48,
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issue is short, blebs of air imprisoned in the clay will iemain and
are apt to form blisters on the pipes, while with a long issue
the air will back upwards threngh the loc=e ¢lav and escaje in
the direction of least resistance rvather than vemain in the clay.

Beneath the die is the pipe table which veceives the pipe as it
issues from the cvlinder. The fable is supported by a vertical
vod whicli is kept in perlect alignment with the center of the
eylinder. The table is raised and lowered by weights which
may be so adjusted as to counterbalance, when the table will
easily move up or down or stand at any position; or, as is usual,
when pipe ave being made, so adjusted as to offer resistance
to the emerging pipe. The pipe is said to run more smoothly
than where such resistance is absent or Liut very slight.  After
the pipe is forced out the desired length it is cut by hand by
means of a wire or autcinatically by means of a power cutter
which is threwn in and out of operation at will. The power
cutter consists ol a knife edge in the lower part of the cvlinder
which is thrust out and given a cireanlar motion that severs the
pipe when the cutting wcehanism is thrown into gear. The
length of strcke of the piston and therefore the maxinnun length
of pipe 1s abeut fonr feet. The size of the pipes ranges fromw

three or four inches to three feet in diameter.

MANUFACTURE OF POTTERY.

The poltery intevests of the state are limited to the manu-
facture of only the commoner and less expensive classes of stone
and earthenwarve. In the stenewaice line, jugs and jars consti-
tute the large proporvtion of the cutput. The varicus sizes of
flower pots made from both ved and lLight buining clays, ave the
principal earthenware produets. This apparent paucity of pot-
tery products can not be said to be due to the lack of proper
raw materials, for the present investigation has shown the exist-
ence of clays suitable for making many of the higher and cost-
fter grades of pottery.
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The predess of forming the picces of ware may Le divided into:
that dene by hand cr turning, machine manipulation or jollving
and pressing. Preliminary to forming the ware by any of these
methods, the clay which has Leen properly ground and rendered
I:lastie, is wedged. Wedging consists in vepeatedly cutting a picce
cf clay of convenient size {o handle, with a small wire which is
drvawn taut above the kneading table. After each eut the two parts
are breught foreibly tegether and the cutting operation repeated.
By this means air blebs ave eliminated from the clay, and it is
said, a desivable grain given tc the clay which it would otierwise
lack. Clay is then taken in sufficient anmcunt for the piece of ware
to Le mwade and placed on a herizontally rotating dise. Heve it
1s shaped with the hands and turned up to the required size and
cutline. The surface of the clay ig intermittently mcistencd
with a wet sponge so it will run smoothly and not trouble by
dgticking or tearing as it is dvawn into its permancat form,
When the piece is comyplete, it is detached from the dise by
means of a wire cr thin blade and yplaced te dry.  Only those
pieces of pottery can be wade iw this way which have civeular
cross secticns and faivly thiek walls, as in the turning they must
rotate round a central axis and jossess sutficient 1igidity to take
and maintain shapes as high as three feet or more in such wares
as churns or large jars. Suech ferms may taper in one or two
direclions. The first difficulty of the beginner is in *‘centering”’
the piece of clay. After this becomes substantially automatic,
practice with the variouns shapes and sizes is required to becowme
expert. A high degree of dexterity is necessary, however, to
form ware of true proporticns and uniform thickness, an accom-
plishment which is usually attained only through long practice.
This is the practice of the early potter and is gradually giving
way to the use of the jolly or jig.

The potter’s jolly or jig consists essentially of two parts, a
horizontally rotating disce furnished with a hollow metal head
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for receiving the plaster of Paris meolds in which the ware is
made; and a pull-down armi provided with a ““template’” for
shaping the intevicr of the piece of ware. The motion of the
rotating head is nct positive but is usnally nnparted by friction
hetween a pulley on the vertical shaft, which is faced with rub-
ber, and a vertically rotating dise. The speed of rvotation 1s
thus regulated by a foot lever which adjusts the amecunt of frie-
tion between these two parts.

The melds are made of plaster of Paris with the interiov the
desived shaye cf the outside of the ware. They ave made ¢f a
size to fit the head of the machine and ot ccnsiderable thicknezs
<0 that when set into the head their weight causes thein to whirl
with it. The requisite amount of clay is placed in the whirling
meld and first roughly shaped with the hands. The ““ pull-down”’
bearing the arm for accmately shaping the interior is lowered
and the c¢lay is evenly distributed in the mold. On the improved
jollies the pull-dewn lever is adjustable ¢o that any number of
peces cf exactly similar oentline and thickness may be produced,
and of such weight and counter-balance that the shaping of the
clay is accomylished with the least exertion on the part of the
cperater. Special adjustments are also provided for jollving
bulged or kellied ware. In the case of any wave in which the
sides are other than vertical or regularly tapering, the contain-
ing milds ave made in two or more sectivns which arve separated
whexnr the ware is removed. Where the opening is quite small,
as in jugs, each article is made in two pieces and these pieces
cemented together by means of a thick slip of clay and water.
The jolly is used in the manufacture of jars, jugs and the lavger
flower pots.

The smaller sizes of flower pots are made on a pressing ma-
chine especially designed for the work. By the substitution of
molds, sizes ranging from ocne and three-fonrths te six or seven
inches in diameter are made by machine. The plastic clay is pot
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into a small plunger wachine from which it is forced in one or
more circular columns. The colwmns are cut by wites so spaced as
to make small cylinders each containing the corvect amount of clay
for one ot of a given size. The flower pot machine consists of a
mold set in a whirling disc. Above the mold is a plunger having
the exact shape and size of the intericr of the pet. The eylindrical
blocks of clay are placed in the mold and the latter elevated by
nmieans of a foot lever until it fits over the plunger from above,
which presses the c¢lay firmly into the wold. The bottom of the
nmold 1s the top of a lower plunger which, as the wmold is again
lowered, pushes up and out the finished pot. The capacity of
such a machine depends upon the agility cf the operator.

STONEWARE GLAZING.

Most stoneware articles are covered with a glaze. -The glazes
are made of ingredients which when heated to the burning temn-
perature of the ware will fuse and attach permanently to the
surface of the ware. Tlie process of glazing is literally the
formation of a thin surface layer of glass for the purpose of
decovation or protection of the ware on which it is placed. In
order to serve one or both of these functions, the glaze must run
evenly when melted and neither craze nor shiver after the ware
comes from the kiln. Glazes must be uniform in composition
and on the rough grades of stoneware, fuse at a fairly low tem-
perature. TIf a color is to be imparted by means of a glaze, the
coloring matter must be readily and uniformly absorbed by the
glaze ingredients in fusion.

The object in glazing stoneware is primarily protection. The
body of the ware is seldomn vitrified and the glaze, being thor-
oughly vitreous and non-poroms, renders possible the use of
stoneware articles for containing liquids. Stoneware glazes ave
invariably colored, which not only improves the appearance of
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the natural clay bhut also helps to obscure and correct any small
defect in the body of the ware.

There are three Kinds of glazes made use of, viz., salt, slip
and Bristol glazes.

Salt Glazing: Salt glazing is not practiced to any extent at
present in stoneware manufacture, but it is the cnly glaze em-
ployed in the sewer pipe industry. Tt vepresents the simplest
and crndest manner of applyving a glaze to any ware. (C'ommon
salt is shoveled into the fire boxes when the temperature has
reached the maximuin used in the burn. The intense heat in the
presence of the kiln gases and water vapor (the salt is very com-
monly moistened belore being applied) dissociates the sodium
chlovide (NaCl) and the following combination with water takes
place:

2NaCl + H,0 = 2HCl + Na,O.

The resulting free hydrochlovie acid is expelled and the soda
attacks the alunina, silica and ivon of the clay forming the glaze.
Successtul salt glazing necessitates a temperature above cone 1
wheve the clay will stand it, scveral cones above this will in-
crease the likelihood of securing a good glaze. Tron oxid is found
to be a necessary ingredient iu the glaze, giving the hrown and
greenish eolors and inecreasing the fusibility. More elevated
temperatures are required for non-ferruginous clays and clays
which are impregnated with whitewash, the latter being mainly
sulfate of lime.

The cemposition of salt glazes is not definitely known, nor is
the character of the clavs hest adapted te this method of glazing
fully known. The most conclusive information in these regards
are the results of experiments made by L. E. Barvinger at the
Ohio State University. Mr. Barringer quotes the analysis of
a salt glaze and of a clay upon which it is successtully used.

* Transactions Am. Ceramic Society, Vol. IV, p. 211.
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GLAZE. CLAVY.

SO v 55.340 63.110
AlLO, . e 21.340 23.300
FeaOy i 2.640 2.235
CaO o e e 3.500 .725
MgO oo e e .040 .970
Na, O e e e 17.210 490
KoO i e i .080 .930
SO e .240
H.oO. o i e . 7.810
Total .... . ... .. e 100.285 99.810

The conclusions drawn from a series of tests witly the above
clay made by varying the relaticn of {he silica and alwnina and
the size cf the grain of the sand are given in full:

““1. A clay may be either too aluminous or too silicecus to be
successfully salt-glazed.

‘2. Clays containing alumina and silica between the mole-
cular ratio of 1.00 alumina to 4.6 of silica; 1.00 alumina to 12.5
of silica, are capable of receiving a salt-glaze if the process is
properly carried out. If these limits are exceeded the material
is not suited for salt-glazed ware.

3. While it is possible to salt-glaze clays centaining aluinina
and silica in the above ratios, the requirements of the process of
making stitf mud gocds would nut permit the use of sueh sili-
ceous clays as those with an alminfina-silica 1atio of 1 to 9 ¢r 1
to 10. That is, the practical value of a clay, as to plasticity,
strength, ete., will draw narrower limits than those found in the
above tests.

‘4. As regards brightness, smocthness and finish of the salt
glaze, it makes but little difference whether the Iree silica in the
clay is fine or coarse.

‘5. As regards color, the finer the sand the lighter the color
of the glaze.”’

The presence of efflorescent salts in the clay has always been
considered a hindrance in salt glazing. On drying, these salts
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are partly hreught to the smiface and there deposited as a semn.
The salt must ccmbpine with the silica and alumina of the clay
throngh this scum unless the temperature cf the kiln is suffi-
ciently high to decompuse these efficrescing compounds. In the
latter instance, elements may he furnished whieh will assist in
the fermation of the glaze. The comurionest substance which
formg whitewash cn clays is calelum sulfate (CaSO,4-2H,0).
The sulfate is not decomposed until high temperatures are
reached, perhaps as high as is attained in much of the salt glaz-
ing that is done. On dissociation, a thin layer of caustic lime
(Ca0)) still eccats the surface «f the clay and tends to prevent
the attack of the soila. When the temperature is high enough
to cause the lime to enter into combination witll the consituents
of the elay, then the soda and the lime undoubtedly act in con-
junction in the production of a glaze; and if the line is not
present in excessive amount, it adds to the brilliancy and jier-
feetion of the glaze. It will be noted in the analyses queted that
the glaze centaing 3.5 per cent of lime while the clay carries but
125 ¢of one per cent. This excess of hme in the glaze 1s very
probably due to the cffiorescence of lime salts on the cutside of
the clav.

Investigation of the effect of whitewash cn salt glazing was
alse made by Barringer. No decisive results were obtained but
enough was done to warrant the statement that, ““up to 3 per
cent of soluble salts may be present in clay without seriously
interforing with salt glazing when conducted at Cone 8.7 Cone
8, 1310 (., vepresents a higher temperature than is conumonly
employed in burning sewer pipe and is probably fully as high
as the average stoneware temperature. It is principally in the
glazing of sewer pipe and paving brick that difficulty with white-
waslh 1x encountered.

In praectice, the wave is burned to the desived degree and is
salted a few Tours helore closing down. The fire holes are well
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filled with fuel and the kiln is allowed to bnrn clear. The
daxnper is then lowered so as to cut off a good share of the dralt.
The salt is fed, a shovelful or so, into each fire box. The vola-
tilized salt passes in among the ware, which 1s set openly so as to
give opportunity fer the salt to reach as nearly the whole sur-
face area of the pieces as possible. With the draft largely cat
off, the kiln stands in a bath of salt vaper until the first salting
is exhausted. Tt is always noticed that the kiln is perceptibly
chilled duving salting. The chewical reactions which occur in
the decomposition of the salt and the foimation of the glaze ap-
pear to he chiefly endothermic, or lieat cousnning. Because of
this fact, a period of firing must fellow each application of salt
m order to regain the nceessary temperature. Sonie have at-
temipted to aveid this rapid ccoling by the addition of vesin ¢r
oil, or hoth, with the salt. While the idea is a correct one, this
expedient has not proven very suecesstul. On  closing the
damper previous to salting, the kiln hecomes filled with veducing
gascs—ypartially burned fuel, hungry for cxygen. Oxyvgen is
even taken from the iron oxide in the clay to help satisfy com-
bustion, and the eolor of the wave is changed from a red to hrown
or black—which coudition is, however, considered to he favora-
ble to glaze tormation. Little air is entering the kiln and auy
fuel, whether it be coal on the grates or a combustible added
with the salt, will be ouly impoerfectly burned and will therelove
add little to the heat in the kiln. The work of the salt in the kilu
s ascertained by drawing trial pleces. When these trials show
a good glaze, no more salt is required and the kiln is closed
down. Tt is oftentimes necessary to salt three or four, or even
more times, to secure the Lest possible results.

It is sonietimes found that although tiials show a perfect glaze,
when the ware is drawn the glaze is cither absent or very poor.
It is thought that the sulfurous gases from the fuel are some-
times active to thus destroy a good glaze. At the conclusion of
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the glazing the dampers are dropped and the fire holes are usu-
ally mmudded tight. The fuel still on the grates continues to slowly
add to the gases in the kiln. Sulfurous acid being relatively a
Leavy gas and therefore less apt to find its w.ay out through
cracks in the kiln walls than the lighter cnes, accumulates and
the ware is scocn surronnded by an atmosphere strong in SO..
Just what the action of the sulfur gases on the glaze is, is not
known. A breaking up of the glaze by sulfate combinations
with the fluxes seems most probable. This condition can be
remedied only by drawing all unconsumed fuel from the grates
befere the fire holes are mudded up.

Slip Glazug: Slip glazing is practiced to a greater extent in
gtoneware manufacture than is calt glazing. The basis of the
slip glaze ig a naturally ocecmrring clay. It is mixed with water
to a creamny consistency and applied to the swiface of the ware
by dipping or spraying. The clay may be used alone for glaz-
ing or if it is too refractory for the wave or if it is desired to
modify the color, fluxing or coloring oxids are added.

The slip clay which is most used among potters is mined near
Albany, New York, and goes by the name of Albany Slip. The
comyposgitien of this elay according to Prof. Bdward Orton, Jv.,*

1s as follows:

153 L 55.60
A O e e e 14.80
e,y e e 5.80
a0 i e 5.70
MgO e e 2.48
KO e e 3.23
N O e e e e e e 1.07
MO e e e 14
H,O (Comb )t i e 5.18
Moisture and carbonic acid. . ... . i 4.94
ST 15

Potal L. e 99.14

* Report Ohio Geological Survey, Vol. VII, p. 105.
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This shows a clay with over 18 per cent of fluxes and rather
Lelow the average in silica. It is unusually fine-grained and
fuses to a glass at Cene 4 which makes a brilliant brown or
brownish-black glaze. The molecular formula calculated from
the anaysis 1s:

158K,0

[079N2, O |

469Ca0 b '?2?3L283}4.275102
1286MgO | :Os

009MRO |

The fermula indicates the essential comypesitien of the glaze
m a more graphic manner than does the analvsis. It will be
noted that the important fluxes are the alkalies and alkaline
earths. The equivalents of ferric cxid, .16, are rather abicve the
average for slip clays. Tt is the ircn which imparts to the glaze
its brown color.

There are several different slipy clays to be had in vavious
parts of the ccuntry. They differ in composition principally in
the percentages of the fluxes relative to one another. In the
formula given cne flux will not replace ancther to any great ex-
tent without the sacrifice of desirable qualities in the glaze.
None except the Albany have given cowplete satisfaction used
alone. The cthers must be improved by the addition of artifi-
cial ingredients or mixture with other ship clays.

A good ship clay makes a glaze which is free from the defects

ominen to artificial glazes. It will fit a wide range of clays and
since 1t 1s a natural clay will undergo the same changes in hurn-
ing, as the body on which it is placed. Artificial mixtures of
exactly similar compesition to the natural clays have failed to
give the excellent results as to gloss or color, that are attained by
the natural clay.

In Delaware county of this state a brownish-vellow suriace
clay has bLeen used for slip glazing. The clay occurs as a thin
stratum of subsoil on hillsides and appears to be a fine wash
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frem the higher slopes. Lead sulfid was added to this clay to
vender it sufficiently fusible.

The characteristies of a slip clay wny be listed as follows:
Pliysically, it must be exceedingly fine-grained, and free from
concletionary matter; the proportion of liime and mmagnesia must
be high, ranging from 6 to 12 per cent; the iron content should
be sufficient to produce a goed brown color, 5 to 7 per cent; that
the clay be fusible, 1t must be high in alkaline minerals; the
clay must have a low shrinkage in drying and must matuore in
burning as little alicve 2250° 1%, as possible.

The applicatien cf the glaze to the ware is accomplished by
dipping the partially dried ware into a slip or slwrry which is
simiply the clay stivred into suspension in water. The water is
absorbed and the clav adheres as a film on the surface of the
ware. Pieces cf ware with large openings, as jars and churns,
are glazed both inside and out by dipping. Those having small
openings, as jugs, ave glazed on the interior by forcibly pump-
ing the slip through a nozzle or spray into the jug, the excess be-
g enptied out. Careful handling is necessary to avoid mar-
ring the glaze in fransztcrring to and from the drying shelves
and to the kiln.

Bristol Glazing: The Bristel glaze is coming into more gen-
erval use than formerly. It is most commonly made as a white
cr gray, opaque glaze prepared avtifictally by blending cevtain
fluxes with kaclin and flint as a hasis. By admixing ccloring
cempounds nearly awy desived color may he unparted to the
glaze. The cnly glazes kncwn to be used in the state are of the
white, opaque class.  They are uved tc replace the slip glaze
either entirely cr in part. Some picces of ware ave glazed on
the exterior with slipp and on the inside with a Bristol glaze or
vice versa. The Bristol glaze must therefore be made to con-
formy te the requirements of the slip glaze.

15
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Cene No. 4 is used as the basis for compounding Bristol glazes.

Its formula is, ?1\&% z 5A1,0, 4810, This cone fuses at 2210
U

F. It is necessary to modify the relation between the elements
m tlns compound in order to make glazes which will fit different
clays; and al=¢ to add an opacifier; usually zinc oxid. Whatever
changes are made, however, it is evident that the melting point
cannot he altered very mueh. The following ave formmnle of
glazes in actnal use:”

407K, 0

.194Ca0O ¢ .507A1,0,, 2.85Si0,, melting at cone No. 54.
.399Zn0O

224K, 0
.3880a0§ .3567A1,0,, 3.00Si0O,, fusing at cone No. 7,
.386210
These represent about the limits of the allowable variation of
the alumina. FExperimentation has shown that the equivalents
of silica. may range between 3 and 4; of potash, between .2 and
.35 lime, .2 and 4; of zine, .3 and .5. The potash is supplied by
the use of feldspar, the alumina and silica by feldspar, kaolin
and flint; the lime by whiting and the zine is used as the oxid.
Zine is sometimes replaced by tin of which it requires fewer
equivalents to produce a given degree of opacity; but the latter
is more expensive and is little if any improvement over the
former. DBecause of the mnecessarily small proportion of clay
subistance in the glaze, there is little strength or bond to the
mixture 1o hold it intact when it dries on the surface of the ware.
Difficulty is thus often encountered by ecracking and peeling of
the glaze. As an expedient to remedy this, some soluble salt
may be added to the mixture. Such salt must be one that will
not injure the glaze. The purpose of the salt is to hold the glaze
to the ware, which it does by forming a network of erystals be-
tween the laver of glaze matevial and the porcus body clay.
Mold washings arve sometimes nsed in this capaecity but are ob-
jectionable on account of the sulfates which they contain. Borax

* Transactions American Ceramic Socicty, Vol. IV, p. 73,
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is rather expensive and is quite volatile. Sodium carbonate is a
rapidly crystallizing salt and is to be recommended as heing
cheap and efficient for this purpose.

The raw materials listed abeve ave in the larger potteries of
the country intimately mived and ground togetlier in ball or tube
nills in a dry or slip condition. As the ingredients are usually
purchased in the pulverized form, however, the amount of
preparation whiell they reccive in the smaller establishments is
in most cases limited to a vigorous stirring together in water by
means of a plunger. The ware is tlien dipped into the slip by
hand or the slip is sprayved by means of a nozzle precisely as
slip clay glazing is done.

PROPERTIES OF CLAYS USED IN THE MANUFACTURE OF THE

FOREGOING CLASSES OF WARES.

Soft Mud Brick: In localities where clays occur of vefractori-
ness sufficient for the manufacture of fire brick, the latter are
very commenly made by the scft mud process. In Towa no fire
brick are made by this method, the output being limited practi-
cally to common building brick. The clays that are used vary
in nature and composition from the soft and impure surface
drift and loess to the mecve easily reducible grades of shale. In
general, the sandier, coarscr-grained clays are hetter worked by
this method than any other. While the process of working is
one that will bring out the full plasticity of the clay, plasticity is
not so important a property as in clay worked by the stiff mud
process, wheve the clay is subjected te molding forces and strain
while in the moist condition. The only strains which soft mud
brick must undergo in the making are these of drying. In this,
of course, the greater the plasticity the less are the brick apt to
suffer from drying checks. Drying conditions are regulated to
suit the clay in hand.

Chemically, the clays must contain enough ircn to give the
buint preduct a good red color. Caleareous minerals are very
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commonly present and miay exist in percentages as high as 10
to 12 per cent without injury, if finely divided. Concretionary
lime is especially comon in the drift and leoess clays and when
allowed toc go into the brick in this condition, injury invariably
results. Where concreticns are nct numerous, they may be re-
moved bv hand or, if finely pulverized, their deleterious effects
are largely removed. The following is an average of three
samples of loess clays from near Council Bluffs which are used
in soft mud manufacture.

3 1 2 69.40
AL Oy i i e e e 8.96
= 3.03
S 2 53
NasO i e e e e, 1.72
[ L 4.54
MO e e e e 3.22
1 1.37
[ 4.42
Loss onignition...... .. .cooiieiiii i 2.16
Moisture at 100°C . ... oot i e 1.06

Total oo e e e 100.10

Stiff Mud Brick: The requirements which a clay must meet to
be applicable for stiff mud manufacture are somewhat more
closely drawn than for clays of the preceding class. Many of
the clays suitable for soft mud brick are equally well adapted
for stiff mud wnethods. 1t is also to be remarked that many of
those suitable tor stiff imud manufacture are out of the question
for soft mud brick. Stiff mnd clays must possess a high degree
of plastieity 1n crder tc give satisfaction in the auger machine.
Since they are more plastie, shrinkage in drying is usually great
and they must be streng to resist drying strains. Both conunon
and paving brick are made of stiff mud and the requirements of
clays for these two lines differ somewhat, especially their chem-
ical composition.

(lays for commen brick, if they possess the necessary plas-
ticity, vary considerably in their comlposition, coming in general
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within the limits mentioned for soft mud clays. Paving clays
must possess such a composition as to give a good vitrified
product in burning. They must not only contain a high per-
centage of the fluxes, but the fluxes must be those that will bring
abeut a gradual vitrification, withcut the brick losing shape.
Mixtures of clays are frequently emyloyed for making vitrified
wares. One of the clays is a refractory one, which, as vitrifica-
tion takes place, retains the form of the ware. The others are
readily fusible and serve to bind the particles of the refractory
clay together intc a vitreous and non-porous body. The more
fusible clay, likewise, contains a considerable proportion of iron
which imparts to paving brick the red, brown and other dark
colors. The following tabulation indicates the limits between
whicl the different ingredients of paving brick clays in use in
Towa range.

Maximum Mipimum

per cent. per cent.
SiOs. o e 74.58 58 56
ALOy oo 22.33 8.28
| o T 5.75 2.88
Ko oee oo e 1.15 .29
Na,O ... o e 1.79 1.08
CaO .o 3.42 1.55
MO . . s e e 3.47 1.22
Lo T 1.85 1.28
CO ettt e e 2.23 1.73
Loss on ignition..... ........ ... .. oL 1.07 5.33
H,0at100°. ... ... i e 1.13 .28

The total amcunt of fluxes in the elays fiom which these ex-
tiemes were taken ranges from 10 tc 18 per cent. The clays
which were highest in silica carried usually the higher propor-
tions of the fluxes and the lower quantities of alumina. Their
vitrification temiperatures run from 1056° C., cone 3, to 12)07,
cene 3 . j

Diry Press Brick: TFor making pressed brick, ¢uite a variety
of clays is applicable. In the state, they are made from: loess
and shale clays. Plasticity is not an eminently necessary char-
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acteristic of pressed brick clays. Nince they are molded duy,
this property is not developed in the process of manufacture.
The clays are, however, moistened to an extent that is found
best for a given clay. The percentage of water varies from 5 to
15 per cent. While the clay is not rendered plastie, it 1s desir-
able that a certain degrce of cohesion be developed by the addi-
tion of the water. The bond is strengthened in the dry press ma-
chine. The ¢lay which will develop the strongest bond with the
least amount of water and not become sticky, meets best the re-
quirements of the dry press process. It may be said that in
general the more plastic clays conform in the greatest degree to
this requivemnent but this cannot be laid down as a rule. Some
of the less coherent loess clays are found to make excellent dry
press produets.

In color, dry press clays bnrn from a light buft to a decp red.
It is often desirable to use a light burning elay in this counec-
tion as a background for a manganese or iron mottle, or speckle.
In any but a very light burning clay, mottling does not show up
well. The buff burning clays are usually low in iron but not
necessarily so. It appears cften to be, rather, a peculiar distribu-
tion of the iron mineral in the clay than any lack in quantity.

- Red dry press products are made from loess clays and red burn-
ing shales. The following arve analyvses of clavs emploved in the
manufacture of dry press brick in the loess state.
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LOESS. SHALE.
COMPOSITION.
GETHMANN

DALE. ey BUFF. RED,
73.69 67.92 Silica 58.68 58.02
9.68 11.76 Alumina 23.89 23:05
5.37 6.72 Iron oxid 383 3.83
1.27 1.87 Potash .84 .90
2.72 1.92 Soda | 2.19 2.04
1.53 1.63 Lime | .96 .30
1.01 1.18 Magnesia | 1.70 2.04
SO, 1.16 86

CO. .26
3.88 5.36 Loss on ignition 5.87 8.10
71 1.49 Moisture .79 .96

99.85 99.85 | Totals 10017 ) 100.10

Diain Tile and Hollow Block: Drain tile are made from any
of the commoner grades of clays that are usable for making
stiff mud brick. Tile are made by forcing the clay through a
die so the essential physical characteristies of the clays are not
different from those of stiff mud clays. It is becoming: custom-
ary, however, to vitrify drain tile and to in some cases, salt
glaze them, so, for these reasons good vitrifyving clays are com-
ing more into. demand for this class of goods. The paving and
sewer pipe clays meet the necessary requirements of the manu-
facture of vitrified drain tile. Many of the drain tile cof the state
are, nevertheless, still made from the drift and loess eclays.

Hollow blocks and bricks are made from the plastic shales
principally. Plasticity and drying strength, along with vitri-
fying qualities, are the essentials of geccd hollow block clay.
Such wares are net usually burned to complete vitrification so
that the danger cf loss cf shape from this cause is not especially
important. The clays should net carry much lime, but the ele-
ments which will bring about inecipient vitrification at ordinary
kiln temperatures are mecessary in order tc give the finished
ware the requisite strength. The chemical composition of a rep-
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resentative shale clav of the state from which lollow wares are
made is given.

AMERICAN BRICK AND TILE COMPANY.

Silica. ... ..o e ‘ 51.95 ‘ Soda..........ooiiiiian 2.69
Alumina.................. 18.34 Sulfur trioxid ......... . 2.76
Ferric oxid............ . 7.56 || Loss on ignition. .......... 7.39
Lime...........c.ooo ... ‘ 4.14 | Moisture .................. .42
Magnesia ................. 3.36 —_——

Potash ...........cooo ... | 1.43 || Total ....... ...c.uo... 100.04

Sewer Pipe: Sewer pipe wares are vitrified products and re-
quire clavs high in the fluxes. The same clays are made use of
that are emyp:loved in paving brick mannfacture. The sewer pipe
body ix crdinarily a mixture of clays, one a semi-fire clay and
the other a clay that will burn to the requived degree of vitrifi-
cation. A high percentage cf iron is reconnnended as favorable
to the Dbest formation of the salt glaze with which the pipes ave
covered. A small proportion of black, top soil is sometimes in-
cluded 1n the body mixture and is said to facilitate the forma-
tion of the glaze. Any considerable percentage of soluble salts
is objectionable as the attachment of the glaze to the ware is
hindered thereby.

Earthemcare:  Flower pots are practically the only repre-
sentative of this class made in the state. These are made from
white, buff and red burning clays derived trom the shale beds.
The essential properties of the finished pots are a high degree of
porosity and a desirable color. Strength is not an important
factor. Great plasticity is not essential as the pieces ave fored
by pressing, or jollying in molds. Any clay, therefore, which
will burn to a very porous body and that possesses a decided
color (whites, buffs and reds are in greatest dewmand, although
rinks are to some extent salable) will prove a satisfactory ma-
terial. The plastic stonewairc clays with the addition of con-
siderable sand ke a good buff product. "Whatever eclay is
used the required porosity is secured by light buining or the
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addition of sand or hoth, vitrification never being allowed to
take place. Because of the last fact, it is advantageous to use
a clay which does not vitrify rveadily at any ordinary temper-
atures.

Stoweirare: Stoneware clayvs belong tc the semi-refractory
group, so-called No. 2 fire clays. They are shale clavs which
contain low percentages of the fluxes and in which the iven con-
tent 1s not enly low but distributed in that j:cculiar manner that
gives a buff or yellewish cclor to the burnt clay. The parcentage
of fluxes must be large encugh to insure partial vitrification so
that the body of the ware is made suhstantially impermeable to
liquids, and at the sawe time the clay must be sufficiently refrac-
tery to keep its shape in a salt-glazing heat. Much of the stone-
ware of today is, however, not burned to vitrificaticn and is en-
tirely dependent for its Impermeability upon the glaze which
covers its surtace.

A gocd stoneware clay should be free from concretionary min-
erals, such as iron c1r lume, which may produce blisters on the
ware that the glaze will be unable to conceal. The clay should
contain less than 1.5 per cent of iren oxide. 1t must possess a
plasticity and toughness which will enable it to stand “‘throw-
ing’” or hand turning. These properties depend upon the per-
centage of clay substance present and upon the fineness of the
grain of the sand. A size of grain of from .C02 to .01 of an inch
for the non-plastic in stoneware clays has proved to be most
suitable. Coarsc sand renders the clay so abscrbent that it will
not held shape well in turning.

The following is an average of ten separate analyses of stone-
wale clays in use 1 Ohio potteries.”

Clay base ..o i 56.65
Sandy matter ... ... il 37.45
Fluxing matter... ........ ... .. ciiiiiiiiii i 4.44
Moisture ... ... e 1.57

Total oo e e 100.14

*Ohio Geological Survey, Vol. VII, p. 95.
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In these clays the fluxes represented ave: Ivon oxid, varying
from .99 to 2.00 per cent; lime, from 41 to .60 of a per cent;
magnesia, .18 to .03 of a per cent; potash, 1.26 to 3.20 per cent;
soda, 0.0 to .38 of a per cent.

Drying of Clay Wares.

GENERAL CONSIDERATIONS,

The drying cof clay is primarily a process of water evapora-
tion. Ewvapcration cf the water must he carried on under suveh
conditions, however, as not to injure the ware dried. Econom-
ical drying, therefore, involves the problems of volatilizing the
water contained in the clay and the employing of inethods of
deing this in the most advantageous manner. DBrief considera-
tion will be given in the fcllowing paragraphs to the physical
prciples cn wlhich the evaporation of water depends, and to
their application to the drying cof clavs.

The water which clays contain consists of water of plasticity
or, tempering water, and hygroscopie water.,® The latter is al-
wayvs present in all pulverized or earthy substances which are
allowed to stand in contact with the atinosphere. The amount
of hyvgroscopic moisture in clays depends partially on the hu-
midity of the air, but more largely on the fineness of the grain
of the clays. This water can only be expelled by boiling tem-
peratures and will be reabsorbed as socn as the clay reaches
normal temperature again. Only water of plasticity is, there-
fore, ordinarily expelled in drving and it is to the evaporation
ot this water that consideration will be given.

Tle removal of water from clays conforms to the same physi-
cal laws as the evaporation of water in any other position. It is
vaporized inte space at all tewperatures and turns to steam when
the boiling pouint, 100 (., is reached. The temperature of water

*See Drying Shrinkage.
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heuted to beiling will remain staticnary, as long as vapor-
ization continues, until the water 1s all converted into steam. 1f,
under atmicspheric pressures, the temperature of water is raised
rapidly te 100 degrees, ebullition or a bubbling with the violent
evolution of steam: takes place. The c¢hange of water to
steam 1s accompanied Dby expansiont and if the steam
is confined in any way, pressure is exerted. Tco rapid heating of
wet clay in drving will sometimes produce these conditions. The
clay, from which the steam cannot escape as rapidly as it is
formed, is subjected to cumulative pressure. Popping of brick
thus frequently results from too rapid or overheating of clay in
drying.

The transiticn of water to the gascous or vaper state mvolves
the consumption ¢f a certain amount ¢t heat, which does not be-
come sensible again until condensation occurs. The absorption
of heat in the formation of stean is evident from) the fact that,
in spite ¢f the centinual application of heat the temperature of
boiling water remains at 100° (. until it is all vaporized. The
heat thus disappearing is consmmed in bringing about vaporiza-
tion. The energy tied up in this change is called ‘‘latent’’ heat
of water vapor. Similarly, heat is consumed in the evaporation
of water at all temperatures below the bhoiling point. The
amount of heat bhound up by evaporation at lower temperatures
1s less than at boiling, but for any temperature the number of
heat units required to evapcrate a given amount of water is
fixed and always the same under the same conditions. These
quantities have been determiined for a considerable range of
temperatures. Thev vary frem 606.5 heat units® for the con-
version of one gramg of watcr to vapor at 0° C. to 537 heat
units at 100° C., the boiling point of water. The latent heat of
water vapor, therefore, decreases as the temperature of vapor

+Steam has about 1,650 times the volume of the water from which it is formed.

*One heat unit = theamount of heat necessary to raise the temperature of 1 gram of water
from 0 to 1=C.

I Multiply by 60.22 for pounds.
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formation rises. The total heat necessary to bring about vaporiza-
tion at any temperature includes along with the latent heat, that
necessary to raise the temperature of the water to the tempera-
ture of evaporaticn. In the case cf vaporization at boiling, the
latent heat may be found in text-bocks cnr physies.

Formulx * for the derivation of these figures and tables of
latent heat may be found in text-hocks in physics.

With the above infcrmation at hand, simple caleulation will
show the apprcximate amount of heat actually used to evaporate
a given quantity of water at any definite temperature. On this
as a basis, estimate can Le made of the amount cf fuel whese
heating power is kncwn, the conitbustion of which will produce
the necessary heat for evaporation. The necessary fuel for dvy-
ing clays whose water content is known, may thus be caleulated.
‘While the abceve computations will furnish accurately the heat
units actually used in drying clavs with known percentage of
water, allowances must be made for the many sources of waste
as it is cbhvicusly lmpossible te apply all the heat generated by
the combustion cf a fuel to the evaporation of water.

The continuous evaporation of water under any circumstances
necessitates the presence of some medinm which will remove
the vapor as it forms. In a given enclosed space evaporation
will progress at a given temyperature conly until such space 1is
filled with vapor or, is saturated. In ovder that evaporation
may go cn continuously, therefore, either the surrounding space
must be such that the saturation point cannot be reached or, «
medium must be present which will constantly remove the water
vapor. Atmoespherie air is the important medium of transfer
in all drying operations.

Water evaporates into space whether the latter is occupied by
a gasecus medium or not. The gaseous elements of the air oc-

cupy atmospherie space and since it is by the movements of

* [, =1607.5 — 0.695T and
Q = 6(6.5 + 0.305T where L, = la' ent heat of vapor.
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these gases that water vapor is carried from the place of evap-
oration, the ability of the atmecsphere to. contain water vapor is
commonly spoken of as the ‘“capacity of the air for moisture.”’
The capacity of a given volume of dry air to hold noisture de-
pends upon its temperature and pressure.

When water evaporates, the resulting vapor exerts a pressure
or ‘‘tension,’”” which, combined with the pressure of the atinos-
phere itself determines the barometric reading at any time. The
maximum value ¢f this vapor tension is limited by the tempera-
ture. At boiling, vapor fension is equal te the pressure of the
atmosphere and the vaper will therefore displace the air. Each
temperature below boiling has its maximwm vapor tension, be-
yond which point no further evaporation will take place, this
hbeing the point of saturation. These values have heen deter-
mined fcr a considerable range of temperatures. Tables of
vapor tensions may he found in text-bcoks on physics and in
meteorological publications.

It is thus possible to calculate for a known volume of air of
definite temperature and under any observed barvmetrie pres-
sure, the greatest amount of water vapor whieh 1t will hold. Tt
is done by the use of the following formula:

L.293. 8. 6235 i wpien,

760(1 -+ at)

1.293 = weight in grams of a litre of dry air at 0°C. and 760 mm.
.6235 = specific gravity of water vapor with air as unity.

F = tension of water vapor at t°C., the temperature of observation.

a = coefficient of expansion of air at 0°C.

Wt. water vapor per litre =

760 mm. = inches of mercury column, standard barometric pressure.

This pressure 1s assumned as an average since actual pressures
fluctuate beoth ahcve and below this a considerable distance.

Practical application of this fcrmula necessitates bringing
into consideraticn the humidity of air before it is used in dry-
ing operations. [i the air were perfectly free from water vapor,
our fecrmula would give the exact volume of air required to ac-



238 TECHNOLOGY OF CLAYS.

complish a given amount of drving at any temperature. It is a
familiar fact, however, that the atmosphere alwavs contains
moisture. The quantity of moisture in the atmospliere depends
upon its temperature and its opportunity for taking up vapor as,
the bedies of water, lakes, rivers, ete., with which it cowes in
contact. As previously shiown, air will absorb at a certain tem-
perature only a limited amount of water. The higher the tem-
perature the larger the quantity. This quantity is called the
humidity of the atmosphere and the stage at which no more
moisture will be taken up, is the saturation point. It is evident
that if the temperature of a current of air which is saturated is
lowered, condensation will occur or dew will be depostted.

The function of air in drying clays is to take up moisture.
The air must be taken from the atmospliere with the moisture
in it which it already happens to contain. This amount can be
determined by an instrument called the hygrometer. From
what has been said, it is plain {hat the dryer the air is tc¢ begin
with, the more diving a given volume will do. And, fuvther,
that the only way to increase the drying power of air is to raise
its temperature.

It is important, teo, in drying clays that the air never be
allowed to becomne saturated. Deposition of dew on clay wares
is the caunse of amnoying difficulties, especially efflorescences
where kiln or flue gases are made use of in drying. Air should,
however, be filled with moisture as nearly as possible to the
saturation point before it i1s removed from the dryer.

‘Where dirying is carried on in the open, it is performed by
air with the prevailing temperature and relative humidity. The
consumption of fuel is not necessary to keep the air in motion
nor to furnish heat tor the evaporation of water. The needed
energy comes directly fromy the sun and no control of the leat
1s liad, nor of the cireulation of the drying currents. In most
rack or shed dryers, the heat is derived from the same source
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but the circulation is usually under partial control. The latter
method ig usnally emplcved for the preservation of the ware
dried and, althongh the drying is accomplished with a smaller
amounnt of air, it cannct be said t¢ be more economical, from the
standj:cint of drying alcne, because there is no expense in heat-
ing or moving the air. Tt is in closed dryers, where fuel is con-
sumed in heating and moving the drying wedium, that it be-
comes eccnomically uimportant to perform the drying with the
smallest possible volume of air.

Clays vary a great deal in the quantity of water required for
tempering. Since tempering water only is removed in the drver,
the amount which 1it-is necessary to evaporate in drving also
varies. As an average, it may be said that clays worked by the
plastic process centain 22 per cent of water. For one thousand
hrick, this means in the neighborhood of 1,700 pounds of water
to evaporate in drying. A dryer tunnel containing twelve cars
each lcaded with five hundred standard bricks must pass enougl
air to carry out over five tons of water from these briek. It thus
becomes a problem for investigation to determine for a given
dryer the most saving conditions under which this water can be
removed.

In open air drying, the currents of air which carry away the
water are warmed by the sun’s heat. The specific heat of air is
2374.% A cubie meter (1.308 cu. vds.) of air weighs 1.293 kilo-
grams at 0° C. and 760 mpn. barometric pressure. The leat
contents of each cubic nicter ot alr at zero degrees is, therefore,

1.293 times .237 = .306 Lkilogram calories. At any higher degree,
- - 1.293 times .237 timest, . : .
its contained heat would be, === 14_5; MES L in whieh, a, is

the coefficient of expansion——.00367+ and, t, the observed tempiera-
ture. (See page 237.) If we assume an average smmaner lizat of
16° (. (most out of door drying being done in the smmmer) it
is seen by the formula that the heat content of a cubic meter of

* Advanced Heat. Stewart, p. 117.
+ Regnault’s determination. Stewart, p. 81,
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air is 4.631 units which shows an average of essentially .3 heat
units for each degrec cf temiperature. These hcat units are
taken up as latent heat by the water in drying and as a conse-
quence the temperature of the aiv is lowered. This means that
for every degree the air is cccled it lcses .3 units of leat.
The measurable leat ¢f water and the latent heat of water
vapor formed at ordinary temyperatures may be taken as 611
Leat units, i. e, tc evaporate one kilegram of water at 16° C.

1000 gms.)
611

will evapeorate at this temperature enly 491 of a gram.

We have already assumed an average of 1,700 pounds (7724
koms.) of water per thousand brick. To evaporate 772 kilo-
gramg c¢f water requires, 611 times 772=-471,692 heat units. To
dry a theousand brick, thervefore, with air at crdinary tempera-
tures requires that 1,572,301 (772,00—+.491) cubic meters of air
lower one degree in temperature to furnish the required amount

uses 611 heat units; .3 units, therefore, ('3“"“5

of energy. Or, where the air is somewhat confined as in drying
sheds so that it may remain in contact with the wet ware for some
time, the same evapcrative power would be possessed by one-
half the volume lewering two degrees, or by cne-tenth lowering
ten degrees and so on.

Whether cr not duvying actually approaches in efficiency these
theoretical figures depends largely on the humidity of the air.
Air near its saturation point gives up its heat much less readily
and will censequently take up water more slowly than compara-
tivelv dry air. Rapidity cf movement of the currents of air also
influences their drying capacily. As a general thing, very little
change of temperature is ever actually noticed in outside dry-
ing but the drying depends largely cn the air circulation. The
nmere rapidly this takes place, the more air is brought in contact
with the clay and cunsequently drying pregresses more speedily.

In clesed chamber dryers the conditicns are different from
those discussed in several particulars. The air no longer cir-



GENERAL CONSIDERATIONS. 241

culates of itself but a draft must be produced to move it. The
heat for drying is not contained in the air as it euters frem the
ontside, but must be supyplied to it artificially. Both movement
of the air and heating it requires the expenditure of energy which
1s not necessary in out cf door dvying. Of the heat suppled
to the air, it is cleav that not all is ufilized in the evaporvation
cf water; for this air leaves the dryer at a higher temperature
than it enters, thus carrying out considerable quantities of sen-
sible leat. Likewise, the brick enter the dryer at atmospherie
temperatures and leave it at much higher temperatures. These
two are the chief souvces of waste of heat in the drver and are
in turn briefly treated.

On leaving a drying chainber, one cubic meter of vapor sat-
nrated air at 30° C. consists of .958 cuhic meter «f dry air and
042 of water vapor, (—7697—_@3—5; where 31.6 is the tension of
aquecus vapor,

The 958 cubic meter of dry air can licld the following heat
unifs;

1.293 X .958 X .237 X 30
1 .00367 X 30

When this same dry air entered the dryer at, say, 10° (., it

= 7.935 heat units,

had a volmne of,
— - 958_ -
1 .00367(30 — 10)
This volmue of air could carvy as it came into the drver,

— .893 cubic meters.

1.293 X '8?3 X 23&)\ 1Oi - 2 639 heat units,
1 .00367 X 10

The amcunt of heat taken out of the dryer, thevefore, in each
cubie meter of air under the assmrird conditions is
2.639 5.296 heat nnits.

The above result is obtained on the assomption that the air

7.935

7

on Issuing from the dryer is completely saturated. This is sel-
doin 1 ever trne.  Tts degree of saturation or, relative humidity,

may he asecrtained in any instance and the value used in the
18
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formula. Assuming for example, that the outgoing air is but
half saturated, which is crdinarily more nearly the case, similar
calculations to the above will show that at 30° C. 8,108 heat units
will be carried out per cubic meter of saturated air. At 10° the
same air carries in 2.696, making a loss in this case of 5.412 heat
units. If each cubice meter passing through the dryer causes a
loss of 5.412 units of heat, the total loss per each thousand brick
1s 56,610 heat units.

In the same manner may be calculated the loss of heat in-
curred by bringing the air into, and removing it from, the dryer
at any observed temperatures.

We have seen that at these low temperatures 611 heat units
are required for the evaporation of each kilogram of water. As
has been shown, to remove the water from 1,000 brick (772
kgms.) requires 471,692 heat nnits. And sinee each cubic meter
of air at the highest temperature, 30° C., can evaporate 13.55
grams of water, to dry 1,000 brick takes 772 X 13.55 or 10,460 -
cubic meters of air.

Seger gives the following formmule for the caleulation of the
capacity of chimneys.® In their practical application these ex-
pressions may be used for determining the dimensions of a stack
for circulating an amocunt of air, at the temperatures of opera-
tion, which is found necessary to remoeve the water from a given
amount of clay in the time required to dry it.

(t — t'ydh
v GZSJLTOS I )016h — velocity of air in meters per minute and,

A\

3.1416d%*v L . .
=7 = volume of air in cubic meters per minute.

In these formule:

t —t' = the temperature difference between the shaft of the chimney
and the outside air, . .
d = the diameter of the chimney at its mouth,
= the height.

* Collected Writings of Hermann A. Seger, p. 268,



GENERAL CONSIDERATIONS. 243

The clay as it entors the drying chamber has the temperature
of the atmosphere and as it leaves carries out considerable quan-
tities of sensible heat. The specific heat of clay is about .2.
The heat carried out is caleulated by the weight of the ware, or,
M, multiplied by .2 (t t’) where t — t’ — difference in' tem-
perature of the biick at entrance and exit. One thousand hrick
centain: on an average 7,700 peunds, 3,500 kilograms, of dry
clay. Under the conditions assumed above, 3,500 x .2 (30 — 10)
— 14,000 heat units per thousand brick.
- We have now obtained the amount of heat used in the evapo-
ration of the water from: 1,000 brick, 471,692 heat units; that
taken cut as sensible heat in the escaping half-saturated air,
56,110, and the heat dissipated by the clay itself, 14,000 heat
units. Total energy necessary to dry 1,000 bhrick, neglecting
radiation, is, therefore, 542,302 units of heat.

This energy is supplied in artificial dryers by the combustion
of fuel. The average Iowa coal furnislies 6,700 heat units per
kilogram. To dry a thousand brick, requires the consumption,
therefore, of, in round numbers, 81 kilograms, or 178 pounds nf
coal.

By carrying out similar calculaticns to the ahove for a range
of temperatures and different degrees of humidity, it may he
shown that (1) eccnomy can nevier be obtained unless the air
is removed very nearly saturated. The rule in this regard is,
therefore, to remcve the air only after it has taken up practi-
cally all the water vapor it can hold, and before dew is depos-
ited. (2) Heconomical diying in closed compartiments can be
had only at temperatures above 50° C. (122° F.), and helow
100° C., when the alr is removed as nearly saturated as possible.
The amount of heat carried out by the air rises rapidly as the
humidity decreases; and as the temperature of drving is low-
ered the ratio of heat loss to that actually used in the evapora-
tion of water increases very rapidly.
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By the application of the physical principles here given, it is
believed that much information can he gained regarding the effi-
ciency of drying systems. Observations on the temperature and
the humidity ¢f the in and out-going air, the amount of water in
the ware to he dried and the fuel consumed will furnish ample
data for computing the working efficiency of the dryer.

PRACTICAL CONSIDERATIONS IN DRYING CLAYS.

Although the preceding discussion of physical principles shows
just what ceoncemy can be attained in drying under ideal or as-
sumed conditions, and at the same thme furnishes a means of
gaining information regarding the efficiency ol any drying syvs-
temn under practical working counditions, it is scarcely if ever
possible te plan the cperation ¢f a dryer alone on these prinei-
ples. If the dirving of clays were alene a matter ol water evap-
oration, heat and air supply could be so proportioned as to ac-
complish this with the smallest possible waste. Since, however,
the preservation of the form and strength of the ware itself is
the priwmary consideration, drying must he so conducted as to
most economically remove the water while retaining these nec-
essary characteristies of the ware dried. That is, instead of con-
strueting and operating a dryer after the theorvetical principles
on which the evaperation is based, the problem must be ap-
proached from the standpeint of the chavacter of the clay to be
dried. 1t is evident, theretore, that in order to dry a given clay
safely it yuay be necessary te use several times the hieat and vol-
nme of air physically requited to evay orate the water. Tleat and
fuel cousmmuption, therefore, become secondary in importauce,
and econemy in this respect must very often be almost entively
disregarded. In many instances it is possible, however, to greatly
curtail the expense of drying by applving a knowledge of the
physical side of the process, and still preserve the best quality of
the ware. The readiness with which clays dry depends chiefly on
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the relative preportions of clay substance and nen-plastic matter
that they centain; and on the shape and size ¢f the particles of the
non-plastic material. In other werds, the structuve of the clay is
all important. (lay substance as it cecurs in ordinary clays j;0s-
sesses the finest grain of any of the constituents and because of
its cleavage structure takes up and holds water with tenacity. If
the flakes of clay substance are coarse as in some Tesiduary
kaolins, it imbibes little mere water than would be taken by so
much sand. In scme secondary clavs it has been found that the
sand grains present ave as fine or finer than the particles of
kaolinite. T such instances, thev increase the diffienlty of dry-
ing because the fine grains of sand tend to hold water by capil-
larity, as does clay substance, the wore water is so held the
smaller the grain.

The two lactcrs menticned centrol the ease with which water
reaches the surface of a mass of drying clay when it is bathed
in drying currents of air. TIn general, the higher the proportion
of non-plastic material the more rapidly the clay will dry safely
but the less will be 1its strength. Of course the limit to the
amcunt ¢f non-plastic matter it is pessible to use is largely deter-
mined by the allowable extent te which cohesive strength can be
sacrificed in the dry ware. The finer the grain of the inert matter
the less will it influence plasticity and shrinkage. A medinm
fineness reduces shrinkage most with the least impairment of
strength, The influence of non-plastic substances on clays has
been more fully treated in the chapter on Plhyvsical Proyperties of
Clays. '

The operation cf removing water from clay ware, conmmonly
regarded as a continuous process, may fairly be divided into
three more or less well defined stages. These ave: (1) hcating,
up stage, (2) }1(},1;]'0d of shrinking, (3) stage of evaporaticn or

comy:letion of the drying preper.



246 TECHNOLOGY OF CLAYS.

Under ordinary circumstances, clay wares ecme from the mold-
ing machinery at the temperature of the atmosphere. The yiieces
cl ware are to be pléced in the dryer which has a much higher
temperature.  1f the humidity of the drver atmosphere be
low, this sudden change causes the clay to at once begin to dry
very rapidly on the outside before the interior portions have
passed bevond atmospheric temperature. Under these condi-
tiens, the outward flow of moisture is more sluggish than if all
pertions are equally heated before drying is allowed to begin.
Shrinkage strains are thus set up which often result in cracked
ware. In order to obviate this difficulty, the ware must either be
heated very gradually, or be introduced into a dryer atinosphere
which is already nearly saturated. The latter method is usually
more expediently employed.

In the continuous drver, which is most used at the present
time, 1t has been found mest practical as well as economical, to
allow the ware to stand in a steamy atmoesphere until thoroughly
heated through before drying is permitted to begin. This pre-
caution is especially important if the clay is a tender one. After
the clay bas reached the temperature of the entrance end of the
dryer, it is readv for movement into less humid air where the
second, or shrinkage stage, begins.

As scon as shrinkage heging, the precess is carried forward
as rapidly as the clay will stand. Damage most often results in
this stage even if the first has been safely passed. Greater care
and longer time are required in this yericd for tender clavs than
for strong ones. The humidity of the air is decreased and the
temperature raised as the clay shrinks less and less.

At the close ¢f this period the water which the clay still con-
tains is held in the pores of the clay and is known as pore water.
The swmall clay particles because of the removal of the water
frem between them have scttled tcgether until they touch each
other at all possible points. We do ncet coneeive their size to be
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constant nor their shape rectangular, so there still exists between
thewm innumerable small cavities which, after shrinkage has pro-
gressed as far as it will, are still filled with water. The amount
of water thus held, which must be driven cut in the final stage,
ranges from 4 to 15 per cent.

The vemoval of this remaining meistnre becomes essentially
a preblem of evaperation. When shrinkage ceasces there is no
longer any danger of damage to the ware unless the temperature
is elevated to 212° F.) or Loiling. Steamn is formed in the pores
of the clay at this temperature and popping or ‘‘blowing’’ is apt
to result.

At the completion of this final stage of drving the clay is said
to be ““bone’’ or ‘“‘white’’ dry and is ready for the kiln although
it still contains scmetimes as high as 3 per cent of water. The
moisture whiech the clay still holds is hyvgresecpic and can be re-
moved only at boiling temperatures. It is of little use to remove
this in the dryer as it is again abscrbed when the ware is brought
in centact with the atmosphere.

There are five typical methods of accomplishing the drying
of clays: (1) Outside air drying; (2) the het floor; (3) sewer
pipe or slatted floor; (4) periodic or chamber drver; (5) the
ccntinucus tunnel dryer.

OPEN AIR DRYING.

Open air dryving is carried on in two ways, viz., by standing
the brick edgewise on a level area of ground with no cover what-
ever, and, by the rack and pallet svstem, the racks usnally being
provided with some form of voef protection. In the former case,
the ware is dried by the cireulation of air over the upturned
surfaces, while in the latter a better civeulation around and be-
tween the separate brick is possible. While by this method of
drying there is little expense invelved in equipment and none
whatever in the producticn of the necessary heat, there are still
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a few valid drawbacks which render it generally uneconomical.
These objections may be summned up in the fact that, the dirving
depends upen the weather, in cther words, it is a tair weather
method. No two davs [urnish exactly the sawme atmospherie con-
ditions with reference to temperature, humidity and circulation

of the air. The atmcsphere cne day may be windy, dry and

a. 23

Open air drying, Samuel’s Brickyard, Muscatine, Iowa.

warw, and on the next, quiet, humid and relatively cocler. 1t is

true that unless the clay bhe an excep:tional one, it will not enduve

such treatment witheut suffering injuricus results. This weans
of drying is uncertain since the drving conditions are entirely
hevend the contrel of the briclnsaker.

It is much less used now
than formerly.
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THE HOT FL.OOR DRYER.

The et floor 1s still used in scme secticns of the country. It
was fiixt devised for drying fire brick and later employed in
the paving and commen brick industries. The hot flcor consists
¢l a solid flocr of brick, cement cr iron cn which the brick are
placed on edge or on end, as in outdcor drving. The floor is
heated frowm Leneath wusually by fuel burned fer the purpose.
The picces of ware, as they are commionly placed quite close
together, are bathed on the upper surface by cool currents of airv
sweeping over them. Their under surfaces are raised to a tem-
perature near heiling by contact with the heated fleor. As the
brick ave usually set, there is little civculaticn of alr betwees
them so that the water leaves the clay by being forced from the
bottom towards the upper surface. The air is somewhat heatedl
by radiation frem the flocr but escapes before it has taken up
nearly all the water it is capable of holding. A great deal of
heat 1x in this way wasted. The method is thus lacking in econ-
omy from the standpcint of fuel consumed; and also from the
Tact that few clavs will stand this sort of treatment without the
loxs ¢f a considerable percentage of the wave.

SEWER PIPE OR SLATTED FLOOR DRYER.

The sewer pipe or slatted floor, as the name would indicate, is
used prineipally in the sewer pipe and other hollow ware indus-
tries. The constiuction of such a diyving plant is perhaps more
expensive than any other type. It usually constitutes the work-
ing flecors of the factory Luilding, never less than three stories,
and cften more, in height. The floors are wmade of narrow lum-
Ler with small spaces, commonly one incly, between them. The
building and floors must of necessity be very strengly constructed
because of the encrmeus weight they must bear when loaded
with ware. The methed of heating is almost universally a svs-
tem of steamm pipes hung twelve to fifteen inches beneath each
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floor. During running hounrs, exhaust steam from the engines is
supylied to these pipes and for the rest of the tuime live s{oam is
used. No means c¢f ventilation are crdinarily provided other
than doors and windows. There are no well defined currents in
any dirvection. The warmer, diier air naturally rises and the
strengest dryving conditions are found on the upper floors. The
meist and cool air settles to! the lower flecrs. Tlis fact is taken
advantage of by the manufacturcr and the most tender clays and
the most difficult pileces of ware to dry are set on the lower
flccis wheve they may dry gradually.

The shaye cf the individual pieces of ware of sewer pipe, terra
cotta, fire proofing, hellow block, ete., is such that they are the
ost difficult of all clay wares tc dry without cracking. It is
therefore necessary hecause cf the chaiacter of the ware that a
svstem of drying be used which is very wasteful of heat. The
gsame clay made into brick and placed in a tunnel drver would
dry with half the heat and in a small fraction of the time. On
the sewer pipe floer the wares are surreunded by an atmosphere
of equable temperature and while there is gradually an inter-
change of air from one part of the building to ancther, in no place
1w the draft sufficient te bring abcut any sudden change in the tem-
perature or humidity of the air surrounding the ware.

It will be ncticed that in the three methods of drying so far
considered, the three stages of the drying process, viz., heating,
shrinking and evapcration, are not sepavable. They are all
merged into one centinucus action practically eliminating the
first stage. In the two fellowing tvpes of dryvers these stages are
quite distinet and in this lies the economy and success of the
tunnel dryer over the open air and hot flocr systems.

PERIODIC OR CHAMBER DRYER.

The chamber or periodic dryer is usually built on the tunnel
plan, the details of cecustruction enly differing materially from
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the continuous system. It consists of one or more compartments
or units provided with means of inlet and outlet for the drying
air, both being under complete contrcl. In this dryer the ware
is subjected to a series of conditions, representing successively
the three typical stages in the drying process. The whole ccin-
partment is operated as a unit through the different stages until
a charge of ware is cowmjletely dried, then it is removed and the
entive operaticn is repeated with the next charge.

The air inlet is a series of small cpenings from a large sewer
running the whele length of the chamber. These openings are
controlled by dampers and are so proportioned that their total
area will not exceed 50 per cent of the cross section of the main
air duct. This provides for sufficient and equalt pressure of air
through each. The air is heated either before or after entering
the compartment, preferably by steam coils placed beneath the
. track and just above the roof of the air flue. Any method of
heating which can be worked in the continucus dryer is equally
applicable here. Side coils in the tunnel are of little value as
the air that is heated by them does little drying and they often
crack the ware close to them. It has proven most successful 1o
use a three part steam coil, all parts being below the track. One
of these is turned on at the beginning, a second when shrinkage
begins and the full heat of all three in the finishing stages. The
air, admitted beneath these ccils, passes up through them and
reaches the ware uniformly heated through the length of the
dryer.

The outlet system is most frequently a number of wooden
chimneys opening dircctly to the exterior. The same end may
be accomplished by one large central chimney providing a col-
lecting flue and is constructed corresponding to the main air duect
of the inlet system. For the same reason that it is advantageous to
admit the air thrcugh a series of small openings, is the operation
best carried on by remcving the air through small apertures into
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this ccllecting flue, the aggregate avea of which is less than the
cross section of the stack. The entive cutflow of air may then
be contrelled hy a damper in the stack.

Mhe chamber dryer is adapted to the handling of a greater
1ange of clayvs than any other device because ¢l the complete
contrel whieh may he exercised cver the dryving conditions. It
18, hewevar, low in economy when compared with the continuons
dryer. The temperature of the chamber must he lewered nearly
to that-cf the atmoespliere after the removal of a charge of hrick,
Lefcre it is safe to put in fresh wet brick. Much of the dryer
atmesphere is discharged into the cuter air far below saturation,
thus invelving the waste of large quantities of heat. Being oper-
ated intermmittently, the capacity of the ¢hamber dryer is neces-
sarily limited. Its wastefulness of heat and its linited capacity
render it less efficient than the continuous dryer.

CONTINUOUS TUNNEL DRYER.

Mueh the larger nomber of drving plants installed in late yvears
are of the continucus type. 1t is hecoming moure and more neces-
sary for clay workers to emypleoy the most economical means and
equipment by which tlie raw clay can be most speedily tuined
into the best ware, in order to meet competition and to conduet
their business on a payving basis. The time has passed when the
saving ¢f fuel is a secendary censideration. Avound our hest clay
plants at present, measures arve taken to utilize every possible
heat unit. The continucus diver is the vesnlt cf the efforts of
clay workers te get the largest amount of heat ont of every pound
of ccal that is burmed. In the accomplisliment of this purpose,
it has proved the most economical and elficient method vet de-
vized. The dryver house is similar in construction to the chamhoer-
dryer already ccusidercd. The mode of operation necessitates
changes in the alrrangement of stacks and heating apuvaratus.
Its operaficn consists in adwnitting the supply cf heated air at
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cne end of the tunnel and discharging it through a stack at the
cther. As the air progresses towards the exit, it becomes gradu-
ally more and mere humid by contact with the wet ware, s0 that
when it reaches the chimmney it should be nearly saturated. The
ware is admitted at the stack end of the dryer, where it meets a
current of very mecist air; and progresses tewards the hot end,
gradually moving inte a less humid atmosphere as new ware
forees it ahead. The three stages of drying are, in this class of
dryer, not distinet, but cverlap each other more or less, all of
them going' on at once in the same compartment.

I1g. 24, Castiron flat car with pallets.

[t has been found necessary te adept certain modifications in
the construction of the tunnel as it was fivst built, in order to
adapt it for drving the more tender clays. Tlese modification s
have all been such as to differentiate more sharply between the
typical stages of the drying process. In order to divect the
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movement of the air near the entrance through the clay, a valve
or vertical sliding dcor between the dryer and the stack is used.
By this expedient, the air must settle to gain exit to the stack
beneath the valve. This arrangement produces a zone of ex-
treme humidity threz or four cars long in whiclh the ware becomes
thorcughly heated but dries scarcely any. The cars meet less satu-
rated air as they are moved along and enter the second zome,
which corresponds to the second thecretical stage of diving, viz.,
shrinking. They do not reach this zone until they are well heated
and ready to give up their water, and are moved into the third
ZONe as Soon as shrinkage ceases, where they meet hot, diy air
right from the coils. Experience witl a given clay soon teaches
the operator how rapidly the cars may be pushed forward.

In the case of some very tender clays it has been found advan-
tageous to modify the construclion by extending the dryer in
length and placing the stack at the end of zome No. 1. The
usual heating arrangceinents are employed at the hot end and
also a small auxiliary apparatus under the entrance end. When
the brick first enter the tunnel they stand in a currentless atinos-
phere until thoroughly heated before being advanced to zone 2.
The position of the stack is not fixed at any definite point but is
located to fit the behavior of any given clay.

The principal variations among dryers of this type are found
in the methods of heating the air which doces the drying. In gen-
eral, these may be classified under two leads, direct and indi-
rect. In direct heating the heat units generated by the combus-
tion of the fuel are conveved directly to the wave to be dried by
moving currents of air. The transfer of heat by moving currents
is termed convection. The air is heated indirectly by radiation.
The heat units from the burning coal are first absorbed by some
other mediuin, then given off to the air which enters the drver.
The two general classes may be subdivided as follows:
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{ By fuel burned for the purpose.
| By waste gases from other processes.

Indirect{ Radiation from heated brick work.
Radiation from steam heated surfaces.

Direct

There are several well known examples of the type which con-
ducts the combustion gases into the drying chamber. The parts
to such a dryer may be designated as follows: Furnace, com-
Lustion chamber, fan, cold air inlet, commmingling chamber, hot
air flue, drver.

Fra. 25. Double deck steel car,

From the furnace the gases pass through a chamber of highly
heated brick work from which they issue practically free from
smoke or soot to the fan. Cold air is also admitted to the fan,
both warm and cold being forced into the mixing chamber from
which it is distributed to the drver. In some instances a me-
chanical stoker is emploved by means of which the fuel is evenly
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fed to the fire and perfect combustion maintained as nearly as
pessible. The inflow of cold air is vnder control and is regulated
by using a thermometer in the commingling chamber.

Drying by Fuel Burned for the Purpose: The plan of drying
clay ware by burning fnel for this purpeze alone is helieved to
be wrong in principle from the fact that mueh more heat is
wasted dailvy arcund the ordinary plant than would be needed
te diy the outpuat, and wmuch of which might be reclaimed for this
purpese.  Thix svstem is bad from the standpoint of fuel econ-
ciuy.  Two other prineipal objections Liave bheen found to this
methad, viz., sooting, and the deposition of an acid dew causing
scumming of the ware. The former has been practically over-
come In the successtul drvers of this type by the perfect combus-
tion rendered pessible in the use of the mechanical stoker. Per-
fect combustion, however, means therongh oxidation of all fuel
ingredients. Some of the sulfar in the ccal is thus oxidized to
sulfurons acid which forms sulfuric acid by combining with the
water vapor of the combustion gases. Tt is always economical, of
course, to maintain the atmosphere near the entrance end of the
drver as nearly saturated as possible, and in the case of very

tender clays it i1s even necessary to allew it to deposit slightly.
The depositicn of a dew containing sulfurie acid will, therefore,
if not intentionally, scmetimes accidentally, happen. Any in-
gredient in the clay subject to the attack of this acid will at once
combine, and whitewashed ware will often result from this cause
where it would never he produced under other conditions.

The use of a fan for controlling the draft has the advantage
over natural draft in that it is a positive force, moving exactly
equal velmmes of air duving similar pervicds of thne, and while
the temperature and hnmidity may vary from day to day the
speed of the fan may be adjusted s¢ as to pass the requisite
amcunt of air under different conditicns. This is not possible
with natural draft where the intensity depends upon the weather
conditions.
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The first cost of the plant, equipped with mechanical stoker
and fan, would not differ frem that of the average dvver simi-
larly equipped. Rather more brick work 18 required in its con-
stiuetion than in other drvers hut this extra briek work wonld
havdly offset the piping in the steany dryer.

Diying by Waste Gases from Other Pirocesses: This method
has not yet come into extensive practice. (‘ases ave known,
however, where the smcke and fuel gases ave diawn by a fan
directly into the drver. One instance is vecalled wheve the brick
came out covered with scot from a drver temperature of over
260" F. HKven the wood on the cars was charred and a good share
cf the briek was cvacked and checked from the excessive tem-
perature.  This was a case of extreme lack of control, but it is
never safe to turn the combustion gases themselves divectly into
the ware. Senmmming will very frequently resnlt; if not, a most
lavish waste of heat. The gases fiem a Filn are not uniferm in
character, sometimes oxidizing, sometimes reducing, sometimes
containing a large cxeess of air and sometimes very small. Dry-
ing by this means is acccmplished in the continucus kiln, and
heve with the greatest possible heat econcmy. Greal care is
taken, however, to turn the gaxes iute the stack hefore they have
cocled down to their dew point. Sooting ix not objectionable in
the kiln, as the ware 1= not handled until after it is burned and
the drying merges dircetly into the beginning stages of hurning.
It is sometimes advantageous to draw the atmosphere from a
cooling kiln into the dryer. In faet, in =ome np to date plants
this method is exclusively used. The obstacle to its niore ex-
tended applicaticn for drying appeavs to he the large amount
of tunneling or piping required and the difficulty of rvegulation
so that a constant supply of the proper temperature can be ob-
tained. Further, few plants are operated on suelr a scale that
the drving could bhe done by this means alone. Tt is believed,

Liowever, that the utilization of the waste heat from cooling kilns
17
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in this way is a big slride ahead in the economy of clay working.

Drying by Radiation from Heated Brick Work: The Sharer
dryer is a type of the indirect in which heat is supplied by radia-
tion from brick work. It is provided with furnaces under the
discharge end. The gases pass through flues Leneath the floor
¢l the dryer tunnels and out through the stack at the entrance
end. The air is admitted through openings on each side of the
fire boxes which lead directly into the dryer chambers. The
moist air frony the tunnels and the products of combustion gain
exit through the same stack. The het fuel gases in this way
constantly stimulate the draft of the dryer, making it depend
less on the condition ci the outside atmosphere than in most other
natural draft divers.

F1a. 26. Combination transfer car and turntable.

This system is the hot floor in principle, but the heat is made
te accomplish much meie work than en the hot floor because con-
fined tc a smaller area. Here alsc the ware is not in contact
with the hot brick woerk but is bathed alike on all sides by warm
currents of air. The cost of construction and maintenance is
comparatively low. Tt is pessible te make this class of dryer do
excellent work on the stronger clays but it is 1mpossible to attain
the fine degree cof regulation of the heat essential to drying
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tender clays. Viewed from the point of fuel economy, the sys-
tem is wasteful. FEnormous amounts of heat are going to waste
in exhaust steamm and from cooling kilns which might be con-
trolled and utilized for drying purposes. It seems scarcely ad-
visable to erect a dryer which in itself adds to this total waste
instead of saving from the other processes.

Drying by Radiation from Steam Heated Swurfaces: The sec-
ond subdivision under indirect heating is by radiation from
steamy heated surfaces and is exemplified in the use of steam
piping. The piping is sometimes extended as in the sewer pipe
floor, but in the continuous dryer is usually a medium or very
compact coil or radiator. In some cases, live high pressure steam
is used; in some exhaust steam; while in the large number of
steam tunnel dryers the necessary arrangements are provided for
using exhaust steam during running hours and live steam for
the remainder of the 24 hours. This has proven (uite satis-
factory and utilizes much heat that would otherwise be lost.

The question of the relative efficiency of live and exhaust
steam {or drying purposes has olten been raised. Fixamined
from all points of economy, it is believed that the exhaust steamn
has peints in its favor. When not so used, exhaust steam is a
waste product which carries out a large number of leat units.
Exhaust steam forced into a dryer scarcely ever has a temper-
ature higher than 214° or 215° F. This steam condensing
to water liberates 537 heat units fei every gram of water. Steam
under a pressure cf 150 pounds will have a temperature of about
300° F. The actual difference in heating power lies in the
amount of heat held by the steam batween 212° F. and 300° at 150
pounds pressure which, compared with the 537 heat units set free
by condensation, is ingignificant. Live steam 1s more satisfac-
tery where it is necessary te attain high temperatures, but in the
loeng 1un the extra fuel ccusumed will far outweigh the advan-
tages of the live steamn.
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There are several advantages which may be claimed for the
use of steam. cver other methods of drying. First, the case with
which it may be conveyed and held in eontrol in inaccessible
positions.  Sceond, immunity from fire. Third, the ease of dis-
tribution from a central plant. Fourth, and the most important
reason why 1t should be used, it 1s utilizing the waste heat from
other processes.

SUMMARY.

The diying plants feund ameng the clay working establish-
ments of the state may be classified under the preceding types.
The use of the open air method is limited j:ractically to the dry-
g of soft mud, sand mold brick. The rack and pallet system
is used for drying both soft and stiff ynud brick. A modification
of the rack systemi is employed in places. The racks are pro-
tected by a permanent roof and side walls which can be opened
and closcd at will, and by means of which the circulation of the
air through the brick is regulated. To provide for weather wlen
cutside air can not be nsed, such dryers are often supplied with
steamm piping into which exhaust or live steam may be turned.

Drain tile and hollcw bleck are dried in rack dryers and in
the various styles of continuous steam dryers. They are usually
miade in connection with the manufacture of brick and receive
sinnlar treatiment in drying. The enclosed rack dryers ave fre-
quently built with a floor above the racks on which tile and liol-
low blocks are dried by setting on end. Sewer pipe are dried on
the sewer pipe floor and in some places in the tunnel dryers,
although the latter is rather dangerous unless the clay is excep-
ticnally strong.

Stene and earthenware pottery are dried in racks especially
designed to accommodate the mclds in which the pieces ave made
or to fit the pieces of ware if thev are hand turned. The dryer
is a portion of the factory building and is commonly heated by
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steam piping or stoves. It is seldom that any provision for ven-
tilation is made aside from doors and windows. Dry press brick
contain but little water and do not shrink, so are seldom put into
a dryer. The necessary drying is accomplished in the kiln dur-
ing the early stages of burning.

Burning of Clay Wares.
COMBUSTION OF FUEL.

The burning of clays is accomplished by the consumption of
fuel. Strictly speaking, the effect cf heat on a clay is not to any
extent one of burning, which implies combustion or oxidation.
The changes that are brought about are prevailingly chemical
reactions in which compounds are broken up or new combina-
tions formed between the constituents of the clay. Certain reac-
tions occur at certain temperatures and are completed within
narrow lumits. It is fundamentally the application of the heat
derived from the combustion of fuel which brings about these
changes.

The amount of heat generated by fuels may be determined in
two ways, by calculating from the chemical composition and by
actual measurement of the heat evolved in the combustion of a
knewn quantity. An instrument known as the calorimeter is
employed in the latter determination. By means of this appa
ratus, the heat cf combustion is measured by observing the rise
in temperature of a definite volume of water which surrounds a
small chamber in which the fuel 1s burned.

The heat of combustion is spoken of as the calorific power of
a fuel and is expressed in terms of assumed heat units. These
units may be of any size, as has been shown under Drying. Tt
18 necessary to know the elementary analysis of a fuel in order
to caleculate its calorific power. The results obtained by calcu-
lation are not as accurate as can be secured in the calorimieter
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but careful check determinations, both by analysis and calori-
metrically, can he made to give fairly concordant results in the
majority of cases.
The calorific j.ower c¢f a foel is calculated by the following
expresslon :
C. P. = 8080 C + 34462(H — g—)+ 2250 S in which:

C = percentage of carbon. H = percentage of hydrogen. O = percentage of
oxygen. S = percentage of sulfur. 8080 = heat of combustion of car-
bon. 34462 = heat of combustion of hydrogen. 2250 — heat of combustion
of sulfur in kilogram calories.

The cominon fuels are compounds of ecarbon, hvdrogen and
oxygen. The most common of fuels, coal, universally contains
sulfur. All of these elements except oxygen are combustible and
give off heat in burning. The oxygen is conceived to be in com- -
bination with hydrogen as water, hence the deduction (H — g)
m the formula. In soft coals the percentage of oxygen is higher
than in anthracite and lower than in wood. Wood and peat con-
tain higher preportions of oxygen still and for this reason are
lewer in fuel value than coal.

The above formula takes into account these variations and
expresses the heat of combustion in kilogram calories. A com-
mon methed of expressing quantity of heat is by British Ther-
mal Units (B. T. U.). The formula corresponding to the above
is:

C. P. = 14500 C + 62032(H—%) + 4050 S.
To transfer from one unit to the other, it is necessary to employ
the factor 1.8, the ratio between the Centigrade and Fahrenheit
thermbmetric scales.

Professor G. W. Bissell has found from a study of Towa coals
that the actual heating values may be determined approximately
from proximate chemical analyses Ly the following formula:

B. T. U. = 14,500 C + 12,100 V. 4 4,000 S
in which B. T. U. = the number of Ibs. of water which can be raised 1° F. by

the combustion of 11b. of dry coal; C = Fixed carbon; V = Volatile hydro-
carbons and S = Sulfur.
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The following table includes representative analyses from ail
of the leading ccal producing ccunties in fecwa. But little calori-
metric work has been done on Towa fnels. The results at hand
are included in the table.
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* Steam coal,
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Either caleulation or divect determination by the calerimeter
gives the total number of Lieat units evolved by the oxidation of
the fuel elements. Theyv do not give the heating value of the fuel,
however. The new cempeunds formed in burning use up a greater
or less amount of heat depending on their nature, as both latent
heat of vaperization and sensible heat of the waste gases. The
energy fromy a fuel, therefore, that remains te produce changes in
a clay or to evaporate water in a boiler is alwavs less than the
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determined calorific power. Another cause of divergence from
the theoretical heating j.ower is that of inecomplete combustion.
Complete oxidaticn is necessary to attain the highest heat evolu-
tion. DPractically, this is seldom accomplished. Further, the
supply of oxygen ceming into a furnace is never minutely pro-
porticned to the exact amount required for complete oxidation.
There is sometinies an excess, sometimes a deficiency. The former
is much more coinmon. Sinece the oxygen of combustion is sup-
plied iromi the air, there comes into the kiln, nitrogen, in the
proportion te cxygen in which the two elements exist in the
atmosphere. The excess of oxvgen and the inert nitrogen must
both be heated to the temperature of the furnace and thus carry
out large quantities of heat. The avallable heating power of a
fuel, therefore, is the excess of the total heat evelved over that
used up in the ways indicated.

The following example will illustrate the method of caleulat-
ing, (1), the losses fromn the above causes, (2), knowiﬁg these
losses, the available heat from the combustion of the fuel.

A coal of the following analysis,

Carbon == 80 per cent
Hydrogen = S per cent
Oxygen = 7 per cent

Sulfur = 2 per cent
Ash = 6 per cent

has a calorific power of 7930.55 heat units by the formula given
on a preceding page. '

To find the weights of the various gases resulting from the
complete combustion of the above coal:

Carbon: C -+ 20= ('O, 1. e,, 12 (atomic weight of carbon)

12 4 32 — 44

parts carbon give 44 parts (1:3.66) carbonic acid gas on com-
bustion. Burning 80 parts of carbon will produce 8) X 3.66 =—
292.8 parts ("0, and will have consumed, 292.8 — 80 = 212.8

parts of oxygen.
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Hydrogen: 2H + O — H,0, i. e., 2 parts of hyvdrogen give 18
2 116 —18
parts (1:9) water on combustion. Burning 5 parts of hydrogen
will produce 5 X 9 = 45 parts H,0O and will have consumed 45 —
5 — 40 parts of oxygen. )

Sulfur: S + 20= S0y, i. €., 32 parvis sulinr give 64 parts (1 :
2) sulfur dioxid gas on combustion. Burmng 2 parts of sulfur
will produce 2 3¢ 2 =— 4 parts ¢f SO, and will have consumed 4 —
2 = 2 parts of oxvgen in the process.

We have then as products of combustion:

Carbonicacid gas................... . e 292.8 parts

Water ... e e 45  parts

Sulfor diogid....... .. ... . e 4 parts
Total .ooo o s 341.8

parts waste gases per 100 units ¢f coal burned.
This involved the consmmption of :

Ozygen for CO,. .. ...t il e 212.8 parts
Oxygen for HO.... ... .. . i i, 40  parts
Oxygen for SOp. e i s 2  parts

Total ... v 254.8 parts
Of this oxygen the coal supplied.................. 7 parts
Oxygen from the air, therefore. ..................247.8 parts

The proportions of nitrogen and coxvgen in the air are 23 of
oxyvgen to 77 nitrogen by weight (1:3.33). 247.8 X 3.33 = 825
parts cf nitrogen which was brenght in with the necessary oxygen.
The total combustien products, fherefore, frome 100 parts cf the
coal are, 341.8 + 825 = 1,166.8, the nitrogen constituting much
the larger part.

The heat which these several gases can carry out at any ob-
served chimney temperature is found by multiplying each cne by
its specific heat and the observed temyperature. For instance, at
1000° C.,
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(10 7 292.8 x .217 x 1000 = 63537.6
(H,O).oovioeni . 45 x .48 x 1000 = 21600
(107 IR 4 x .15 x1000 =  6C0
(N) oo 825 x .244 x 1000 = 201300
Total oo e 287037.6

calories which the waste gases from 100 pounds ol coal can carry
out as sensible heat at 1000° C.

Aside from the sensible heat which is cariled out in the water
vapor and for which allowance has already been made, there is
alsc its latent heat to be taken into account. At 100° C., this
amounts to 537 calories. To raise the temperature of the water
from 0° to the beiling point, 32 out of the 100 total heat units ave
still unaccounted for. 537 4 52 — 589 = latent heat per unit of
water vapor. 45 parts of water hold as latent heat 45 X 589 —
26,505 calories. Therefore the total heat loss is,

In sensible heat of waste gases.......... 287037.6 heat units.
In latent heat of water vapor............ 26505.0 heat units.
Total . vve e e 313542.6

calories for every 100 pounds of coal burned. And from this
same amount 4795124, (793,055 — 313,542.6) calories only are
available. It is thus seen that 39 per cent of the lieat evolved is
lost in the waste gases.

Under practical firing conditions, it is well known that it is
impossible to burn fuel without bringing into the furnace much
larger quantities of air than are necessary for perfect combus-
tion. This is true because of the lack of admixture of the air
and fuel even under the most favorable conditions. The com-
bustion of coal is seldom carried on with an excess of air less
than 160 per cent, and often mmeh more than this. To complete
the foregoing example, and to illustrate the increase in the waste
of heat, suppose an air excess of 75 per cent, that is, there is
centinually passing through the furnace one and three-fourths
times as much air as is required to burn the fuel. To be added
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to the heat loss given in the foregoing calculation are, therefore,

.75 (247.8 + 825) x .237 X 1,000 — 190,690.2 heat units taken
up by the extra air. This makes a total of 190,690.2 + 313,542.6

- 504,232.8 heat units lost in waste gazes. There is in this in-
stance a less in the gases of over 63 per cent of the total heat
generated.

Where it is neither desirable nor necessary to have a large
excess of air passing through the fire, the incidental losses in the
flue gases may be held mnch lewer by careful methods of firing.
The work of the miechanical stoker is to facilitate combustion by
so distrihuting and proportioning fuel and anr that complete
oxidation is accoinplished with the minimuam amount of air. The
large reduction of the available heat frem a fuel with increased
air supply has been shown in the preceding problem. To gain
direct information as tc the air leaving a kiln or furnace, it is
necessary to analyze the flue gases. The most approved gas
analysis apparatus depends in its operation on the absorption
of the several different gases by as many scparate liquids
through which the gases are passed. By means of the Orsat
apparatus, which is a standard type, the proportions by volume
cf carben dioxid, carbon monoxid, oxygen and nifregen mav be
determined. The air excess is obtained from these data as illns-
trated in the following:

ANALYSIS OF FLUE GASES.

By Voiume. Per Cent. Vapor Density. By Weight. Per Cent.

3.08

— = 33.66
(CO,) 14x22=23.08 9.15

5.67

— = 61.69
(N) 81x 7= 5.67 9.15

.40

— = 4.37
(0) S5x 8= .40 9.15
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The weight of nitrogen, 61.69, represents the total amount frow
air. 61.96 — 3.33 = 18.61 — quantity of oxygen from, the air.
18.61 — 4.37 — 14.24 — quantity of oxvgen used in combustion.
4.37 =— 14.24 — 30.69 per cent of air excess.

With the compositicn of the waste gases known, the quantities
of heat carried cut by them may bhe calculated by the methods
given above. Analysis of the waste gases thus serves as a clieck
cn the efficiency of the firing.

PRACTICAL CONSIDERATIONE,

The preceding discussion has called attention to the fact that
whether a fuel be high or low in actual calorific power, its heat-
ing value depends largely on the conditions under which it is
buined. If measures are taken to reduce in the greatest possi-
ble degree all unnecessary dissipation of leat, an ay:proach can
be made towards attaining the maximum leating power of the
fuel employed. Thus the method of burning, the appliauces for
regulating {he air supply and bringing it into contact with the
fuel in corveet proportions; and, further, the delivery of the fuel
itself intc the fire box, become of equal and even paramount iin-
portance to the calorific power.

The typical methods of burning solid fuels are three, viz., flat
grate bar furnace, inclined grate bar furnace and dead hottomn
fire.

The flat grate bar is by far the commonest in the clay indus-
try. The grate is placed in a herizontal position and the air for
combustion comes from below through the bars and the layer
of fuel. Since the supply of air is thus obtained, the laver of
fuel is always relatively thin to allow the passage of the air.
Because of the thin layer of fuel, there is a great tendency for
the fire to burn through in holes which let strong currents of cold
aiv into the kiln, if the fire is not. constantly watehed and attended
to. In this respect it is more sensitive to careless firing than
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the other methods. It can, however, be made to yield the highest
possible heat efficiency and perfect comrbustion if care is given
to it.

‘When ordinary soft coal is fed into a heated furnace, the first
stage In its ccnsumption consists in the expulsion of volatile
gases. These are largely hydrocarbons in coal and are com-
bustible. The combustion in a flat grate fire box can be so regu-
lated that these gases are all consmned and add their heat of
combustion to the kiln. That is, by gauging the thickness of the
layer of tuel on the grate and by feeding constantly sinall quan-
tities well distributed cver the grate snrface, the air passing
through the burning ccal will be sufficient to oxidize the escaping
gascs as they leave the fresh ccal. Perfect firing, theretore,
would keep up continunously a smokeless fire, for smoke from
the ehimney mecans free carbon and carbonaceous gases, fuel
ingredients, ruthlessly and wastefully thrown into the atmos.
phere.

The layer of fuel is sometimes thickened either carelessly or
in an effort to prevent the fire burning through in holes. Such
procedure invariably brings about a lowering of the efficiency
of the furnace. So long as the fuel is thin and the air thus has
free passage In sufficient quantity for perfect combustion, the
resulting flue gases are all completely oxidized, the prineipal
preduets being CO, and H,0. Thickening the fuel restricts the
free flow of air through it and the CO, formed at first contact
with the incandescent carbon is reduced to CO gas and free car-
ben, which escape with consequent loss of heat. This reaction
always cceurs when the air passes through a thick hody of
heated fuel and of itself not only throws partially combusted
gases into the atincsphere but prevents the oxidation of the vola-
lile gases driven off when new coal is added. The loss by recar-
bonization of CO, may be partially prevented by a secondary
supply of air from the mouth of the furnace over the fuel, but
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it is much move difficult to vegulate sueh a supply than to take
all the air from beneath and regulate the thickness and continuity
of the layer of fuel.

A useful accompaniment to the horizontal grate is the so-called
coking plate. The coking plate 1s 1nade of heavy sheet iron or
five clay slabs, and upon it the fresh fuel is placed hefore it is
charged into the combustion portion cf the furnace. It is heated
by radiation fromn the burning coal on the grate. The fresh fuel
placed on this plate is subjected to a tewperature sufficient to
distill the volatile hydvocarbon compounds from it. These gases
are slowly evclved, and as they pass over the fire are entirely
burned; while if the fuel be charged directly into the highly
heated part of the furnace a Jarge shave is lost in the smoke.
When nothing but the fixed carbon, or coke, remains the charge
is fed to the five. '

The position of the coking plate is usually in front and scme-
times in front of and abeve the grate. In eitlier case, vadiation
frem the burning fuel drives off the volatile gases hefore cow-
Lustion begins. The area ot the plate depends on the fuel used,
usually about cne-thirds ¢t the grate area. The operation of the
coking y:late furnace cousists in heeping a supply of fuel alwavs
on the coking |slate and tceding the five enly with that fuel which
has alrcady been subjected to the coking process. The economy
cf the ccking plate lies in the saving of hcat from the combustion
of the volatile constituents, much of which is ordinarily lost.
This is especially inpertant in burning soft coals and lignites, all
of which arve rich in vclatile compounds. There are numerous
ratent coking funnaces on the market. The principle of all is the
sawe, the variations being in the details of construction. Soime,
instead of having but one plate, are made with two cr three,
which are alternately charged with fuel.

The inclined grate furnace differs from the last in having the
grate bars set on a slepe downwards from the opening into the
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fornace. They do not extend to the back wall of the furnace, hut
are supported by cross bars, one at the furnace door and another
six inches to one foot frem the bottom of the ash pit, depending
on the slope at which the bars are set aud the depth of the fnr-
nace. The bais are frequently made of ordinary gas pipe, which
serve the purpose well.

In cperating the inclined grate bay furnace, the fire is first
started on the hottom bevond the ends of the grate bars. Fuel
is constantly added as the fire grows, until it reaches and covers
the grate. There is usually no deor to the fire box and the
inflow of air through this opening and through the hars is re-
stricted by the heaping up of the fuel alone. When the fire 1s
first started, therefore, the volmme of air entering the kiln is very
large and becomes less and less as the burning progresses. The
ware in the kiln is, however, gradually prepared to stand the
increasing temperature whieh results from the restriction ot the
air supply and the larger quantities of fuel. ‘when the opening
into the fire box is entirely or partially blocked with fuel the air
for combusticn must pass through the grate and the layer of fuel.
Previous to this stage, the volatile gases are largely consuined hy
the air which comes in over the fire. From the nature of the
method, draft will be most brisk through the fucel whielh is on the
grate and shight througlh that heaped up at the back of the fire
kox. The partially combusted gares which are thus being con-
stantly distilled from the latter will be niore or less completely
oxidized before passing into the kiln according as the amount of
alr gaining access through the grate and over the five is ample
or deficient.

Because of the thick layer of fuel, there is little danger of the
fire burning through in holes, and when on full five the inflow of
air is easily regulated bif fuel in the docr of the fire hox. While
the firing does not allow of as careful adjustment as on the flat
grate bar, this method is not so susceptible to poor and unskilled
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firing as the first. Much less cave 1s required to keep the grate
free from elinkers, and this relieves the kiln froin becoming peri-
odically chilled by the cold air which rushes in during thig oper-
ation with the flat grate. On closing, however, there is always
a considerable amcunt of fuel still in the furnace from which
gases, some of which, as sulfur gases, ave detrimental, pass into
the kiln for a long period of the ccoling. This is likewise tiue
of the dead bottom fire.

Dead bottom firing is dene witheut the use of grate bars. The
furnace is constructed with a front ash pit opening for draft,
and one frem above for the admission of fuel. Provistons are
made for seccndary air supply by a small aperture leading into
the neck of the furnace.

The fire is started in the base of the ash pit aguinst a tempo-
rary blocking of locsely piled brick in the ash pit door. The other
openings arc clesed and no air is admitted exeept from below
until the fuel is heaped ahove the top of the ash door, From
this stage on, fuel is charged from above and extra air is sup-
plied over the fire. As the coal acenmulates in the fire box the
draft through it becomes less and more air is admitted from
above. If the coal forms a spongy, viscous clinker, there is a
tendency for the latter to assmne an incline similar in position
to the inclined grate bar, and if the eclinker is sufficiently rigid
and porous, to serve the same purpose. If the clinker is too fusi-
ble or lacking, the coal does not give satisfaction by this method
of firing.

Owing to the density which a large mass of fuel will aftain
when burned in this way, the air passing through the fire in the
later stages of bmining is not ordinarily sufficient for complete
combustion. This condition is sometimes remedied in some
degree by repeatedly making holes through the fire from below.
Considerable amounts of unoxidized fuel gases, however, con-

tinually pass into the kiln. Whether or not the effects of such
138
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gases are detrimental depends on the character of the ware in
the kiln. Wares in which it is desirable to have a uniform color,
such as stoneware and ordinary building brick, for exawple,
would be' injured by such firing; while paving brick and flashed
building brick are probably improved in many cases by alter-
nating oxidizing and reducing conditions.

There is little expense for repairs in the use of the dead bot-
tom furnace and any grade of ccal may be used, providing it
possesses the necessary clinkering qualities. This nethod is
even less susceptible to unskilled firing than the inclined grate
bar process. It is, however, poorly suited to the burning of
wares that suffer from changes in the character of the kiln gases,
either during burning proper or during cooling. The fuel in
the fire box at the end of the firing continues for hours to send
into the kiln sulfurous gases which often, and especially in glazed
wares, produce very deleterious effects.

CHANGES WHICH OCCUR IN THE BURNING OF CLAYS.

The changes which take place in clays during burning may
be classed under two heads, chemical and physical. The relation
between. these two classes of changes is that of cause and effect.
The physical character of the clay is altered through chemical
processes. The real basis of burning is, therefore, the carrying
out of certain chemical reactions which when complete render
the clay permanent in form and resistant to disintegrating
agencies.

The chemical changes that clays undergo in burning are essen-
tially the samne for all clays with only minor variations that may
come about by the presence cf certain uncommon impurities.
The temperatures at which these reactions occur are likewise
fairly constant though they may be influenced to some degree
by the composition of the clay and the fire gases. Certain of
the varicus chemical reactions that universally take place in clay
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burning characterize different stages of the progress. A set of
reactions 1s begun and practically completed before another set
is initiated. These changes are sufficiently distinet that the
whole burning process may be divided into three stages, viz.,
dehydration, oxidation and vitrification.

It has already been shown under the chemical properties of
clays that the water whicly they contain exists in two forms, free
and chemically combined. That portion which exists free when
the clay reaches the kiln is usually small in amount and if the
ware i1s bene dry is known as hygroscopic water and will not be
over three per cent. The combined water ranges from 13.9 per
cent in pure kaolin to 4 or 5 per cent in impure clays.

Dehydration is a term: which expresses the process of driving
from the clay all the water it contains. It occurs at temperatures
below a bright red heat and is practically complete at 700°C.
The first heating of the clay hegins to remove the hygrescopic
water and this is all expelled when the temperature has raised
to a little beyond the boiling point. The amount of this water is
so small that there is usually no difficulty in expelling it, provid- .
ing the heat is not raised too rapidly and a good circulation is
maintained threugh the ware to remove the evaporated moisture.
By too rapid heating the moisture is changed to steam while still
in the pores of the clay, and “‘popping’’ will sometimes result
from this cause. Aside from the liability to burst the clay, there
is little danger cf injury by rapid heating up to the point where
the combined water begins to go. From boiling up to 550°C,,
just beginning red hcat, the temnperature may be elevated rapidly
withcut possibility of injury.

Another essential in the removal of the free water is the main-
tenance of a large excess of air in the kiln. If the draft is
restricted the air may become saturated with water and condensa-
tion take place. As the air passes through the kiln its humidity
increases as it approaches the stack; so that if the saturation
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point is reaclied, condensation of the meisture will take place on
the ware nearest the exit of the air. In the up drvaft kiln mois-
ture will be deposited on the upper tiers of ware; in the down
draft, cn the bottom rows of brick. This deposit is scimetimes
sufficient to soften the clay, but the ware seldom loses shape from
this cause unless by prolonged condensation on the lower tiers
in the down draft kiln. This ware is under heavy pressure from
the weight of the clay above and will suffer deformation more
easily than the top clay, which is not subjected to such weight.
Tn this connection it is of interest to note that the first clay to
dry in the up draft is in the bottomr ¢f the kiln; while in the
down draft kiln the drying takes place from the tep downwards.
The most rational method of expelling the water from the clay
is apparently by an up draft, as in this case the lower tiers,
which beav the weight of tons of superincumbent ware, ave first
rendered firm and strong; and condensation taking place on the
top layers is not apt to cause the clay to erumble unless the depo-
sition is execessive. In pursuance of this idea, arrangements arve
sometinmes made in down draft kilns to carry on the early stages
of heating up by an up draft, allowing the gases to escape
through the erown openings; after which the burning proper is
carried on by reversing the direction of movement of the gases.

A more flagrant result of condensation, and one which occurs
more frequently, is scumming or whitewashing of the clay. Ow-
ing to the universal presence of sulfur in bitwiminous coal, sul-
furous gases always result from its combustion. Wood is free
from sulfur, and for that reason is sometimes employed in
watersmoking. These sulfurous gases are absorbed by the con-
densing moisture and the dew which settles on the surface of
the clay is always an acid one. Among common clays, there are
few that do not contain some compounds which will be attacked
or dissolved by such an acid dew. On the later evaporation of
the dew the substance formed by the attack of the acid on the
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salts of the clay remain on the surface as a scum or efflorescence.
Lime salts, both the sulfate and carbonate, are mest apt to be
affected in this way, and are the most common cause of white-
wash which is brought about in the kiln.

After successful expulsion of the water is accomplished, no
further change takes place until low red heat is attained and the
temperature can be rapidly raised to this point. Here the com-
bined water commences to leave and is therefore another place
where caution is required to bring the clay through without in-
jury. This is the ‘‘watersmoking’’ period of dehvdration, and
1s completed with an increase cof about 150 degrecs of temper-
ature. It has been found by experiment that all of the combined
water 1s gone when a bright red is reached, if the heat has heen
properly raised.

There is a variance of opinion among investigators as to the
effects of expelling the combined water too speedily or too
slowly. Too rapid expulsion is thought in some cases to cause
puffing of the clay but this seems scarcely possible as the clay at
this heat is still porous and offers little resistance to the water
vapor as it leaves the clay. If we could believe that some of the
water still lingers until the outside of the clay is sealed by vitri-
fication, swelled ware might be accounted for in this way. It is,
however, true that wet ware placed in the kiln will often come
out hadly bloated, while dry ware of the same clay will he per-
feet under the same firing conditions. Since, as is believed, all
water is expelled at ved heat, the bloating of the wet clayv may
possibly be due to the influence of the water in the clay on the
expulsion of other guscous ingredients that are the real cause of
the bloating.

The other gases that exist in clays and which are partially or
entively driven out in dehydration, are: CO,, from lime and iron
carbonates; SO,, from iron sulfid; along with the gases which
result from the charring and combustion of the carbonaceous
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compounds from vegetable matter in the clay. These begin to
go at red heat, before the water is all expelled, and some of then
are not entirvely driven out uniil long after the dehrvdration period
1s passed. The slow expulsion of the water retards the expulsion
of the other gases some of which may remain in the clay until
the rising temperature has sealed the outside by vitrification
and thus indivectly aid in producing bloated ware. Just what
gases remain in the clay to this elevated temperature is not cer-
tainly kunown. It is helieved that CQ, from: the carbonate of
iron and SO, from lime sulfate jnay thus become entrapped and
swell the elay. Tt has heen further suggested that cxvgen set
free by the reduction of fervie oxid to the ferrous condition may
be the cause of bloating, since this phenomenon is nearly always
accompanied by such reduction. It is evident that any gas that
may be generated in the interior of ‘a bedy of viscous clay would
produce the bloated condition with which clay workers arve all
familiar.

It is known that the carbonate of lime or of iron and the sul-
fates will not break up readily and evolve their respective gases
if the atmosphere whichy surrounds them is already charged with
these gases. The expulsion of water vapor is similarly influ-
enced. Ience in a kiln already filled with combustion gases and
water vapor the tendency is least for the elay to vield the gaseous
compounds which it is desirable to get rid of. The character of
the fuel gases depends on the kind of fuel employed and the
draft. The more the fire gases are diluted by the admission of
air, while sfill continuing a gradual increase in temperature, the
more favorable are the conditions for the removal of gases from
the clay. The removal of carbonaceous combustible material is
likewise favored by an excess of air, which means strongly oxi-
dizing conditions.

The water smoking period is best conducted, therefore, with
plenty of air to dilute the fire gases and remove the water and



CHANGES WHICH OCCUR IN THE BURNING OF CLAYS. 279

other vapocrs that are beginning to leave the clay. The ideal
fuel for use during the whole deliydration period, and especially
during the earliest stages, is one free from sulfur and as low in
water as possible. Scft coal, the commonest of fuels, contains
as high as 3 per cent of sulfur and appieciable amounts of water.
Weed is free from sulfur but on combustion furnishes large
amounts of water vapor. The injuricus effects of sulfur are
as a rule apt to be seen only when the latter is accompanied by
an excess of water. Similarly, the water will do no harm ordi-
narily in the absence of sulfur. Bitwminous coal is, therefore,
the worst of fuels in this respect. Wocod is better hecause it
lacks the sulfur and for this rcason is the best obtainable fuel
for water smoking. Coke and charcoal are excellent, the latter
being the theoretically perfect fuel as it is free from both sulfur
and water; but thelr use i1s not in most places econcmically
feasible.

Tt is clear from what has been said that the proper regulation
of the draft is a. matter of great importance during the period of
dehydration. The freedom of air circulation to be permitted
through the kiln is determined by the kind of fuel employed and
the percentage and nature of the gaseous constituents to be ex-
pelled from the clay.

It has been pointed cut that certain reactions other than that of
dehydration set in during the latter part cf the first pericd. These
reactions, chief of which are the burning out of organic matter,
of the.sulfur from sulfids in the clay, and the decarbonization of
carbconates, are completed in the second, or oxidation stage of
burning. It has also been shown that any retardation or incom-
pleteness in the expulsion of combined water may hinder the
later and perfect removal cf the cther gases and result detri-
mientally to the ware. This points to the conclusion that each
stage must be conducted as nearly separate from the succeeding
one as possible. The characteristic reactions of the first stage



280 TECHNOLOGY OF CLAYS.

must be executed most expeditiously and comypletely hefore those
of the second are allowed to take place.

The second is termed the stage of oxidation, since the pre-
vailing changes that occur are processes of combination with
oxygen. The oxidation of combustible matter in the clay is com-
pleted, the sulfur from sulfids disappears, and iron which exists
in the clay in anv of the lower states of combination is altered
to the red or ferric cendition. This latter reaction gives to comn-
mon clays their red color and is the most important phencimenon
occurring during this period. On the suecessful completion of
this reaction depends tc a great degree the perfection of the ware
especially if it is to be vitrified.

If the eclay coutains combustible matter, as a great many of
the shale ¢lays do, it is impossible to bring about oxidation
changes in the iron until this is all disposed of. As formerly
stated, carbonaceous componnds which exist naturally in the
clay produce the same effects in burning as so much fuel arti-
ficially mixed therein.

It begins to burn at a low red heat and will disappear by the
close of the first stage unless present in excessive quantity. In
the latter instance, it may even be necessary to stop firing and
close the kiln tightly for several hours, admitting only the air
that filters thicugh the kiln walls and around the fire heles, in
order to prevent the raypid combustion of a large amount of fuel
at just the time when it is imperative to raise the heat very slowly.
This is an unusual case, and such procedure will seldom be found
necessary. In all eclays, however, that contain any carbon the
iron exists in the ferrouns state in the raw clay and for this reason
must always be oxidized in the kiln. In some weathered shales
and most surface clays oxidation of the iron is either partial or
complete in nature and is not an important reaction in buruning.
Suclh clays are moere casy to burn than those in which all oxida-
tion must be done in the kiln.
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The process of oxidation begins in the later stages of deyhdra-
tien, 500 to 600 degrees C.; and should be eomplete at 900 degreces.
For the average run of clays it is complete at 750 or 800 degrecs,
and in those clays that vitrify readily it is especially essential
that oxidaticn be finished at as low a temperature as possible,
The oxygen {for this reaction comes from the atimosphere,
whether it is aceomplished in' the bank or in the kiln. In the
fermer case the process is a slow one but may be just as com-
plete as that accomplished in the kiln at high temperatures in
a few hours. The amnount of oxidation required then depends
npen the charactor of the clay. ,

The compeounds of iron most commeonly found in ferrous clays
are iron pyrites, FeS,, and the carbonate, FeCO,. IFeS, loses
one atom of S at about red heat, but holds the other to a higher
temyicrature, when it finally breaks up and the iron is oxidized.
FeCO, loses CO, at a strong red heat, becoming FeO. Both of
these compounds arve thus reduced to ferrous oxid, and whether or
not they are then changed to the red ferrie oxid depends upon the
kiln atmosphere from which they must obtain the necessary oxy-
gen. If this oxvgen is present in large amounts, i. c., 1f there 1s
passing into the kiln an excess of air and the carbon of the fuel is
lavgely buimed to ('0,, the conditions are favervable to oxidation
of the iron. Lf, however, the flow of air 1s rextricted and there 1s
passing into the kiln guamtities of 'O and unbuwined hydrocax-
bons, themselves greedy for oxygen, it is very evident that no
cxidation of the clay can take place, the tendency of these gases
being rather to remcve or withhold what little oxygen is present
than to supply it. A smoking kiln indicates a reducing fire; a
clear one, an oxidizing fire.

In the presence of an ample supply of air the ferrous oxid pro-
duced by the decompesition of the sulfid and carbonate will at
once pass to the red ferrie oxid, and when this reaction is com-
plete the oxidaticn stage is safely passed. If the supply of oxy-
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gen is just sufficient for the cembustion of the fuel in the fur-
nace, none remains for the combustion of the iron in the clay,
for the latter is truly a process of combustion, the oxid formed
remaining as a sclid instead of passing cut a gas. If the air
supply is deficient, that is, insufficient for good combustion, and
volumes of heavy smcke emanate from the stacks, cxidation is
not only checked but the reduction of oxids already existing will
take place.

Ferrous oxide, FeO, is a very violent flux at high temyeratures,
and if the requisite oxygen for changing it to ferrie oxide,
Fe,0,, is absent, it will enter into silicate combination with the
clay. The result of such a comhination is bleated, deforined and
even slagged ware. This reaction is less apt to ocour the lower
the temperature, hence the desirability of completing oxidation
as early as possible. If cnce changed to Fe,0O,, the tendency to
reduce to FeO by a period of reducing fire is greatly decreased.
It 1s the nascent FeO that is most apt to do damage.

‘With the above noted influences of the character of the kiln
gases 1n mind, it is plain that the readiness with which they are
able to accomplish their work is dependent on the structure of
the clay. A close-textured, fine-grained clay affcrds less easy
access to interior portions than a ecarse-grained, open-textured
one; for the oxidation of a mass of clay can only proceed from
the surface inward by actual cireulation and contact of the hot
gases with the oxidizable minerals.

The importance of thoroughly completing this stage of the
burn before the last stage is allowed to begin will now be appar-
ent. When this stage is completed a cominon brick will show
red cclor to the center when broken. If it is banded or has a
core different in color from other parts, it is incomplete. This
stage completes the burn for ordinary building brick, but it is even
more important to have oxidaticn complete in ware that is to be
vitrified than in such as matures at this point. The state of
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affairs in a burning kiln may be ascertained by drawing a test
brick from a part of the kiln in which the process progresses
slewest. If this is perfect it is safe to assume that the whole
kiln is in a similar condition.

The detrimental effects of the imperfect carrying out of the
work of this stage are likewise apparent. If the temperature is
raiscd te vitrifying heat before oxidation is complete, the FeO
in the center of the brick will combine, giving the black, slaggy
core, an element of weakness. In case the work of dehydration
has mot becen properly executed, the iron may still retain its
('O, at this heat. When it dces finally decompose, the ware is
already softened by wvitrification, no oxidation is possible, and
to the slagging effects of the ferrous exid in the middle of the
brick are added the puffing, bloating effects of the enclosed and
expanding gas. '

The term vitrificaticn is given to the last stage of the burning
process. The word itself means conversion into a glass or glassy
condition. As used in connection with the burning of clays the
word has come to have a somewhat restricted or specialized defi-
nitien. The manufacture of glass comsists in melting together
mineral substances to a condition of perfect fluidity such that
when the mixture is properly cooled it will possess a homogene-
ous composition and an amorphous structure. The physical con-
ditions surrounding a vitrifving clay, and the ingredients of
clays themselves, are similar to those obtained in glass produc-
tion. But the process of heating and consequent fusion of these
ingredients 1s nct carried as far in the kiln as in the glass pot.
As a result what would be called a thoroughly vitrified clay does
not have a homogeneous composition and its structure is more
or less crystalline; its partially crystalline condition being due
in part to incomplete fusion and in part to recrystallization on
cooling.
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Vitrification means, therefore, the beginning of chemical com-
bination of the minerals of the clay with each other. During the
two preceding stages, chemical changes have occurred but they
were limited to the breaking up by the advancing heat of com-
pounds already existing in the clay and the combination of cer-
tain elements with the oxvgen of the kiln atmosphere. After
these ave all coumplete, combination among the constituents of
the clay begins and beeccines miore and mere complex as the teni-
lerature rises. If envried far enongh most clays will he finally
reduced to a flmd glass. It is clear that the comyposition of the
clay determines the complexity of the vitrifying reactions, the
readiness with which fluidity is attained and the temnperatures
at which these reactions take place. There is always a stage in
the fusion of a eclay that is capable of melting, beyond which if
the temperature be vaised the clay will lose its shape. It has
been found that with some elays this line can be mcre closely
approached than with others. This depends on the proportions
of the various fluxing c¢lements in the clays as explained under
Fusibility of Clays. Experience has also proved that from those
clays which can be successfully handled in the kiln at temper-
atures of vitrification, will result the better final produet tlie
more complete the vitrification is, that is, the wore nearly the
condition of the clay can be brought to the state beyond which it
would settle out of shape. If the vitrification is not carried this
far the clay will be porous and possess low wearing qualities.
(‘arried beyond this condition, the ware is brittle. Just at this
point, the clay can be so ccoled as to produce a ware of maxi-
mum tonghness, minimum porcsity and; therefove, of most per-
manent quality, for the c¢lay used. It is this condition to which
the termn vitrification is applied.

When combination takes place among the minerals of a clay
the identity of each is gradually lost until finally thev are all
so amalgamated into one another that separated minerals can
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no longer be distinguishd. On the completeness of this amal-
gamation and the resulting degrec of softening of the clay as a
basis, some have divided the process of vitrification into stages.
Incipient vitrification 1s attained when the particles have begun
te unite but while their identity ig still fairly distinet; when the
sorosity is not over two per cent; and while the fracture would
not yet be vitreous or glassy. The ware has abont reached its
maximum strength and 1s in the conditicn to which many of the
best vitrified paving brick are burned. Beiween incipient vitri-
ficaticnt and the last stage, which is called viscous vitrification or
fusion, Is a range in tcmperature of from cne hundred to four or
five llundred degrees F.) according to the clay. During this inter-
val the clay particles, with the exception of the lavger sand and
other refractory grains, entirely lose their identity and the ovigi-
nal structure of the clay disapipears. The clav reaches its limit
of shirinkage, and becomes practically non-yorous as it gradually
passes into the viscous state. This conditicn before viscosity,
or actual flowage, begins, is termed complete vitrification. Tt is
the limit in burning vitrified ware. If cooled quickly, even in
this thoroughly vitrified condition, the ware will be brittle, while
if preperly annealed by- slow cooling, a perfectly tough aud
strong ware will be produced. The effort of burners is to attain
complete vitrification. without passing over the border line into
viscous vitrification and fusion. Tt is very evident, though, {hat
with any clay no definite or fixed lines can be drawn between
these several stages, as each gradually passes into the sueceeding
one. The rapidity, however, with which these transitions pro-
gress vary widely among different clays and contrel more than
any other factor the availability of clays for the manufacture of
vitrified wares.

Just what the reactions of vitrification are can not he stated,
Little more can be said than that they are combinations of tlie
bases or fluxing compounds with the acid elements of the elay
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to form silicates. The bases become active according to their
relative fusibilities and, in a general way, influence vitrification
in proportion to their molecular weights. The temperature at
whicl vitrification oceurs is likewise variable, being also depend-
ent on the composition of the clay. In some of the more impure
clays vitrification begins at 900°C., while some clays used i
paving brick manufacture require upwards of 12007 for good
vititfication.

The regulation of the firing conditions during vitrification 1s
not especially difficult, providing the work of the two preceding
stages has been properly executed. If the clay is thoroughly
oxidized and of a unifcrm red color througheut the cross section
of the thickest piece of ware, there is little danger of trouble in
the last stage unless the kiln is excessively over fired. The vitri-
fication changes take place gradually with the rise of tewper-
ature, and without especial dependence on the character of the
kiln gases. Of course, a period of strongly reducing conditions
will begin to change tho iron back to the blue, ferrous form, but
as the clay has already lest a large percentage cf its porosity
this reduction can go on but very slowly and, unless this period
be long continued, can do little harm. To engineers the dark
brown color of pavers is often an indication of superior quality,
and manufacturers sometimes adopt the use of a salt glaze to
give the desired appearance. This expedient is not ordinarily
necessary, as a superficial ‘‘skin’’ of the dark, ferrous brownish-
black color can be preduced by a brief period of reducing con-
ditions just before closing the kiln. The cross seetion of such
brick shows a uniformly red cclor, coated with a layer of brown.
The thinner this cutside layer is the hetter, as it adds nothing to
the wearing quality of the brick. The farther into the brick such
reduction progresses, the more brittle the ware is apt to be.
Vitrified ware that is salt glazed, e. g., sewer pipe, are found to
take and retain a smocther glaze if superficially reduced just
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Lefore the salt is applied. This is especially useful in the de-
stimetion of whitewashes which materially prevent the attach-
ment of the glaze.

The most cemmon. defecl observed in vitrified wares is black
cores, which are frequently puffed or vesicular. It has been
pointed out that the causc of this is the lack of thorough oxidation,
and that it is in no degrec attributable to the firing conditions dur-
ing vitrification. Remedial measures should therefore be adopted
before this stage is reached. Txcessivie over-firing will of course
finally melt the clay. but if it is one which is low in lime and
contains geod percentages of iron and the alkalis, vitrification
is slow, and only the grossest mismanagement can ruin the ware.
Under-firing is more common.

On completion of the oxidizing stage of the burn, the large air
excess which has heretofore been necessary is greatly reduced
and an increase in temnperature is at once produced. The ex-
emplary kiln for burning vitrified wares is the down draft. Be-
cause ¢f the rise in temperature, the top brick soon begin to take
on the changes of vitrification. The problemn from this point on
is to carry this heat downwards through the ware to the bottom
of the kiln without over-burning the top courses. When the top
ware is heated to about the maximum temperature it will stand
the air inlets are opened and the gases are cooled somewhat as
they pass into the kiln. When thev reach the top brick, which
now have a temperature higher than the gases, heat is absorbed .
from these brick and carried downward through succeeding
courses. After a brief period the air access is cut off, the top
coulses again heat up to a maximun, and another in-flow of air
is permitted, which carries the heat, each time this is repeated,
farther down intc the kiln. Such a procedure is necessary to pre-
vent overburning of the top brick while those below are in zones
progressively breught up to the required temperature. Kach
alternation in the flow of air sends a wave of cooler gés into the
kiln, which takes its waximun temypevature from the upper tiers
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of brick and each time extends the zone of highest heat a step
towards the bottom of the kiln. Kwven under these apparently
favorable conditions, hcwever, the bottomn brick are seldom
burned as hard as the top, and oftentimes the top brick, while
neither distorted nor entirvely worthless, are nevertheless some-
what brittle, weak and cf inferior gunality, due to the alternating
heatings and coolings while so close to the melting temperature.

TYPES OF KILNS.

Therc arve varicus styles of kilng in use in the different lines
of the clay industry. The modifications which are found among
the individual kilns of a general type are largely those that ave
necessary for meeting certain peculiarvities in clays or to give
them certain desived properties in burning, ¢r such as are neces-
sitated to adapt the kiln to the production of a special line of
ware. Of the numerous kilns in common use, practically all
may be included in the two groups, intermittent and continuous,
which, as the terms suggest, are in the one casce periodie, and in
the other continucus, in their mode of operation.

The intermittent kiln embraces by far the largest number of
clay burning kilns in all sections of the country. It is, however,
gradually giving way to the continuous kiln for burning many
cf the commoner grades of ware, as the merits of the latter be-
come more familiar to clay workers. The intermittent kilns may
be divided as follows:

( English clamp
Temporary. American scove
Up draft-...
[ Dirept Rectangualar
| Direct.. ........ Round
Permanent . 1
Semi-muffle 1 .
Intermittent kiln. | Muffle | Pottery kilns
[ {Single stack
Round......... Multiple stack
[ Direct...... 3
Single stack

|
Down draft. 1 |L Rectangular.... { Multiple stack
Muffle
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UP DRAFT KILNS.

The temporavy up draft kiln is exemplified by the old English
clamp and the American scove kilns. In both these tvpes the
kiln is built chiefly of the wave to be burned but is commonly
walled and covered with burned brick and bats whichi are kept
mudded up to yrevent the loss of heat. In the clamp kiln the
fuel, which must be pulverized, is charged in layers with the
setting of the briek. Low arches at the bottom are alsc ~on-
structed of the green brick and are filled with fuel. The fires
arve started in these arches, from which burning progresses of
itselfl throughout the kiln. When the fuel which has been in-
cluded in the ware is consumned, the burn is completed.

This kiln has not met any extended use in this country. The
principle 1s crndely applied in burning clay for ballast at somne
points in the state. The clay is heaped up by means of specially
designed steam shovels into a mound three to six feet hign, lay-
ers of glack coal alternating with Javers ef clay. "The mound
18 made of any desired length uy to half a wila or so, and of a
width depending on the amount of ballast to be prepaved; the
clay Dbeing fired shmultaneously along its whols length, and the
fire progicssing towards the side where the elay and fuel ave
being piled. Tn a sense, the precess is a continuons one, although
it possesses none of the elements of economy {o be had in the
continuous kiln.

The so-called scove kiln is similay in construction te the ¢lamp
kiln but differs in operation, due to the fact that the fuel is not
included with the brick, but is bmrned in arches whiell serve as
temporary fire-places. Since the heat wmust be carvied through
the ware by air currents, a more open setting is veguirved than
in the clamyp, where the brick are set nearly s~hd.

The permanent up draft kilus are scparated into divect and
muffe, according to whether the combustion guses pass through

the ware, thus heating by convection, or are separated from the
19
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ware by a partial or complete enclosing wall, through which the
clay is burned by radiation, and conduction. The side walls are
built permenently instead of being erected as each kiln ig set.
T'he walls are frequently built the total height of the kiln, but
more often only eight to ten feet high, the necessary courses
ahove this being added as the brick are set. The top is covered
with one row or move of burned brick ‘platting,”” which is of
course 1emoved as the kiln is drawn.

In these side walls cpenings arve left which lead into arches
formed in setting the green brick, and in which the fuel is
burned. A further step in the evolution of the kiln is the con-
struction of partial permanent end walls and of fire-boxes in
the side walls. One furnace may feed one or miore arches. By
this 1mprovement the draft is much more carefully regulated
and the percentage of unsalable brick hmmediately arcund thi
arches greatly reduced. The permanent kiln wall prevents the
loss of considerable heat by radiation and aids in bringing about
a more even bwn than is possible in the temporary kiln, where
the outside brick are always soft burnt and those surrcunding
the arches are cracked or slagged.

The round up draft kiln is the early pottery kiln, and its use
has continued te the present time in the stoneware industry.
The kiln consists ofl a lower combustion chamber into which the
fire boxes open beneath a chamber in which the ware is placed.
The combustion chamber occupies practically all the space be-
neath the ware chamber, but the bottom is solid, except those
portions occupied by the grate bars of the furnaces, which is a
small proportion of the total space. Belween this and the ware
chamber above is fire brick work, perforated to allow the passage
of the gases. The outlet is usually a series of little chimneys
leading out through the kiln ecrown. The work of this kiln is in
most cases characteristic. Where the gases are allowed to come
into contact with pottery wares in any kiln, flashing is common,
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since the clays used are sensitive to oxidation and reduetion. So
much does this sensitiveness vary, though, that some clays give
no trouble whatever, while others that in other respects are suit-
able for stoneware mhnufacture, must be discarded because the
ware made from them invariably comes from the kiln with flash
marks on it. (Jazed wares show ‘‘bluestoning’’ when burned
in this kind of kiln, probably caused by the reducing action of
the gases on the iron in the clay. This peculiarity is seldom
noticeable in nuffle burned wares.

In its evoluticn to the modern pottery kiln, the principal
changes in this primitive up draft have been such as to prevent
more and more the contact of thie combustion gases with the
ware. The passage of these gases was restricted to the center
and the outermost portions of the kiln, the rest of the floor of
the ware chanber being solid. Between the moving gases and
the ware weve constructed hag walls extending around the entive
civcumterence of the kiln. These bag walls are now built to
varying heights, from very low to the top of the ware, and even
for special reasons comnpletely enclosing the ware. The gases
ave thus always more or less separated frou the ware, which is
Leated more and more by conduction through the walls as the
latter are built higher. To promote a draft through the center
of the kiln, the ware is either stacked so as to leave a center open-
ing, or a permanent center flue is provided. The effect of scrcen-
ing the ware from contact with the flames is to do away with
flashing. Tf this protection is partial, as where the bag walls
are built but a fraction of the height of the ware, the construe-
tion 1s spoken of as a semi-muffle kiln. Where the muffling is
complete, as where both walls and center flue unite above the
ware and entirely enclose it, the kiln is termed a muffle kiln.

As soon as innmediate contact of the hot gases with the wave to
be burned is cut off, the consmnption of fuel is greatly increased.
It is therefore necessary to liave perfect control of the draft, so
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as to curtail as much as possible the losses by air excess. The
chemical character of the gases becomes of minor importance
when they are not allowed to touch the ware. The number of
furnaces is increased in this modified construction, and the fire
boxes are built and the fuel is fired so as to generate the maxi-
mun nmnber of heat units possible. The grates, fire doors and
stack are, in improved kilns of this type, under complete control.
It is evident that under these conditions careless or unskilled fir-
ing can easily entail a high percentage of waste over that which
it is impossible to avoid.

DOWN DRAFT KILNS.

Rownd Down Draft Kilns:--The commonest example of the
down draft kiln is the round, single stack kiln. This type 1is
used more than any other in all branches of the clay industry.
Modifications of the simple type are many, according to the con-
diticns and clay in different places, but the principles of opera-
tion remain essentially the same. The number of stacks is found
to vary widely, and the arrangement of the flues leading to the
stacks and the openings from the kiln chamber into the flues are
points of variable design.

Under an carlier topic the relative merits of the classes of fire
bhoxes in comncn use have been pointed out. Any of them may
be used on the round down draft kiln, but whether one or
ancther is to be chosen depends wpon the clay and thiz ware into
which it is wrought. If it is requisite to have the kiln atmos-
phere uniformly oxidizing, or if the ware is such that sulfurous
cimanations may be injurious, the inclined grate or dead bottomn
fire would mot be suitable; while either of the latter would be
applicable for hurning paving brick or other waves that are not
injured, and often even henefited, by an occasional period of
reduetion.
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The burning of all wares through which it is allowable for the
fire gases to circulate is accomplished by the transfer of heat
from the fire by these moving curvents. This method of heating
1s termed convection. It is evident that in all but mufle kilns
this is the important means by which the heat reaches the ware.
The production of an equal draft through all portions of a kiln
of ware is thus an all-important consideration. 'The flow of
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Flg. 27. Floor plan, multiple stack, round down draft kiln.

vases through a kiln is inflnenced by the same factors as affect
“the movement of any liquid. If unobstructed they seek the most
direct and open way to the exit flue.

The round down draft was first built with but one center draft
opening which led to an outside stack. The tendency of the
gases was to take the shortest voute to this opening from the top
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of the bag walls over whicli they entered the kiln. Parts of the
kiln between the bags and the draft opening were left unequally
heated, while if the temperature was raised so as to burn these
parts properly, the portions in direct line of the draft were over-
burned. Such a defect in the working of a kiln is a difficult one
to renedy as long as but the cne opening is provided. It may be
in part unproved by methods of setting the ware, but after the
Kiln is on fire and the direction of the flow of the gases is once
established it is a troublesome matter to control. This-is true
because of the higher temperature in the line of flow, which of
itself produces draft, and hence continually strengthens that
swwhich is started. In a similar way the draft in kilns with side
stacks 1s apt to be such as to leave the middle portions poorly
burned. Kxperience has shown that an equal distribution of the
draft through all portions of the kiln can only be obtained by
taking the gases out through cpenings distributed cver the kiln
bottomn instead of through a single well towards whicli they will
all naturally concentrate.

The evolution cf the down draft kiln to the diverse types or
the present has taken place largely by modifications and im-
provements in the flue systems, and in the arrangements for lead.
ing the gases from the kiln inte these flues. An early step in
this evolution was to have in place of the center well-hole one
open flue across the middle of the kiln bottom. This flue led to
an outside stack. The gases were naturally drawn by the short-
est route to this exit. As a result there was produced a highly
heated area in the part of the kiln closest to the stack. A further
modification was to afford a flue circling the interior of the kiln
and connecting with a diametric flue such as was first used alone.
This is the principle of the construetion of a kiln which is quite
popular in some localities at the present time. 'To prevent ex-
treme concentration of the draft in this kiln the flues are closed
for smine distance in the part of the kiln nearest the stack. While
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of eourse such a provision serves to retard the more pronounced
flow, the tendency for the gases to leave the kiln as near the stack
as possible Is always present and invaviably disturbs the equal-
ity of the draft.

A diametric open flue connected with the stack by a covered flue
was scimewhat of an improvement over the foregoing, but in this

Fi1g. 28. Round down draft kiln with two stacks.

the draft is, as before, nsually strongest in the central parts of
the kiln. A series of concentric flues intersecting the main stack
flue likewise give far from perfect satisfaction.

It is plain that any arrangement by which the gases are finally
removed from the kiln, other than from the center of the bottom,
must tend to heat the kiln in spots and not symmetrically with
reference to the center. As has been shown, where there is but
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one outlet, and that a center well hole, the gases draw directly
towards that point. The draft is, however, symnetrically dis-
tributed from circumference to center. Although the outer por-
tions receive the least draft, it is alike in all similar parts of the
kiln. A meams which will operate, therefcre, to equalize the draft
from circumference to center, must be of such design that por-
tions of the gases will be removed from the ware chamber at
points distributed c¢ver this intermediate area. These openings
must lead into channels which carry the gascs to the center stack
flue and must be so proportioned in size that an equal volune
of air will pass through eacl during the same interval. In gen-
eral, they should decrease in diaweter towards the center, draft
directly into the main outlet being practically cut off.

There are nuinerous methods of attaining this end. The com-
menest is by the constructicn: c¢f 1adial flues outward from. the
center. The number of thesc is usually determined by the num-
ber of fire loles, the flues bisecting the areas between the bag
walls. Occasional openings are made into these flues. The open-
ings are larger the farther from the center, so the outside will
draw as strongly as the central portions. The shape of these
openings ig variable and, indeed, immaterial, and their number
is not fixed. The total area of those leading into any one flue
should, hiowever, be less than the cress section of that flue. That
is, the flue should be able to*pass more air than can enter it
through these openings. For the same reason, the total area of
the radial flues should be less than the section of the main stack
flue. The sizing of those openings into the radial flues can be
done experimentally. What is desired is an equal air velocity
through each and every one. If a draft be produced in the kiln
by heating the air column in the stack, the velocity of the air
movement in the flues can be measured by an anemometer and
the openings so proportioned that the draft will be the same in
eacl, whatever its location.
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The above outlined arvangement can be made to give very
excellent results and is detailed only as an example of many
equally successful designs. Some others are more or less in-
velved in plan but meet suceess on

ly in the degree to which they
fulfil the conditions of an equalized draft. Some special types
will be desciibed in the discussion of individual plants.

‘While it is essential that the kiln be so constructed as to insure
a uniform draft, such constiruction does not necessarily guaran-
tee a perfect draft when the kin is full of wave and on fire. The
setting of the ware has a great deal to do with the draft. A per-
fect draft in an empty kiln may be very far from sucl when
the kiln is stacked {full of brick. In this way a geod design may
be made to give very inferior results. It is also true that a poor
construction can be made to give tair vesults by the style of set-
{ing; but it is mueh casier to adapt the setting to a kiln which. is
built on cerreet principles at first than to remedy an improper
ccnstiuction by thie same means.  If it 1s found on drawing a kila
that there have been ‘“cold spots’” in it, that is, parts wherve the
ware 18 underburned, and perhaps in other portions overburned
ware, it 1s a sign of inequality of the draft, especially if these
areas are away from the bag walls, where local heating may
cecur by proximity to the fires. Such defects may be prevented
by a closer setting in the lines of greatest heat and more open in
the cold portions.

But with a uniform draft throughcut the kiln it is very com-
monly found that the bottoin ware is less hard burned than the
top porticns. This is te be expeeted fren the faet that the hieated
gases first come in contact with the top ware and must have
passed through it before reaching thal lower in the kiln. As ¢
cunsequence, it niay be stated as a rule that the gases ave always
cocler wheun they reach the bottomn than when they entered the
kiln. The more rapidly they move towards the outlets, that is,
the better the dratts, the farthev will thelr initial heat be carried
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into the ware, whether it be greater or less than the temperatore
of the ware itself. Tihe movement of the gases in a kiln may
be conceived as that of a wave progressing downwards through
the ware with equal velocity in all parts of the kiln. Tt will pro-
gress thus uniformly until it nears the kiln hottom.  Here it
st divide into nmuerous small currents, each diverging nove
or less from a straight downward path in order to pass out
through the openings which convey theny into the radial con-
tributary flues. It is clear that the nnmbper of these flucs ruust
be lhmited, and therefore between the openings into them {here
must be areas of solid flocr through whiclk no draft is possible.
As a vesult of this splitting, as it were, of the wain dvaft wave
into many small currents, the whole movement inay be construed
as suffering somewhat of a check; this clicek being least in direct
line with the draft openings, and greatest just above the solid
portions of the loor. Through the ware situated in these inter-
~mediate positions the draft is not vigorous, and as a sonsequence
there is always found undeitburned ware in kilos of suceh con-
sbruetion.
1t is oftentimes not objectionable tc have a proportion of
undevhmned ware in some lines of the elay industry, as it 1s
fully as salable as the liard burned prodwet. It may not in such
instances be desirable to eliminate the difficulty just deseribed.
What is spoken of as a false floor is provided where it is desired
to rednce the loss by underburning to its lowest terms. This
floor is sowmetimes made of the green brick to he burned. 'The
lower courses are set as openly as possible and still afford a firin
support for the ware above, and arranged so as to furnish room
for a free and unretarded circulation of the gases in reaching the
cutlets. In this manner the check which the movement of the
gases suffers is less pronounced and the number of nnderburned
brick is less than where such prevision is not made.
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The pernanent false floor is a part of nearvly all recent down
draft kilns, especially those used in burring viirified wares. In
place of a temporary construction of green brick, which mast of
necessity be removed and re-set with, each burn, the floor 1s made
an essential part of the permanent construnetion of the kiln., It
is built of fire brick and so supported with open brickwork as
to leave ample space helow it in wlich the gases may eirculate
unimpeded in finding their way to the ilnes. The brick of the
fcer itself ave usually of soine special design, their shape being
such as to permit the freest possible escape of the gases through
them and yet possess the requisite strengih. The false, or, as it
is commenly called, cliecker floor construection, allows the unre-
tarded passage of the draft completely through the ware with
equal facility at all points into the open space below the fcor,
wheie 1t is at liberty to seek out the most convenient avenue to
the staek. The wave is thus brought to a substantially uniforin
teinperature 1o the bottom of the kiln. All the false work of the
floor is therefore heated to the highest temperature of burning,
and is thus the source of a loss of heat whizh does not exist where
the false floor is built of green ware. Tha continnous flow of
gases, which is facilitated by the use of the checker floor, is an
important factor in burning those classes of ware in which flash-
ing is detrimental. The false floor is thus a desivable accessory
in the kilns of the paving brick and sewer pipe industries and
is also desirable in the wanufacture of front brick, although in
the latter a good flashed product is often sought after. While
in a kiln equipped with the checker floor, Hashing 1s less apt to
occnr uncontrolled by the operator, il is no less diffienlt to oblain
flash effects in a kiln of this design than where the false floor is
absent. All glazed wares can likewise be more successfully
purned in kilns provided with the false floor.

The force of the draft through a chimney depends on ihe dif-
ference in weight between the colwmn of hot gases within the
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chimney and that of a similar columm of the atmosphere outside.
This difference in weight, or pressure, is due mostly to the ditfer-
ence in temperature; being influenced also by the huwmidity of the
air in question. From this it appears that chimney drafts may
ary not only because of difference in temperature but according
L the composition of the gases themselves and the condition of the
weather. This difference in weight may be caleulated as fol-
lows. I D is the density of the air, d of the chimney gas, in
pounds per cubic foot, I the height of the chimney in feet, and
192 the factor of relation between the pressure in pounds per
square foot and inches of water gauge, the expression for the
force of draft in inches of water is.
F = .192h(D — d).
The densities vary as the absolute temperatures, D and d hav-

t. t.
ing values, D - .0807 ; d-=.084—. t" is absolute tempera-
t. t)
ture at 32" F. or 493. t,, absolute temperature of the flue gases
and t, of the atmosphere. Making these substitutious, the first

expression becomes,

t. £,

F — .192h (39;19,_ 41-41).

This difference in weight may be measured divectly by a draft
gange. The common tyye of gange consists of a U-tube partially
filled with water, cne part of which connects by a tube to the
inside of the chimney and the other is lelt open to the air. Both
arms of the gauge may he gradunated so the difference in height
in the two parts is read directly in inches of water. This device
is applicable for making similar measurements in the control of
ventilating currents in mines and tunnels as well as for the con-
trol of draft in. many of the metallurgical industries. An instru-
ment devised more especially for use in the ceramic industries
is meeting with much favor among many pottery establishments.
This so-called draft-meter consists of a small hermetically sealed

*Kent's Mechanical Egineer’s Pocket book, 5th IBd. p. 732



TYPES OF KILNS. 301

box of sheet metal which 1s filled with a liquid. To this box 1s
connected a graduated glass tube on whicli can e obscrved the
Lieight of the liquid in the box. The instrunent is connected with
the chimney by a tube leading from the top and jeining with a
metal tube opening into the interior of the stack. The flunetnations
of the draft are registered by the movement of the liquid in the
glass tube. Satisfactory unse requires arrangements for accur-
ate leveling. The instrument is inexpensive and affords a posi-
tive means of draft control which is otherwise impossible. By
its use the kiln can bhe adjusted to atmospherie changes whose
influence without it can be little more than vaguely gnessed at by
the burner. The draftmeter is believed to be a valuable acces-
sory m the bmmning of all classes of clay goods.

The amount of draft found to exist in kilns is represented by
from one-fourth to three-fourths of an inch of water. The energy
which produces this draft is the heat whiclh the gases confain
when they reach the chimney. The hotter the gases the stronger
the draft.  In starting a burn it sometimes occurs that the tem-
perature of the gases when the stack is reached is so low that
movement ceases and in extreme cases is even reversed in divee-
tion. It is therefore impertant not only that the condition of the
dvaft be known, as shown by a draft gaunge, but that means of
control be at hand such that a weak draft may be strengthened ov
one that has failed he restored.

The original ccnstiuction of the kiln with the flues and stack
cotrectly propertioned to each other is first of all essential. The
stack Is the real draft producer. It is built of buick or sheet iron.
The former is more expensive but in general gives better satis-
faction. The thin and readily conducting shell of a sheet ivon
stack dissipates heat very rapidly by radiation. A sheet iron
stack lined with fire brick to prevent radiation miakes perhiaps
the most substantial and serviceable stack although at the same
time the most expensive. The eross section of the stack should
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decrcase towards the top. It is found that this will largely pre-
vent counter currents from flowing in at the top which are a
source of greater or less difficulty in straight stacks. The taper-
ing construction does this by gradually increasing the velocity
of the gases as they near the outlet by forcing the same volume
through a space with a constantly decreasing cross section. The
size and height of the stack should always be such that the full
capacity will seldom. be called into use. That is, it should pos-
sesg a reserve force which under average working conditions is
lield in check by the damper but which can be made effective
wlien emergency demands.

The natural tendency of the air and fire gases as their temper-
ature is raised and they expand is to rise. In all up draft kilns
this tendency is satisfied by the ready escape to the stack, the
movement being always in an upward direction. In the down
draft kiln the gases mmst first mmove downwards through a mass
of ware before they can reach the stack. They must move con-
trary to their natural tendency and apparently in opposition to
gravity. The principle may be compared to that of the siphon.
In the latter a fluid heavier than air moves against the direction
of gravity for a short distance in order to pass to a lower Ilevel.
In the down draft kiln a fluid lighter than air first moves down-
ward in order to reach the base of the stack througli which it is
free to seek a higher level. To start a flow of water through the
siphon it is necessary only to initiate the movement of a column
of greater length downwards than the distance which the water
is to move in the opposite direction. The greater the difference
between these two distances the stronger is the flow; and the
shorter the distance the water must move against the direction of
gravity before it starts downwards the more easily is the flow
started and maintained. The samne principles miay be applied
to the action of gases in a down draft kiln. The stack is
the portion of the siphon that propels the flow. The
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greater its capacity the stronger will be the flow after it is once
started; and the shorter the distance the gases are compelled to
move downwards and laterally before reaching the stack the
more readily is the draft started.

The practical application of ihe above conparison is plain.
When the gases from the fires first begin to pour into a down
draft kiln they tend to accumulate in the crown since they are
lighter than the cold air already filling the kiln. Since they
cannot escape upwards their expansion gains relief downwards
by forcing some of the lheavier cold air ont at the bottom. The
warm: air slowly progresses dewnward until it fills the kiln,
that which preceded it having passed out into the stack. Hot
gas from the fires continually forces out througlh the stack the
cecler air in the bottom of the kiln and a draft is gradually estab-
lished. The shorter the distance which the air must travel down-
wards the sooner a draft i1s set up. It is of course necessary for
the gases to travel the lheight of the kiln chamber. DBut the
sherter the distance beyond this that they are required to go the
better. The construction of deep flues is therefore to be avoided.
The shallower the flues are and still furnish the required eross
section area the miore favorable will they be to freedomn of draft.
That 1s, the sooner the gases can he cenveved to the chimney
after they have passed through the ware the morve effictent doer
the draft system become. This rule involves not only the avoid-
ance of deep flues but also the reduction of the distance through
which the gases are to be carried laterally the greatest possible
amount. The upward movement of the gases in the stack has
alone to do with producing the draft. Movement laterally in-
creases the friction, hence retards the draft. The closer the stack
18 to the kiln, therefore, the greater the extent to which this diffi-
culty is avoided.

In connection with the construction of kiln flues a precaution
which is very frequently neglected is the insulation of' the flues
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from the surrcunding damp soil. The amount of heat used 1m
the absorption of water from this source by the Lot gases where
the flues are unprotected has been estimated as equivalent to
from 4 to 10 tons of coal during a single buin. The importance
of such a loss as this is obvious. It can be largely obviated by
carefully walling, arching and flooring the flues with brick and
an impervious mortar or, entirely done away with by founding
the whole kiln upon a concrete base from one lcct to three teet
thick.

In many instauces, two or four kilns are so located that one
large staek will serve them all. It 1s customary to partition the
stack flue according to the number of kilns attached to it. "Lhe
partitions ordinarily run only a fraction of the length of the
stack. Wheve this is dene, the single stack serves the purpose
of so many separate stacks and is thus a saving from the stand-
point of expense of construction. By partitioning the stack hut
part of the way to the top, the draft from one kiln will often aid
in starting and maintaining that of another by the union of the
separate flues into one above the partitions; for it seldom hap-
pens that all the kilns attached to a stack arve at any given time
running at the =ame stage of a burn.

Besides the proper construetion of the varicus parts of the
Kiln so that its operation may be under accurate control, there
must be provided mieans for this control. 1he flow of the dratt is
controlled by dampers. These ave of two chief types, slide and
valve dampers. The forwer are the more common. Slide
dampers are opcrated either horizontally or vertically. When
in borizontal position they ave in the stack; when vertical, usu-
ally at tlie baxe of the stack in the main flue. Both are quite gen-
erally made of heavy shect iron and operated by hand.

An mmprovement over cheet iron is the fire clay damper. A
substantial construefion for the latter is the usc of fire clay tiles
fitting into an iron frame, This makes a heavier damper but for
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that very reason can be made to work more securely. In vertical
positicn they are nicely operated by means ¢l a counterpoise
weight. A further advantage over sheet 1von is freedomn from
the effects of the action of the hot gases which corrode and warp
the iron in a short time. The long life of the clay damper there-
fore commends its use. The value of any damper depends on its
ability to fully control the flue which it is designed to fit. In
order to do this no leaks should he allowed and when closed the
damper should cut off completely all draft. This is very com-
micnly not the case, especially with many of the vertical dampers
in use. The matter can only be perfectly adjusted by making the
damper several inches wider than the flue and so that it will
work in a noteh in the flue walls. If it be a vertical one, a de-
pression at the bottom partly filled with any finely grcund re-
fractory material, fine sand for instance, in which the damper
mayv imbed itsclf 1s a great advantage. In general the horizontal
damper is a mere perfect contrivance as it tends by its own
weight tc prevent leakage of the flue gases around it. It is, how-
ever, when poorly constructed, fully as apt to allow cold air to
pass in above it as is the vertical type, although at the same time
the latter is more easily operated.

There ave two types of valve dampers, the hinged and the bell.
The former may he again separated inte those that hinge from
the side and those that are hinged at the center. The last of
these is exemplified in the crdinary stove pipe damper. It is
easily operated but cannot be made to work well with sooty or
tary gases. The side-hinged damper is cenvenient for con-
trolling the draft in stacks the tops cf which are accessible in
case the damper gets out of order. Tt consists of a heavy iron
plate cr casting, or it may be built of fire clay, hinged at cne side
of the top of the stack. To it is attached a lever arm whicli is
operated by a wire or chain from below. This is a verv efficient
damper and can be used on any of the lower kiln stacks. The
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bell damper is centrally suspended from above from one end of
a lever which may be weighted at the other so as to nearly coun-
terbalance the weight of the damper. The damiper is conven-
iently located at the base of the stack by provision in the con-
struction so that the turn from the horizontal flue to the vertical
stack is made by a step instead of a single right angle. By fitting
the edges of the damycr into slots filled with sand it can be made
to absolutely cut off all draft when lowered into place. In this
regard it is one of the most perfect dampers in use.

The number of stacks on round kilns varies from one to as
many as there are fire holes. There appears no question but that
the draft can be more easily regulated if ccncentrated in one
stack which may be controlled by a single damper. The matter
of the distribution of the draft in different parts of the kiln it is
attempted to accomplish by the use of several stacks. The con-
tention of those who advocate multiple stack kilns is that each
stack can be made to control a definite portion of the kiln, which
can therefore have its draft increased or diminished at will with-
out reference to adjacent kiln space. Tt is evident that this can-
not be fully realized unless the area which 1s to draw to a stack
be partitioned from surrounding space, when it will of course
operate as a single small kiln. As has been shown, the draft
will always set towards and follow the line of! greatest heat in the
kiln. The kiln chamber may be considered as a vessel filled with
a nuobile fluad which responds to the action of gravity as do fluids
with which we are nore familiar. When a flow is set up through
an outlet, there is not only a tendency for the gases to rush
towards this outlet but the raising of the temperature by this
act tends tc cenfirm the movemient in the given direction. To di-
vert the draft it is necessary to close the damper when the gases
will seek the next ready avenue of escape. A multiple stack kiln
is, therefore, a complicated arrangement to control. It is clear
that each and every stack will have a uniform draft only when
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the heat is the same in every part of the kiln, which is difficult
of attainment. The conditions of draft are often so badly over-
balanced that the direction of movement is reversed in one stack,
the air flowing down, through the kiln bottom, and up and out
some other stack. Aside from the difficulty of good control the
cost of construction is greater for numerous small chimneys than
for one large one to do the same work.

The following points may be noted as important in the con-
struction of round down: draft kilns for burning the commoner
grades of ware.

For burning brick, which are of necessity closely set and thus
tend to restrict the draft, kiln diameters range from: 20 feet to 30
and even more, the less the better the draft distribution. For
wares such as drain tile and sewer pipe, diameters as high as 34
10 36 fleet are found, although the lower should perhaps represent
the maximum in most instances for economical burning.

The height of the kiln should be made to exceed very little the
height of the ware stacked in it. Brick are set from twenty-five
{0 thirty-five courses high. Six feet is perhaps an average dis-
tance from the floor to the spring of the arch; the arch having a
rige of four to six fecet depending cn the diameter of the kiln.

The fire holes are best set fromn two to three feet below the
level of the kiln floor. By so doing the radiation from the base
of the bag walls becomes effective in heating; ware near the kiln
floor. This is the cool part of the kiln and where the fire holes
are placed on a level with the floor, radiation is of little import-
ance except from the upper half of the bag wall. It is usually
better to sink the fire holes beneath the grecund level than to raise
the kiln floor above it; surrounding the kiln with a trench in
which the firing is done. The trench is preferably paved with
brick and good drainage should be provided for. This arrange-
ment also helps to do away with the effects of the absorption of

ground moisture.
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The number of fire holes ranges from eight to twelve, accord-
ing to the diameters given above. In geneval, the number of
fire holes is about one-third of the diameter of the kiln in feet.

The type of fire place will depend on the ware to be burned
and the character of the fuel used. This topic has been discussed
cn an earlier page.

The stack is placed eclose to the kilu and the flue connections
should be as shallow as possible. There are some advantages in
lecating the stack in the center of the kiln. Tn this position a
draft is more quickly started as the stack is heated as soon as the
fires are lighted. Of course there are no horizontal flues, the
radial flues opening directly into the stack. Because the stack
is kept highly heated it is more effective and hence its dimensions
will not need to be so great. The principal objections to the cen-
ter stack are the kiln space which it ocecupies and the cost of con-
struction.  The space taken by it, which would otherwise be filled
with ware, will be found to be a very small proportion of the
whole and its position will scldom be an important obstacle in
setting or drawing the ware. The stack must be made of fire
brick and mmst have a solid foundation as it is subjected to the
intensest heat of the kiln. These objections will, it is bielieved, be
far outweighed by the advantages in the saving of fuel and the
facility of operation with a kiln of this design.

The radial flues are tc be recommended, in number generally
one for each fire hole; in size and openings proportioned as des-
cribed in an earlier paragraph. A connecting circular flue is
sometimes of advantage.

The merits of the different styles of dampers are considered
on a preceding page. o1 an outside stack, cither the horizontal
or vertical slide dampers can be made to give efficient service if
properly constructed. The side-hinged valve damper is also an
excellent means of control. 'With the centier stack the latter is
the only kind that is applicable. Since the draft is alwayvs more
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vigorous in a center than in an outside stack, the damper that is
used must afford a means cf accurate and complete regulation.
The hinge damper can be well adapted in this instance.
Eectangular Down Dyaft Kiln: The handling of the output of
large brick plants requires that space be economized in every
possible way. The distance which the brick are transferred from
dryer to kiln and from kiln to car must be reduced to the min-
imum. The round down draft kiln holds fromr 30 to 60M. brick,

Fra. 20. Rectangular down draft kiln with stacks at the ends and showing ironing.

while an average rectangular kiln contains 150 to 200M. brick.
To burn this number in round kilns would require several times
the amount of space and would entail a much larger expenditure
in the construetion of the kilns, than to burn the same nummber in
one kiln. The rectangular kiln is therefore an econcmizer of
space and, while not ordinarily as susceptible a contrivance to
delicate regulation in burning, is widely usced and is cminently
successful.
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Rectangular kilns are built from 15 to 20 feet in width and as
long as 100 feet. In this styvle of construetion, it is evident that
the conditions which have to be met in controlling the draft are
somewhat different than in the round kiln. Tle general prin-
ciples of draft movement discussed under the latter head will,
however, apply cqually well to the rvectangular kiln. In particu-
lars of construetion, namely, kinds of fire place, use of false floor,
height of kiln and relation between the levels of kiln floor and fire
holes, the same rules will likewise hold good fev the rectangular
kiln.

The stack which ccntrols the rectangular down dralt kiln is
lccated at one end or at the side. With the end stack it has been
found impossible to obtain good draft regulation over all parts
cf the kiln unless the prineiples cof flue arrangement described
in the preceding seetion are put into effeet. A single open flue
through the center of the kiln is not sufficient. This flue must be
covered and lateral flues opening into this center one constructed.
The openings from. the kiln chamber into both central and lateral
flues should be proportiened in relative size according to their
distances from the stack, and in total area acccrding to the cross
section of the stack. In general, these openings should in any
portion of the kiln decrease in size from the sides towards the
center; and be made gradually smaller towards the stack end of
the kiln. Their total area should be less than the area of the
stack sc that an equal force of draft will be kept up in each one
of the flues.

A common way of operating the rectangulaxr kiln with an end
stack is to divide the flue system into two parts. The main flue
is divided by either a horizontal or a vertical partition to the hase
of the stack. Hach part of this flue controls a definite portion of
the kiln. Dampers in these divided flues may be operated so as
to change or cut off entirely the draft from one section of the
kiln, the whole strength of the stack in the last instance drawing
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on one part of the kiln only. This arranguinent amounts to the
use of two stacks each controlling a definite proportion of kiln
space and 1s not usually as satisfactory as the graduated flue
systein.

The side stack generally affords a hetter contvol ¢f the kiln.
The flue systemr is usunally divided into three secticns, separate
flues leading to the stack from each. By dampering each flue the

F1a. 30. Interior of rectangular down draft kiln showing method of facing dry pressed brick
and a dissceted flash wall,

flow of gases from any fraction of the kiln cau be rvegulated.
Such a flue axrangement combined with a proper fleor construe-
tion can be made to give excellent results. Two stacks are also
used with the rectangular kiln. They are usually sitnated at the
sides and each controls a share of the kiln. Bv a central divid-
mg partition in the main flue good work has been acconuplished
in the two stack kiln.
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Multiple stack kilns are very widely used. The use of many
stacks necessitates the division of the flue system into as many
parts as there are separate stacks. Iach stack thus controls a
small system of its own which is separated frony the others by
solid partition walls and which may be operated with a greater
or less degree cf independence from all the others. It hag been
found, however, that unless there are combined in the construe-
tion the proper relation between the size of stack and flues, and
the correct distribution of the inlets into the flues from the kiln
chambher, as already described, that even burns are as difficult to
realize as in any other class of kiln. These conditions are not
fulfilled in many of the multiple stack kilns on the market.
Kilns that are up to the requirements in these respects give ex-
cellent results and many bwners {estify to the evenness of burn
1t is possible to secure.

As stated undev the consideration of round down draft kilns,
the use of many stacks is seldom necessary. The cost of con-
struction and mainteuance is usually great. The amount of cave
in burning where there ave so many stacks to look after, is much
greater than with a single stack kiln and the damage comming
from neglect is fully as lavge. While it is undisputed (hat as
perfect work can be accomplished in multiple stack kilns as in
other types, the idea of dividing among many, work that can be
equally well done by a few or even a single stack is scarcely to
be approved.

As in the case of the round kiln, a center stack ccustruction
appears to have advantages in its favor. The number of stacks
needed would depend on the length of the kiln. A short kiln
could: be cperated by a single stack, while two, three or move,
would be neceded in longer kilns. Each stack could control a
space about equal to the ordinary round kiln; the radial flues
and inlcts being proportioned and arranged as in the round down
draft kiln. TIn the rectangular kiln this arrangement would pre-



TYPES OF KILNS. 313

sent {lie same advantages of rapid and uniform leating and gen-
eral cconomy as does the center stack in the round kiln. The
sacrifice of kiln space is small in comparison with the saving
irom other sources.

The Muffle Dowm Draft Kiln: The necessity of a muffle kiln
arises in the manufacture of classes of clay goods that cannot be
burned in contact with the fire gases. Various lines of pottery,
terra cotta, glazed brick, wall and floor tile and other wavres that
are apt to suffer from flashing, reduction or sulfur discolorations
must he burned in muffle kilns. In the manufacture of wares
such as wall tiles and certain grades of pottery in which the in-
dividual pieces are small, the effect of a muffle is secured by
enclosing them in saggers. Saggers are simply small vessels of
resistant fire clay in which the ware is tightly sealed or *‘luted’’
with mioist clay. They are stacked in the kiln, just as pieces of
ware would be, in such positions that the kiln atmosphere may
circulate freely among them. Althcugh not to be called a muffle
kiln, this method accomplishes the work of a muffle with a less
expenditure of heat.

The tvpical mwuffle kiln, instead of biing made up cf many
small vessels or chambers that are drawn and set each time with
the ware, consists of an enclosing chamber permanently built on
the inside of the kiln proper. Inside of this chamber the ware
to be burned is set and the whole then hermetically sealed, or as
nearly hermetically as can be done with fire clay mortar. Be-
tween the ware and the hot gases is always an impervious wall
through which the heat must penetrate before it can affect the
clay inside. The heating is done very largely by radiation and
conduction from the inside of the enclosing wall by the energy that
has been condueted through the brick and clay of this wall.
The principal means of transferring heat in ordinary kilns,
namely, convection, is therefore eliminated. Tt is appavent that
the waste of heat in this type of kilm is encrmous. It can he
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employed only where the value of the ware produced will war-
rant such wasteful processes of manufacture.

The essential parts of a down draft muffle kiln are, an outer
shell similar in all respeets to the down draft kiln; and an inner
sealed chamber with space left between the two for circulation
of the kiln atmosphere. An improved construction provides a
center opening down which the gases pass into a well beneath
the floor. From|this well the gascs are distributed through radial
flues tc as many exhaust stacks. The cobject to be attained is to
keep the gases in contact the longest time with the largest possi-
be amount of muffle surface for the space within., The width
of the muffle chamber cannot economically be great as it is diffi-
cult to attain a uniform temperature in a large space where little
er nc movement of the air is possible.

THE CONTINUOUS KILN.

It has been shown under the general consideration of the ap-
plication of heat to the burning of clays that the prinecipal
sources of loss of the heat units generated by the combustion of
fuel are, the sensible heat of the waste gases and radiation. That
porticn cf the heat that is actually effective in bringing about
chemical changes in the clay is but a very small fraction of the
available heat set free by the burning of the fuel. The remainder
and larger part is thus dissipated into the atmosphere by the
“waste gases and radiated through the walls of the kiln. The
latter less can be reduced by adopting protective methods of
construeting the kiln walls or by placing the kilns in the dryer
building and utilizing this heat for drying and this can be done
as well with one type of kiln as another.

In a pericdic kiln the gases are necessarily taken out at the
temperature of the ware and all the heat which they ho]d is ab-
sclutely wasted. Further, the heat which the ware gives off in
cooling 1s likewise wantonly thrown into the atmosphere. The
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central idea in the construction of the continuous kiln is the util-
ization of ag much cf the heat of the waste gases and of the cool-
ing ware as is possible. This 1s accomplished by joining to-
gether a number of compartments so that the gases of ecombustion
may be carried ahead of the burning chamber through green
ware which will absorb miuch of the heat that is otherwise turned
into the stack. The air for combustion to reach the zone of
highest heat travels through chambers of cooling ware. In this
way, not only is a large amount of heat saved from the escaping
gascs but the heat given off by the cooling ware is also made
use of.

There are several makes of continuous kilns on the market in
this country. The essential principles of the operation of all
are similar. They are built circular, oval or rectangular in shape
and contain a varying number of compartiments. Whatever the
general outline of the kiln as a whole, the number of chambers is
sufficient to allow a space of a few compartments between the
rear and the head of the fire for removing the burnt and setting
the green ware. In some, the compartinents are separated by
brick walls, in others, no permanent partition walls are used. In
the latter the size ¢f the chambers and the division lines between
them are made by paper or wood partitions which burn out when
the temperature reaches a red heat. In some, the draft is pre-
vailingly downward, in others, upward. In all, however, the
method of burning consists of carrying the fire continuously
round through a series of connected compartments, those in the
rear of the hottest portion contributing their cooling heat to the
entering air and the gases ahead of this zone of greatest heat
giving up their energy to prepare the fresh ware for the advanc-
ing fire.

The limit to the distance which the gases may be carried ahead
of the fire is the point where they approach saturation. Tt is ap-
parent that in a continuous kiln there is going on at the same
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time all three of the typical stages of the burnirg process, dehy-
dration, oxidation and vitrification. The gases as they finally
reach the stack may therefore have a complex composition. They
may contain sulfur gases from the oxidation of sulfur in the coal
and frem the decomposition of sulfates in the clay. They will
also contain water, both the hygroscopic and combined water of
the clay. Tt is the presence of the water that determines largely the
distance ahead to which the gases can be carried safely. Their heat
1s taken up to a great extent in the evaporation of moistare and
they become rapidly cooler as their humidity increases. They
cannoct economically be allowed to reach the dew point as the dew
1s universally acid and its deposition would produce all the dele-
terious effects earlier ascribed to an acid dew; besides the proba-
bility of softening the ware in case of excessive deposition. The
gases must be turned into the stack before their dew point is
reached and while they still possess a temperature sufficiently
abeve that of the atmosphere to create a draft. 1t is the effort
of burners to approach this limit as closely as possible without
overstepping it. Pracfice has shown that it is not ordinarily best
to ceol the gases too far but that the kiln can be wore success-
fully operated by tmining them into the chimney with sufficient
energy still left to produce a good vigorous draft.

The nceessity of operating the continuous kiln with stack tem-
peratures o much lowizr than in the pericdie kiln requires much
higher and larger stacks to furnish ample drvaft. This is also
required by the distance the gases have to travel, not only through
oftentimes devicus flues but through large amounts of ware
which increases their friction greatly. /The stack is very fre-
quently located in the center of the kiln, sometimes at the end.
It is not found necessary in most makes of this class of kiln to
place the flues that lead to the stack helow the level of the floor
of the kiln. The great cooling effect of undergrocund flues on
gages passing through them is thus avoided and no heat is lost
by the absorption of moisture from the soil.
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- In most continuous kilns the fuel, which is quite commonly
slack coal, is fired right among the ware. It is charged through
small openings in the top of the kiln. The setting is usually such
that the coal is distributed from top to bottowr by portions of it
lodging on the projecting brick of the ditferent courses. In
burning face brick and other higher grade wares that would
suffer from centact with the fuel, furnaces are used. The fuel is
charged from above as before but within small compartments
crr bags from which the gases only pass among the heated warve.
It is impossible in the continuous kiln te separvate sharply the typi-
¢al stages of burning. T'he chemical rveactions characterizing the
different parts of a burn are all going on at once. Dehydration,
cxidation and vitrification are taking place in the same kiln at-
mosphere. Tt is well known that certain parts of a buin can he
hurried while others must be carried on very slowly. It is theve-
fore frequently necessary to hold back one portion of a continu-
ous kiln until other parts are prepared for the advancing heat.
To avoid such trouble auxiliary fire places are sometimes sup-
plied in which fuel is burned to heat up the wet ware ahead of
the main fire. Or, in some instances, warm air is brought from
the cocling chambers and turned in ahead of the fire. This is
only possible where the ware will stand more rapid cooling than
the air passing through it to supply the fire will bring about.
The continuous kiln is not used'to the same extent in'the United
States that it is in the European countries. Germany is the home
of the continucus kiln and its use there has reached a stage of
technical excellence which is unequaled in any other countryv.
In Germany all classes of wares from the common brick to the
Lighest grade porcelain ave burned in the continunous kiln and -
with: an economy which is unquestioned. In this country little
else than common huilding brick have been successfully burned
in this kiln. Many trials have been made to burn paving brick
but few have been successful. The reasons for the failure of
Americans to adapt the continuous kiln to the burning of the
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various lines of clay wares appear o be several. In the discus-
sion of this topic at the meeting of the American Ceramic So-
ciety in 1901 the following points were brought out bearing di-
rectly on American continuous kiln practice:*

1. ““The American clay worker has not devoted himself to the
study of the continuous kiln in its adaptation to American clays.’’

2. ““The burning chambers are built too high and too wide.
The best German kilns for the finer wares have chambers seven
feet wide by six feet high.”’

3. ““The fuel is almost invariably distributed among the ware.
which will not be satisfactory for anything except common
brick.”’

4. ““The kiln is worked too hard. The waste gases are drawn
go far through green ware that condensation and consequent
scunming are produced.”’

5. “The ahnost invariable use of underground flues. They
produce a poor and variable diaft.”’

6. ““In most instances the water smoke is taken from. the bot-
tom: of the kiln while it is best taken from the top.”’

7. ““The continuous kiln should be erected by engineers prop-
erly trained for that work.”’

There appear to be no logical reasons why the same success
cannot be had with the continuous kiln in this country that is
attained in Germany. But it is only possible with the exercise
of the same care and precision in construction and operation.
Such an attainment will necessarily be slow but much progress
has been made since its introduction relatively but a short time
ago. From the standpoint of fuel economy the continuous kiln
should be more widely used in the common brick industry where
it has been made to give good satisfaction than it is at present.
It is helieved to be unquestionably the coming kiln in this in-
dustry and its use cannot but extend to all branches of clay-
working as fuel grows scarcer, and more rigid economy must be
practiced.

*Defects of the Continuous Kiln of Today and Prospective Improvements. Transactiona
American Ceramic Society, Vol. I, p. 205.
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