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S 5?‘;: SOME CLAYS OF IDAHO.
(974
L The purpoese of this investigation is to begin the

work of classirying the clays from the various parts of the
state &f Idaho. As there has been no Geological Survey work
done on the nature, extent, and geology of the clay beds of the
stete, the undertaking is difficult and the available information
is necessarily fragmentary and inecomplete. Since we were not
able to travel to the various clay-beds of the state, take the
geological and other necessary data, and collect our own samples,
but had to rely upon the acapty and unscientific information
furnished by the owners of the various beds, we have not made
any attempt to offer any geological information as to the elays,
but have merely attempted, by means of chemical and physical
gnalyses of the few representative samples which we could secure,
to s0 correlate chemicel analyses and physicel properties that
the uses and approximate values of the different clays could be
determined, even in untried and undeveloped deposits, by means
of their chemico=physical enalyses.

The clay industry of the state of Idaho is in itsA
infency, and indeed,the interest in the subject seems to very
slight, as a general thing. As an indication of the amount of
interest shown, even by the owners of clay deposites, in this
kind of investigation, we may as well state that during three
semesters of practically continuous correspondehce we were able
to secure only fifteen samples of clays. As a rule, large
clay-menufacturing companies,owning and operating extensive
plants, treated our requests with the greatest courtesy and

offered us every aid in their power. 1In this conmection, we
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wish to especially express our indebtedness to John T. Huetter
and Sons, of Huetter, Idaho, and Spokane, Wash., who made it
possible for us to investigate their clay-beds in person, col-
lect samples, and take geological notes; and who extended to us
every courtesy:~ to The Idaho Lime Company, of Albany Falls,
Idsho, and Spokane, Wash., and to The Washington Brick, Lime,&
Sewer Pipe Company, of Freeman, Wesh. and Spokane, Wash., for
their kindness in furnishing us with samples and information.
Also, several individuals who own undeveloped clay beds kindly
sent us samples, but the aveilable information as tothe extent
end geology of such beds is both meager and unscientific.

The Coeur d'Alene Commercial Club sent us a sample of
a very fine kasolin elay recently discovered near that city, but
in general, commercial clubs ahd "booster" clubs, while they
usually answered our letters and gave glowing accounts of the
prosperity and attractiveness of their respective cities, were
very unproductive of actual results.

Besides these very real difficulties, we were also
hampered by lack of suitable apparatus with which to do our work,
and mueh time was consumed in the econstruction of such apparatus.
Thus, the construction of the small electric muffle furnace
used in the ignition of our precipitates and in the burning
tests of the clays; the installation of the electric power-
eircuit for our eleectrical spparatus; and other work of the
same nadure; while they furnished us with a great deal of very
valuable experience, necessarily greatly shortened the time

which we could devote to the actual investigations.
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However, we hope that we have made & beginning, have, in a
measure, laid a foundation upon which subsequent investigators
may build a complete and accurate olﬁséifioation of the

clays of Ideho.

In the following pages we shall first give an outliné
of the methods used in the chemical and physical analyses of
all the clays (except as shall be noted in the descriptions of
the individual clays); then we shall take up each clay separ-
ately, giving its physical properties and its chemical analysis
in detail, as well as a deseription of the bed from which it
was taken, whenever possible. And from the above information,
we shall attempt to show to what other uses the clay may be
put, than those to which it is being put at present.

We shall also give a brief discussion of the most
common semi-refractory élays, such as the paving=brick, the
sewer—-pipe, the roofing-tile, and the stoneware clays; and
also of the non-refractory ones, such as the flower-pot, the
ornamental brick, the terra=cotta, and the common brick end
tile clays; end in the appendix, we shall give a brief des-
cription of the electric furnace which we constructed for our

burning teets and ignitioms.
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METHODS OF CHEMICAL ANALYSIS.

SAMPLING. The clay, which has been previously air-
dried in the warm basement of the Engineering Building, is bro-
ken up on the clean-swept concrete floor into pieces about the
8ize of a walnut. The semple is then thoroughly mixed and
quartered, and the guarter is broken up still finer and again
guartered. This operation is ceontinued until the sample is
reduced to about one kilogram, when it is spread out in a thin
layer upon & rubber sheet and a 50-gram sample is teken from
it by means of a small epatule, by teking portione from the
various parts of the layer. This sample is then ground to a
fineness of 100-mesh in & Braun Sample~Grinder and put into a
tightly-stoppered bottle. The remainder of the kilogram is
put away in a bottle of suitable size, for possible future
reference.

MOISTURE. Ioss at 110 deg. C. (Am. Jour. Sei., 3rd.
Ser., Vol. XLVIII, 1894, p. 31.) One gram of the sample is
weighed into a weighed platinum crucible and heated in an air-
oven for one and one-half hours at & temperature of 110 deg.C.
After cooling, it is ogain weighed and the loss reported as
moisture.

COMBINED WATER AND VOLATILE MATTER. Loss on
ignition. The sample from the moisture determination is cov-
ered and pleced in the muffle furnace, the muffle being below
red hest. The current is then turned on end the clay ignited
to constant weight. The loss in weight consists of combined

water, organic matter, carbon dioxide, ete.



ALKALIES .This same portion of clay, which has been
used for determining moisture and loss, is treated with con-
centrated sulphurie and hydrofluoric acids until it is complete-
ly decomposed. The acids are evaporated off by heating upon
the sand-bath. The cooled crucible erwetble is washed out with
boiling water to which several drops of hydrochloriec acid have
been added. The solution, after being made up to about five
hundred cubic centimeters, is boiled, one-half gram of ammonium
oxalate is added, and the solution is then made alkaline with
ammonium hydroxide; the boiling is then continued until only
a faint odor of ammonia remains. The precipitape is allowed
to settle and is separated from the liquid by filtering, and
is washed three times with boiling water. The filtrate is
evaporated to dryness and ignited to drive off ammonium salts,
The residue is treated with five cubic centimeters of boiling
water, two or three cubic centimeters of saturated ammonium =
carbonate solution are added, and the whole is filtered into
e weighed crucible or dish. The precipitate is washed three
or four times with boiling water and the filtrate evaporated
to dryness. Five drops of sulphuric acid are added to the
residue, and then the crucible or dish is brought to a red
heat, cooled in a desiccator, and the alkalies weighed as
sulphates.

This method is the method of Ries, given in his
book, "CLAYS? THEIR OCCURRENCE, PROPERTIES,AND USES", p.64.

SILICA. Two grams of clay are mixed with ten grams

of sodium carbonate and one-half gram of potassium nitrate

and brought to & calm fusion in a large platinum crucible.



This is 2ccomplished by putting the crucible with its charge
into the cold muffle, turning on the current, and allowing the
furnace to come up to its full heat. This takes about

forty five minutes, at the end of which time the contents of
the crucible are in a state of quiet fusdon and the clay is
completely decomposed. The melt is softened by immersing
the cooled crucible in cold water contained in a Jena glagss
evaporating dish. An excess of concentrated hydrochloriec
ecid is added to the water in the evaporating dish, and the
crucible and cover are thoroughly rinsed with dilute hydro=-
ehloric acid. After the melt is entirely decomposed, which
may be hastened by breaking up the lumps with a blunt glass
red, the solution is evaporated td dryness upon & water-bath
and the residue is dehydrated in an airéoven at 120 deg. C.
for one hour. The evaporeting dish is then cooled and the
contents thoroughly moistened with concentrated hydrochlorid
acid., Hot water is now added, and the dish is heated until
all soluble substances have gone into solution. The solution
is now filtered, the silica washed with hot water until free
from chlorides, The filtrate and washings are evaporated to
dryness and the residue is agairn dehydrated for one hour at
120 deg. C. The residue is brought into solution as befofe,
end the slight amount of silica secured by this second treat-
ment is filtered off upon a second filter and thoroughly
washed with hot water., Both filters, with their contsined
silica precipitetes, are now carefully transfereed to a

weighed pletinum crueible and ignited to constant weight in



the muffle furnece. To secure the percentage of silica in
the clay, the weight of silica thus obtained is divided by
two.

IRON SESQUIOXIDE. The filtrate from the silica
is divided into two equsl portions. To one portion is added
10 ec of 1:1 sulphuric 2c¢id and the solution is run through
a reducer, slowly enough so that the iron is completely
reduced. The iron is then determined by titration with
& stendard solution of potessium permanganate.

ALUMINIUM OXIDE. To the second portion, which
must be brought to boiling, ammonium hydroxide is added in
slight excess, the boiling is continued from two to five min-
utes, the prepicitate is allowed to settle and caught upon a
filter, and all the chlorides are washed out with hot water.
The precipitate is ignited to constant weight in the muffle
furnace and weighed as a mixture of aluminium oxide &and iron
sesquioxide, The emount of iron sesgquioxide already deter=
mined by the permanganate titratiop is subtracted from this
and the remainder reported as aluminium oxide.

TITANIUM OXIDE. The solution which heae been
titreted for iron is poured into & 300 cc messuring flask
end made up to the mark with pure water. 50 cc of the
solution is run into a Nessler tube, 5 cec of concentrated
sulphuric acid and 3 cc of hydrogen peroxide solution are
adde&, and the whole mixed by inverting two or three times.
Another Nessler tube is prepared by filling it up to some-
what below the level of the first with water, 5 cc of



concentrated sulphurie acid, and 3 cc of hydrogen peroxide
solution, as before. Into this Nessler tube the standard
solution of titanium (containing EEEXX one centigram of
titanium oxide as sulphate in 10 cc¢) is run frome small bur-
rette or a greduated pipette, drép by drop with constant
mixing, until the depth of coloration in the two tubes is
the same. The percentage of titanium oxide is readily
calculated from the amount of standard solution reguired to
cause the equality of coloratiog.

CALCIUL OXIDE. The filtrate from the precipitate
of iron and alumindum hydroxides is concentrated te about
200 cc, and the calcium is precipitated from the hot solution
by adding one gram of solid ammonium oxalate. The precipitate
i8 allowed to settle for twelve hoprs, filtered, washed with
hot water, ignited, and weighed as calcium oxide.

MAGNESIUM OXIDE. The filtrate from the calcium
oxalate precipitate is concentrated to about 100 ce, cooled,
end the magnesium precipitated by means of hydrogen discdium
phosphate solution in a strongly alkaline solution. The
magnesium ammonium phosphate, after standing overnight, is
caught upon & filter,washed with water conteining at least
five per cent of ammoniam hydroxide, ignited to constant
weight and weighed as magnesium pyrophosphate.

MANGANESE OXIDE was determined in only one of these
clays, as only one gave a deep enough coloration in the fusion
to indicate the presence of enough manganese to make its

determination worth while. In this connection, it may be



gaid that wery few cleys contain mangenese in more than
traces. OQut of ninety five =nslyses of Washington claye
listed in Shedd's "Clays and @lay Industries of Washington",
(pp 318-323), eighty nine are free from menganese, and in only
two does the content of manganese oxide exceed ome per cent.
Furthermore, as to the determination of maenganese oxide in
igneous rocks, (and the seme statement appliea to elays, since
clays are derived from igneous rocks), H.S.Washington, in the
"U.8.G.S. Professional} Paper No. 14", pp 27=-28, says:—-

"The question as to whether menganese oxide should
be determined or not is a rather perplexing one. 0f course,
for the best work, and if the anelyst is sufficiently
experienced not to fall into the error possible in its determ=
ination by the sodium acetate method, it should be done.

But on the other hand, its determination adds very materislly
to the time necessary for the analysis, and involves as well
a method very lisble to & grave error which will affect seri-
ously & much more importent constituent, aluminium oxide.

| Furthermore, the long list of analyses mede by the chemists
of the United States Geologieel Survey, ss well as those

made elsewhere, show that, while nearly aslways present, its
eamount is very small, in genersl little more than a trace.
Thus, in all the analyses published by the United States
Geologicel Survey it only exceeds five-tenths of one per cent
twice, and falls between four-tenths and five-tenths of one
per éent five times. Indeed, it is of interest to note in

this connection that ------- the amount of menganese in them

is only about one-sixth that of titanium, and is less even
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than that of phosphorus. In view of the great variety rep-
resented by these analyses and of the very high character of
the analytical work, the high figures so often found for this
oxide are to be regarded with suspicion, the probability
being that in them the error already spoken of has been made.

"That the non-determination of manganese oxide will
affect the figures of other constituents is certain, but to
what extent is not very clear. If the separation of slumins,
etc., has been made with ammonium hydroxide, a small poftion
will be thrown down and weighed as aluminium oxide. Part of
that which paéses through in the filtrate will be thrown down
with the calcium oxalste and weighed as calcium oxide. But
a8 manganese oxalete is somewhat soluble in water, some of the
mengenese will be thrown dowm as phosphate with the magnesia
end weighed as magnesium pyrophosphate. Little is knowm of
the verious proportions of the mangenese which will be thus
distributed, and the matter is one which calls for further
investigation.

"At any rate, in view of the small amount of this
substance present, its probable distribution among several
constituents, thereby affecting each of them only to a neglig=
ibtle extent, and the loss of time and@ the possibility of error
effecting the détermination of aluminium oxide, invelved in its
determination, it mey well be held that the determination of
mengenese oxide is not essential or called for, even in what

is otherwise very complete and sccurate work".
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A few experiments were made using the
Bismuthate- Arsenite method of determining manganese
described in Lord and Demorest's*Metallurgical Analysis( 1915)
ﬁ.p.82-84,as applied to iro n and steel analysis,to test its
simplieity and accuracy as a method for estimating manganese 1in
silicate rocks and clays.The investigation was not extensive
enough to thoroughly test the method amd to asecertain whether
the difficulties that were eneountered were amenable to solutimn
The results that were obtained were not of a suffieciently high
degree of accuracy to recommend the method for general labora-
tory use.
To prepare the standard arsenite soluiion,
sodium arsenite,J.T.Baker's ¢.p., formula assumed to be NafAs206
( Avegg- Auerbaoh,?oi.5,9.584),taa dissolved in distilled water
in the propertion of 2.95 grams to the liter. A more dilute
solution, e, g. ,one gram per liter, would have been more suitable,
The method @f standardization was as follows:-A
sufficient volume of the ¥M¥n04 solution used in the estimation
of iron vwas measured into a flask from &« burette to give 0,005
grams of Mn. The solution was dilutedto about 50cec.,and IOccofl
concentrated HN03 were added. The sclution was then shaken with
0.2 gram of sodium bismuthate,J.T,Baker's,free from Mn and Cl,
and boiled. If the permanganate color had disappcared, more
bismuthate was added. A small erystal cf TNO2 was now added to
dissolve any MnO2 that may have formed, and beciling was continued
until all nitrous fumes were expelled. The sclution was then
cooledwith tap water, When ecold,the solution was shaken thoroly
%ith0.3=0.4g. of bvismuthate, 30 ee. of water were then added,

and the solution again shaken. After settling, the excess of

pismuthate was filtered thru a filter prepared by mixing thoroly
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together equel quantities of glass wool and asbestos fibre by
shaking with water in a flask, A sufficient emount of this mix-
ture was poured into a funnel to fill it ﬁbout one-third full,
and was washed free from HCl., The material was found to filter
well without elogging readily,and eould be used for a number of
filtrations without ehanging, The method of filtering thru =
gooch erucible was found to be unsatisfaectory,as two or three
filtrations effeetmally clogged the filter, The filter was washed
with water, and the filtrate and washings titrated with the st=
stendard solution, The Mn0O equivalent of the arsenite solutioﬁ
per cc, was then ealeulated.

The end-point of these titrations was not clear
and definite;the solutionehanging from pink to golden-brown
and then to greenish yellow, It was also found extremely diffi-
cult to obtain ecneordant results. It was evid ent that the
conditions of the t®tration should be very cecarefully regulated.
The effeets of temperature,dilution,amount of free aecid,the
tdme period elapsing between final filtration and titration,and
the rate of titration should be studied to determine their re-
lative influenee and the most favorable conditions,

The same preoecess was followed in meking the act-
ual determinations® For aeccurate results,it is necessary to make
a manganese determination in the iron-z2lumnia precipate, the
the caleium precipifete, and the magnesium pyrophosphate
precipitate,as some magnesium #s thrown down whenever an excess
of ammonia is used in the precipitation., The tests seem to shoy
however, that the bulk of the manganese tends to precipitate X\
with themagnesium. In testing the iror=-alummia precipitate for

Mn, the sclution of the fusion with KHS04 was divided into two
aliquot parts,one of whiech was used for iron and titanium detew
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-minagions and the other for manganese determination. The end-

point in the mineral titratkons was clear and distinet;the sol-

ution echanging from pink to eolorless,

The sodium arsenitefd solution proved to be fairly
stable, but should bde checked up every few days. The methéd
seems to show possibilities for very good work,and if the exact
conditions for titration were aseertained would evidently be
capable of giving very reliable results, The labor required to
test the three preeipitates would,in our experience, be less £¥
than that involved in a basie-acetate precipitation.

ATKALIES by the J., Lawerence Smith method.(See
p.5) One gram of the finely ground elay is intimately mixed in
a mortar with an equal weight of sublimed NHy C1l,then all but =z
small portion of eight grams of pure CaCOgis added and the whole
thoroly mixed together, The contents of the mortar are transfeyred
weed as completely as possible to a long platinum erucible of/X
the J., Lawerenee Smith type. The remainder of the carbonate is
used to rinse the mortar and pestle,and as & eover for the con-
tents of the crucibkl®f The eruecible is capped and placed in a
inelined position thru a hole in & pieece of stout asbestos board
clamped in a vertieal position. Heat is applied to the bottom £
of the erueible from a low ﬂame% the odor of a:mnonia:ino
longer perceptible,teking eare that no ammonium chloride is
driven off instead of being broken up to form CaCl,and ammonis,
The full heat of two Bunsen burners is then applied from 40 to
50 minutes., The eake usually detaches readily from the erueible
but if not it may easily softened up with hot water. The ceke i
is transferred to a ecasserole and digested with water({using only

wet) it is completaly disiwtegrated.
2 or 3 se. at first),ény lumps are broken up and the residue fil-

=tered and washed well with hot water.,
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To the hot filtrate are added excess of NH,OH and ( NHy), CO4.The
CaCOgis fiMlered off and washed with water eontaining a very lit-
-tle NHOH,

The filtrate is concentrated to a small vclume
in = ecasseroleand transferred to a small poreelain evaporating
dish,then evaporated to drynessX It is then ignited carefully
at a low red heat until a1l NHACl is expelled and no mores fumes
form. Afterxthe dish has been allowed to cocl,there are added

one c. of 10 per cent (NH,), CO3 ,ana

2 little water,a drop of Bacltﬁene cec, Of (Nﬂg)tc,g,.The seolution
is heated and filtered from eny preeipitate into = weighed por-
celain dish. Two or three drops of HCL are added to the filtrate
It is evaporated to dryness,ignited as before,and weighed as te
combined chlorides,NaCl end KCL.The chlorides must be white,and
if there is any insoluble residue in water solution,it must be
weighed. 3

The amount of PtCl,(Kakilvaum's I0% solution)
requieed to convert the two ehlorides into chloroplatinate is
czleulated( Treadwell-Hall, "Analytical Chemistry”,(I9I1)Vol.2.
Quantitative Analysis,p. 44)and a few tenths of a cubie

of the cdlevlated awvwount

centimeter in execess are added to the water solution of the £

ehlorides, It is then carefully evaporated until only a drop of
to stand

liquid is left.Twenty ce. of aleohol(807) are added,and allowed ,
until the platinum salts dissolve, It is then filtered on toc &
weighed gooeh filter, and the K,PtCl washed with 80% alcohol.
The gooeh filter is then dried atesé II0°C.and weighed. THe K,0
frows the the eblovoplotinetn. thuas obTaimed., samd e Na,O
is then caleulated,from the remainder obtained after deducting
the weight of the KC1 from that of the combined chlorides.

This is the method deseribed by W.F. Hillebrand

in "Analysis of Silicate and Carbonate Rocks",U.S.6.8.Bulletin
422,p. 173,
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PHYSICAL TESTS.

One kilogream of the air-dried sample was weighed
out on the laboratory balence and ground in a Braun sample-
grinder to a fineness of about 25-50 mesh. Water was then
added from a 500-cc gresduate, with thorough working and knead-
ing of the mass, until the cléy had attained its maximum
plasticity, when it had come to the best possible condition
for molding. The reading of the graduate was called grams
of water, and this, divided by ten, gave direectly the per=-
centage of water necessary to work the eclay.

In molding the elay inte briquettes, brass gang
molds were use&, holding three molds each. The molds were
shaped according to the specifications laid down by the
American Society of Civi¥ Engineers, as described én page
188 of Waterbury's "Laboratory Manual for Testing Materials
of Construction”.

In breaking the briquettes, a Fairbanks machine
wag used, the property of the Civil Engineering department
of the University of Idshe. From eight to twelve briquettes
of each sample were broken, and the tensile strength of the
eclay was figured from the average tensile strength of all the
perfect briquettes broken. Results of briquettes which
showed faults after fracture, such as cracks at or near the
mid-section, were discarded.

As the briquettew shrank considerably im drying,

the average cross-section of all the briquettes of eech
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sample, measured by means of a vernier caliper, was divided
into the average tensile strength of them, the guotient
giving the tensile strength of the c¢lay in pounds per sqpare
inech.

The eair shrinkage of each clay was computed from
the linear measurement of the briquettes just before breaking.
Thus, if the average length of all the briquetteé of a sample
was 2.8 inches,(the original length of all was three inches)
the percentage of air shrinkage would be 0.20 x 100 divided
by 3, or 6.67%.

Plagticity was determined only by noting the way
the clay worked up, as there seems to be no standard method
of determining and expressing precisely, the plasticity
of elays.

Burning test. The coler of the sample after igni-
tion was noted, as this is the color which the burned product
will have, provided the ware is not vitrified.

Pusion tests were not carried oumt, on account of
leck of & suitable furnace. Our small muffle furnace, as
well &8s the large muffle furnaces of the Assay department,

proved inadequate for these tests.
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BURNING TEST,

Fi¥ty grams of eaech sample were made into & plastic
paste, and four WOne ineh in diameter and one-fourth idb
thiek were molded in an improvised wooden mold. These were &
dried ia the air for twelve hours,then at IIO C., for two hours
The dianeter of t'ree disks oa each set was then measured by
means O. a ver.ier ealiper;the fourth disk being preserved "4
as anunbakea sample, The disks were then introduced into
the electric furnace at a Llow heat,and then submitled to tle
full weat of the furnaee for about two hours, At the end of
thie time,the diska were again measured with the veniers
along tue sane diameters, ‘In this way an idea of the relative
fire sarinkage was obtained,altho maximum shrinkage does not
take plaece until ghe point of vitrification is reached,whidm
was not attained at the temperature of the furnace. The fise
shrinkage thus obtained expressed in per ecent was as
follows:-

CLAY NO. I 2 ] 4 5 8 7 8 § 0 311
ire Shrinkage : ‘
Per Cent 2,52 5,46 7,25 2.26 0.82 2,48 2,6 1.75 .96 nil I1.83
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Summary of the Origin,Composition,and Uses of "lays.

'%la: is the térm applied to those earihy materials
oeceurring in nature whose most prominent property is that of
plasticity when wet. Physically,clay is made up of a number
of small particles,mostly of mineral character ranging from
grains of coarse sand to those that are of mieroseopic size.
Vineralogieally,it consists(I)of many different mineral frag-
ments in all stages of decay,and representing ehewically many
different compounds;( 2)of eclloidal material which might be
either organic or mineral®.

Clays are always of seeondary origin,the product &
of the decomposition of other rocks, A residual ciﬁy is one
vhich remains in the same loeation as the parent roek,and.mqy
oceur as a mantle over a considerable area,but is more usua}ly
found in veins.

I. This swmary is based on H,Ries' "Clays,their Occ-
urrence,Properties,and Uses"( 1906),

Residual Clays rarely remain on the steep sRopes
where they are fprmed,but are carried away by rain or wind,
forming the more eormmon beds of sedimanfary elay.

Sedimentary elay is to be distinguished in ghat it usually
oceurs in stratified layers,and usually bears no direct rela-
tion to the underlying rock on which tgiy mey rest. In the ¥
proecess of transportation the finer and the eoarser partiecles
are 1lik e to beeome separated as the fine particles can only
be deposited in still weter., Alsc it may beecome mixed with
impurities,and layers of sand are often found in sedimentary
clay deposits.

P
Oftentdmes the sedimentary layers =we covered with

enormous amounts of other deposited material, and the great
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pressure to whieh they are subjected causes them to harden X
into a a firm rock-like mass called"shale", Shale has the “ame
compésition as the elay from it is formed,an d mag be us-d
for many of the same purposes as clay.

@lays have a very complex minerglogieal compositio
and therefore nd definite chemieal formmla. Kaclinite has
beem supposed to be very widely distributed in elays,but lit.

onrontoffe. 3
tle evidence seems to be :elieble in proof ¢f this syppositon.
It is a hydrated silicate of alumina,represented vy the
formula 31206,23101.2510 corresponding to the composition:.—

Siliea 48,3%

Alwmia 39,8%

Water 13.9%

Other mainerals closely related to kaolinite are halloysite,
indianite and pholerite.

Quartz,mica,the ion ores ineluding limonite,hemat-
ite,magnetite,siderite,and pyrito.caleite,gypsum,rutile;i;gi:"_
fpite,glameonite,dolomite,magnesite, manganese oxides,as vwoll
&8 many other minerals are of eommon oceurrence in clays.

An ultimate analysis does not afford a knowledge
of the mineralogical constituents of the elay,but indicates
many important faects, It gives an idea of the purity of the
clay,sdbienyeiumris; s weter. The refractoriness of the
clay may be judged to some extent from the amount ¢l the
fluxirg irpurities,ferric-oxide,lime,magnesia and alkalies.

The quantity of weter is of economie importance,as well as
excess of silica whieh in large amounts indicates a sandy
elay.Ironhas a great influence on the fluxing properties and

the color of the elay.

- R,.'...,\a.qm



The importance of eclay in the industrial world may
be judged from the many applications tc whiech it may be put
as shown by the following table. (Ries,p.2I7)

DOMESTIC--Porcelain,white ware,stone-ware,yellow A
ware,and Rockingham ware for table serviece and for eooking;y
majoliea stives;polishing briek,fire briek and fire kindlers,

STRUCTURAL- - Brick; common, front ,pressed, ornamental ,
hollow,glazed,adobe; terra eotta;}’mofing— tdle; glazed and
encaustie tile;drain-tdle;paving-brick;chimmey-flues; chimney
pote;door-knchbs; fire- pi‘ooﬁng; terra-cotta lumber; ience-posts

REFRACTORIES--Crucibles and other assaying apparatus,
gas retorts; fire-bricks;glass-pots and bloeks for tank furnaces;
saggers; stove and furnace bricks;blocks for fire boxes;
cupola briecks;mold linings for steel castings.

ENGINEERPING--Puddle,Portland Cement,railrcad baliast
water econduits,iurbine-wvheels;electrical eonduits,road metal.

HYGIENIC--Urinals,closet bowls,sinks,wash-tubs,
bath-tubs,pitchers, sewer- pipe,ventilating- flues, foundation-
bloeks,vitrified briecks.

Minpr USES--Food adulterant;paint fillers;paper fill-
ing;eleetriec insulators; pgmps; fulling eloth;scouring soap; B4
packing for horses'feet;chemical apparatus;ink-bottles;
ultramarine menufacture; emery-wheels;marbles; battery-cups;
pine,stilte, ard spurs for potters' use;shuttle eyes andm
guides; smoking-pipes;umbrella stands;pedestals;filter-tubes;
castor-wheels; pump~-wheels; eleetrical porecelain;fcot-rules,;

plaster; alum,



5, 21
A BRIEF DISCUSSION OF CLAYS FROM ECONMOMIC STAWDPOINT.

The following statisties ceconcerning the eclay-
working industries are taken from U.S.0.S.Bulletin"Mineral
Pesources of the United States,Part 2-Non-Metals,I9I2,"( 1913
pp. 525-620, The total value of all clay products marketed in

$162.,23¢ 18\
1912 was *172,8II,275 compared with %58,8647364 in IOII. Off
; -

this former sum,the brick and tile products amountedgﬁ36,507

: valosd K B30, 504,16y o
I1II%or 78,.88% of the totaljand the clay products were 2I,I2%
of the tctal.The brick and tile division showed the greatest
incredse,

The eclay-working industries are very little
developed in Idahc as no pottery clays are being worked and
only a few of the more available deposits are being made into
briek and tédle. The total value of the industry in Idaho and
Nevada combined as given as 8176,108 in I912,showing a decrease
from %198,479 in I9II.

The total amount of eiay miued anu scld is given as
2,530,265 tons with a value of $3946,020, The elay as mined
had therefore an average —alue of 1,56 per ton which repress
ents largely the cost of mining. The average value per short
ton of various kinde ¢f elay as mined is Kaolin, %8, 53;paper

1 4-O
clay, 84,37;81ip elay, #1.68;ba1l clay, 83, 50; fire-clay, %6+59;
miseellanecus elay,3I.03, It will bde seen then that a clay ¥

oo ,RO-QS; QrCehe :&0‘%9}
abed has very little economiec Value in itself,but it is of va-
lue to its owner only so far as he is able to produce a
veluable finished product at a reasonable cost of productiom
e

It is _probable that there will be a great developmem®
of elay-working industries in this state for several years
to come.At the present time clay products are limited almost

exclusively to eommon briek,pressed brick,and tile to satisfy

the local market for structural purposes.
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Even if valuable kaolin, bail c¢iay Or the hipgher grades of
¢lay should be discovered in extensive and commercial deposits
the problems of competing with established weares,ii Lubl,trans—
portation,and operating costs would serve to reiard wiu check
clay-working on a large scale,

' The econtinustion of such investigations as the pre—
sent one s'oul! be of value in indicatinz those elays most
suitavle for commercial development,and preventing useless &

expenditure on clays of no value.
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DESCRIPTION OF SAMPLES.

Semples Nos. 1, 2, 3, and 4 were secured from the
brickyard of John T. Huetter and Sons, at Huetter, Idsho, &
small town about three miles from Coeur d'Alene, Idaho. Mr.
Huetter and his son Thecdore accompanied one of us, E.E.Smith,
out to the briekyard from Spokane and aided him in securing
the semples.

The clay at Huetter is in three strate, the upper
one beginning immediaetely below the surface and the lower one
merging into coarse sand at an average depth of seven to
eight feet. Geologically, it is evidently of sedimentary
origin, heving been deposited in the bed of Leke Coeur d'Alene
at & time when it wes vastly lerger than it is at the present
time,

Huetter and Sons had been meking brieck from the
whole of the deposit, mixing the clays from the three strate,
and the produect had been of an inferior gquality. Knowing
that Mr. Smith was collecting clay samplem, they employed
him to investigate their clay deposit, in the hope of dis-
covering the cause of the inferiority end finding a remedy
for it.

Mr. Smith secured samples from each of the three
strata, numbering them 1, 2, and 3 from the upper layer
down, and als¢o secured semple No. 4 from another bed, of
uniform composition, belonging to the same company but ly=-
ing on & high table-land across the Spokane River from Huetter.



Geologically, this clay differs from the other bed in that
it is a residuel clay, formed from the decomposition of
gneiss and schistose rocks in the place where it is found.

Sample No. 1 is from the first straetum of the bed.
It is drom two to three feet in thickness, beginning immedi-
ately beneath the grass roots, and is very dark brown in
color, evidently containing considerable orgenic matter.

In structure it is rather coarse-grained, and as & result,
it is not very plastiec. It slaskes easily &and gquickly, and
requires 41% of water to bring it to ite most plastie
condition., Owing to the large smount of water necessary in
the working of this clay,it cannot be dried respidly, but
cracks unless the drying is slow.

After drying, the briquettes measured two and five
eighths inches in length and seven eighths of an inch sguare
at the breaking section. Thus, the air shrinkage of this
clay is 12.5%.

Eight perfect briguettes were broken, the breaking
loeds being the following:- 85, 80, 80, 75, 116, 90, 85,
and 80 pounds; average, 86pounds, or an average tensile
strength of 112 pounds per squere ineh.

The chemical analysis of thié ciay is as follows:-

Moisture and Ignition Loss 18.22%

silice (S103) 44 .46
Alumina (Aly03) 26.97
Iron (Fe,03) 8.03

Caleium (Ca0) 2.02
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Magnesis (Mg0) .69
Alkelies (Nay0-X50) .98
TOTAL 101.37
TOTAL FLUXES 11.72

Sample No. 2 is from the second stratum of the béd.
It forms a sharply-defined white seam, varying from one to
two feet in thickness. This clay im very light and porous,
and has very little body. It slakes gquiekly, and requires
40% of water to bring it to #ts meximum plastieity. It is
8 very fine-grained e¢lay, but is almost entirely lacking in
plasticity, being of a chalky, powdery nature.

Its 2ir shrinkage, as figured from linear measurements
before breaking the briquettes, is 3.3%.

Six perfect briquettes of thia'aample were broken,
the breaking loads being as follows:~ 15, 11, 13, 15, 13,
and 11 pounds; average, 13 pounds, corresponding to a tensile
strength of 15 pounds per square inch.

The chemical analysis of this clay is as follows:w

Meisture (1llOdeg C) 6.21
Loss on Ignition : 5.30
Silice (8105) 52.02
Aluminae  (A1,03) 18.95
Iron (Fezoz) 4.07
Caleium (Ca0) 3.20

Magnesia  (Mg0) .48
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Alkalies (Nag0-Xg0)- 9.60
TOTAL 99.83
TOTAL FLUXES 17.35

It was this seam of white clay that ceaused the
inferiority of the produet. Its extremely low tensile
strength made the brick weak, and its extraoerdinarily high
proportion of total fluxes (17.35%) mede the brick fuse
together in the kiln, at temperatures below that which was
necessary to give good color and strength to the finished
produet. Huetter and Sons had thought that it was this
white c¢lay which was spoiling their brick, but had hesitated
in going to the expense of stripping it off until they were
certain. After these tests and analyses, however, there
was no doubt that it was the white elay which was doing the
damage, and in the next run, they threw as much of the white
eclay as possible back into the pit. The brick frem this run
were of high quality, well above the standard, zwik did net fuse
together in the kiln, and had & good red color.

Sample No. 3 is from the third strata of the bed,
the main layer of the bed. It varies from three to four
feet in thickness, and is light brown in color. It slakes
easily and quickly, and requires 29% of water to bring it to
its most plastic condition.

In structure it is rather fine-graineé&, but contains
considerable sand, especially in the lower portion. As its

plasticity is fair, and its tensile strength is very good,



hewever, the sand dees no harm, but en the ether hand, is a
distinet advantage, in briek making, in that it enables the
clay to stand rapid drying without eracking er werping.

This elay has an air shrinkage of 18.4%, and burns
to a good red color. Eight perfeet briguettes of this clay
were broken, the breaking leads being as fellows:- 100, 105,
145, 120, 115, 97, 110, end 95 pounds, corresponding to an
average tensile strength of 145 pounds per square inch.

The chemical analysis eof this clay is as follows:~

Moisture 6 .48%

Ignition Loss 5.98

Silica (810g) 54 .84

Alumina = (Alp0,)  20.15

Iren (FegOz) 7.41

Calcium (Ca0) 1.54

Magnesia (Mg0) 1.13

Alkelies (Nap0-Kg0) «47 (By difference)

TOTAL FLUXES 10.55%.

Sample Neo. 4 was secured, as has already been
stated, from a deposit lying on the South side of the Spokane
River, opposite Huetter, Idaheo. The geology of this bed
has already been mentioned,but its extent and depth are
unknown, as'the deposit has been opened up in only one place.

This is a very good clay, yellow in color, of a

dense, hard body, eminently plastic, and, with the exception
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of some pebbias and small fragments ef undecomposed rock
scattered threugh it, is very fine grained. This clay
slakes slowly, is hard to work, and requires 35% of water
to bring it to its most plastiec conditionm.

Owing to the plastic nature of this clay, it will
not stand rapid drying, but if dried slowly, very good results
mey be obtained. The air shrinkage of this elay is 6.7%,
and it burns to a good red eolor.

Seven perfect briquettes of this clay were broken,
the breaking loads being as follows:- 90, 100, 85, 85, 110,
95, and 100 pounds, the average being 95 pounds, corresponding
to a tensile st;ength of 108 pounds per square inch.

The chemical analysis of this clay is as follows:-

Moisture, 3.20
Ignition Loss 9.56
siliea (siog) 53.03
Alumina (A1203) 24.82
Iren (Fes03) 5.58
Caleium (Ca0) None

Magnesia  (MgO) .63

Alkelies (NapgO=Xp0) 3.28 (By difference)

TOTAL FLUXES 9.93%.

Frem the analysis and physiecal teéts, it is
apparent thaet this elay could be used for many ether purposes
than common brick making. It should make good paving brieck,
sewer pipe, and roofing tile, and, if the pebbles could be



removed economically, is should make good stoneware, pottery,

and other kindred products.

Sample Ne. 5 was secured from the Ideho Lime Co.,
of Spokene, Wash. and Albany Falls, Idaho. As the company
gsent us this sample, we could learn nothing of the geology,
extent, or eccurence of this elay, beyond the fact that it
was deposited from the bed of the Pend d'Oreille River.
This elay is very uniform in composition throughout the
entire deposit, and is & white, eminently plastie clay,

extremely fine greined and free from sand or other impurity,

It slakes rather slowly, but is easily worked,
though it requires 35.5% of water to bring it to its most
plastic condition. The air shrinkage of this clay is
8.3%%, and it burns to a good red color.

Eight perfeet briquettes ef this sample were
broken, the breaking loads being as follows:- 70, 75, 80,
85, 80, 70, 70, and 85 pounds, the average being 77 pounds,
correspoldding to & tensile strength of 98 pounds per square
ineh.

At present, this eclay is being used only in the
manufacture of brick, but since this is a large deposit of
high grade clay, it is certain that it will be used for
many other purposes, such as stoneware and pottery, for which
it is eminently suitable, &as soon as the company becomes

able to enlarge its scppe of operations.
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The chemical analysis of this clay is as follows:-

Moisture /.34 T°
¢ 0. 10

Loss on Ignitien

A
Silica (S102) I

S
Alumina (41505) 17
Iren (Feg0sz) 605
Caleium (Ca0) A606
Magnesia  (MgO) / 3%

Alkalies (NapgO=K,0) F_g;_gj_ '70
somag. /°0 77

(I

romas Fvxes /0 7 7

Sample No. 6 was sent us by the Ceeur d'Alene
Commercial Club. It is a very high grade white kaolin eclay,
very fine grained and eminently plastie, with a2 dense, hard
body. This elay slaskes very sglowly and is hard to work,
requiring 46% of water to bring it to its most plastic con=
dition. Owing to its very plastic nature, and the excessive
amount of water necessary in its working, this clay must be
dried very slowly in order to aveoid cracking. Its air shrink-
age is 16.67%. On burning, it assumes & light buff eolor.

Eleven perfect briquettes of this sample were
broken, the breaking loads being‘ 110, 115, 140, 150, 120,
165, 125, 165, 160, 155, 125, pounds, the average being 138
pounds. Thus, the tensile strength of this clay is 180
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pounds per square inch.

The chkemical analysis of this clay is as follows:=-

Meisture o ge e

Ignition Loss 4. 52 7

Silica (810,) J 2 17

Alunina (A1,05) A7 g5

Iren (Feg05z) 3. 62

Caleium (Ca0) T e

Magnesisa (1g0) 19

Alkalies (Nap0=Kg0) i b (BY DIFFERENCE)

vorat Fruxes S 43T 7

We have no informetion as to the extent, depth,
location, or geology of this deposit, but sinee it is being
exploited by the Ceeur d'Alene Commercial Club as one of the
assets of the country, it must be of considerable extent.
Judging by the tests and analysis, it is a very high grade
clay, and should be of comsiderable industriel importance
when developed. It is apparently suitable for high grade

stoneware and pottery, and might be suitable for chinawgre.

Sample No. 7 waa secured from Mr., Neill, of Hope,
Idsho, We have ne information as to the extent, depth,
location, or geology of this elay, as the deposit is entirely
undeveloped. Geologically, however, it is of sedimentary

origin, and was deposited in the bed of Leke Pend d'Oreille.



This clay is gray in eclor,fine grained and eminently
plastic,iree from sand and other impurities. It is of medium dense
bedy,slakes easily and quickly,and requires 29% of water to bripg
it to its most plastic condition, It dries well,without cracking
or warping;has an air shrinkage of 8,33%,and burns to a light
brownish red color.

Seven perfect briquettes of this eclay were brokam
the breaking lcads being I20,105,405,135,100,I00pounds,the aver-
age beinngII pounds, correspomding tb a tensile strenghh of 145
pounds per square inech. -

This is a rather high grade of elay,and should
be suitable for the manufaecture of all the ordinary clay products
that require a red color., It should make excellent stoneware
as it possesses all the gqualities of & stoneware eclay.

The chemical analysis of this clay is as

follows:=
Moisture S, 24
Ignition Loss _ 4,83

Alumina ( AL,0,) II,94

Iron (Fe,0,) 12.83
Titamiun (T10,) .22
Caleium (Ca0d) .79
Mzgnesia ("'Mg0) 2,42

Alkalies (Na,p-x,pys.vs
by difference.

Total Fluxes 2I,80



n 33

The high proportion of fTuxes in this clay make it un-
fit for all purposes requiring & refractory of semi-refractory
clay;but its plasticity,tensile strengthand easy working propet-
ties wouldapparently meke it eminently desirable for the manu-
facture of sewer-pipe. It would probably be suitable for pressed
briek,if mixed with suitable sandy material.

Sample No.8 was sent to us oy Mr, Philip Heinrich of
Midvale,Idaho, This clay is of a dark earthy color,has a demnse
hard,body;is fine-grained and free from lar@e amounts of safd
and is plastic., I¢ slakes rlowly,and 34% of th~ woter was
used to bring it to its most plastie condition. Its air shrinkdage,
is 13%,showing the need of eareful drying to prevent cracking
and warping. On burning it assumed a deep red color,and cakad
together in the erueible,indicating a very low fusing point,

8ix perfeet briguettes of this sample were broken,
the breaking loads being220,190,165,190,I85,and 185 poumds,
averaging I89 pounds,corresponding to a tensile strength of
248 pounds per square inech,

The chemieal analysis of this clay was as followss

Moisture 4,37
Ignition Loss 4,75
Siliea (31011 54,354
Aumia (‘1193’ : 1.77
erric Oxide(F91§5)19.5I
Lime ( ca0) b, 26
Megnesia ( 1g0) i'. 62
Titanie Oxido(rioz} 90
Manganous Oxide(Mn0) , <0

Alkglies (by differenced, 26
Total Flwumxes 27,65
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The unusually high amount of fluxes make this rather & low ¥
grade of clay. It is,however, very strong and tough and
should be very suitable for the manufacture of bricksewer A
pipe and the like,where & dense hard body is essential «ud

a deep red colcr is desirable.

SAMPLE NO, 9 was secured from the campus of the Un-
iversity of Ideho,from & pit dug to econtain the gasoline res-
ervoir for the gasoline generator of theEngineering Building
This elay is gray in color,of medium grain,and fairly plastic
It slakes easily and quickdyd and requires 257 of water to ¥/
bring it to its mést plastie condition,and dries without
eracking or warping. The air shrinkage is Iz.5%.

Eight perfeet briquettes of this sample were
broken,the breaking loads being 100,90,85,100,105,I105,110,aad
95,the average being 99 pounds,corresponding to a tensile A?
strength of I39 pounds per square ineh,This elay is similar

to No. IO,being from a different part ¢f the same bed,and
no chemical analysis was made of it.

SAMPIE NO.I0 was also secured from the campus of
the University. It was obtained from the exeavations on the
athletic field which I&%‘Kstructed at the time this
investigation was Leing made, This clay comes from an older anss
deeper strat thau No,9,tho ofthe same formation. It is Llight
brown in color,fine-grained and plastie,and is of moderately
dense body. It slakes easiiy and yuickly,and works up well,
raquiringao.sﬁ'of water to bring it to its maximun plastieit,
and dries without eracking, Its air shrinksge is I4%,and it
burns to a good red eolor, This is the clay that was used in

the manufacture of the briek for the first Administration

Building of the University of IdchodThe brick were of very
high grade.
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Ten perfeet briguettes of this eclay were Troken, the
breaking loads being 130,I145,125,155,120,110,155,130,155 and
120 pounds,the average being 135 pounds,carresponding to a
tensile strength of I75 pounds per square inch.

The chemical znalgsis of this elay was ¢ follows:

Moisture 4,0C
Ignition Loss 4,49
Silica (810,) 83.35
Alumine (41,04) 10.27
Ferrie Oxide (Fqloa) 11.67
Lime ' ( ca0) 1.46
Magnesia ( Mg0) 1.37
Titanic Oxide (Ti0,) .49
Manganous Oxide (MnO) .08

Alkalies( by difference) 2.82

TOTAL FLUXES 17,32

SAMPLE NO.II was sent to Prof. D.C.Tivingston of ¥
the Department of Mining from Deary,ldsho, and he kindly
turned it over to us,for investigation and analysis.No
information of a definite sort regarding its formation and ¢
extent is available,but it is said tc exist in quantities
of possible eommereisl importance,

The aimedried clay is almost pure white and,on busn-
ing assumes a very light buff or cream-colored hue, It is vewy
fat and plastie,slcke: raadily,and,vwhile for the most part
is very fine-grained,eontains & small amount of fine black i
and whin2°§2£§§QﬁapzﬁiiitL:%SfSﬁ;iéb:?°§5§ﬁ§} water should
be used td Lring it to its most plastie condition,when it
shows an air shrinkage of 847,

The briquettes used to determine tensile strength

were imperfeect,being laminated on account of inecorrect methods



of molding them,and shrunk so that they fitted the testing
machine very poorly,giving low results. The breaking loads 4
on 7 briquettes were 654105,70,75,70,70, and 90 pcunds,aver-
aging 78 pounds,and corresponding to a tensile strength of
II8 pounds per square inech?

The chemical analysis of the clay was as follows:

Moisture 4,65
Igrnition Loss 9.78
Silica (S(0,) 49, 54
Alumina (fk,0-) 27,23
Perric Oxide (Fe,0,) 5,85
Titanie Oxide (1:0.) .51
Liue (Cao) .35
Magnesia (Vvia0) .53
Potash (K,0) 1,44
Soda (Ne,0) 8L
TOTATL 99,97
TOTAL FLUXES 8,26

The analysis of this e¢lay indicates a high-grade semi-
refractory elay,probably of feldspathie origin,containing

a very large proportion of ¥Xaolin, It should be suitable for
$he manufacture of terra cotta,and with the proper admixture
of suitable material could probably be used for making pavimg
brick, fire-proofing and hollow-brick.

SAMPLE ud.xz while not an Idaho product,is includad
here as an example of elay used in Portland ecement manufacture
It was obtained from the elay quarry of the Superior Portland
Cement Co. of Concrete,in north-western Washington,

The deposits from which this sample was obtained ¥
are of recent sedimentary origin.The‘%gg;gées that are being
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worked at the lower end of Skagit River canyon,are up to
fifty feet in 1htgkheqs,from one=-half to one mile in EG#§§§
and several miles wide. vJ.J&A.§f£~-

ihe following analysis was made by C.F.Smith in tk

laboratory of the 8,P.C.Co. during the sumer of I9I3.

Moisture 2¢ 65
Ignition Lose 2. 69
Silica (8i0,)  58.10
Alumina (A,0,) I5.29
Ferrie Oxide (Fezpa) 8,86
‘Limﬁ ( Ca0) 5,47
Magnesia ( Mg0) 4,06
Sulphur (8) 0.13
Alkalies (by difference)2.75
TOTAL FLUXES 21.14

This elay is representative of the clays used in A
actual cement manufacture. Itsmagnesia and alkali contents
come just within the limits that make it suitable for cement
material,while iron is added as ore @r slag to inerease the
iron~alumina content,The siliea in the slag is not as finely
divided is most desirable,necessitating extra expense in

grinding.
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DESCRIPTION OF THE VARIOUS KINDS OF CLAYS
MENTIONED IN THIS THESIS, "IDAHO CLAYS".

1. PAVING BRICK CLAYS.

Paving briek clay must be plastic enough so that
it mey be worked in &n auger mechin&, and worked as cheaply
as possible; though it should not be plastic enough to pro=-
duce lemination. Air and fire shrinkage should be &s small
as possible, to avoid cracking and warping; and the brick
should be able to stand comperastively rapid drying. The
clay should be of such a character as to preduce denmse brick,
and should burn to @ very strong, tough body. It should
elso have a very high tensile strength.

The difference in temperature between the point ef
incipient fusion and vitrificetienm should be from 300 te 400
degrees F., in order to minimhze waste in the kiln.

2. SEWER PIPE CLAYS.
The clays from which sewer pipe may be made are very

similar to those used ir the manufaeture of paving brieck.

The sewer pipe have to be vitrified in burning, hence & clay
high in fluxes is needed, The clay must be plastic enough

so that it can be easily molded, and should burn to a dense,
smooth body, and the shrinkage should be as low &8s possible.
Dark colored sewer pipe seems to meet with the most ready
sale, hence the elay should conteain enough iron to give this

color to the finished ware.
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3. ROOFING TILE CLAYS.

Clays for the menufacture of roofing tile in
general should fuse at low temperatures and produce & vit-
rified product. The tile when burned sheould have a dense,
tough bedy, so that it will net absorb much water and will
not break in handling. Shrinkage should be as low &s possible
so as to avoid loss by eracking. The clay must have good
plastieity and bonding power, and should contain enough iren

to give the red ceolor ususlly desired.

4., STONEWARE CLAYS.
Wheeler (Mo. Geol. Surv., Vel. XI, ppR99=-300) gives
the following &8 the properties required in a stoneware clay:
1) Eminent plasticity,
2) Freedom from coarse sand or other coarse matter,
3)Smallest possible iron content,
4) Capebility of burning to a elose, inecipiently vitrified
body at a temperature less than 2200 deg. ¥,
6) A range of ay least 200 deg. ¥. between the point of
ineipient and complete vitrification,
6) Capability ef drying end heating at moderste speed,
7) Tough and strong body when burned,
8) Freedom from carbonates, sulphates, or other salts

that are liable to cause blisters in burning.



5. FLOWER POT CLAYS.

Clays used for the manufacture of flower pots are

usually low grede clays, similer to commen brick clays.

They are burned at low temperatures, and the ware has an open

and porous strueture. These cleys should have good plas-

ticity and fair tensile strength.

6. ORNAMENTAL BRICK CLAYS.

The manufecture of ornamental brieck, which is

usuakly by the dry~press or the semi-dry precess, calls for

& higher grede ¢f clay than is used in ordinary brick.

The

product may be red, white, or buff, but in general, the clay

should fuse at medium temperestures. The most importent

physieal reqpirements of & clay eof this type, according to

Ries, are:~
1) Uniformity of color in burning,
2) PFreedom from warping and splitting,
3)=-Absence of soluble matter,

4) Sufficient hardness ghd low sbsorption.

7. TERRA COTTA CLAYS.
Terra cotta clays should give uniform colers,

body, and burn without checking, eracking, or warping.

strong

Formerly, the coler which was secured after burning was very

importent, but & uniform color is now usually obtained by



means of slips applied to the terra cotta before it is
burned.Shrinkage should be as small as possible,as the
blocks must be exactly standard size after burning,so
that they will fit into the building, eaeh into its place

They should eontain no soludble salts,should
have good plastieity, and should burn to & dense, hard
bodyat medium temperature,

8. PORTLAWD CEMENT CLAYS,
The physiecal properties of clays are of

small impottance for cement making purposes &as compared
with their chemical pemposition,and the fineness,or state
of subdivision. In general terms, the clay shouldu-b“;m;{ e
lealté.;." times as mueh silieca as alummia, Alwmia may be
replaced by iron to a great extent, Magnesia should be
low,not over 4%, Alkalies should not be present in
amounts cver 3%,

. The uncombined siliea in a elay is in the
form of sand or pebbles. Pebbles may be removed by mechan-
ical means, but the sand must be in a finely divided
condition, If over 57 is present in form of grains not
passing a 100-mesh sieve, the elay is not suited to cement

manufacture.
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APPENDIX.

CONSTRUCTION OF THEE ELECTRIC MUFFLE FURNACE.

Since a muffle furnace is much better than & blast
lamp for making ignitioms, in that it yields a much evener
heat and does not tend to blow away any particles of the finely
divided precipitate, and also in that it gives a destructive
distillation of the filter, which is much better than burning
it off, we decided to construet such a fufnace, to be heated
by & "lichrome™ registance wire. Nichrome was chocen as the
resistance material because it will stand the highest heat
of any recistance materisl of its kind except platinum wire,
which was out of the cuestion on account of its cost.

From the pemphlet entitled "Resistance Materials™,
published by the Driver-Harris Wire Company,manufacturers of
"Nichrome" and other resistance materials, we found that the
resistance of No. 17 Nichrome wire &t 1100 deg. C. (the mex-
imum temperature at which the wire may safely be used) is
0.564 ohms per foot, and its carrying capacity at the same
temperature is 14.5 amperes when coiled in air with free rad-
iation. If insulated with asbestos, to prevent heat radia=-
tion, about half the current is alluthat may be safely be
carried. Then, assuming that the formula I==_§} which
gives the relation between curremt, voltage, and resistence
in direet current, would apply to the calculation for this
coil, since its inductance, impedance, and capacity must be

80 very smell as to be negligible, and calculating for 7.5



- amperes of current at 1100 deg,C, we have:-

IXE®X 7.5 = 110/R , R= 110/7.5 , =14.7 ohms.

Since the resistance of No. 17 llichrome at the desired temp=-
eraeture is 0,564 ohms per foot, we required 14.7/0.564, or
26 (nearly) feet of wire.

Teking an 18 em battery-cup, we wrapped the wire
tightly and evenly around it, leaving about three guarters of
an inch of each end of the cup bare. Around these bare ends
we clamped metal bands, to which the wire was connected with
solder end to which the power wires were connected by means
of brass binding posts. The bands were bolted with small
stove boltes to strap iron legs, which in turn were fastened
by means of screws to a heavily braced board, 1x12x16 inches
in size.

The cup was then covered with asbestos cement,
which was intended to serve both to keep the coils of wire
from springing together and short-eircuiting, and to retain
all the heat possible. The whole was then surrounded with
asbestos heat-insulating material and & small door made of
a piece of asbestos card. After the cement had dried, the
current was turned on, and in about twenty minutes a very
satisfactory temperature was attained. Aftery this trial,
the furnace was allowed to cool:= and next morning, the cup
was found checked into nineteen pieces. The battery cup was
of too poor gquality to stand the exbtreme temperature.

As we had found, even in this one short trial, that

the circular type of furnace was not satiéfactory on account
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of its small size, inneficienscy, angk instebility, another type
of furnace was next consideded. Securing a small furnace=-
muffle, of the "D" type, three inches by four inches by six
inches in size, we wrapped the registance wire from the pre-
vious furnace tightly and evenly around it, throughout its en-
tire length, coated it thickly with asbestos cement, and set
it aside to dry. While it was drging, we made a base of fire
brick, laid in asbestos cement, upon the bese-board of the
previous furnace; covered it with a liberal layer of the ce-
ment; placed the partially-dried muffle in position and cemen-
ted it solidly in place.

The next problem was to hold the heat-insulating
materiel in place around the furnace , and a2t the same time
permit free access to the mouth of the muffle. After XNE
several unsuccessful ettempts to insulate it sufficiently by
dreping sheets of asbestos over it and by wrapping layers of
asbestos pipe-covering around it, we finally made a hood from
a five-gallon kerosene can by cutting off the top and bottom
and cutting an opening in the side , the same shape as, and
a trifle larger than, the mouth of the muffle. This hood,
or more properly, Jjacket, fitted snugly over the base, was
flush with the front of the muffle, and gave about three inches
of space on the two sides and the end of it for asbestos pack-
ing, which we made by shredding the insulating material from
around a piece of eight-inch steam pipe.

Copper conductors (lo. 17 wire) were led from the

ends of the resistance wire through the metal jacket and down



to the wood base in porcelain tubes, and were firmly fastened
to binding posts screwed into the board. As soon as it was
dry, the furnace was tried out, and current ceased to flow
aftervabout an hour's run. Upon dismantling it, we found
that the wire had burned out in two places and was very brit-
tle throughout its entire length. As this was & sure sign
of overheating, we revised our figures, going over them very
carefully, with the following result:-

Cheeking our figures of the resistance and carrying
capacity of No. 17 Nichrome wire with the handbook, we proved
them correct. Looking up the formula for current, electro-
motive force, and resistance in alternating current circuits,
in Sheldon-Masson-Hausmann's "Alternating Current Mechinery",

(p 71), we found the rejation to be
=

R
R (2 fL P}
in which I is the current in amperes,

E 1is the E.M.F. in volts,
R 1is the resistance in ohms,
f is the frequency,
L is the inductive reactance in henrys, and
¢ 1is the cepacitance in farads.
The coil in this case is so small that the effects of induct-
ive reactance and capacitance are practically the same as for
a straight wire, and therefore the guantity
(}ﬂfh— ;#f:j”
is extremely small and may be neglected. (Authority, Prof.
Corbett of the Electrical Dept.) Therefore, the relstion

-
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E
1=K

should hold in this case, and the burning out of the futnace
must have been due to the faet that our heat-insulation was
better than that provided for in the handbook, so that one-
half the open=air current could not be safely carried. This
IEXXEX supposition is rendered highly probable by the fact
that the seme wire which gave good results in the small round
furnace, which had reletively poor heat-insuletion, burned
out in the muffle furnace, in which the heat insuletion was
excellent.

Acting upon this sssumption, we wrapped the muffle
again, using twenty nine feet of the No. 17 Nichrome wire in-
stead of twenty six feet, as before, to lessen the current
flowing through it; ceovered it loosely with asbestos packing,
and connected it through an ammeter and & voltmeter to determ
mine its resistance at its maximum working temperature.
Before the wire had become sufficiently heated to render
observations possible, however, the expasnsion due to the rise
in temperature and the stiffness of the wire with its conse-
guent tendeney to "spring" csused two loops to come together,
short=circuit the current, and burn the furnace out.

We removed the burned-out wire, ecleaned the muffle,
and again took twenty nine feet of the resistance wire. This
time, however, we stretched it upon a ladder and allowed the
current to flow through it for ten minutes, in order to take
some of the spring out of it. Then, with the wire still

upon the ladder, we wound it upon the muffle, holding the

muffle in our hends and slowly moving slong the ledder as the
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wire wag wound up, using @8 much tension as seemed safe. In
this way, we sécured a very even, tight winding. We then
cemented the muffle solidly in placé, as in the first case,
and sllowed it to dry. Then, after packing the space inside
the jacket with loose asbesgtos packing, as before, we turned
the current on and awaited results. It heated up evenly and
smoothly to a bright red, and after cooling, it showed no
evil effects. Since it appeared satisfactory, we took Athe
furnace to the laboratory of the Physics Department, and

calibrated it by means of their thermoelectric pyrometer.

DATA OF CALIBRATION.
On the indicator of this particular pyrometer,
523.0 indicates 600 deg. C.

733.0 " 800 B
957.0 . 1000 ¥
1070.0 - LLOO I

Voltage during test, 100 volts.

TIME READING
3:00 PM 700
3:10 790
Furnace taking
3:16 860
g.5- 9 amperes.
3:20 900
3:2b6 926
3:30 9562
3:3b6 992
Z:40 1000 Connected in a

gsliding resistance
3:45 962 8.25 amperes.
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TIME READING

32560 962

3:565 988

4:00 1000

4:056 1010 At this point we

8lid in more res-

4:10 1010 istance, till only
8 amps flowed.

4:15 1010

4.20 1016

4:25 1020

4:30 1022 Regulating resist-
ance so that temp.

4:35 1022 gtays close around
1022 (1075 deg C)

4:40 . 1022

4.45 1022

4:50 1022 CONSTANT,

Upon measuring the amount of external resistance necessary to
maintain the temperature below 1100 degrees, it was found to
be 1.42 ohms, which amount was measured off on another
variable resistance and permanently connected in series with
the furnsace.

The furnace was used without change for about two
months, both for our thesis work and for the Sophomore class
in Quantitative analysis. At the end of this time, one of
the copper leads burned out, due to the oxidation caused by
the prolonged high temperature. In replacing these leads
with mueh heavier ones (No. 8 copper wire) it was discovered

that the intense heat of the muffle, even through the thick
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base of fire~brick, had burned through the wooden base of the
furnace and through the top of the bench beneath. Therefore
it was deemed advisable to remove the wooden base and place
the furnace upon loose fire~briek in such a way as to leave
an air space between it and the bench, which was done.

This arrangement (shown in the accompanying photo=
graph) proved perfectly satisfactory, and was the way in
whieh the furnace wes worked the remainder of the year.

The furnace was in perfecet condition at the close of the
school year, which is & very favorable comment upon the

endurance of "Nichrome" resistance wire.
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