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FIRING BEBAVIOR CF MISSOURI PLASTIC FIRE CLAY
BY

William E, Crockett

INTRODUCTION

There are two distriots in Missouri in whioh plastic fire
olay occurs. The oldest and least signifiocent of these de-
posits is the "Cheltenham", in the St. Louis area. The moat
prominent area in which plastic fire oclay occurs is generally
termed the "east central” district, Iuncluded in thls distriet
are Calloway, Montgomery, Audrain, Warren, Boone, Monroe, Pike
and Linocoln Counties.l The olay as tested in this report
ooccurs in Boomne County, near Columbia,

A plestic fire olay does not have as high a P.C.E. (pyro-
metric cone equivalent) as the ordinary flint and semi-flint
clays, but its high plasticity warrants its use in the meru-
faocture of refractories as an aid in the forming process, Plastic
fire clays are also used in the production of second-grade re-
fractory products., The chief difference between plastioc fire
clay and semi-flint olay is that the plastic fire olay contains

more impurities aund has a higher alkali content.

1. "Influence of Missouri Fire Clay on the Refractories
Industry.” A.P. Green Fire Brick Co.



It is essential that, before any clay can bée placad upon
the commercial market, the various physical properties as des=-
oribed in this report must be determined. This is true because
of several reasons. Fundamentally, from a monetary standpoint
it is necessary to know if a prospective clay will have desir-
able properties so that it cen be mined, formed, dried, fired
and sold at a profit. It is by these tests that a clay may be
determined of commercial importance or otherwise usseless,

Practiocally all oclays end clay bodies show e decrease in
size on drying. This is attributed to the loss of mechanical
water, which mcts as a maitrix between the particles, holding
them apart, and also the pressure developsed on the surface of
the object during the process of drying,

It is neocessary to know the drying shrinkege and the burn-
ing shrinkage of a oclay in order that due allowanoe be made in
the making up of green shapes, so that the size and shape of
the finishsd piece will be correct.

In general then, the firing behavior of a clay must be
pre-determined, so that the entire proocsssing of the materials

involved will be as efficient and eocnomiocal as possible.



DESCRIPTION OF CLAY
The plastic fire clay as tested ooccurs in the Pennsyl-
vanian formation in the vicinity of Columbia, ¥Mo. The clay
is grey in color, has an argillaceous odor when wetted and has
a soft feel. The oslay does not, however; blunge without com-
paritively fine preliminary grinding. The clay as sampled for
this report ocours only a few inches bslow ground-level.
FORMING
The plastic fire cley sample (approximately 30 1bs,) was
passed successively through a jaw orusher, set of rolls and a
Braun Pulverizer. This equipment was of laboratory size. TUpon
grinding, the clay was passed through a 20 mesh seive., Water
was then added until e plastic condition was reached suitable
for wedging on a plaester board. Upcn wedging, the clay wes
formed into 1" x 1™ x 6" bars and 1" x 1" x 1-7/8" bars in hend-
operated brass laboratory molds.
DRYING
1-7/8" specimens after determining the plastic volume of
the bars were dried for LB hours at 110°C. in a steam-operated
dryer.
P.C.E.
Toest cones were made of the clay in aoccordance with Ameriocan
Ceramic Society specifications and were plsced in a eciroular
plaque along with standard cones and thus fired in an electrie

"gren-snnular"” P.C.E, furnace.



PLASTIC VOLUME

Tha plastic volume was determined immediately upon forming
in a Seger volumeter. Kerosene of specific gravity of about
0.8 was used as the measuring fluid, After the plastic volume
was determined, the surfaces of the test pieces wers dried ligit-
ly with & soft oloth to remove the film of kerossne, and allowed
to dry at room tempsrature until air dry. They were then dried
at & temperature betwsen & and 76 deg. C. to approximately con-
stant weight. After this treatment the specimens were dried

as described under "DRYINGY.
WATER OF PLASTICITY

The water of plasticity is the water necessary to bring tie
clay to a good working oconsistency. It is expressed as a per-
ocsntags by wsight of the dry clay. The water of plastioiﬁy varies
between wide limits, being high for plastie, fine-grained oclays
and low for sandy and non-plastic clays.

POROSITY

Porosity is the percent by volume of the opsn pores of the
fired pisce. Porosity equals saturated weight of the fired piece
minus the weight of the fired piece divided by the volume of the
fired test piece. The units for this method of dstermination

st be measured in the C,G.S. system,



ABSORPTION

Absorption is the percent by weight of the water absorbed
by the open pores of the bedy. Absorption equals saturated
waight of the fired plece minus the dry weight of the fired
piece divided by the dry weight of the test piece x 100.

APPARENT SPECIFIC GRAVITY
The apparent speeciflc gravity is found by the weight of the dry
fired pieecs divided by the volume of the dry fired piece ex-
cluding the opén porss.
FIRED VOLUME

The fired volume is determined directly by placing the
gaturated plece in the volumeter and determining the cubie
centimeters of liquid displaced.

HARDNESS

The hardness is noted as being either harder or softer than

steel, due to the difficulty in making such a test.
COLCR
The color is determined by visual observationm.
FIRING

The firing was carried out in an o0il fired down-draft
laboratory kiln. The schedule is included in graphic form on
attached page. The cone numberslrepreaent the actual draws as

performed in the laboratory.
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DISCUSSION OF EESULTS

The tabulated data would seem to indicate the following
uses for the clay as tested:

l. As a 2nd grads fire clay or as a plastic fire clay.

2, As a stomesware clay.

3. As a modeling clay,

The clay has a good green strength, is free from coarsge
sand and other ocoarse foreign matter and is low in iron con-
tent. It has a P.C.E. of cone 29-%0,

The clay dries without excessive warping or chscking and
doses not require slow or cereful drying. If the clay should
bs used in the menufacture of pottery (stonewars) probably cone
5-7 would be the most suitable bisque range if the oclay were
used alone with no other ingredients present.

The clay may be hand-formed, but will not cast suitably
in a plaster mold with no other ingredients present. Undoubt-
edly, the clay can be made to cast nicely when present up to
50% in a mixed body.

In the practical firing range of the clay, the color is
light gray and is approximately as hard as steel. Ths poro-
aity ranges from approximately 15 to 20% throughout this range,
thus in a stoneware manufacture, the clay would require a glaze.

The clay takes a slip glaze micely.



The clay seems to be free from coarse particles of any kind
which would produce spots and blemishes on the surface, providing
further sampling does not produce different results.

The iron content is apparently low, as it should be in the
mamfacture of refrsotory products or stoneware. This would be
especially beneficial if the ware were to be salt-glazed.

The temperature at which the clay should be fired is easily
attained with common fuel, thus the esconomic feasibility of pro-
ducing the clay product in any locality is helped.

Before any too conclusive statements can be mede conesrn-
ing the sxact possibilities of this clay, it will be necessary
to do some extensive prospecting, so as to definitely locaté the
extent of the deposit (at the present time it is known to out-
crop along a creek for at least ome mile) and at the same time
determine the general quality of the olay. There should also be
a gerises of tests run on the c¢lay, such as actual ware production
under oconditions as ars found in industry,

The epparent possibilities of this speoific fire oclay deposit
are somewhat limited at the oresent time due to lack of transportat-
ion feeilities; the nearest rail shipping point being approxim tely
5 miles away.

The olay has been used to a limited extent as a modsling clay
and has the possibility of this apnlication in the art field, how-
ever; the zconomic importance of such an application would be very

limited.
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