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Introduction

Experienced dry-press operatbrs neve long known
that when they slow cdown their presces, to the wnroper
speed they are able to exert more pressure on a wetter nix
with out pressure cracks becoming aopnarent. When a clay
mix is compresced in a dry-press there is 2 gradation of
the nressure exerted, from the rams to the center, caus-
ing in some cases 2 soft centered brick, "Shelly brick",
are undersirable becesuse they do not have uniform phys-
ical properties through out. This weakens their struct-
ure, due to unequal strescses developed in drying and
fireing. The defective structure of dry-pressed brick
has been attributed to many other causes, such as uneven
moisture distribution, improper grain size gradation,
grain size segregation, occluded air, plasticity of the
mix, degree of pressure, and rate of compreséion. All
of these factors have their effect on pressure trans-
mission in one way or another, consequently we attrib-
ute the imperfect structure of some dry-pressed ware to
inadequate and non-uniform pressure transmission to all

parts of the ware.



A review of the literature discloses no imformation or
/

data pertaining to the effect of varistion of time of

applied pressure on dry-oressed ware, It is, therefore

proposed to make a study of the effect of variation of

timé of applied pressure on pressure transmission in

dry-pressing.

The Test for Pressure Distributionl

If the pressure were extremely high, even pres-
sure distribution would approach a maximum, also the
thinner the brick becomes the closer this property of
even distribution of »nressure approaches a maximum, It
was,therefore, decided to use s block which was about
ten inches in thickness after a pressure of 2000# was
anplied. as the thicker the commgn of clay the larger
the variation in physical properties from top to bottom,.

The method used was the seperation of the
block into layers and the apparent porosity of each
layer obtained. This would indicate the gegree of com-
pression vertically through out the brick, The column
was seperated into layers by the use of potters flint,
which was sprinkled between each layer in building up
the block. ZEach block contained eight layers, which
were 2" thick before compression, and anvroximately 4#
of clay wes used in each layer depending upon the den-
sity of the mixture, The flint allowed the layer to be
~seperated after forming due to thﬂ low bonding power of

the dry flint., Bach layer was then guarted and the app-
1 Bulédt®etion No. 109, NATIONAL BRICK MANUF. ASS. 10-1-'30.
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arent porosity determined on the two diasonally opposite
cuarters,
PROCDURE

Grinding
Fach of the clays in the different mixes were

subjected to dry pan grinding in a three foot convertable
wet and dry pan running at a speed of 60 r.p.m. The
screen plates used in the nan had openings 1/8 inch in
width and 5 inches in length, Grinding was continued in
each case untill the entire samnle passed thraugh the
screen mesh desired.,

Mixing
fixes 1 and 2 were screened through a 10 mesh

and 3,4, and 5 through a 8 mesh screen., The great Weast-
ern Manufactureing Co. gyratory Riddle was used in each

case,

Tempering
The tempering was done in a small kneading

machine which had a capacity of about 25#. The moisture
content of each mix-was determined and_ enough moisture
was addéd to bring the total water content up to seven
percent, After adding the water the mixer was allowed
to run five minutes to give equal distribution of the
moisture, The mix was then aged for 24 hours to pro-
mote a more even distribution of the moisture.

Forming
The test blocks were formed in a hydraulic dry

press which was capable of producing a total pressure of

6000 1bs per square inch. The mold box was 20" x 9§" x



42" which makes it possible to form blocks up to a depth
of ten inches, By the use of a gauge in the lines be-
tween the pump and the compression cylinder it was poss-
ible to record the pressure being developed on the blocks
at all times during the compression, By the manipulation
of the valves it is possible to hold any maximum desired
pressure for any length of time. Xach block was formed
under a constant vressure of 2000# the time of applicat-

ion being reguiated with a stop watch.

Drying
The blocks were dryed at room temperature for

several days then completely dried at 255 degrees F,
Bach block being quarted before drying.

Porosity Determined

The apvarent porosity was determined by the use
of the autoclave, The specimens were immersed in kerosene
and a vacuum of 28%" applied for 2 hours. Thecspecimens
were then weighed saturated and suspended in kerosene.

The apparent porosity being calculated by the following

formula - Apnarent porosity - Weight saturated - weight

dry,divided by,Weight saturated - weight suspended
_MATERTALS

The mater ials used in this research vafy greatly
in their physical properties, and so cover pratically the
entire range of clays used in dry pressing processes.

The fqllowing materials and mixes were used:

1. 8St. Louis Surface Glay(red'bﬁrning)'
2. Cheltengham Clay (fire clayl
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3., Cheltenghem Clay 35.7,, - St. Loui~ 3urf-ce Jlay
14,75

4., Cheltengham Clay 975 - Fire Brick Grog 3.5 - L.

5. Kgrth ildssouri Semi-flint Clay 995 - Fire Grog
3%,

6. Iissouri No 1 Clay 75% - Cheltenghen Clay 257,
These materisles ara wanvesentive of the important mater-
ials used in making buildins and fire brick.

DISCUBLION 0 DAT

In all caeses, the porosity curves were ploted,
with the abscissae representing the position of the
various layers and the ordinates the percent apparent
vorosity. The layers being numbered 1-8 from top to
bottom respectively. On each curve the number is printed
showing the time of pressure application. Due to the
small variation in apparent porosity for the various
periods of pressure dwell, only the curve for every other
block was plotted, that is data for 2,4,6,8 and 10 seconds
time of applied pressure were ﬁlotted, to make it easier
to distinguish the various curves. The daté corresponding
to each plot are located just above each =lot on the same
page. The mix for each set of data and curves is given
at the tap of the corresponding page.

Table T - 1 and Plot T - 1, show the data obtain-
ed on St. Louis Surface Clay, which has been dry panned
to pass a ten mesh, tempered with 7 percent moisture and
formed at 2000 1lbs per square inch;pressure. It will be
noticed that while the curves for this clay indicate that
the porosity decreases as the top and bottom of the block

are approached, this characteristic is not materially
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changed as the time of ypressure application is varied
from two to ten seconds, The curve shown for < seconds
apolication indicates a lower porosity in the upper layers
of the block than do the longer pressure duration curves,
but the general shape of the curve follows that of the
4.6,8 and 10 second curves., This indicates that within
the limits of form 2 to 10 seconds variation in time of
apnlied pressure has little or no effect on presure trans-
mission,

The soft center indicates by the higher porosity
in the central layers of the block may be attributed to
the cheracteristics of this particular clay, which is a
loess, containing o high percentage of fine grained silica.

There are three mossible theories which may be
advanced as an explaination for its lack of pressure trans-
mission properties, (1) That a solid which does not de-
form would transmitt applied pressure perfectly from one
end to the other. As this s0lid is cut up or digided into
finer and finer marticles the number of particle contacts
is increased. Iach cntact which must be made is a poss-
ible source of pressure dissipation, Manifestly the greater
the number of contacts the poorer the pressure transmission
due to small grains. (2) The fewer the number of cantacts
that a clay makes with the mold-box linning the less fricti

there is developed,



‘Accumulated friction from the point of pressure application
to the center of the block mey account for the high porosity
in the fourth layer from fhe top. (3) ZFine grained clay
would have smell interstatial pores. The application of
pressure would have e tendency to close these nores still

more, thus cutting off the svenue of escave for any air

t-

oontained in the interatetial vnores in the interior of the
blpck., "hen pressure is anplied the air -rould compress
and agaln ervyond upon release of the pressure, causing =
relatively high porosity throuch out that nortion of Zhe
block which it occunies,

Table T 2 and Plot T 2 represent the datz on
Cheltencgham cley dry panned through 10 meskh, tempered
with 7 percent moisture and formed under a pressure of
2000 1bs ner sauare inch, This data shows by the siall
variation in norosity from top to bottom of the block
that this clay has exceptionally good pressure trans -
nission characteristics, which may e due in part to its
high plesticity, which would a2llow one grain to slip
easily over another grain thus reducing internal friction
and aidine »ressgnure distribution, The various curves
almost coeinside which acain indicates that ten seconds
time of applied pressure shows no advantage over an in-
terval of two seconds. ‘

Table T 3 and Plot T 3 where 85,7 mer cent
8heltengham and 14,3 per cent Sf. Louis surface clay

formed under the same conditions as for the two prev-



ious mixes, indicates the same conditions =s that frund
in the Zheltncham cley =2lone, Althoush tro of the eurveas
nemely, 3 ceconds, snd 4 sgeconds, have » little hicher
and 2 little lower total norosity then the other curves,
théir slope is substantinlly the sane, thus indiceting
similer prescure trensamiszion characteristics.,

Table T 4 and Plot T 4, and Table 7 and Plot
5_represent Cheltengham clay 92 per ecnt, Laclede King
Grog 8 per eent and North Missouri semi flint clay 92
per cent and Green ™mn»ire Grog 8 per cent, respectively.
It is note worthy that these two mixes have about the
same apparent porosity and show fairly good pressure
transmission properties at 2000 1lbs per scuare inch
pressure through out the whole range of time intervalse,
Thile the curves for these two mixes are more widely
seperated than these of the previous mixes there is o
similarity of slope for all curves which would show that
time of pressure spplication has little or no effect on
the uniformity of vpressure trrnsmission,

Teble T 6 snd Plot T & show thot the pressure
tronsmission cheracteristics of Missouri fumber one I*lint
clay 35 per cent and Cheltengham clay 20 ver cent are
similar to those of the surfeoce clay, that i=, there is
2 hizher porosity at the center of the block, indicating
a softer center than is found in any of the other nixes
Withkthe exception of these two, The curves for the

various time intervals however are almost parell and so

have the same conclusion as regerds time of application



28 steted obove, mer be drevn.

avie Tep snd Plot Ten in ~hich $t., Louis Surfree

cley dry pemnned thru 10 wnesh aand tewmered with 7 per cent
moicture, formed =t B00 1bs per scuare inch, wac run 28 a2
check, to accentuste the differencs in norosity also indi-
cates that time of anplied nressure has no effect on pres-
sure trensmission.

CONCL.US IOITQ ) SUNTANYT

APE N
AT e

The foliowins conclusions s sumerized nin
?,&E d, of course teXking into considerastion the conditisns
of these exwneriments, and those which =o1ld preveil in the
apsnlication of these re=mults to comiercial nracesses,

1. Finely rrond non-nlastic metericls are not con-
ctive to nressure trensmission,

2. The characteristics of the Cheltengham clay
seem to be more suitable for better transmission
of vpressure than the other clays studied.

3. A small amount of grog secms to »romote the tran-
snission of =nressure and thus lowers theporosity
for o given pressure znd time of application.

4, The variation of the length of time of pressure
apnlication hes very Llittle effect upon the ver-
tical transmission of pressure, altho there is
nrobebly o lower  iimit -~hicl: aust e les hrn
the 2 secon’s dwell now employed on commercial
dry presses,

5. The rate of pressure application is perhaps Lhe
most 1mportant time consideration in obtaining
better preesure transmission in dry pressing.

RECOMMENDATIONS IFOR FURTIER RESHARCIH

It would be derirable to repeat the foregoing
test with less time of pressure application, also with
a variation in the degree of pressure used. The rate
of pressuie application would be a facta? worth consid-

ering along with the above mentioned factors.



A combination can ﬁossibly‘be renchied which would give
minimum norosity with minimum time application and de-
gree of pressure,

It would also he denirable to determine the
percentage of plastic =nd non-plestic materials which
wo1ld mive the greatest degree of pressure transmission
throush out the blocks.
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