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(57) ABSTRACT 
A method for forming a uniformly compacted ceramic 
dish having at least one angled sidewall comprising the 
use of a multiple section female die having a dish 
shaped mold designed to produce a dish with a 
sidewall having a thinner upper edge and a slight foot 
at its base. One or more bottom, intermediate, mova 
ble, sidewall punches are employed in the die to ob 
tain a more uniform fill and a more uniform compac 
tion ratio. 

3 Claims, 2 Drawing Figures 
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DRY PRESSING CERAMC DISKN MOLD 
HAVING A MULT-PART FEMALE DE 

BACKGROUND OF THE INVENTON 

The instant invention relates to a ceramic dish, and 
more particularly to a pressed ceramic dish having an 
angled sidewall. 

It is known in the ceramic art to form certain shapes 
by means of pressing. The shapes commonly pressed 
are refractories, tiles, special electrical and magnetic 
ceramics, spark plug insulators, technical ceramics and 
a variety of products for which large numbers of simple 
shapes are required. The water content of the pressing 
mixture is low - about 5 to 15 percent by weight, and 
the forming pressure is high - several thousand 
pounds per square inch. The shapes amenable to 
pressing are generally simple, with uniform cross sec 
tions to make it easier to obtain uniform compaction 
and therefore uniform density. See Kingery, Introduc 
tion to Ceramics, 43-45, 1960. FIG. 3.10 at page 43 of 
Kingery shows the right and wrong designs for dry 
pressing, the third figure from the left illustrating that a 
dish shape should have only horizontal and vertical 
walls, not angled walls. Consequently, dish shapes with 
angled sidewalls ranging from plates to casseroles are 
generally formed by the jiggering process, Ram process 
or plastic pressing, all of which are very slow and costly 
methods of forming. 

In dry or damp pressing (as opposed to plastic 
pressing) it is essential to control fill of the mold in 
order to control compaction, uniform compaction and 
uniform density being the goal. The most satisfactory 
compaction ratio will vary from about 2:1 to about 4:1, 
depending upon the specific formulation and method 
of body mixing. Low compaction results in weak, 
poorly formed bodies. Excessive compaction results in 
body defects such as blisters, and the formed article 
sticking to the mold. In extreme cases of excess powder 
mix in one area, the press would be unable to close. A 
small amount of variation in compaction ratio in an ar 
ticle, perhaps 10-20 percent, is commercially accepta 
ble. 

If one attempts to press (dry or damp) a dish or cas 
serole shaped part in the simplest possible two-piece 
mold, compaction ratios will vary from about 7:1 
(through the horizontal base) to less than 2:1 (through 
the upper edge of the sidewall), a completely unac 
ceptable variation in compaction ratios. This mold 
could be improved by providing a movable lower 
punch in the area of the horizontal base portion of the 
dish, which could then be raised in the fill position and 
lowered in the press position to produce less variation 
in compaction ratios throughout the body. This 
technique does not, however, improve the uniformity 
of the sidewall, 

In present practice, these problems are overcome in 
one of two ways, each having serious shortcomings. 
Either the body composition is altered to permit plastic 
pressing and therefore higher manufacturing costs, or 
the design of the part is changed to facilitate damp or 
dry pressing. Changing the geometry of the part per 
mits manufacture by a low cost process, but with a 
complete loss of the aesthetics required for ceramic 
dishware (e.g. completely rectangular, vertical 
sidewalls). 
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2 
The problems encountered in pressing a uniformly 

compacted, dish-shaped ceramic article are overcome 
by the instant invention. 

SUMMARY OF THE INVENTION 

The instant invention comprises charging a mixture 
of ceramic raw materials comprising 4 to 25 percent by 
weight water and sufficient clay to permit forming by 
pressing into a die comprising a dish-shaped mold and a 
top punch, said die including at least one angled 
sidewall, said sidewall having a thinner upper edge and 
a slight foot at its base, pressing the mixture with a 
reciprocable top punch and multiple, stepped, 
reciprocable, bottom punches to form a dish having 
sufficient wet strength to retain its shape and removing 
the dish from the die. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vertical sectional view of the dish-shaped 
mold, top punch and powder mix in the fill position. 

FIG. 2 is a vertical sectional view of the dish-shaped 
mold, top punch and powder mix in the pressed posi 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Throughout the following description, the word "- 
pressing" refers to dry or damp pressing, as opposed to 
plastic pressing. 
The instant invention encompasses three features 

which result in uniform compaction (within commer 
cially acceptable limits) throughout a dish-shaped, 
pressed, ceramic article with only minor changes in the 
geometry of the article, said changes not being accom 
panied by a loss of aesthetics. These changes include: 

1. One or more intermediate movable punches is in 
corporated in the sidewall to provide fill control in 
the sidewall area. The number required is a func 
tion of the height of the article being formed. It is 
recognized that there is a gradation of compaction 
from the top section of sidewall (lower compac 
tion) to the bottom section of sidewall (higher 
compaction) above each sloping section. The 
sidewall must be divided into enough increments 
to reduce the variation to within commercially ac 
ceptable limits. In the case of a typical 1 inch or 
% inch high casserole, one intermediate punch is 
sufficient. 

. The upper punch is modified to make the article 
thinner at the upper edge of the sidewall, normally 
the point of lowest compaction, yet also where use 
requires the highest strength. This modification 
results in increased compaction, thereby effecting 
increased strength. 

3. A very slight foot at the base of the sidewall is 
created by increasing the length of the bottom side 
of the horizontal base wall. The base of the 
sidewall is most likely to be a point of excessive 
compaction, and thus creation of the foot reduces 
the excessive compaction remaining at the base of 
the sidewall. 

Note that if techniques 2 and 3 are used alone 
without technique 1, uniform compaction could be 
achieved, but a very ungainly wall with extreme 
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thickness variations would result. Such an article would 
also be difficult to further process because of the 
thickness variability. 
We refer now to the drawings to describe a preferred 

embodiment of the instant invention. A mixture 1 of 
ceramic raw materials comprising 8 to 25 percent by 
weight water is charged into a die generally designated 
3 located in a press not shown. The die consists of top 
punch 5, and a mold 6 comprising exterior lower punch 
7, interior movable lower punch 9 and intermediate 
movable lower punch 11. Both movable punches 9 and 
11 are movable with respect to punch 7 and each other. 
When charging the die, movable punches 7 and 9 are in 
the up position to provide fill control in the sidewall 
area, as shown in FIG. 1. If the highest point of each 
successively interior bottom punch is higher than the 
lowest point of the adjacent exterior bottom punch, 
uniform fill of the die may be effected. Thus, punch 9 is 
higher than the lowest point of punch 11, since punch 9 
is more interior than punch 11. This arrangement illus 
trated in FIG. 1 may be referred to as stepped punches, 

In the design of the tooling for a specific shape and a 
specific batch formulation, the compaction ratio of the 
specific batch with which the mold is to be charged 
must be considered. For example, if material with a 2% 
:1 compaction ratio is being used, the geometry of the 
tooling is developed so that the volume of the region 
above each lower punch is 24 times the final volume 
of the part formed above that punch in the pressed 
position. 

In practice, due to the imperfect flow characteristics 
of the damp powder, it is recognized that the theoreti 
cally correct positions of the lower positions may not 
result in the desired amount of material collecting 
above each punch. Utilizing the arrangement of the 
stepped punches of the instant invention, such minor, 
systematic errors in fill control may be compensated 
for. For example, total fill above punches 9 and 11 may 
be adjusted by controlling the degree of stepping, i.e. 
how much the highest point of each successively interi 
or bottom punch is higher than the lowest point of the 
adjacent, exterior, bottom punch, The fill above exteri 
or lower punch 7 is controlled by adding or removing 
filler plates from its top surface. 

In FIG. 2 the die is shown in the press position reveal 
ing the dish-shaped article 13. Lower punches 9 and 11 
are in the down position, as well as upper punch 5, The 
dotted lines shown at the upper edge 15 of angled 
sidewall 17 and the base 19 of sidewall 17 indicate the 
geometry of a dish with uniformly thick walls not 
modified according to the instant invention. The 
thinner design of upper edge 15 is derived from the 
design of the upper punch, while the thickening created 
at the base 19, referred to as a foot 21, is achieved 
through modifications in the bottom punches 9 and 11. 
The foot 21 is defined as any thickening in the area of 
base 19 of sidewall 17. If a smoother appearance in the 
area of the foot 21 is desired, the sidewall 17 may be 
blended into the bottom wall 23 of the dish-shaped arti 
cle 13. After pressing, the article is removed from the 
die for further processing. 
The following batch was pressed utilizing the method 

and apparatus of the instant invention: 
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4. 

Material Pounds 

Kentucky-Tennessee No. 6 Bond Clay 20 
M & D Ball Clay 20 
Wolastonite P- O 
Nytail No. 99 Talc 10 
Kona F4Feldspar 30 
Silicos No. 390 Flint 10 
Water 2. 

The above batch was pressed at a pressure of about 
400 pounds per square inch and experiences a uniform 
compaction ratio of about 2% : 1. 
The apparatus and method of the instant invention 

may be used for forming any ceramic batch formula 
tion containing clay. 

It is thought that the invention and many of its atten 
dant advantages will be understood from the foregoing 
description and it will be apparent that various changes 
may be made in the form, construction and arrange 
ment of the parts of the article and that changes may be 
made in the steps of the method described and their 
order of accomplishment without departing from the 
spirit and scope of the invention or sacrificing all of its 
material advantages, the form hereinbefore described 
being merely a preferred embodiment thereof. 
We claim: 
1. A method of pressing a uniformly compacted, 

green, ceramic dish having at least one angled sidewall 
comprising: 

providing a die designed to produce a dish having at 
least one angled sidewall, said sidewall having a 
thinner upper edge and a slight foot at its base, said 
die comprising a reciprocable top punch and a bot 
tom mold comprising an exterior lower punch, an 
interior reciprocable lower punch and at least one 
intermediate reciprocable lower punch incor 
porated in the sidewall area, said reciprocable 
lower punches being movable with respect to the 
exterior lower punch and each other; 

raising the reciprocable lower punches, prior to 
charging of the mold, to their up positions, 
wherein the highest point of each successively in 
terior lower punch is higher than the lowest point 
of an adjacent, exterior, lower punch, whereby the 
lower punches are placed in a stepped arrange 
ment; 

charging a mixture of ceramic raw materials com 
prising 4 to 25 percent by weight water into said 
die; and 

pressing said mixture by lowering said top punch 
relative to said exterior lower punch, by lowering 
said intermediate movable lower punch relative to 
said exterior lower punch, and by lowering said in 
terior movable lower punch relative to said inter 
mediate movable lower punch, to form said dish 
having sufficient wet strength to retain its shape 
during removal from said die, 

2. The method of claim 1 wherein all sidewalls of said 
dish are angled. 

3. The method of claim 1 wherein the ceramic raw 
materials are pressed to a uniform compaction ratio of 
about 24:1, 
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