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Plaster
Molding

Plaster mold casting is a specialized casting process which is highly adapt-
able to the production of nonferrous castings *-particularly aluminum, zinc 
and magnesium as well as gold and silver. Plaster molded castings are capa-
ble of producing intricate surface detail. They offer greater dimensional ac-
curacy than many other casting processes and allow the casting of thin met-
al sections not possible with other methods. The four generally recognized 
plaster mold processes are:

1. Conventional plaster molded castings.
2. Match-plate pattern plaster molded castings.
3. The Antioch process.
4. The foamed plaster process.

Castings made in plaster molds are more expensive than those made in 
sand molds. Therefore, plaster mold processes are used only when accept-
able results cannot be obtained by sand casting or another less expensive 
casting process. Intricately designed impellers, components of electronics 
gear and molds for some types of rubber tires are examples of parts that are 
produced by plaster mold casting. If these parts were cast in most other 
types of molds, machining costs would be exceedingly high. Although 
about 90% of the plaster mold castings weigh less than 20 lbs. each, cast-
ings weighing as much as 75 lbs. are produced in substantial quantities and 
some weigh considerably more. An aluminum alloy casting weighing 4,000 
lbs. has been successfully cast in a plaster mold.

In all of the processes for making plaster molds and cores, the principal 
mold ingredient is calcium sulfate. This is usually compounded with vari-
ous types of fibrous and refractory aggregates such as fibrous talcs which 
serve to increase the strength of the mold in both the green and dry state as 
well as increasing permeability and helping to control expansion character-
istics. Small amounts of finely ground silica, pumice stone, clay or graphite 
may also be added to the mixture. Silica or zircon sands may comprise up 
to 50% of the material for some plaster molds. Water is then used for con-
verting this mixture to a pourable slurry. Plaster cores are used with plaster 
molds and are generally made of the same material. Cores may also be 
made of other materials such as the use of shelled-molded cores. Cores for 
the match-plate plaster mold process are generally made of sand.

*The sulfur of the gypsum reacts with ferrous metals poured at their higher temperatures and 
produces very poor cast surfaces.
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Characteristics of Calcium Sulfate

form. In its dihydrated form (CaS04-2H90 ) it is known by chemists as gyp-
sum. When heated above an equilibrium temperature of 262F (127.8C) 
gypsum looses three fourths of its water to form the hemihydrate 
(CaS04-l/2 H20 ) which is plaster of paris. When the plaster of paris is 
heated above an equilibrium temperature of 325F (162.8C) all of the water 
of crystallization is removed and anhydrous calcium sulfate (CaS04) is 
formed. The above temperatures are based on laboratory studies of pure 
calcium sulfate under equilibrium conditions. Temperatures at which the 
hydrates are formed depend greatly on vapor pressure. For practical pur-
poses, temperatures well above equilibrium temperatures are generally 
used.

If it is exposed to moisture at a temperature lower than 212F (100C) the 
anhydrite formed near 325F (162.8C) will absorb water and will revert to 

(537.8C) will absorb water less rapidly. Similarly, when plaster of paris 
(the hemihydrate) is mixed with water, gypsum (the dihydrate) is re-estab-
lished yielding a coherent solid in a few minutes. This reaction is called 

tures below 212F (100C) results in a slow conversion to the dihydrate. 
Commercially, all three forms of calcium sulfate are sometimes referred to 
as gypsum.

plaster and a refractory material to give greater strength and dimensional 

has been specifically designed for the production of aluminum match- 
plates, cope and drag sets, core boxes and loose patterns. This material has 
ample strength for handling and may even be carved.

Another grade of gypsum for foundry use is similar to the above, except for 
the addition of fine foundry sand. This material is used where additional 
chilling (to accelerate solidification) may be required. An expansion plas-
ter for fabricating expanded patterns, models and molds has also been 
available. This industrial tooling and patternmaking gypsum cement pos-
sesses unique characteristics. The medium high expansion grade is capable 
of expanding uniformly in all directions and has the highest setting expan-
sion of any known gypsum cement. Expansion values can be controlled by 
the quantity of water used in the mixture. Through the use of proper water- 
to-plaster ratios, expansion values from 1/16-inch to 3/16-inch per foot are 
possible. These expansion plasters may be used wherever patterns, match- 
plates and models with shrink allowances are fabricated. For example,
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expansion plasters are used for core drier patterns by making a cast (or im-
pression) from the pattern. Then, after the plaster cast expands to the de-
sired over-sized dimensions subsequent gypsum patternmaking operations 
are used to complete the pattern. As an example of a typical use of the ex-
pansion plasters, a matchplate producer uses the expansion plasters to add 
the extra shrinkage allowance necessary in a wood matchplate which will 
be reproduced in aluminum by pressure casting. (See pressure matchplates 
page 127).

Patterns and Core Boxes
Patterns and core boxes for plaster mold casting are commonly made of 
metal (aluminum alloy, brass or zinc alloy). Flexible rubber patterns are 
widely used for producing intricate molds. Cast epoxy resin patterns may 
also be used. For instance when duplicate patterns are required, they can 
be made quickly by molding them from epoxy resin in metal master dies. 
Because patterns for production of castings by plaster mold processes must 
withstand repeated exposure to liquid slurrys, wood patterns must be 
sealed or they will swell and distort. Wood patterns may be used for pro-
ducing small quantities of plaster molded castings, and are used as match-
plate pattern molds.

Although proprietary release agents are available, release agents may be 
formulated using a low viscosity mineral oil emulsified with wax and water. 
Flake graphite or mica mixed with a paraffin-base oil can also be used. 
Other common forms are stearine, soft soap or waxes in a suitable solvent, 
light oils or emulsified oils. The stearine parting agent is prepared by melt-
ing down 1/4 lb. of stearine and after removing it from the heat, adding 1- 
pt. kerosene. This material is now brushed (or may be sprayed) over the 
pattern. Patterns should be coated lightly, and if brush marks show, the re-
lease agent should be thinned out. A heavy coating will penetrate the plas-
ter resulting in a poor cast metal surface, or will reduce sharpness of detail.

Gating Systems
The gating systems for plaster mold casting are much the same as those 
used for sand mold casting. However, because of the insulative value of 
plaster molds, the gates, sprues and runners usually can be smaller in plas-
ter molds because of the lower heat capacity of the mold. Insulating riser 
sleeves are often used to prolong solidification of the riser, and in turn, to 
prolong feeding from the riser. As is true for other casting processes, some 
experimentation and resulting change in the gating system is often neces-
sary to obtain sound castings. For producing a few castings or in attempting 
to establish an optimum gating system for a production run, a common 
practice is to cut the sprues and gates in the mold by hand after the plaster
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sets, but before it dries. When the most appropriate gating practice is es-
tablished for a job, the gating system should be made part of the pattern.

Chills
Chills (usually of metal) are often used in plaster molds, where they serve 

tablish the required thermal gradients in the mold, and improve mechani-
cal properties of the cast metal by increasing the cooling rate. Chills are 
placed around the pattern in predetermined locations just before the slurry 
is poured. They are locked in place in the mold when the slurry sets, and 
are thus less likely to be moved out of position than in the regular produc-
tion of sand molds.

Flasks
Flasks are usually made of low-carbon steel. They vary in size in ac-
cordance with the size of the pattern, the number of identical molds to be 
produced and the number of patterns in a flask. When the flask is to hold 
only one pattern half, especially when only a few molds are required, a 
simple bottomless flask is placed on a mold board and the pattern half is 
positioned within it on the board, ready to receive the slurry. When many 
identical molds are required, especially when two or more patterns are 
placed in a single flask, a flask with a flat bottom that serves as a mold 
board is used. The pattern halves are arranged on the flask bottom. How-
ever, in the Antioch process, for small single-pattern molds, the pattern 
and flask are often an integral unit. (See Antioch process, page 137).

The flask for a given application should be large enough to allow space for 
the same thickness of plaster surrounding the pattern as would be needed if 
the mold material were dried sand. Standardization of flask sizes is impor-
tant in production operations because this simplifies tooling, especially 
when vacuum pouring is used. Standardization of flask size is also desirable 
for pouring the slurry and drying of the molds.

In the production of plaster molds (Fig. 56) the plaster of paris is mixed 
with a relatively high proportion of water, in the range of 120 -180 parts of 
water to 100 parts of plaster (by weight). It is important to remember that 
the consistency of plaster formulations will vary. Generally speaking, the 
use of more water results in lower and green and dry strength, higher per-
meability and lower expansion. Basically, ten parts of a metalcasting plas-
ter to 14 parts of water would be a starting point. Carefully weigh all of the 
ingredients and use water at 110F (43.3C). Water used in mixing plaster 
should be as pure as possible. In many cases, water for industrial use is 
taken from contaminated sources and is high in organic impurities that will 
lengthen the setting time of the plaster. Large amounts of soluble salts e.g.
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sodium chloride, sodium sulfate and magnesium sulfate in the water can 
migrate to the surface of the mold during drying. The resulting efflores-
cence forms hard spots on mold surfaces that can result in clay-sticking or 
other mold problems. Use either hand or power equipment for the mixing 
of the slurry. Usually a round-bottom vessel similar to that used by bakers 
for mixing dough works well for plaster. Always add the dry mix to the wa-
ter. Scatter the preweighed amount of plaster into a weighed or measured 
amount of water. Allow the plaster to soak one to three minutes to become 
thoroughly wetted before mixing. Mechanical mixing is recommended for 
uniform densities. Mix the plaster from two to three minutes, or until the 
plaster starts to cream. A two or three inch, three-blade standard pitch 
propeller rotating at 1750 rpm is recommended. Direction of the rotation 
should force the slurry downward. Mixing bucket dimensions should be 
such that the depth of slurry is 1-1/2 to 2 times the diameter of the bucket. 
Mixing of large batches or delays in pouring should be avoided. The plaster 
slurry or mixture of a creamy consistency free of lumps is now poured over 
the pattern, or into a core box where it is allowed to set, forming a solid 
mold or core composed of gypsum with free water distributed throughout.

Remove the plaster part from the core box or pattern with extreme care to 
avoid marking or breakage. One method is to insert a thin wire through the 
partially set plaster to the pattern, then when the plaster has set, blow com-
pressed air gently through the hole. Another is to start wedges at the part-
ing line and separate the plaster from the pattern with the aid of com-
pressed air. Remove the flexible patterns by forcing compressed air be-
tween the pattern and the mold. To release the plaster from the core box or 
pattern mechanically, form a bridge with draw spikes and a horizontal 
piece. Wrap upward with short light blows.

The set mold is dehydrated by heating the mold for a sufficient length of 
time (depending upon the size and shape of the mold). This is done in ov-
ens, and various drying temperatures are used depending upon the particu-
lar plaster molding process. The most practical means of removing free wa-
ter is to heat the gypsum for a sufficient length of time at a temperature 
between 212F (100C) and 262F (127.8C) usually at approximately 250F 
(121.1C). Higher heating temperatures may be employed ranging from 
400F-1400F (200C-760C). Complete dehydration is necessary to liberate 
the free and chemically combined water since the presence of even minute 
amounts of water in the mold at the time of casting would result in imper-
fect castings. The heat of the molten metal would convert any water pres-
ent into steam which cannot readily escape because of the low permeability 
of this type of mold, and this would result in rough surfaces and blow holes 
in the casting.

Drying of the mold is one of the most important operations in successful
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1 water are weighed. Gypsum is added to 
water and stirred to 
creamy consistency.

When piaster has set, it is 
removed from the  
matchplate and steps 1 
through 3 are repeated for 
the other half of the mold

4

and thoroughly dried.
Finally cope is set on 
drag for pouring.
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plaster mold casting. Many drying methods can be used successfully, but all 
require a source of heat and air circulation. Most plaster foundries use gas 
or oil fired furnace with a recirculating air and exhaust system. Electronic 
controls are used extensively to minimize difficulties resulting from im-
properly dried molds. Oven temperatures are often controlled thermostati-
cally at 800F (426.7C) during the drying cycle which may range from 16 to 
36 hours depending on the type of molds being dried. The drying cycle is 
controlled by thermocouples placed at strategic locations in the oven. The 

cal, because in general, a higher burn-out temperature results in greater 
burn-out shrinkage. Drying rate depends on oven temperature, air velocity 
and humidity, mold thickness and oven load.

Higher temperature drying of plaster molds will require furnaces similar to 
those used for heat treating. However, if these higher temperatures are 
used, the molds must be cooled to at least 400F (204.4C) before they are 
removed from the furnace. Dense molds, and those of certain composi-
tions must be furnace cooled to even lower temperatures or they will crack. 
With a temperature-zoned conveyor furnace, the drying cycle can include 
the necessary cooling and production can be continuous whereas a batch- 
type furnace, cooling to 400F (204.4C) or lower means tying up the furnace 
for a longer period of time and interference with production. Regardless of 
the type of drying equipment, it should include provisions for discharging 
both wet air and the by-products of combustion.

Insert
The plaster slurries should be poured into the core boxes or molds imme-
diately after mixing since the setting time is usually about 25 to 30 minutes. 
Be sure the mold surface is clean and has a smooth surface properly treated 
with a parting (release) agent. Mechanical vibration, brushing of the slurry 
on the pattern face and careful pouring will help to eliminate pinholes in 
the surface of the mold caused by entrapment of air. It is also important to 
insure that the back surfaces of the plaster mold are flat and level. Failure 
to have surfaces true and flat may cause movement of plaster molds thus 
causing oversize castings.

After removal from the mold, the pattern is cleaned, recoated with release 
agents and placed in a flask for a repeat operation. Frequently, the flask 
may be removed at the same time as the pattern, but never in the produc-
tion of plaster molds for match-plate patterns. (See production of cast 
match-plate patterns, page 127). The released plaster mold is now ready 
for the drying operation.

The high temperatures employed in the dehydration or burn-out process 
are accompanied by mold shrinkages ranging from 1-2% depending on the
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temperature used. The higher the burn-out temperature, the higher the de-
gree of mold shrinkage. In addition, the strength of the mold as-cast (about 
100 psi) is reduced approximately 50% in the burn-out.

Plaster molds have a low heat capacity, therefore solidification rates for 
castings made in such molds are slow. This slow cooling has both advan-
tages and disadvantages. It permits better feeding, particularly in thin sec-
tions. Replication of intricate details would be difficult to obtain with rapid 
cooling. But, it slows production by lengthening time between pouring and 
shakeout, and for most alloys, it results in castings of lower strength. The 
use of chills in specific areas can usually minimize this disadvantage. The 
solidification rate for a test casting made in a conventional plaster mold is 
more than four times as long as for one made in a hard-rammed green sand 
mold. Other process comparisons are shown in Fig. 57.

Type of mold

Aluminum slob at 
room temperature

Green sand, 7%  water 
(rammed hard)

Dry sand

Green sand, 5.8% water 
(rammed lightly)

Antioch-process plaster

Conventional plaster

Freezing time, minutes 0 5 10 15

 
types of molds.

Mold Composition
Materials for molds for match-plate patterns are available as proprietary 
dry mixtures ready for mixing with water. However some foundries prefer
to make their own mixtures. A typical mixture for a match-plate pattern 
mold is shown in the tables below.





Set Time and Drying of Molds
A slurry of the type defined in Table 4 will set in 14 to 16 minutes. After 
the slurry sets the patterns are removed and the molds are prepared for 
drying. Molds for match-plate patterns, like molds for conventional plaster 
castings should be dried as soon as possible after the plaster has set. High 
temperature drying cannot be used for match-plate molds, because it re-
sults in unacceptable distortion and size change. Match-plate molds are 
usually dried at 250-400F (121.1-204.4C) for 12 to 72 hours. Size and sec-
tion thickness of the molds determine the length of time in the drying 
ovens. The center of the thickest section of the mold should reach at least 
220F (104.4C) before drying is stopped. Permeability of a match-plate 
mold at this stage is approximately the same as that of a conventional 
mold.
Metal Selection and Pouring Practice
Match-plate patterns are generally cast from aluminum alloys, most fre-
quently alloys 355 and 356. Other alloys may be used which offer greater 
ductility and better machinability. The ductility is important in making 
match-plate patterns because patterns often require straightening. This is 
more true with the present technology of casting production which uses 
high pressure (high density) molding techniques.

Because of the low permeability of a match-plate mold, some assistance is 
required to fill the mold quickly and completely. Pressure assistance is used 
rather than vacuum, partly because pressure equipment is more adaptable 
to a variety of flask sizes than is vacuum equipment. The equipment for 
pressure casting is illustrated in Fig. 59. The first step in its use is to place a



METALCASTING & MOLDING PROCESSES / 133

diaphragm of sheet asbestos (about 1/8 inch thick) over the sprue in the 
mold. A ceramic-lined cylinder is then placed on the diaphragm as shown 
in Fig. 59. A predetermined amount of metal is poured into the cylinder 
and a cap is placed on the cylinder and clamped tightly. This cap is attached 
to the source of compressed air. After the cap is secured in position, the air 
valve is opened and air pressure against the molten metal ruptures the as-
bestos diaphragm and forces the metal into the mold cavity. A pressure of 
1.5 to 2.5 psi is kept on the sprue for approximately 30 minutes. Shakeout 
procedures are generally the same for match-plate castings as for castings 
of similar size and weight which have been casted in conventional plaster 
molds. Because the plan area of match-plate castings is large in proportion 
to the cross-sectional area, the castings are highly susceptible to distortion. 
When they are distorted to an unacceptable amount, they must be straight-
ened. This is done by a skilled operator with the aid of an arbor press and a 
few simple press tools.

Defects occurring in plaster mold castings are similar to those that occur in 
sand castings namely, dross inclusions, gas porosity, cold shuts, misruns 
and shrinkage cavities. Corrective steps are likely to include changes in 
pouring practice, in vacuum technique if vacuum is used, in core venting or 
in the gating system.

Foamed-Plaster Molds
Since plaster molds are dense and have a low permeability, this characteris-
tic can be overcome by using mixtures which have foaming agents pre-
blended with the plaster. This type of mixture is known as permeable met-
alcasting plaster or the foamed-plaster process, and has been developed to 
produce mold permeabilities comparable to those obtained with the Anti-
och Process but without the necessity of autoclaving (see Antioch Process).

The foamed-plaster process offers a means for obtaining greater mold per-
meability than can be obtained in conventional plaster molds. This gain is 
achieved by adding foaming agents such as alkyl aryl sulfonate, either to 
the dry ingredients before mixing, or to the liquid slurry as a separately 
generated foam mixture. A special method of mixing foams the slurry with 
many fine air bubbles thus decreasing the density and increasing the 
volume of the slurry. In general, the applicability of foamed-plaster molds 
is the same as that of plaster molds made by other procedures as far as 
composition of metal poured, casting size and casting shape are concerned.
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Foamed-plaster molds have smooth surfaces with air cells just below the 
surface. During setting and subsequent drying of the molds, these air cells 
become interconnected thus permitting escape of gases as the metal is 
poured. The permeability of the foamed-plaster mold depends mainly on 
the volume increase from the addition of air when the slurry is mixed. For 
most molds, a volume increase of 50-75 percent is recommended. This in-
crease usually results in a mold permeability of approximately 5-15 for 
dried molds. Some foundries may even achieve 20-25 permeability. (The 
permeability values mentioned are achieved with standard AFS permeabil-
ity testing instrumentation. For complete test procedure please consult 
AFS Mold and Core Test Handbook.)

The relationship of several levels of volume increase to weight and perme-
ability is shown in Table 5. The increase in permeability that accompanies 
an increase in volume of 75% is the highest that can be allowed for most 
applications. With greater permeability mold strength becomes unaccepta-
bly low. With the degree of permeability developed by increasing the 
volume of the slurry by 50-75%, it is possible to pour most molds without 
the assistance of pressure or vacuum. Because the drying temperature for 
foamed-plaster molds is relatively low, it is possible to retain dimensional 
accuracy.

Table 5. Relationship of Increase in Volume to Weight and Permeability
for Foamed Plaster

Volume Weight, lb Permeability,
increase, % per cu ft AFS (dried molds)

0 ...........................  90.8 1.0
50 ...........................  60.6 5.0
61 ...........................  57.0 8.5
68 ...........................  53.8 11.5
76 ...........................  49.4 16.5

100 ...........................  46 30.0

Foamed-plaster molds are less capable of absorbing heat than the other 
types of plaster molds. This deficiency can be partly corrected by adding up 
to 25% (by weight) of washed silica sand or zircon sand to the slurry. At 
best, however, the heat absorption rate of foamed-plaster molds cannot be 
expected to be much different from that of conventional or match-plate 
plaster molds. The rate and direction of metal solidification can be con-
trolled by chills just as with the other types of plaster molds. Although 
green strength is low, patterns are designed to be pulled from the foamed-
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is avoided because of the difference in expansion between the reinforcing 
metal and the molding material.

To make molds by this process, water is added to the dry mixture of gyp-
sum, sand, a filler material, talc and sodium silicate in order to make a slur-
ry. The addition of foaming agents to the mixture contributes the necessary 
material for creating the higher permeability. The foaming agents impart a 
cellular structure to the bulk of the mold with only a thin smooth skin at the 
mold-pattern interface. Permeability may also be improved by subjecting 
the mold to a low pressure (5-20 psi) steam autoclave treatment which ef-
fectively takes the calcium sulfate into solution. The calcium sulfate crys-
tallizes out as the mold cools down after autoclaving. The fine crystal pre-
cipitate at the surface of the mold, and the coarse crystals crystallize in the 
center of the mold which cools more slowly than the surface. The coarse 
center structure is much more permeable than similar sections from molds 
which have not been given the autoclave treatment.

The slurry is introduced by hose into metal core boxes or cope and drag 
flasks which have been fitted to special matchplates. The mixture develops 
an initial set, patterns are drawn, and the mold is assembled in the green 
condition. After standing approximately six hours at room temperature, 

pressure. They are then cured in air for twelve hours and finally oven-dried 
at temperatures up to approximately 450F (230C). Autoclaving develops a 
special permeable structure in the mold, but greatly reduces the dry 
strength. The oven-drying cycle drives off the free and combined water. 
Because of the high mold permeability it is not always necessary to drive 
off all of the combined water in this process.

After setting, but before the dehydration-rehydration treatment, Antioch 
Process molds have relatively high green strength. When flexible rubber 
patterns are used this high green strength permits withdrawal of patterns 
having a severe back draft without damage to the mold. This characteristic 
makes the Antioch Process particularly suited to the production of molds 
for parts having angular, blade-like sections e.g. rotors and nozzles. In ad-
dition to the cost, which is high for all plaster molds, the major disadvan-
tage of Antioch Process molds is the long time required for processing 
them. This ties up expensive equipment for long periods. The dry mixture 
for Antioch Process molds and cores consists of silica sand, white molding 
plaster, moldene talc and a small amount of materials such as portland ce-
ment for expansion control. A typical mixture is given in Table 6 and is 
varied somewhat in different foundries. However, once a formulation has 
been established, it is retained for all castings regardless of their size and 
shape. Best results are obtained weighing all of the ingredients accurately.



Table 6. Typical Composition of Dry Material for Antioch Process Molds

Ingredient Weight, lb

Washed silica sand (AFS 50 is typ ical).............................................................  50
White molding plaster .........................................................................................  42
Moldene ta lc ......................................................................................... .................7.5
Portland cem ent............................................................... . ................................. 0.5

Note: Slurry is made by mixing 100 pounds of the above dry mixture with 54 lb 
water.

As soon as the mixture sets the pattern is removed. Procedures for pattern 
removal are the same as with conventionally produced plaster molded cast-
ings. Usually the flask is removed at the same time as the pattern (often the 
flask and pattern integral). However, large molds are sometimes allowed 
to remain in the flasks throughout subsequent mold processing and casting 
of the metal. This is because of the low dry strength of the Antioch Process

All of the aluminum alloys that can be cast in other types of plaster molds 
can be cast in Antioch Process molds. Most copper-base alloys can also be 
cast in Antioch Process molds; however, yellow brass is the copper alloy 
most often cast. The Antioch Process is seldom used for alloys that must be 
poured at temperatures above approximately 1900F (1037.8C).

Antioch Process molds are generally poured by gravity using the gating sys-
tems that are similar to those used for sand molding. The molds are usually 
at room temperature when pouring begins. Where difficulty is encountered 
in replicating fine detail, or where thin sections have not filled properly, 
vacuum assist can be applied.




