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This invention relates to investment composi 
tions for making refractory molds into which 
metals, such as precious metals or othe suitable 
casting material can be cast into objects which 
must conform with great exactness to a prede 
termined size and shape. 
This invention will be described in its applica 

tion to making dental castings Such as inlays, 
which castings must be very accurately made as 
far as size and shape are concerned, but it is to 
be understood that the composition has general 
application in industry generally. 
In making dental inlays or inlay restorations, 

wax models of the exact size and shape of the 
cavity to be filled are first made and then invest 
ed in a composition generally known as invest 
ment compositions, that is, a plastic mass which 
sets to a hard refractory mold. After the invest 
ment sets, the mold is heated to a temperature 
of 800° F. to 1800 F, in order to melt and burn 
out the wax, and also to prepare the mold for 
casting. Any suitable or desirable method may 
then be employed in casting. Usually, use is 
made of some machine which forces the molten 
metal, under pressure, into the cavity formerly 
occupied by the wax. The mold is then cooled 
by plunging it into water, and is then broken 
apart to obtain the casting. The casting is then 
cleaned and polished for use. Obviously, if the 
mold used had expanded sufficiently, prior to the 
casting process, to counteract exactly the casting 
shrinkage of the metal or alloy, the finished 
casting will require but little attention in fitting 
it into the accurately, previously prepared cavity. 
In order to make the casting conform to a pre 

determined size and shape, that is, to the original 
pattern, it is important that the mold be ex 
panded sufficiently first, prior to the casting Op 
eration, to counteract the shrinkage in the metal 
or alloy that takes place when the metal cools 
and solidifies during this casting process. This 
shrinkage to be counteracted varies from 9% to 
over 2.%, depending on the size and shape of the 
casting and type of casting alloy used. For den 
tal inlays, it varies from approximately 9% 
to 1.4%. 
The investments now commercially available, 

and termed simple investment compositions, con 
sist principally of a binder, a refractory filler, and 
one or more modifying agents. The binder gen 
erally consists of plaster of Paris. There are 
several forms of calcium sulfate that may be 
used and which will act similar to plaster of 
Paris. Plaster of Paris is known as hemihydrate 
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(CaSO4.4H2O) and generally has a testing con- 55 

sistency of 60 parts of water to 100 parts of 
plaster. Another form of hemihydrate, known 
as alpha gypsum, and commercially known as 
"Hydrocal,' generally has a testing consistency 
of approximately 40 parts of water to 100 parts 
of alpha gypsum. This lower consistency is ad 
vantageous in increasing the expansion and also 
the strength of the mold. There are several 
other forms of calcium sulfate, both hydrated 
and dehydrated, that set When gaged with Wal 
ter, and may also act as a binder. The term 
binder Will live used hereinafter to cover any, or 
a mixture, of the above forms. All test results 
and curves, wherein the term plaster is referred 
to hereinafter, were made with the alpha, gyp 
sum or "Hydrocal' form, which, as mentioned 
above, is the preferred form. 
The refractory filler as generally used con 

sists principally of siliceous matter. Since the 
chief property desired, and the one most diffi 
cult of attainment, in an investment composi 
tion is a high thermal expansion, it is obvious 
that refractory fillers with inherent high expan 
isions are to be preferred. Silica, in its three 
principal modifications, quartz, tridymite and 
cristobalite, possesses high expansions along 
with good refractory properties and in addition 
is fairly inexpensive. The quartz form is least 
expensive and almost always used. Hereinafter, 
the term silica may be construed as meaning 
quartz. Of the three forms, cristobalite has the 
greatest expansion and When used to replace all 
or part of the quartz form, will impart a greater 
expansion to the mold in proportion to the 
amount used. 
Many other types of refractory materials may 

be used to replace all or part of the silica and 
include such refractory materials as magnesia, 
alumina, chromium oxide, refractory clays and 
many Silicates. A number of Silicates, and in 
fact several oxides, alone have unusually high 
expansions due to change of phase or inversion. 
Wherever these materials have melting points 
Sufficiently high to permit successful use in in 
vestments they may be used advantageously as 
part or all of the refractory filler. 
The term refractory filler, when used herein 

after, shall be construed to include any of the 
above mentioned refractories, alone or in any 
mixture thereof, or any material having sub 
stantially the same property of withstanding the 
temperatures encountered in the casting process, 
and which are compatible with the other in gredients. 
In addition to the binder and refractory filler, 
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it is desirable to add one or more of the follow 
ing agents to adjust the setting or hardening 
characteristics, improve the smoothness or poros 
ity of the mold, or otherwise impart desirable 
physical or chemical action to the mold surface 
so as to produce the smoothest, densest and 
least contaminated casting possible. Such ma 
terdals include accelerators, retarders, reducing 
agents (such as graphite), fine clay, powdered 
metals and oxides as well as agents to reduce the 
amount of gaging water necessary. 
The above simple type of investment composi 

tion does not have the desired thermal expan 
sion in conjunction with proper strength, nor 
Several other desirable characteristics. For ex 
ample, a mixture of 44 parts plaster and 56 parts 
silica, and gaged with 26 parts of water, will 
show an expansion of but .64% at 1300 F. Sev 
eral materials have been found that will increase 
the thermal expansion of such a mixture when 
used in replacing part of the Silica. Some of 
these materials include boric acid, Cristobalite 
and chlorides, such as Sodium, potassium and 
lithium. Each of these has a particular value 
in increasing the expansion. Within limited tem 
perature ranges, but generally effect a shrinkage 
in the molds at the higher temperatures, espe 
cially 1600 to 1800° F. 

It is therefore the principal object of this in 
vention to provide an investment composition 
for use in casting, principally, by the disappear 
ing wax pattern method that will withstand high 
temperatures of heat and give the desired or 
necessary amount of thermal expansion at these 
high temperatures. 

It is also an object of this invention to provide 
an investment composition for making molds that 
is considerably stronger than those heretofore 
used at temperatures where at least equal ex 
pansion is obtained. 

It is a further object of this invention to pro 
vide an investment composition having a greater 
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2,813,085 
strength of the resulting mold correspondingly 
decreases. The proportions of these ingredients 
as just set forth may be varied beyond these lim 
its, depending upon the exact technique used in 
producing castings. 

In Fig. 1 of the drawing, the reference nu 
meral to indicates the thermal expansion and 
contraction of a mixture of 44% plaster and 56% 
silica, and indicates a thermal expansion of .64% 
between room temperature and 1300 F. This 
investment was made with a water to powder 
ratio (WWP) of 26, that is, 26 parts of water to 
100 parts of the powder mixture on a weight 
basis. An increase of the W/P causes a ma 
terial decrease in the thermal expansion of this 
type of mixture. It should be noted however 
that while the converse is true, the W/P above set 
forth is, from a commercial standpoint, about as 
low as practicable. 

In Fig. 1 of the drawing, the curve indicated 
by the reference numeral if shows the thermal 
expansion resulting from a modification of the 
simple investment composition by adding to said 
simple investment composition one part by weight 
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thermal expansion than those previously known 
and used without employing a greater amount of 
thermal expansion improving agent. 

It is a still further object of this invention to 
provide an investment composition in which the 
setting expansion and setting time can be con 
trolled or modified by the thermal expansion in 
proving agent itself. 
Other objects and advantages of this inven 

tion can be readily apparent by reference to the 
following specification, considered in conjunc 
tion with the accompanying drawing forming a 
part thereof, and it is understood that any modi 
fications can be made within the scope of the 
appended claims, without departing from or ex 
ceeding the spirit of the invention. 
In the drawing: 
Fig. 1 shows a pair of graphs illustrating the 

expansion of two investment compositions when 
heated under identical conditions. 

Fig. 2 shows a pair of graphs of investment 
compositions illustrating the expansion when 
heated to a single given temperature with dif 
ferent amounts of the thermal expanding in 
proving agent each with the same base respec 
tively, 
As was noted above, investment compositions 

for dental and other purposes have been known 
and used for many years. This general or sim 
ple composition has comprised from 18 to 50 per 
cent plaster and from 82 to 50% silica. The 
thermal expansions of such compositions increase 
with an increase in the silica content, but the 
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of potassium bromide for an equal amount of 
silica. In this composition, the W/P ratio was 
held as above, that is, 26. As will be seen, this 
resulted in a thermal expansion of 1.20% be 
tween room temperature and 1300 F. 
By comparison of the curves to and , it will 

be noted that the 1% of potassium bromide pro 
duced an investment composition that was, 
throughout the heating period, expanding regu 
larly while the other or simple investment com 
position expanded, contracted and then reex 
panded. In commercial practice, especially on 
comparatively large molds, there is often a tem 
perature differential of several hundred degrees 
between different parts of the mold. Obviously, 
if one part is expanding and another contracting, 
distortion and cracking often takes place. In the 
modified composition, such danger is practically 
eliminated. It should be noted at this point that 
gold alloys are generally cast around 1300° F., 
and at this casting temperature have a casting 
shrinkage of 1.25%. The potassium bromide 
composition at this casting temperature has very 
nearly this thermal expansion, namely, 1.20%, 
whereas the simple investment composition has 
practically One half of the necessary thermal ex 
pansion. This difference in casting shrinkage 
and mold thermal expansion, or .05%, may be 
made up by modifying agents in the composition, 
but preferably by the addition of a fractional 
part of the potassium bromide, such as an addi 
tional .3% or part, or a total of 1.3% of the po 
tassium bronide. Ofter this is not necessary as 
the setting expansion may more than counteract 
the wax pattern shrinkage, and thus a thermal 
expansion of 1.25% is not always necessary, but 
generally desirable. 
AS was noted above, other thermal expanding 

improving agents have been employed, such for 
example as Sodium chloride and boric acid. It 
should be noted that one percent of sodium chlo 
ride in place of the one percent potassium bro 
mide would give only 1.00% expansion, while one 
percent of boric acid would only give approxi 
mately.9% thermal expansion. 
In Fig. 2, the curve indicated by the reference 

character 2, shows the thermal expansion of a 
simple composition when augmented with dif 
ferent amounts of the thermal expanding im 
proving agent potassium bromide as mentioned 
above. In other words, 2% or parts of potassium 
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bromide for an equal amount of silica, increases 
the thermal expansion at 1300 F. to 1.31%; 3% 
or parts of potassium bromide for a similar 
amount of silica raised the thermal expansion 
to 1.37%, while 4% or parts of potassium bro 
mide raised the thermal expansion to 1.40%. 
From the foregoing, it will be noted that the more 
potassium bromide employed, the greater the 
thermal expansion at a given temperature. It 
will also be noted that the amount of increased 
thermal expansion does not proportionately in 
crease in accordance with the increased amount 
of potassium bromide used, and that a limit will 
be reached beyond which no further increase in 
thermal expansion will take place. This maxi 
mum amount being approximately 5 to 8% or 
parts of the total solid ingredients of the invest 
ment. The greatest thermal expansion increase 
being obtained with the first unit of potassium 
bromide added to the composition, and that sub 
sequent units of potassium bromide have a con 
stantly decreasing increasing effect on the ther 
mal expansion. From the foregoing it will also 
be noted that should less thermal expansion be 
desired, such as is obtained with sodium chloride 
or boric acid, considerably less than 1% of po 
tassium bromide may be employed, or with an 
equal amount of expanding agent, more binder 
may be added with subsequent increase in mold strength. 
As was noted above, with an increase in the 

silica content in the simple investment composi 
tion, (with a consequent decrease in plaster) the 
thermal expansion can be increased, and this 
thermal expansion can be further increased by 
the substitution of small amounts of potassium 
bromide for corresponding amounts of the silica. 
The curve in Fig. 2, indicated by the reference 
character 13, is an example of such a composition, 
namely, a composition which includes 30% plaster, 
0 to 4% potassium bromide and the balance silica. 
By comparing curves it and 12, it will be noted 
that the decrease in plaster (increase in silica) has 
resulted in a curve having approximately .1% 
more thermal expansion throughout the range ill 
lustrated. It should be noted further that these 
curves, indicated by reference characters 2 and 
3, are summary plots of the 1300 F. points on 
the thermal expansion curves in which varying 
amounts of potassium bromide were added to 
simple investment base compositions. The Small 
letter ac found in Figs. 1 and 2 and on curves de 
noted by reference numerals ft and f2 and con 
nected with a dash line are the same points. It 
may also be noted that if the summary plots were 
made for any other temperature, the shape of the 
curves in Fig. 2 would be the same except that 
the vertical intercepts would be raised or lowered 
in the same amount shown on the curve denoted 
by reference numeral in Fig. 1. For example, 
if the temperature chosen is 1500 F., the whole 
curves in Fig. 2 would be raised by the amount 
shown by the vertical distance between point at 
and y in curve on Fig. 1, namely, 2 (.14%). 
Likewise, a summary plot at a lower temperature 
would correspond, but at a lower point in vertical heighth. 
Whereas in the above simple investment comi 

position the increase in W/P causes a decrease in . 
the expansion, the same is true with compositions 
containing the addition of potassium bromide, but 
not to such marked degree. Obviously, this is 
advantageous where care is not taken to adjust 
the W/P ratio accurately. It is also to be noted 
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strength of the mold, the addition of any mate 
rial which will not affect the thermal expansion 
or other casting characteristics of the investment 
composition and still enable a further decrease in 
W/P or impart to the composition a greater plas 
ticity at the same W/P will be of added advantage. 
The foregoing description deals specifically with 

potassium bromide as the thermal expansion im 
proving agent; it has been found however that 
substantially all the other soluble inorganic bro 
mides have a similar thermal expansion improv 
ing agent effect. Potassium bromide being a wide 
ly used commercial chemical is relatively expen 
sive and the least deliquescent of the bromides, 
and therefore most Suitable for these reasons. 
Where it is advisable to produce a mold wherein 
the cation potassium may not be compatible with 
the other ingredients, or where some of the other 
bromides, perhaps available commercially in a 
more impure form, and consequently less costly, 
or offering other advantages, substantially equal 
increase in thermal expansion will be produced by 
the following bromides, namely, those of ammo 
nium, potassium, sodium, lithium, rubidium, 
caesium, barium, calcium, strontium and magne 
sium. The thermal expansion is increased to a 
Somewhat lesser degree by the bromides of the 
following cations or metals, namely, iron, zinc, 
nickel, cobalt, chromium, manganese and alumi 
num. Somewhat less desirable, but still able to 
produce considerable increase in expansion are 
the following bromides, namely, cadmium, cop 
per, lead, bismuth, antimony and tin. Hydrogen 
bromide or hydrobromic acid will also produce 
considerable benefit in expansion increase. 
Should this acid be used, gas bubbles will usually 
be formed by reaction with impurities in the 
plaster but may be removed by vigorous mixing. 
Other soluble inorganic bromides were not com 
mercially available at the time tests were made; 
however, it would be fairly safe to predict that 
their action would be similar to those mentioned 
above. 
While the bromides are generally decomposed 

at high temperatures, this does not appreciably 
affect the expansion properties of the composition. 
For example ammonium bromide is more than 
likely entirely eliminated at the usual casting 
temperatures but nevertheless it has imparted 
Some action, at present not explainable scientifi 
cally, to the mold, which enables expansions to 
continue even though the added agent is no longer 
present. The bromides are also generally bene 
ficial as cleansing agents in improving the sur 
face appearance of the casting. Some of the 
bromides may form oxides when heated, but 
nevertheless their beneficial expansion increasing 
and cleansing properties are not imparted to the 
mold if the respective oxide were originally added 
in place of the bromide. 
From most standpoints, including beneficial ef 

fects on setting and thermal expansions, as well 
as action as accelerators, the above bromides act 
Substantially the same as the potassium bromide 
which was used throughout as an example. It is to 
be noted however that while the amounts used 
may have some benefit slightly above 5%, the cost 
involved and the fact that they are somewhat less 
desirable from a moisture absorbing standpoint, 
it would be desirable to use perhaps not over 3% of these. 

In general commercial practice, the various 
bromides would be added and mixed with the 
plaster and silica powders but where the moisture 
absorbing characteristics are undesirable the same 
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beneficial results may be secured by adding the 
bromide to the gaging water instead. 
As mentioned above, when describing the re 

fractory filler in an investment composition, na 
terials other than quartz may be substituted for 
all or part of the latter. Perhaps the most suit 
able refractory now available which will impart 
greater expansion to the mold than its equivalent 
amount of quartz is cristobalite. Using 44% 
plaster with 1% potassium bromide, and with 55% 
silica the thermal expansion at 1300 F. Will be 
1.20%. By substituting cristobalite for all of the 
quartz in the above investment composition, the 
thermal expansion will be raised to approximately 
1.6 to 1.9%, depending upon the type and purity 
of the cristobalite. Where only a portion of the 
quartz is replaced by an equal amount of cristo 
baite, the expansion will be increased in propor 
tion to the amount of cristobalite used. Thus, 
using 44% plaster and 1% potassium bromide, 
and with varying amounts of quartz and cristo 
balite, any thermal expansion between 1.20% and 
approximately 1.6 to 1.9% may be produced. Like 
wise, increase in the amount of bromide will in 
crease the expansion of any given base containing 
cristobalite. . 
A further advantage in the use of the bromides 

as a thermal expansion improving agent is the 
fact that molds containing same may be heated 
to temperatures of approximately 1500 to 1800 
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5. An investment composition for casting met 

als and their alloys, consisting principally of a 
refractory filler and a binder, in such proportion 
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F., without experiencing unduly rapid shrinkage 
as is the case with many of the other expansion 
improving agents, and as is also true of the in 
vestment composition base itself. This is es 
pecially desirable inasmuch as alloys now used 
in dentistry made of base metals may be success 
fully cast in a mold that has sufficient expansion 
within the casting temperature range demanded 
by these higher fusing alloys and which temper 
ature range often approaches as high as 1600 to 
1800 F. 
What is claimed is: 
1. An investment Composition for casting net 

als and their alloys, consisting principally of a 
refractory filler and a binder, in such proportions 
as to give an investment composition, and Con 
taining a soluble inorganic bromide, with Such 
bromide being present in a quantity sufficient to 
improve the expansion property of the composi 
tion, but not in excess of 3%. 

2. An investment composition for casting met 
als and their alloys, containing from 18 to 50% 
binder, from 82 to 50% cristobalite, and a solu 
ble inorganic bromide, with such bromide being 
present in a quantity sufficient to improve the ex 
pansion property of the composition, but not in 
excess of 3%. 

3. An investment composition for Casting met 
als and their alloys, consisting principally of a 
refractory filler, some of which is in the form of 
cristobalite and a binder in Such proportion as to 
give an investment composition, and containing a 
soluble inorganic bromide in such proportion to 
improve the expansion property of the composi 
tion, but not in excess of 3%. 

4. An investment composition for casting met 
als and their alloys, consisting principally of 
cristabolite and quartz, and a binder in such pro 
portion as to give an investment composition and 
containing a soluble inorganic bromide in such 
proportion as to improve the expansion property 
of the composition but not in excess of 3%. 

35 

40 

as to give an investment composition, and Con 
taining a bromide selected from the group Con 
taining ammonium, potassium, sodium, rubidium, 
caesium, barium, calcium, lithium, strontium, 
magnesium, iron, zinc, nickel, cobalt, chromium, 
manganese, aluminum, cadmium-potassium, cad 
mium, copper, lead, bismuth, antimony, tin and 
hydrogen but not in excess of 3%. 

6. An investment Composition for casting met 
als and their alloys, consisting principally of a 
refractory filler and a binder, in such proportion 
as to give an investment composition, and Con 
taining a bromide selected from the group con 
taining annonium, potassium, sodium, lithium, 
rubidium, caesium, barium, calcium, strontium, 
magnesium, iron, zinc, nickel, Cobalt, chromium, 
manganese, aluminum, cadmium-potassium, Cad 
mium, Copper, lead, bismuth, antimony, tin and 
hydrogen, in such proportion as to improve the 
expansion property of the composition, but not 
in excess of 3%. 

7. An investment composition for casting met 
als and their alloys, consisting principally of a 
refractory filler and a binder in such proportions 
as to give an investment composition, and con 
taining potassium bromide, with such bromidelbe 
ing present in a quantity sufficient to improve the 
expansion property of the composition, but not in 
excess of 3%. 

8. An investment composition for casting met 
als and their alloys, consisting principally of a 
refractory filler, and a binder in such proportion 
as to give an investment composition, and con 

ning annonium bromide but not in excess of 
s 

9. An investment composition for casting met 
als and their alloys, consisting principally of a 
refractory filler and a binder in such proportions 
as to give an investment composition, and con 
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taining ammonium bromide, with such bromide 
being present in a quantity sufficient to improve 
the expansion property of the composition, but 
not in excess of 3%. 

10. An investment composition for casting met 
als and their alloys, containing from 18 to 50% 
binder, from 82 to 50% cristobalite, and ammo 
nium bromide, with such bromide being present 
in a quantity sufficient to improve the expansion 
piperty of the composition, but not in excess of 

s 

11. An investment composition for casting met 
als and their alloys, consisting principally of a 
refractory filler, some of which is in the form of 
Cristobalite, a binder in such proportion as to 
give an investment composition, and containing 
annonium bronide in such proportion to improve 
the expansion property of the composition, but 
not in excess of 3%. 

12. An investment composition for casting 
metals and their alloys, consisting principally of 
a refractory filler and a binder in such propor 
tions as to give an investment composition, and 
(containing sodium bromide, with such bromide 
being present in a quantity sufficient to improve 
the expansion properties of the composition, but 
not in excess of 3%. 

ROBERT NEMAN. 
ROBERT C. ERNST. 
EDMUND A. STEINBOCK. 


