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UNITED STATES PATENT OFFICE 
2,420,851 

METHOD OF MANG PATTERNS ARO 
USE TEREOF 

Eric H. Zahn, Found Ridge, and doy Chester 
Feagin, New York, N. Y., assignors to Austenal 
Laboratories, Inc., New York, N. Y., a corpora 
tion of New York 
Application July 8, 1943, Serial No. 493,828 

(C. 22-95) 5 Claims. 

Our present invention relates generally to the 
casting art, and has particular reference to Cer 
tain improved procedures to be employed in the 
production of cast articles having hollow in 
teriors. 
While our invention is not necessarily restricted 

to the casting of any particular type of hollow 
article, nor to the material of which such casting 
is to be made, it is primarily useful in the produc 
tion of cast metallic articles of relatively intricate 
configuration in which the hollow interior is of 
irregular shape, especially articles of relatively 
small size and accurate dimensions. The me 
chanical arts abound with illustrations of these 
types of articles, but for the purposes of the pres 
ent disclosure we have chosen to allude to surgical 
appliances intended for permanent inplantation 
in the body to reinforce or replace portions of the 
skeleton structure. As a specific example we 
have depicted in the accompanying drawings an 
artificial member designed for surgical attach 
nent to the upper end of the shaft of the human 
femur or hip-bone to serve as a permanent re 
placement for the head portion of the bone. De 
spite the fact that such an article has unique 
curvatures and certain relatively critical dimen 
sions, and the interior of the article is quite ir 
regular in shape and has numerous "under-cut' 
portions, the present invention permits items of 
this irregular character to be produced in finished 
form, in commercial quantitles, by the employ 
nent of pure casting procedures. Usually the 
Casting is made of a non-corrodible heat-resistant 
alloy, such as chronium-cobalt-molybdenum al 
loy, and is carried out at high temperatures in 
molds of suitable refractory character. 
The ultimate casting nea not necessarily be 

made in a one-piece mold, but the advantages of 
the present invention and its potential usefulness 
for a variety of purposes will be best appreciated 
by describing its applicability to the creation of 
such molds, 

In the formation of a refractory mold of one 
piece charicter, it is conventional practice to 
make a pattern of destructible material (such as 
wax, for example) which is a replica of the de 
sired article. This pattern is invested in the mold 
material and then destroyed (for example, by 
melting the wax), thereby leaving a correspond 
in mold cavity in which the ultimate article may 
be cast. It is among the objects of the present 
invention to provide an improved method of nak 
ins n self-sustaining casting pattern composed 
entirely of destructible pattern material which is 
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a replica of an article having an irregularly 35 

2 
shaped hollow interior. More particularly, the 
present method is one which permits such de 
structible patterns to be manufactured in con 
mercial quantities by means of casting operations. 
By the term "destructible material," as used 

herein and in the appended claims, we intend to 
refer generally to the types of materials which are 
customarily employed for making patterns which 
are to be invested in mold material and then de 
stroyed. Theoretically, there is no known mate 
rial which is not "destructible," but the present 
use of this term is intended to signify a suscepti 
bility to destruction by relatively simple com 
mercial procedures such as a heat-treatment 
which either melts the material or burns or vola 
tilizes or otherwise breaks it down, or a treatment 
with a liquid which has a dissolving or equivalent 
chemical effect upon the material. Warious sub 
stances which have this type of "desructibility' 
will be illustratively specified hereinafter. 
Another object of our invention is to provide 

an improved method of utilizing a model of the 
ultimate desired article for the general purpose 
of making a cored mold, and for the specific pur 
pose of making a cored mold of sectional char 
acter in which destructible patterns of the type 
hereinbefore referred to may be made. 

In accordance with our invention, we first form 
a core of destructible naterial conforming in 
shape and size to the hollow interior of the desired 
article, and then form the desired pattern around 
this core, the pattern being composed entirely 
of differentially destructible material. We then 
destroy the core to eliminate it from the pattern. 
By the term "differentially destructible' we al 
lude to the employment of two different materials 
each of which is destructible by some type of de 
structive action to which the other is immune. 
Thus, the core elimination may be effected, for 
example, by the destructive action of a solvent in 
which the pattern material is insoluble. A Con 
venient and preferred procedure involves the 
formation of the core and the surrounding pat 
tern of waxes or equivalent materials of meltable 

5 character, the melting temperature of the core 
being sufficiently below the melting temperature 
of the pattern so that the core elimination may be 
effected by subjecting it to the lower temperature. 
We achieve these general objects and ad 

vantages in the manner illustratively exemplified 
in the accompanying drawings in which: 

Figure 1 is a perspective view of a core whose 
formation is one of the first steps involved in 
carrying out the present process; 

figure 2 is a diagrammatic cross-sectional view 
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through a sectional casting mold in which the 
Core of Figure 1 is employed; 

Figure 3 is a cross-sectional view taken sub 
stantially along the line - of Figure 2; 

Figure 4 is a cross-sectional view of the inter 
mediate product resulting from the employment 
of the mold of Figures 2 and 3; 

Figure 5 is a cross-sectional view of the de 
structible pattern which is produced by elim 
inating the core from the assembly of Figure 4; 

Figure 6 is a diagrammatic cross-sectional view 
through a one-piece refractory mold in which the 
pattern of Figure 5 has heciu invested and from 
which it has threupon boen eliminated; and 

Figure 7 is a perspective view of the ultimate 
article which is cast in the mold of Figure 8. 
The article O which we have chosen to illus 

trate (Figure 7) is a hollow artificial femur head, 
but it will be understood that this ten is merely 
an illustrative example of a wide variety of dif 
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ferent articles which may be produced by the . 
practice of the present invention. It should 
also be mentioned that the article as illustrated 
herein is not intended to be an absolutely accu 
rate representation of the surgical appliance, nur 
nerous contour and other details having been 
omitted for the sake of simplicity, 
The article to has a substantially cylindrical 

stern portion merging with an oblique neck 
2 upon which a substantially spherical head 

is formed. The stem is ultimately intended 
to be secured by any suitable technique of bone 
surgery to the shaft portion of the femur which 
is to be re-built, while he rounded head is 
intended to establish a pivotal relationship within 
the corresponding socket of the acetabulun, At 
the junction of the neck 2 with the stem portion 

there are irregular protuberances (indicated 
generally by the reference numeral 4) which 
correspond to the eminences normally present on 
a natural femur (known as trochanters) for mus 
cle-attachment purposes. In the artificial de 
vice, these protuberances 4 may be provided with 
loops or the like to facilitate suturing. 

For the sake of lightness in weight, the arti 
ficial appliance is made substantially hollow as 
indicated in Figure 7, being in effect a mere shell 
of suitable material (such as an alloy of the char 
acter hereinbefore mentioned) whose strength, 
stability, chemical resistance and other proper 
ties are adequate for the purpose. The opening 
in the end of the head 3, formed there by virtue 
of the corresponding e. ension (see Figure 1), 
is sealed up by means of a plug or the like which 
may be welded into position during the final man 
ufacturing stages. 
In carrying Out our invention, we first form a 

core (Figure 1) which conforms in shape and 
size to the interior cavity within the item . 
This core is composed of destructible material, 
and it is provided with extensions B at its oppo 
site ends to permit it to be properly positioned 
within a sectional mold such as that shown in 
Figures 2 and 3. 
This mold is composed of two or more separable 

complementary sections (such as the four sections 
herein illustrated by way of example), these 

sections being provided with special openings 
which accommodate the extensions f, as shown, 
and provided with a casting cavity which con 
forms in shape and size to the external charac 
teristics of the desired article. The mold is con 
posed of some suitable permanent material, such 
as metal, and may be of any conventional struc 
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4. 
and the like (not shown) to facilitate the assen 
bly and disassembly of the mold sections. A 
sprue or sprues are formed in a suitable locality 
to permit the introduction of the material which 
is to be cast around the core 5. 

Into this mold we introduce a material which 
is of differential destructibility with respect to 
the core 5, and the ultinate result is a casting 
as shown in Figure 4 in which the core is 
embedded. The cast body is a replica of the 
item fo, and by now destroying the core is to 
"eliminate it from the surrounding material a body 
of the character shown in Figure 5 is produced. 
This body is identical in shape, size, and contour 
details with the item to, except that it is con 
posed entirely of destructible pattern material, 
This destructible pattern is then invested in 

mold material 2 (see Figure 6) which may be, 
for example, of refractory composition. After 
the mold material has set, the pattern is de 
stroyed and eliminated, thereby leaving a casting 
cavity 2 of corresponding contour and shape. 
In accomplishing this result, the pattern 9 is 
preliminarily associated with a suitable project 
ing portion or portions of like destructible ma 
terial so as to form the sprue opening 22 in the 
mold 20. It is through this opening, and such 
other openings as may be provided for the same 
purpose, that the material of the pattern 9, 
when uestroyed, is allowed to escape. For exam 
ple, if the pattern is of meltable material, its 
elimination from the mold 2 would be accom 
plished by subjecting it to heat and allowing the 
molten pattern naterial to flow out through the 
opening 22. 
The opening 22 serves also as a passage-way 

for the introduction of the ultimate metallic 
material of which the final castling is to be made. 
If the casting is to be composed of a chromium 
cobalt-molybdenum alloy, for example, the mold 
2 is usually pre-heated to a temperature of about 
2000 F., and the molten alloy is usually heated 
to a temperature of about 2800' F., and is intro 
duced into the mold 20 under pressure. Ulti 
mately, the mold 2 is destroyed to free the cast 
ing which has been formed within it. 

In forming the cored mold of Figures 2 and 3, 
we prefer to employ the following procedure. A 
solid model is first made either of wood, ivory, 
metal, or any other desired composition, which 
conforms in external shape and size to the ex 
ternal characteristics of the desired article. This 
model has the external appearance, when first 
formed, of the structure shown in Figure 4 of 
the present drawings, It is employed in any colle 
ventional or suitable manner to form the con 
plementary mold sections and in achieving 
this result it may be desirable, for example, to 
employ the procedure described and illustrated 
in Patent No. 2,306,516. The model is then 
altered, by carving or whitting it down, or other 
Wise reducing and changing its shape and pos 
sibly adding locating tabs or the like, so that it 
ultimately appears like the item shown in Fig 
lure 1 of the present drawings. Its body portion 
now conforms in shape and size to the hollow 
interior of the desired article. This altered 
model is then utilized in any suitable or desired 
nanner to form another set of separable con 
plementary mold sections (not shown) which are 
also composed of metal or equivalent permanent 
material, and in forming these mold sections the 
procedure illustrated and described in Patent No. 

tural character provided with positioning lugs is 2,306,516 may be employed, if desired. The 
s 
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model has then fulfilled its functions and may 
be disposed of. 
We then have available two sectional casting 

molds of permanent character which may be 
used repeatedly, Oise of then permits the pro 
duction of cores as shown in Figure 1. The other 
is illustrated in Figures 2 and 3 and is used re 
peatedly in the manner herein described to pro 
duce pattern-core assemblies as shown in Figes 
ure 4. Obviously, if desired, the mold which 
forms the core is may be constructed with a 
nultiplicity of casting cavities so that a plu 
ralty of cores nay be produced at the same 
tline. The old of Figures 2 and 3 nay also be 
constructed, if desired, with a series of separate 
casting cavities, preferably communicating with 
one another, so that a plurality of destructible 
patterns may be formed in one operation. 
The materi?is of which the core and pattern 

are made may be of various types. For ex 
ample, they may be so chosen as to have dif 
ferential characteristics of solubility. Thus, the 
core might be of water-soluble (or water-disper 
sable) material while the pattern material is 
insoluble in water. Among the water-soluble 
or -dispersable materials of which the core could 
be composed are certain of the polyhydric al 
cool esters such as di-glycolatearate, di-ethyl 
ene-glycol monostearate, glyceryl tartrate, or the 
like; or certain dehydrated Condensed glycols 
such as the polyglycols; or certain of the poly 
alkylene oxides (currently available under the 
name 'carbowiak'); or acetande. To any se 
lected one or more of these materials polyvinyl 
alcohol might well be added to impart greater 
strength, a. 

Among other materials of water-soluble char 
acter which might be employed to form the core 
are numerous salts which are very soluble lin 
hot solutions and less soluble in cold solutions, 
and which are adapted to take up Water of Crys 
tallization. For example, asalts such as sodium 
thiosulphate, magnesium chloride, sodium bi 
chronate, and ammonium aluminum sulphate 
are of this type and have been found satisfac 
tory in forming astrong cores with smooth sur 
faces. The cores may be formed by crystalliza 
tion from hut supersaturated solutions of the 
salts, e. g., by introducing such hot solutions into 
the core molds and allowing the crystalline 
hydrate to form as cooling proceeds. Calcium 
chloride is typical of another kind of salt which 
could be used in much the same manner, except 
that calcium chloride takes up alcohol of Crys 
tallization to form a crystalline water-soluble 
core material. Accordingly, the use of salts for 
the present purpose is not necessarily restricted 
to water solutions but may involve alcohol solu 
tions as well, or water-alcohol solutions. 
With a core of this type, susceptible to destructs 

tion and elimination by subjection to an aqueous 
treatment, any of a large group of materials, 
insoluble in or inmune to water, might be en 
ployed for the outer pattern. For example, any 
of the commonly-employed wax mixtures could 
be used, such as a mixture of carnauba, can 
della, and beeswax, with or without parafen; 
or a mixture of the fore ong with polymerized 
terpene; or a mixture of carnauba, parafan, and 
polybutene. Other possible materials are acrylic 
resin, or polystyrene resin, or mixtures of these 
substances with other resins, waxes, or the like, 
In each case, the pattern materia is of mold 
able (i. e., castable) character, and is deatructible 
to permit its ultimate elimination from the one 
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6 
piece mold in which it is to be invested. For 
example, if wax mixtures are employed, they 
can be eliminated by the dissolving action of a 
suitable solvent, or by meling them or by other 
means; and if acrylic or polystyrene resins or 
the like are employed, they can be eliminated 
by the destructive burning or decomposing action 
of heat, or by other means. 

Most of the foregoing illustratively specified 
pattern materials are not soluble in ethyl alcohol, 
hence an alternative way of carrying out the 
process may reside in using any of these materials 
to form a pattern which is cast around a core 
composed of a material which will yield to the 
dissolving action of ethyl alcohol. Among such 
alcohol-soluble materials, suitable for the presea 
purpose, might be mentioned sorbitol lactate, 
sorbitol di-stearate, polyvinyl acetate resin, acetr 
anide, or the like. 
Another way of providing for the desired differ 

ential destructibility of the core and pattern Ina 
terials is to compose the core of a relatively low 
neiting-point substance. For example, if the 
outer pattern is formed of one of the convention 
ally-employed wax mixtures it may have a melt 
ing point of approximately 76 C. In the case 
of carnauba wax mixtures the melting point 
night be approximately 83-86 C. The core 
might then be composed, for example, of any of 
the following illustrative Imaterials: 

Yellow beeswax, which melts at 61' C., 
Cocoa butter, which melts at 30-35' C., 
Di-glycol stearate, which melts at 53 C., 
Levulinic acid, which melts at 33 C., 
Bornyl acetate, which melts at 28 C., 
Tetrachloro (1,2,3,4) benzene, which melts at 

47A. C., 

or of any other suitable material having a neit 
ing temperature appreciably lower than that of 
the pattern material, care being taken, of course, 
when the pattern material is formed around the 
core, that the latter is adequately pre-chilled or 
otherwise guarded against destruction at this 
stage of the process. Ultimately, the destruction 
of the core and its consequent elimination fron 
the pattern may then be accomplished by merely 
subjecting it under controlled conditions (e. g., in 
a water bath or the like) to the lower temperature. 

In each case, a number of types of powdered or 
ground fillers may be used in either the core ma 
terial or the pattern material or both. Such fillers 
night consist, for example, of acrylic or vinyl 
resins, or simple inorganic or organic compounds 
and waxes, and if properly chosen they serve to 
decrease shrinkage of the core or pattern, a the 
case may be, and help to produce more accurate 
results. 

It will be understood, of course, that the inven 
tion is not restricted to the use of the particular 
meterials mentioned merely by way of example, 
fur to the particular modes of core or pattern 
destruction described. The core may be de 
stroyed and thus eliminated from the pattern by 
any suitable or desired procedure so long as it 
leaves the destructible pattern r ,ct for its con 
templated subsequent investment; and the de 
struction of the pattern to eliminate it from the 
mold material in which it is invested may aim 
larly be accomplished by any suitable or desired 
means. The inportant feature of the invention 
resides in the proper selection of the destructible 
Eaterials employed to form the core and pattern, 
whereby the steps of the entire process may be 
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satisfactorily carried out, as described, in a wholly 
feasible and commercially utilizable manner. 
In general it will be understood that the details 

herein described and illustrated are intended to 
be merely illustrative in character, and that the 
present process may be applied to a large variety 
of different purposes, and Inay readily be modified 
in numerous ways by those skilled in the art 
without departure from the spirit and scope of 
the invention as expressed in the appended claims. 

Having thus described our invention and illus 
trated its use, what we claim as new and desire 
to secure by Letters Patent is: 

1. A method of making a cast metallic article 
having a hollow interior, which consists in form 
ing a core of destructible material conforming to 
said hollow interior, casting differentially de 
structible material around said core to form a 
destructible pattern which is a replica of the de 
sired article, destroying the core to eliminate it 
from said pattern, said core elimination being 
effected by subjecting it to a destructive action 
to which the pattern material is immune, in 
vesting the resultant hollow pattern in refractory 
mold material and then destroying it to eliminate 
it and thereby leave a corresponding mold cavity 
in the refractory material, and casting the de 
sired metallic article in said cavity. 

2. A method of making a cast metallic article 
having a hollow interior, which consists in form 
ing a core of destructible material conforming 
to said hollow interior, casting differentially de 
structible wax material around said core to form 
a destructible wax pattern which is a replica of 
the desired article, destroying the core to elimi 
nate it from said pattern, said core elimination 
being effected by subjecting it to a destructive 
action to which the wax pattern material is in 
mune, investing the resultant hollow wax pattern 
in refractory mold material and then destroying 
it to eliminate it and thereby leave a correspond 
ing mold cavity in the refractory material, and 
casting the desired metallic article in said cavity. 

3. A method of making a cast metallic article 
having a hollow interior, which consists in form 
ing a core of destructible material conforming 
to said hollow interior, casting differentially de 
structible material around said core to form a 
destructible pattern which is a replica of the 
desired article, destroying the core to eliminate 
it from said pattern, said core elimination being 
effected by subjecting it to the destructive action 
of a solvent in which the pattern material is in 
Soluble, investing the resulting hollow pattern in 
refractory nold material and then destroying it SS 
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to eliminate it and thereby leave a corresponding 
nold cavity in the refractory material, and casta 
ing the desired metallic article in said cavity. 

4. A method of making a cast metallic article 
having a hollow interior, which consists in form 
ing a core of destructible material conforming 
to said hollow interior, casting differentially de 
structible material around said core to form a 
destructible pattern which is a replica of the 
desired article, destroying the core to eliminate 
it from said pattern, said core elimination being 
effected by subjecting it to a destructive heat 
treatment to which the pattern material is im 
mune, investing the resultant hollow pattern in 
refractory mold material and then destroying it 
to eliminate it and thereby leave a corresponding 
nold cavity in the refractory material, and cast 
ing the desired metallic article in said cavity. 

5. A method of nakting a cast metallic article 
having a hollow interio, which consists in form 
ing a core of destructible material conforming 
to said hollow interior, Casting differentially de 
structible material around said core to form a 
destructible pattern which is a replica of the de 
sired article, destroying the core to eliminate it 
from said pattern, said core being composed of 
a material which melts at a temperature below 
the melting temperature of the pattern material, 
and said core elimination being effected by melt 
ing it at sadd lower temperature, investing the 
resultant hollow pattern in refractory mold ma 
terial and then destroying it to eliminate it and 
thereby leave a corresponding mold cavity in the 
refractory material, and casting the desired me 
tallic article in said cavity. 

- ERC. B. ZABN. 
ROY CHESTER FEAGIN. 
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