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This invention relates to the production of refractory
shell molds, particularly for use in precision casting of
metals. The invention provides an improved method
of forming such molds on an expendable pattern, and
subsequently eliminating the pattern without having to
reinforce the mold shell in any way. . The invention
further provides an- improved . refractory - composition
which is advantageously used in making shell molds by
the method of the invention; and the shell mold produced
by the method and with the composition of the inven-
tion is itself a part of the invention.

Refractory molds for making castings which conform
accurately in dimension to the original pattern are cus-
tomarily made by applying a refractory slurry composi-
tion to the outer surface of an expendable pattern, allow-
ing such cemposition to harden about the. pattern, and
then eliminating the pattern from within the hardened re-

ractory to form a casting mold. The simplest way of
eliminating the pattern is to heat it to above its melting
or decomposition temperature.
thermal expansivity of the pattern material is usually much
greater than that of the refractory material which forms
the mold, the mold is subjected to severe stress by so
doing. It has therefore been common practice heretofore
to strongly reinforce the refractory mold about the pat-
tern before eliminating the pattern by heating to above its
fusion or decomposition temperature. The most common
reinforcing procedure has been to place the coated pat-
tern in a flask and then form a thick, densely packed body
of refractory (termed a secondary investment) in the
flask about the hardened refractory coating (the so-called
primary investment) which surrounds the pattern. The
resulting reinforcement of the primary investment permits
heating it and the pattern material within it to a high
enough temperature to melt, volatilize, or decompose and
burn away the pattern material without injury to the re-
fractory mold. It results, however, in a bulky mold which
is slow to heat for pattern elimination and preparatory
to casting, and which is time consuming and costly .to
prepare, and which is relatively difficult to break away
irom the completed casting.

Various procedures have been proposed heretofore
to minimize or avoid the necessity for reinforcement of
the primary investment preparatory to eliminating the
pattern.” One such procedure is to make the pattern of a
material having a very low thermal coefficient of ex-
pansion. Mercury is such a material; and when a shell
mold is formed by coating a frozen mercury pattern with
a hardenable refractory composition, the mercury can be
melted from within the hardened shell mold with but little
external reinforcement of the latter. This procedure is
subject to the serfous disadvantage that the pattern must
be made and handled at very low temperatures, far below
the freezing point of water. Moreover, the correspond-
ing low temperature at which the re ractory slurry must
be applied to the pattern and then hardened about it im-
poses severe limitations on ‘the materials that can be
used in forming the refractory investment composition.

Another procedure which has been devised to minimize
the need for reinforcing the hardened primary invesiment
once it has been formed about the pattern, is to eliminate
the pattern by dissolving it in a suitable solvent. For in-
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stance, wax is readily soluble in a wide range of organic
liquids, and a procedure has been devised for making
shell molds by applying the primary investment to a wax
pattern, and then eliminating the pattern from within the
hardened investment by dissolving it in a solvent opera-
tion analogous to vapor degreasing.  While this proce-
dure eliminates the expense and difficulty incident to re-
inforcing the primary investment, it does so at the ex-
pense of substituting a relatively cumbersome pattern
elimination procedure.

It is of course advantageous to use as the pattern ma-
terial a substance which can easily be formed at moderate
temperatures and which can be eliminated from the mold
formed about it by heating to a modest elevated tempera-
ture. Generally speaking, the pattern materials which are
most convenient and economical to employ are waxes,
resinous plastic compositions, nad so-called fusible metals
having a melting temperature not far above room tempera-
ture.” The present inventicn contemplates the use of such
convenient pattern materials, and makes it possible to
eliminate patterns of such material from within an unrein-
forced shell mold by so making the shell mold as to im-
part to it a high degree of mechanical strength at the
temperatures at which the pattern material is eliminated.
This result is achieved by making the shell mold of a re-
fractory composition in which the bonding agent is an
aqueous sol containing colloidally dispersed silica, ‘and
preferably also containing a dispersed resinous polymer.
(Throughout this specification the ‘word “dispersed;” as
applied to resinous polymers; includes dissolved poly-
mers. as well as polymers dispersed colloidally.)

I have found that by applying a number of coats of
such a composition to a pattern, allowing a sufficient time
between the application of each coat for the preceding
coat to harden, the resulting refractory shell is adequately
strong to resist normal handling and the stresses incident
to heating to the temperature necessary to eliminate the
pattern without any external reinforcement. The shell
thus produced resists cracking and other damage even
when the pattern is a wax having a thermal coefficient
of expansion much greater than that of the shell refrac-
tory and is eliminated by heating to a temperature at
which the wax melts. It is necessary, in order to make
the shell adequately strong, to apply a multiple number
of coats of refractory to the pattern ‘before the pattern
is eliminated. At least three coats should be applied, and
preferably the shell is built up of six or more successively
applied coats of the refractory compgosition,

The method of making a high-strength refractory shell
mold in accerdance with this invention accordingly com-
prises repeatedly .coating an expendable pattern with a
slurry of finely-divided refractory suspended in an aque-
ous sol containing colloidally dispersed silica, and allow-
ing the coating to harden on the pattern, until a refractory
shell of substantial . thickness has been built up on the
pattern.’ . Preferably each coating is “sanded,” that is it is
sprinkled while still wet with relatively coarse refractory
particles which embed themselves in the coaing and pro-
vide a rough surface to which the next succeeding coating
can easily become bonded. After the final coating has
been applied and hardened, the shell is heated without
any external reinforcement to an elevated temperature
high enough to eliminate the pattern. The resulting sheil
mold is employed in the usual manner as a mold in which
to cast the molten metal.

The refractory suspended in the slurry, particularly for
the second and subsequent coats, preferably is a mixture
of very fine particles with relatively coarse refractory par-
ticles. - Most advantageously it comprises from 30% to
70% by weight minus 270-mesh particles and the balance
predominantly plus 200-mesh particles (mesh sizes stated
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herein are those of the U.S. standard screen series). The
aqueous sol vehicle in which the refractory is suspended
contains (cn a dry basis, that is by weight of the active
sol ingredients, excluding water and other volatile solvents
and diluents) from 60% to 80% by weight of colloidally
dispersed silica, and from 8% to 35% by weight of a
resincus polymer. =Advantageously, the sol vehicle also
includes a thickening or film-forming agent {in an amount
from 0.5% to 10% on a dry basis) and a wetting agent
(in an amount from 1% to.15% on a dry basis), both of
which contribute to holding the finely-divided refractory
solid in suspension.

Percentage composition figures given above and
throughout this specification for the sol vehicle are ex-
pressed on a dry basis. - That is, they state (in percent)
the proportion by weight that each dispersed or dissolved
active constituent of the sol bears to the total amount of
all such dispersed or dissolved constituents. These per-
centage figures therefore are independent of the amount
of volatile liquid in which the active ingredients are dis-
persed.

Shell molds preduced in accordance with the invention,
using a composition of the character described, are re-
markably strong even in the “green” state (ie., in the air
dried and hardensd state prior to firing to a high tempera-
ture). They are amply strong to enable a wax pattern
having a thermal coefficient of expansion mmch highe
than that of the refractory shell itself tc be eliminated by
fast heating of the shell without any external reinforce-
ment to the sheil.  Such shells, made of the preferred com-
position. of -this invention, comprise finely-divided parti-
cles of a refractory material bonded into a unitary struc-
ture by & composition of 60% tc 80% by weight silica of
substantially colloidal fineness, and 8% to 35% by weight
of a resinous polymer. The resinous polymer provides a
low temperature bond which imparts notably high strepgth
to the mold in the air-dried condition, enabling it to with-
stand the handling it is subjected to in commercial oper-
ations. Furthermore, when the mold is fired, the polymer
is burned out and leaves the mold shell readily permeable
by gases. The resulting finely permeable shell structure is
admirably suited to making castings free from surface
defects.

It has been proposed heretofore to employ sifica col-
loidally dispersed in an aqueous sol as the bending ageat
for the refractory composition in the formation of cast-
ing :molds. . In such piior proposals the silica sol has
merely been a substitute for cther available refractory
bonding agents, such for example as organic silicate solu-
tions and suspensions of finely-divided (but not colloidal)
silica in phosphoric acid solition. Mo commercially
acoeptable procedure has been known for producing shell
molds from such compositions which are consistently
strong enough to withstand the stresses involved in elim-
inating a wax or similar pattern by heating to a moder-
ately elevated temperature. Prior proposals involving the
use of colloidal silica as the refractory bonding agent
have therefore followed the heretofore known practices
of either heavily reinforcing the primary investment
formed of such material about the pattern before elim-
inating the pattern, or else employing some special pat-
tern eliminating procedure such as dissolving the pattern
material in a soivent. . The use of aquecus silica sols as
the bonding agents in refractory compositions used in
making sheil molds on frozen mercury patterns has of
course not been proposed or used becauss at the low tem-
peratures involved such sols ireeze.

Following is a detailed description of a prcferred em-
bodiment of this invention, and of modifications that can
be made without departing {rom the invention:

An accurate pattern of the article to be cast is first
made by any desired procedure, preferably using wax, or
a thermoplastic or thermosetting resinous polymer, or a
metal having a low melting point, as the pattern material.
1t is characteristic of the invention that the pattern mate-
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A
rial be one which can be handled readily at ordinary room
temperature. Preferably a low-shrinking wax composi-
tion is used ag the pattern material.

The first step in forming the mold entails applying a
number of coats of the refractory composition to the pat-
tern. The refractory compositicn is a liquid suspension
of finely-divided refractory particles and may be applied
to the pattern by any of the methods usually employed.
A particularly easy and satisfactory procedure is by dip-
ping the pattern beneath the surface of 2 body of the
refractory composition in a suitable container (a proce-
dure known as “dip coating”). When the pattern is with-
drawn from the body of coating material, a layer of the
coating composition adheres to it. The composition may
alternstively be applied by such procedures as painting
it on the pattern, or spraying it thereom.

The coating composition is formed by suspending a
finely-divided refractory materisl in an aqucous sol con-
taining colloidally dispersed silica. Any of the commer-
cially available aquecus silica sols may be employed.
Such sols may be prepared by separating the base ion from
an alkali metal or ammonium silicate solution under con-
ditions which retain the silica in colloidally dispersed
form. As -available commercially, these sols normally
contain 30% or 35% by weight of colleidally dispersed
sitica, and me more than about 0.4% by weight NaOH
or eguivalent base. For purposes of this invention, how-
ever, the silica content of the sol may be as low as 10%
by weight, and sols of such low concentration may be
made by diluting the more concentrated sols with water
The viscosity. of even the more concentrated commercial

_sols-is quite low, and their specific gravity is. about 1.2.

Any desired finely-divided refractory may be suspended
in the sol, including, but without limitation, zirconium
silicate (zircon), zirconium oxide, aluminum oxide (espe-
cially fused alumina), silica, grog (crushed or grouad
fired silica-alumina clay refractories), and chromite. To
form a mold having a smooth-surfaced casting cavity and
thus to assure the production of castings having good
surfaces, the suspended refractory should be very finely
divided. For at least the coating composition applied
directly in contact with the paitern, the particle size should
be at least about 80% minus 270-mesh. It is particu-
larly advantageous to employ very finely divided zircon
(90% minus 325-mesh) as the refractory in the coating
composition first applied to the pattern. The refractory
employed in compositions used for second and subsequent
coats in building up the thickness of the shell mold may
be somewhat coarser. For optimum results, the refrac-
tory content of the second and subsequent coats is a mix-
ture of very fine and relatively coarse particles. A refrac.
tory comprising 30% to 70% by weight minus 270-mesh
particles and the balance predominantly plus 200-mesh
particles ‘is generally preferred. Zircon preferably is
employed for the fine refractory component, and a grog
for the coarse component,

Zircon is preferred as the very finely-divided refractory
used in the coating composition which forms the inmer
surface of the mold cavity after the pattern has been
eliminated, because this material imparts a particularly
good surface to the metal casting. It is also advanta-
geously used as the fine refractory component in the com-
position forming the second and subsequent coats, be-
cause its low thermal coefficient of expansion facilitates
close control over the dimensions of the casting; and
since its coefficient of expansion undergoes no substantial
or abrupt change in value over a very wide temperature
range, its uss aids in avoiding cracking of the shell due
to thermal shock. Molten metals can be poured into
such molds at a temperature much higher than that of
the mold without cracking of the mold. Fused alumina
also may be used with notable success in the coating com-
position. The proportion of refractory solids to lquid sol
may be varied over quite wide limits, but in general the
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weight of refractory will range from ¥ to 15 times the
weight of the sol vehicle,

As indicated above, the sol vehicle, in addition to con-
taining colloidal silica, preferably also contains a dis-
persed resinous polymer. The presence of this agent
notably increases the adhesion of the coating composi-
tion to the pattern material, greatly improves the “green”
strength of the mold, and improves the water resistance
and scratch hardness of the “green” mold. Any resinous
polymer capable of being dispersed (colloidally, or by
being dissolved) in aqueous media can be used with suc-
cess, including polyvinyl acetate, the copolymer of vinyl
acetate and vinyl chloride, the copolymer of a vinyl com-
pound and an acrylic compound (e.g. vinyl chloride and
acrylic acid or- acrylonitrile), an acrylic. polymer (e.g.
polymerized acrylic acid), rubber (both natural and the
various synthetics), and methyl cellulose. The resinous
polymer is preferably employed in the form of an aqueous
latex which can be blended with the silica sol. It is of
course preferable to avoid the use of any polymer com-
position which causes premature gelation of the colloidal
silica vehicle. The amount of resinous polymer employed
generally is in the range from 8% to 35%, and in pre-
ferred compositions in the range from 12% to 25%, by
weight of the active dispersed ingredients of the sol
vehicle.

The polymer latex normally contains a dispersing agent;
but if desired a further quantity of dispersing agent may
be incorporated in the sol vehicle, to aid in maintaining
the finely-divided refractery in-suspension.

It is also desirable to incorporate a wetting agent in
the sol vehicle. Any commercially  available wetting
agent may be employed, generally in an amount in the
range from 1% to 15% by weight (on a dry basis), and
in preferred compositions from 5% to 10% by weight, of
the active ingredients contained in the sol vehicle. Typical
wetting agents which can be employed with advantage are
sodium lauryl sulfonate, and phosphate compounds of
the type (RO)PO(OR’)3, in which R is a medium chain
alkyl group and R’ is a water solubilizing group. *Inclu-
sion of the wetting agent is particularly desirable in com-
positions intended to be used for coating wax pattérns,
but the wetting agent facilitates close conformity of the
coating composition to the surface of any pattern mate-
rial and thus facilitates formation of a mold which
accurately reproduces all details of the -pattern.

Another desirable modifying agent to incorporate in
the sol vehicle is a thickening or film-forming agent.
Gelatin is such an agent, and examples of others that can
be used with success are ammonium alginate and carboxy-
methyl cellulose. Inclusion of such a film-forming agent
is of value for holding the refractory solids in suspension.
It also promotes the formation of a. smooth, accurate
mold surface, and cooperates with the resinous polymer
to minimize penetration of wax from the pattern into the
structure of the mold shell when the wax is heated to
eliminate the pattern from the mold, The amount of such
film-forming agent employed generally is in the range
from 0.5% to 10% by weight (on a dry basis) of the
active constituents of the sol vehicle, and in the most
preferred compositions is in the range from 1% to 2%.

Still another modifying agent that may be added, if
desired, is any conventional anti-foamirig agent, such as a
dimethylpolysiloxane. An anti-foaming agent is not nec-
essary, but it may be advantageous to minimize any tend-
ency of the composition to foam when subjected to agita-
tion during dip coating operations, and so to avoid inclu-
sion of bubbies in the completed shell mold.

The coating composition is conveniently prepared by
mixing suitable quantities of an aqueous silica sol and an
aqueous latex or other dispersion of the resinous polymer,
and adding to the resulting liquor the desired amounts of
thickening or film-forming agent, wetting agent, and anti-
foaming agent. These latter modifying agents may also
be employed in liquid form (e.g. as aqueous solutions)
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and in such case are merely stirred inte the sol. If added
in their normal solid or liquid form, they should of course
be water-soluble and agitated in the sol long enough to
dissolve therein.

To complete the coating composition, an appropriate
amount of the finely-divided solid refractory . is- stirred
into the sol vehicle to form an aqueous suspension. - The
viscosity of the resulting composition can be varied sub-
stantially, as desired. To a considerable extent viscosity
of the suspension is determined by the proportion of
finely-divided refractory suspended in the sol. It can
be modified further by appropriate selection of the resin-
ous polymer, and by the corcentration of colloidal solids
(particularly the resinous polymer) and the gelatinous
film-forming agent in the sol. It is even possible, if
desired,  to incorporate. a thickening agent in the sol
vehicle to increase its viscosity, but generally the inclu-
sien of such an agent is unnecessary. As ready for use,
the composition is composed of an aqueous liquid vehicle
in which the colloidally dispersed silica ‘and the other
agents' are dissolved or dispersed, with the finely-divided
solid refractory suspended in the vehicle. The resulting
slurry, as previously indicated, generally will contain
from Y4 to 15 parts by weight of finely-divided refrac-
tory particles suspended in one part by weight of the sol
vehicle. Preferably, and especially in the compositions
used to form the second and subsequent coats on the
pattern, - the refractory ‘is employed in the proportions
of 5 to 8 parts by weight per part by weight of sol ve-
hicle. . The sol vehicle itself-contains (on a dry basis),
as colloidally dispersed or dissolved active constituents,
from 60% to 80% (and preferably from 65% to 75%)
by weight of silica, from 8% to 35% (and preferably
from.12% to 25% ) by weight of resinous polymer, from
0.5% to 10% (and preferably from 1% to 2% ) by weight
of film-forming agent, and from 1% to 15% (and pref-
erably from 5% to 10%) by weight of weiting agent.

It is to be noted that the composition of the slurry
as a whole is expressed in terms of parts by weight of
the suspended refractory particles per part by weight of
the liquid sol; whereas. the composition of the sol itszlf,
insofar as the active ingredients dispersed in it are con-
cerned, is expressed on a dry basis. (i.e., by excluding the
water or other volatile liquid in which the active ingred-
ients are dispersed). Thus the weight of active ingredi-
ents plus liquid in which they are dispersed are included
in the total weight of the slurry. for the purpose of ex-
pressing the proportion by weight of the slurry that is
vehicle and the proportion by weight that is suspended
refractory -solids; but for the purpose of expressing the
proportion by weight of the dissolved or colloidally dis-
persed substances in the sol vehicle considered by itself,
the weight of the water or other volatile liquid in the
sol is deducted from its total weight and the proportions
expressed as percentages of the remaining weight of active
ingredients.

Viscosity of the coating composition should. of course
be adjusted to the value best suited for the mode .in
which it is to be applied to the pattern. If the composi-
tion is to be sprayed on the pattern, its viscosity should
be quite low; but it may be of substantialiy greater vis-
cosity if it is to be painted or applied by dip coating the
pattern. ‘The greater the viscosity, the thicker will be
the coat of composition which adheres to the pattern.

If, as is generally preferred, the refractory composition
is applied by dip coating, the pattern is immersed in a
vessel containing an adequate depth of the coating com-
position and then is lifted out and held for a brief time
over the vessel while excess composition drains off. The
coated - pattern is then set aside until the coating has
hardened.. Hardening occurs in consequence of evapora-
tion of water from the sol vehicle, with the result that
the dispersed colloidal constiutents of the sol coagulate
and bond the finely-divided refractory particles together.
Hardening proceeds reasonably rapidly at room tempera-
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ture (about 70° C.), but the coated pattern-may be held
at a somewhat higher temperature to accelerate the
hardening process if desired. Relative humidity of the
atmosphere also affects the rate of hardening—a high
humidity tends to retard it, while a low humidity tends to
increase it. In a typical case, the coatnig will harden
quite completely in a period of 1 to 2 hours at a temper-
ature of 70° F., and a relative humidity of 50%.

It is desirable to “sand” the coating on the pattern
while the coating is still wet. “Sanding” involves sprink-
ling the surface of the coating with relatively coarse
particles of refractory. These particles penetrate partially
below the surface of the still-wet coating, and promote
bending of the first-applied coating to the mext coating
applied therecover.

The first coating composition applied to the pattern
is preferably one in which the suspended refractory is
very finely-divided zircon, advantageously 90% or more
minus 325-mesh. This refractory forms an exceptionally
fine mold surface and has a very low coefficient of ther-
mal expansion. It therefore aids in forming a mold shell
in which castings of very accurate dimensions can be
made, However, it is not necessary that the refractory
of even the first coat be zircon. Satisfactory results have
been obtained using other finely-divided refractories, e.g.
fused alumina the particles of which are 80% or more
minus 270-mesh; and even silica having particles 75%
or more minus 270-mesh may be used when the metal
to be cast does not have a very high melting point.
Blended refractories; such as a blend of zircon and silica,
may be used in place of a single refractory compound.

After the first coating on the pattern has hardened,
a sccond coat of the refractory composition is appplied.
As in the case of the first coating, the second coating
may be applied by spraying, painting or dipping, though
generally dip coating is most convenient and is preferred.
This second coating, iike the first, is advantageously
sanded while still wet, and the pattern which it covers
is then set aside while it hardens. After it has hardened,
a third coating is applied, and the sequence of operations
is repeated until a sufficient number of coats of refractory
composition have been applied to build up a shell of
desired thickness.

The second and subsequent coating compositions may
with advantage contain suspended refractory of somewhat
greater particle size than is optimum for the first coating.
For example, the refractory employed in the second
and subsequent coating compositions may be a fused
alumina, or a grog, or preferably a mixture of a very
fine refractory such as zircon with a relatively coarse
grog. In'some cases ground flint or other form of silica
may be used.

The refractory with which each coating (except the
last) is “sanded” should of course be considerably coarser
than the refractory suspended in the coating composition.
Particularly advantageous sanding refractories are fused
alumina and grog ground fine enough to pass a 60-mesh
screen, but preferably not over about 20% minus 200-
mesh. The thermal expansivity of the sanding material
of ~course - affects’ the expansion characteristics of the
shell, and it is desirable to select as sanding material a
refractory having a coeficient of thermal expansion
which is not too dissimilar from that of the refractory
suspended in the coating composition.

In order to build up a refractory shell of maximum
strength, it is desirable (though not necessary) to wet
each coating on the pattern, after it has hardened and
immediately prior to applying the mext coating, with an
aqueous sol of substantially the composition of the ve-
hicle used in making the refractory composition, but con-
taining no suspended non-colloidal refractory - particles.
Wetting the hardened coating with the thin (non-viscous)
sol notably improves the adhesion of the succeeding coat-
ing to the previous already hardened coating, and it helps
to climinate air pockets  between successively applied
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coatings. In both of these ways such wetting contributes
to formation of a strong refractory. shell.

Generally speaking, at least three successive coats of
the refractory composition are required to: build up a
shell of adequate mechanical strength. Preferably, six
or more coats of refractory are applied successively to
the pattern, each coat being allowed to harden quite com-
pletely before the succeeding coat is applied. The thick-
ness of the shell is about ¥ inch or more after the final
coat of refractory composition has been applied.

After the final refractory coating has been applied and
allowed to harden, the pattern is eliminated from within
the resulting shell. -This is accomplished in accordance
with the invention without having to reinforce the shell
externally in any way. The shell formed by application
to a pattern of a multiple number of coats of refractory
composition bonded with colloidal silica, with hardening
of each coat before the next is applied, has proved to be
adequately strong to resist cracking and other injuries
even when a wax pattern is eliminated from within it by
heating to a temperature at which the wax fuses. Since
elimination of the pattern by heating to a moderately
elevated temperature is the most convenient procedure,
it is the procedure which is preferably followed in- ac-
cordance with the invention. If the pattern is of wax, as
it preferably is, the pattern with the hardened refractory
thereon is placed in an oven or in other apparatus in
which it is heated to a temperature high enough for the
wax to liquefy and drain from within the refractory shell.
If the patiern is of a resinous thermoplastic composition,
it is similarly heated. If the pattern is of fusible metal,
it is heated to above the melting temperature of the
metal.

While it is preferred to eliminate the pattern by heat-
ing the pattern material to above the fusion temperature,
other pattern elimination procedures may if desired”be
employed (for example, the patiern may be extracted by
a liquid or vapor solvent). However, these alternative
pattern - elimination procedures generally have disad-
vantages which make them less desirable to employ than
is simple fusion of the pattern material, and some of the
advaniages of the invention may be lost by adopting
them.

In the case of fusible metal patterns, the gating should
be adequate for complete drainage of the metal from
within the shell. If the pattern is of wax or of a resinous
plastic material, a residue of pattern material may re-
main in the shell and must be eliminated by heating to
a high enough temperature to vclatilize or decompose it.
Moreover, even when the pattern is of fusible metal, the
hardened shell contains organic constituents which must
be eliminated before the shell is used as a casting mold.

In any case, therefore, afier so much as possible of the

pattern material has been eliminated by melting and
draining, the shell with such residue of pattern material
as still clings to it is heated to a high enough tempera-
ture to volatilize or decompose both the residue of pat-
tern material and the organic constituents of the shell
itself, i.e. the resinous polymer, the film-forming agent,
the wetting agent, the anti-foaming agent, and any other
organic agents preseat. For this purposs the shell is
brought to a temperature upwards of 10600° F. or 1200°
F. The furnace atmosphere during such heating may
with advantage be oxidizing to facilitate complete burn-
ing of the last traces of the organics. Elimination of
the resin (and other organic agents) from the body of
the shell renders the shell structure very finely porous.
This is an advantage in that it facilitates escape of gases
and vapors during the casting operation and so aids in
formation of a casting free from surface blemishes. At
the relatively high temperature to which the shell is heat-
ed to assure substantially complete elimination of the or-
gamnics, a strong bond bztween the particles of refractory
material with the siliceous residue of the sol vehicle is
achieved.
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After the shell has been completely freed from residues
of pattern material and from the organic materials orig-
inally present in the coating composition, it is mounted
in position to receive molten metal and is heated to. the
broper temperature for casting. . Molten metal is poured
into the shell, and then is allowed to solidify, in accord-
aace with conventional precision casting practice. Very
satisfactory castings of high melting point metals, such
as stainless steels, high cobalt alloys, refractory alloys
of nickel and chromium, etc., have been made in shell
molds made as described above. Excellent castings ‘also
have been made of lower melting point alloys, such as
brasses, bronzes and aluminum. After the casting. has
solidified -in the shell, the latter is broken away. - An
advantage of some consequence obtained when using
shell molds according to the invention is that the mold
material breaks readily and cleanly away from the cast-
ing, making final cleaning of the casting remarkably easy.

Following are specific examples of the invention herein
described:

Example 1—A vehicle for a coating composition was
prepared by mixing 11,250 parts by volume of a silica
sol (specific gravity 1.20) containing 30% by weight of
colloidally dispersed silica with 1688 paits by volume of
an aqueous latex-like dispersion of polyvinyl acetate (spe-
cific gravity 1.09) containing 55% by weight of the poly-
mer. A 6.8% aquecus solation of ammonium alginate
(specific gravity 1.00), in the amount of 1406 parts by
volume, together with 450 parts by volume of an un-
diluted liquid phosphate type wetting agent (specific grav-
ity 1.10) and 88 parts by volume of a 6% sclution (spe-
cific gravity 1.00) of dimethylpolysiloxane (an anti-foam-
ing agent) were added to the silica-polymer sol. The
resulting aqueous vehicle was of quite low viscosity and
contained (on a dry basis) approximately 71.6% by
weight' of silica, 17.8% by weight of polyvinyl acetate,
1.6% by weight of ammonium alginate, 8.69; by weight
of the wetting agent, and approximately 0.9% by weight
of dimethylpolysiloxane was also added as an anti-foam-
ing agent. (The “dry basis” composition of the sol ve-
hicle is determined as follows: The silica sol, being 30%
by weight silica and having a specific gravity of 1.20,
contains 0.3 1.20X11,250=4,050 parts by weight silica.
The polyvinyl acetate dispersion contains 0.55x1.08x
1688=1,012 parts by weight of polymer.” The ammo-
nium alginate solution contains 0.068x 1.00 % 1406==95.6
parts by weight of dispersed ammonium alginate, The
wetting - agent ‘amounted to 1.10%450=495 parts by
weight, and the anti-foaming ‘agent amounted to 0.06x
1.00 < 88==5.3 parts by weight of dimethylpolysiloxane.
Thus the total quantity of solids, on a dry basis, in the
vehicle, was 40504-1012--95.6-4495-15.225657.9 parts
by weight.. The amount of silica in the sol vehicle; ex-
pressed on a dry basis, therefore, was 4050-+-5657.9x 100
=71.6%, and the other percentage figures, expressed on a
dry basis, were similarly computed.)

A first dipcoat composition ‘was ‘prepared by suspend-
ing V5 part by weight of finely milled zircon (90% minus
325-mesh) in one part by weight of the above-described
vehicle. A second dipcoat composition was prepared by
suspending 3 parts by weight of finely milled zircon (90%
minus 325-mesh) and 3 parts by weight of grog (99%
minus 60-mesh, 20% minus 200-mesh) in one part by
weight of sol in the above-described sol vehicle.

A wax pattern was given an initial refractory coating
dipping it beneath the -surface of a body of the above-
described first dipcoat composition. = The pattern was
then removed from the sclution, allowed to drain, and
“sanded” by sprinkling with fused alumina having a
screen analysis showing 95%. minus 100-mesh, 93% plus
200-mesh. The sanded coating was allowed to harden
by standing in air at room temperaturs and about 50%
relative humidity for an hour. After hardening, the coat-
ing was wetted with the above-described vehicle, and
while thus wetted a second coat of refractory composi-
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tion was applied by dipping beneath the surface of a body
of the second dipcoat composition described above. Affer
removal of the pattern, and while the second coat was
still wet, it was “sanded” by sprinkling with a fire clay
grog having a screen analysis of 90% minus 60-mesh,
20% plus 200-mesh. The second dipcoat composition
was then allowed to harden at room temperature. and
about 50% relative humidity for an hour. A third coat
of refractory was then applied by repeating the procedure
for the second coat, and fourth, fifth and sixth coats of
refractory were similarly applied, except that the sixth
coat was not sanded.

After the final coat of refractery composition had
hardened, the shell on the wax pattern was approximately
¥ inch thick, and remarkably hard and scratch-resistant.
At the same time, it possessed a notable degree of tough-
ness and: a measure of elasticity. The shell-covered pat-
tern was heated in an oven to a temperature of about
250° F., at which temperature the wax pattern melted
and ran easily from within the refractory shell. The re-
fractory withstood the stresses due to thermal expansion
of the wax without cracking or showing any other sign of
damage or deformation. ' After as much wax had been
removed as would flow out in liquid form, the shell was
heated 10 a temperature of about 1200° F. in an oxidizing
furnace atmosphere. As a result of such heating, the last
traces of wax paftern material, and the resin, the am-
monium alginate, the wetting agent, and the anti-foam-
ing agent were all completely vaporized or decomposed
and thus eliminated from the residual refractory shell.

The shell was then heated to a temperature of approxi-
mately 1800° F., and a casting was made by pouring a
molten stainless steel (18% chromium, 8% muickel, bal-
ance iron) into the shell cavity. The metal and the
shell mold containing it were then cooled to near room
temperature, and the shell was removed by breaking it
irom the solidified metal casting. The shell broke readily
and separated cleanly from the metal, and the metal
casting was- found to have a fine, smooth surface, free
from- blemishes.

Example 2.—Castings were made by the procedure
described in Example 1, but using dipcoat compositions
prepared. with a vehicle made by mixing 76 parts by vol-
ume of 2 silica sol containing 30% by weight of col-
loidal silica with 12 parts by volume of an acrylic poly-
mer latex containing approximately 47% by weight of
the polymer. - To the resulting sol 10 parts by volume of
5% ammonium alginate solution and 2 parts by volume
of a phosphate type of wetting agent were added. A dip-
coat composition was prepared by suspending 450 paris
by weight of finely milled zircon in 130 parts by weight
of the liquid vehicle (a ratio of about 3.5 parts by weight
of suspended refractory per part by weight of vehicle).

Example 3.-—Castings were prepared in the manner
described in Example 1, in shell molds made by applying
to a wax pattern a multiple number of coats of a refrac-
tory coating composition of the character described in
Example 2, except that the polymer used was an agueous
latex “containing 43% by weight of a vinyl - chloride-
acrylic acid copolymer.

Example 4—A dipcoat composition similar to that
described in Example 3, but made using 12 parts by vol-
ume of a rubber latex containing 60% by weight of Tub-
ber instead of the acrylic polvmer latex. was used to
make shell molds as described in Exampls 1.

Example 5.—A dipcoat vehicle was prepared by mix-
ing 1940 parts by volume of a silica sol containing 13%
by weight of colloidal silica with 50 parts by volume of
an aqueous sclution containing 7% % by weight of sodi-
um lauryl sulfonate (a wetting agent). Finely ground
flint, 99% minus 200-mesh, was suspended in the above-
described vehicle in the proportions of about 2 parts by
weight of flint per part by weight of vehicle. A shell
mold was formed by applying six succassive coats of this
refractory composition about a wax pattern. Each coat
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was applied by dipping the pattern beneath the surface of
the body of the composition, and then allowing the ad-
hering coating to harden at atmospheric tempsrature.
Fach coat was “sanded” immediately after its application
about the pattern with a fire clay grog ground to minus
60-mesh. After the final coat had been applied, the
pattern was eliminated and a casting made in the manner
described in Example 1. The shell mold prepared iu ac-
cordance with this example was hard and scratch re-
sistant, and although perhaps somewhat less resilient and
tough than shell molds made from the compositions of the
other examples, it proved adequately strong to resist dam-
age during handling or elimination of the patiern.

We claim:

1. A composition for making a high-strength refractory
shell mold by coating on an expendable pattern, said com-
position being a fluid slurry consisting essentially of from
Y4 to 15 parts by weight of finely-divided solid refractory
material suspended in 1 part by weight of an aqueous sol,
said sol containing (on a dry basis) from 60% to 0%
by weight of colloidally dispersed silica and from 8% to
35% by weight of a resinous polymer.

2. A composition for making a high-strength refractory
shell mold by coating on an expendable pattern, said
composition being a fluid slurry consisting essentially of
from Y part to 15 parts by weight of finely-divided re-
fractory material suspended in 1 part by weight of an
aqueous sol, said aqueous sol containing (on a dry basis)
from 60% to 80% by weight of colloidally dispersed

silica, from 8% to 35% by weight of a resinous polymer, -

and from 0.5% to 10% by weight of a film-forming agent.

3. A composition for making a high-strength refractory
shell mold by coating on an expendable pattern, said com-
position being a fluid slurry consisting essentially of from
14 part to 15 parts by weight of finely-divided refractory
material suspended in 1 part by weight of an aquecus sol,
said aqueous sol containing (on a dry basis) from 60%
to 80% by weight of colloidally dispersed silica, from 8%
to 35% by weight of a resinous polymer, from 0.5% to
10% by weight of a film-forming agent, and from 1%
to 15% by weight of a wetting agent.

4. A composition for making a high-strength refractory
shell mold by coating on an expendable pattern, said com-
position being a fluid slurry consisting essentially of from
14 part to 15 parts by weight of finely-divided refractory
material suspended in 1 part by weight of an agqueous
sol, said aqueous sol containing (on a dry basis) from
65% to 75% by weight of colloidally dispersed silica,
from 12% to 25% by weight of a resinous polymer, from
1% to 2% by weight of a gelatinous film-forming agent,
and from 5 to 10% by weight of a wetting agent.

5. A composition for making a high-strength fine-sur-
faced refractory shell mold for precision casting by coat-
ing on an expendable pattern, said composition being a
fluid slurry consisting essentially of from % part to 135
parts by weight of finely-divided zircon suspended in 1
part by weight of a aqueous sol containing {(on a dry
basis) from 60% to 80% by weight of colloidally dis-
persed silica and from 8% to 35% by weight of a resinous
polymer.

6. A composition for making a high-strength refrac-
tory shell mold by coating on an expendable pattern,
said composition being a fiuid slurry consisting essentially
of from V4 to 15 parts by weight of finely-divided solid
refractory suspended in 1 part by wsight of an aqueous
sol, said refractory comprising from 30% to 70% by
weight minus 270-mesh pariicles and the balance pre-
dominantly plus 200-mesh particles, and said sol contain-
ing (on a dry basis) from 60% to 80% by weight of
colloidaliy dispersed silica and from 8% to 35% by
weight of a resinous polymer.

7. A composition for making a high-strength refrac-
tory shell mold by coating on an expendable pattern,
said composition being a fluid slurry consisting essentially
of from ¥ to 15 parts by weight of finely-divided refrac-
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tory suspended in 1 part by weight of an aqueous sol,
said refraciory comprising from 30% to 70% by weight
of minus 325-mesh zircon particles and the balance pre-
dominantly plus 200-mesh grog particles, and said sol
containing {on a dry basis) from 60% to 80% by weight
of colloidally dispersed silica and from 8% to 35% by
weight of a resinous polymer.

3. The method of making a high-strength refractory
shell mold which comprises coating an expendable pat-
tern with a fluid slurry of finely-divided refractory sus-
pended in an aqueous sel containing (on a dry basis)
from 60% to 80% by weight of colloidally dispersed
silica and from 8% to 35% by weight of a resinous poly-
mer, allowing the coating to harden on the pattern, wet-
ting the hardened coating with an aqueous sol containing
colloidal silica and substantially free of suspended non-
colloidal refractory, then further roating the resulting
wetted surface with a slurry of finely-divided refractory
suspended in an agueous sol containing (on a dry basis)
from 60% to 80% by weight of colloidally dispersed
silica and from 8% to 35% by weight of a resinous poly-
mer, allowing said further coating to harden, and there-
after eliminating the pattern from within the resulting
hardened refractory shell.

9. The method of making a high-strength refractory
shell mold which comprises coating an expendable pattern
with a fluid slurry of finely-divided refractory suspended
in an aqueous sol containing (on a dry basis) from 60%
to 80% by weight of colloidally dispersed silica and from
8% to 35% by weight of a resinous polymer, applying
relaiively coarse grains of refractory to the surface of the
coating while it is still wet and soft, allowing the coating
to harden on the pattern, wetiing the hardened coating
with an aqueous sol containing colloidal silica and sub-
stantially free of suspended non-colloidal refractory, then
further coating the resulting wetted surface with a slurry
of finely-divided refractory suspended in an aqueoust sol
containing (on a dry basis) from 60% to 80% by weight
of colloidally dispersed silica and from 8% to 35% by
weight of a resinous polymer, allowing said further coat-
ing to harden, and thereafter eliminating the pattern from
within the resulting hardened refractory shell.

10. The method of making a high-strength smooth-
surfaced refractory shell mold for precision casting which
comprises coating an expendable pattern with a fluid
slurry of very finely-divided zircon suspended in an aque-
ous sol containing (on a dry basis) from 60% to 80%
by weight of colloidally dispersed silica, and from 8%
to 35% by weight of a resinous polymer allowing the
coating to harden on the pattern, then applying a further
coating of a slurry of finely-divided refractory compris-
ing from 30% to 70% by weight minus 325-mesh zircon
particles and the balance predominantly plus 200-mesh
grog particles suspended in an aqueous sol containing
(on a dry basis) from 60% to 80% by weight of
colloidally dispersed silica and from 8% to 35% by
weight of a resincus polymer, allowing such further coat-
ing to harden to form a shell of substantial thickness
about the pattern, and then heating the resulting hard-
ened shell without external reinforcement to an elevated
ternperature high enough to eliminate the pattern and to
drive off the resinous polymer.

11. A shell mold having sufficiently high green strength
to enable a wax pattern to be eliminated from within
it by melting without external reinforcement, comprising
fromr V4 to 15 parts by weight of a refractory bonded
by 1 part by weight of a composition (on a dry basis)
of 60% to S0% by weight of silica of colloidal fineness
and 8% io 35% by weight of a resinous polymer.

12. A sheil mold having sufficiently high green strength
to enable a wax pattern to be eliminated from within it
by melting without external reinforcement, and adapted
upon elimination of the pattern to be left with a fine-
surfaced mold cavity for forming a precise cast of the
paitern, comprising from % to 15 parts by weight of
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finely-divided zircon bonded by 1 part by weight of a
composition {on a dry basis) of 60% to 80% by weight
of silica of colloidal fineness and 8% to 35% by weight
of a resinous polymer.

13." A shell mold having sufficiently high green strength
to enable a wax pattern to be eliminated from within it
by melting without external reinforcement, and adapted
upon elimination of the pattern to be left with a fine-sur-
faced mold cavity for forming a precise cast of the pat-
tern, comprising from 14 to 15 parts by weight of a re-
fractory comprising finely divided zircon intermixed with

10

relatively less finely divided alumina, said refractory be-

ing bonded by 1 part by weight of a composition (on 2
dry basis) of 60% to 80% by weight of silica of colloidal
finess, 8% to 35% by weight of a resinous polymer, and
0.5% to 10% by weight of a film-forming agent.

14. ‘A shell mold having sufficiently high green strength
to enable a wax pattern to be eliminated from within
it by melting without external reinforcement, comprising
from ¥ to 15 parts by weight of a refractory of which
from 30% to 70% is minus 325-mesh particles and the
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balance is predominantly plus 200-mesh particles, said
refractory particles being bonded by 1 part by weight of
a composition (on a dry basis) of 60% to 80% by weight
of silica of colloidal fineness and 8% to 35% by weight
of a resinous polymer: ‘
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