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ABSTRACT OF THE DISCLOSURE

A small amount of a mineral which produces an endo-
thermic reaction when subjected to heat, is added to the
resin coated silica sand of which shell molds are formed,
to delay and offset the exothermic reaction which accom-
panies the thermal decomposition of the resin as the hot
molten metal is poured into the mold.

This invention relates to shell molding and has as its
purpose and object to overcome the one problem that steel
founders consider the major objection—if not the only
one—to the use of this molding technique.

Shell molds are formed of a mixture of refractory ma-
terial, usually silica sand, and a thermosetiting phenolic
resin. Release agents such as calcium stearate may be and
generally are added to the mixture to keep the formed
mold or core from sticking to the hot pattern or core
box used in its formation.

Identification of the resins used and an explanation of
the manner in which they are mixed with the sand will be
found in Patent No. 2,991,267, issued July 4, 1961. As de-
scribed in that patent, the preferred method of mixing the
resin with the sand results in a lacquer-like coating of
resin on each particle of sand. Hence, when the heat from
the hot pattern or core box used to form the mold or
core fuses and sets the resin, the sand particles are se-
curely bonded to one another.

As is well known to the art, shell molding is especial-
ly suitable for the production of castings which require
dynamic balancing and which have intricate and fine sur-
face details. Heretofore, however, when low carbon and
low alloy steels and occasionally also martensitic and fer-
ritic stainless steel, aluminum-bronze alloys and metals
with high nickel content were cast in shell molds, the re-
sults left much to be desired. Pock-marking of the casting
surface was a common defect. This defect, which in steel
foundries is known as “orange peel” or “alligator skin,”
according to P. J. Neff, a recognized authority on shell
molding, is the major deterent to use of this technique in
the steel casting industry. He makes this statement in an
article entitled Some Notes on Shell Molding, which was
published in the September 1965 issue of Steel Foundry
Facts. In that article he also remarks that “this defect has
been studied intensively, but is still something of a mys-
tery.” ‘

The article discusses the various theories that have been
advanced to explain the cause of the surface defects that
are encountered when low carbon steels and low alloy
steels are cast in shell molds, and goes on to explain the
many efforts that have been made to correct or over-
come the problem. The addition of manganese dioxide
(MnO;) and calcium carbonate (CaCO;) to the sand-
resin mix is mentioned as having shown some promise,
but as the article points out, the use of such chemical ad-
ditives did not solve the problem.

It is known that better results can be obtained if olivine
sand is used instead of silica sand, but for economic rea-
sons the industry is practically constrained to the use of
silica sand. Olivine sand not only costs considerably more
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than silica sand, but its use demands a greater percentage
of resin to achieve the needed bond strength.,

Attempts have also been made to solve the problem
by coating the mold cavity with certain solutions gen-
erally referred to as “washes.” The 1963 Neff et al.
Patent No. 3,113,360, and the 1964 Neff Patent No.
3,121,269, are examples of this latter approach to the
problem.

However, as is evident from the aforesaid Neff pub-
lication, the problem was not solved by any of these vari-
ous prior expedients, and the reason it was not solved
lies in the fact that the cause of the difficulty was not un-
derstood. I believe that I have discovered the key to the
problem, at least my experiments and the results obtained
in actual production strongly indicate that the correct solu-
tion has been found.

Undoubtedly, the objectionable surface defects were
caused by a reaction within the mold or core material
set off by the heat of the molten metal as it filled the
mold cavity. Since the mold cavity is not devoid of air
and the walls of the mold are sufficiently porous to per-
mit air to pass through them, the resin in the mold or
core material is ignited by the hot metal coming in con-
tact -therewith; and since the resin is a material which
produces an exothermic reaction upon ignition, the igni-
tion of the resin results in an exceedingly high tempera-
ture at the mold-metal interface. The exact mechanism by
which this high temperature brings about the defects in
the casting surface is not too clear, but whatever the
explanation might be, I have found that the defects will
be prevented and that cracking of molds and cores will
be greatly minimized if the ignition of the resin and the
consequent exothermic reaction is delayed until after the
surface of the molten metal has frozen. By this I mean
that the peak in the exothermic reaction resulting from
the combustion of the resin should ke kept from occur-
ring until the casting surface is solid enough to resist
whatever occurs at the metal-mold interface as a result
of the thermal decomposition of the resin.

Although ignition of the resin begins to take place at
some temperature above its curing point, which is nor-
mally 250° C., the attendant exothermic reaction flashes
or peaks at some temperature substantially above that—
probably in the range of 600° to 1000° C. Therefore,
if the material of which the mold is made would con-
tain an additive that produces an endothermic reaction
in time to delay or offset the exothermic reaction of the
resin, or in other words, precedes it, the objectionable
consequences of the combustion of the resin would be
overcome. I have found that there are several materials
which exhibit the proper endothermic reaction for this
purpose. These materials can be grouped according to
the phenomena which produces the reaction, and—more
specifically—they are all minerals in which the endo-
thermic reaction is the result of emission of water of
crystallization. Minerals which possess the needed attri-
butes, and which, when added te the sand-resin admix-
ture, will satisfactorily delay and offset the exothermic
reaction resulting from thermal decomposition of the
thermosetting resin are:

Temperature at
which endothermic

Chemical reaction peaks
Mineral composition °Cy
Kaolinite. ____.__.._..____..._ (OH)s8i4A1;010 500-650
Diekite.. ... .. - AL(OM)Sis019 500-750
Tale oo, --- Mgz(0OH)38i:019 880-1, 050
Brueite. . ... ____.___.._. Mg(OH); 390-550
Boehmite ... AIO(OH) 450-600
Diaspore. - oo v AlO(OH) 500-650

The best results have been obtained with hydrated
kaolin clay, i.e. kaolinite, in the 1 to 5 micron size. This
material has the economic advantage of low cost and of
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being completely compatible with silica sand and. the
resin employed as a bonding agent. The endothermic
reaction which occurs when this clay, in the 1 to 5 micron
size, undergoes chemical change in the presence of heat,
peaks at about 600° C. The amount of this additive,
kaolin clay, that is used should be in the range of one-
quarter of one percent to three percent of the amount
of sand, on a weight basis.

Kaolin clay is obtained primarily from the State of
Georgia, and is a very fine grained substance. It is
completely compatible with silica sand and the bonding
resin is easily incorporated in the sand-resin admixture.
Preferably the kaolin additive is added to the silica sand,
or other refractory base sand used, in the dry state, and
then the admixture of sand and clay has the resin added
thereto. The dry mixing of the clay and sand can be
effected in any suitable wap, as long as thorough admix-
ture is achieved. The addition of the resin may likewise
be effected in the dry mixing manner, but preferably
the resin is added to the sand-kaolin admixture in the
form of either a liquid or a solution. In the former case
the resin is suspended in water and in the latter it is
dissolved in a suitable organic solvent, as for instance,
a lower aliphatic alcohol.

The resins employed are customarily thermosetting
phenolic resins.

A typical formula for the entire mix is as follows:

Lbs.
Silica sand - 100
Thermosetting resin - . 4
Hydrated kaolin clay — 2

While the amount of hydrated kaolin clay used can be
increased when the castings being made have exception-
ally large sections, or decreased for smaller castings, the
proportions given in the foregoing formula will cover
most situations.

Any of the other minerals listed hereinbefore can be
substituted for the hydrated clay, and in the same pro-
portion.

Shell molds and cores made with the described sand-
resin-clay mix are being used in actual commercial pro-
duction, with results far more gratifying than expected.
Not only are the casting surfaces free from “orange
peel” or “alligator skin,” but the instances of molds being
cracked as a result of thermal shock has been greatly
reduced.

This invention thus has fully met its object of elimi-
nating the omnly remaining deterent to the use of the
shell molding process in steel foundries; and it should
be understood that while a specific embodiment of this
invention has been described, the scope of the invention
is not to be restricted to that particular way of practicing
the invention, but on the contrary, all modifications
thereof which come within the scope of the appended
claims are encompassed.
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It should also be understood that whenever the term
“shell mold” is used herein, it includes cores formed of
the sand, resin and endothermic additive.

What is claimed as my invention is:

1. In the art of shell molding low carbon, low alloy
steel castings wherein the molds and cores if any are
formed of silica sand bonded together by thermosetting
resin, the improvement which comprises:

eliminating the surface defects characteristic of con-

ventional shell molded low carbon, low alloy steel
castings by incorporating in the silica sand-resin mix
a mineral additive chosen from the group consisting
of kaolinite, dicktite, talc, brucite, boehmite and
diaspore, and in an amount sufficient to produce an
endothermic reaction as a result of emission of water
of crystallization when heated to a temperature
above that at which the resin cures and in time to
precede the exothermic reaction which occurs dur-
ing combustion of the resin.

2. In the art of shell molding, the improvement set
forth in claim 1,

wherein the mineral additive is hydrated kaolin clay.

3. In the art of shell molding, the improvement set
forth in claim 2,

wherein the amount of kaolin clay incorporated in

the silica sand-resin mix is between one-quarter of
one percent and three percent of the amount of
sand, by weight.

4. A material for producing shell molds and cores
consisting essentially of silica sand and a thermosetting
resin binder, and characterized by:

the incorporation therein of a mineral additive chosen

from the group consisting of kaolinite, dicktite, talc,
brucite, boehmite and diaspore,
the additive constituting between one-quarter of
one percent and three percent of the amount of
silica sand, on a weight basis. )

5. The material of claim 4, wherein the mineral addi-

tive is hydrated kaolin clay,
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