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The inverntion relatés to bonded refractory ma-
terial and more particillarly to & material ca-
pable of being mixed with wafer to forni sn em-~
bedding mass.

An object of the invention is &n improved
bonded refractory material that more nearly
meets the demands placed upon such a material
by present practices in fhie.investment casting
field.

Another object of the invention is to provide an
investment material that combines g high green
strength on setting at room temperature with
a.low fired strength. .

Another object of the invention. is that the
investment material must mix with water to
form a satisfactory consistency for pouring.

Another object of the invention is that the
Investment material must be permeable enough
at the casting temperature to allow rapid escape
of the gases in the mold cavity as the metal is
cast so that a. sound casting free from entrapped
gases is produced.

Another object of the Invention is a critical
combination of refractory materials of the proper
grain size together with the. right combination
of bonding ingredients.

Another objeet of the invention.is a refractory
material comprising a blend of coarse; medium,
and fine particles of siliea.

Another object of the.invention is a refractery
material comprising both granular and powdered
form of silica.

Another object of the invention is to provide an
investment material whichr must be relatively
soft, whereby the castings may be shaken out
easily and économically.

Other: objects and a fuller understanding of
the invention may be had from the following
description and claims.

In the manufacture of castings by the lost wax
method, a refractory mold of investment mate-
rial: is first formed about one or more patterns
which are connected to a central sprie. Next,
the investment is allowed to set at room tempera-
ture for several hours. . After the investment ma-
terial is set, the mold is heated to relatively high
temperatures such as 1600:degrees F. to eliminate
the patterns, after which molten metal is then
cast into the mold cavity.

Recent attempts by a.number of precision cast-
ers to use plastic patterns in place of wax has
emphasized the fact that an improved back-up
investment material was required having a com-
bination of properties that could. not be-found
in the materials available at the present state of
the art.

One.of the difficulties encountered in using pres-
ent day investments. for back-up: purposes with
plastic patterns, was that the mold cracked on
heating, “When metal was cast into such a mold,
it was-lost through the crack and no cast was
obtained. The failure of gvaildble materials is
readily explained by-the- fact - that the plastic
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used for patierns has g high thermal:expansion
between room temperature and 200 degrees P.
The plastic thermal éxpansion- is-sbout double
the expansion of the investment materials for the
same temperature. range. and the. forces. de-
veloped are sufficient to rupture the mold. The
investment material must develop sufficient green
strength on setting at room temperature to pre-
vent rupture of the mold by the expansion forces
of the plastic pattern,

In addition to the above, the investment must
mix with water to form a satisfactory consistency
for pouring. It must. have sufficient. working
time to allow for the mixing and investing op-
erations and it should set and:harden in a reason-
able length of time. 'The investment material
must be permeable enough at the casting tem-
perature to allow rapid escape of the gases in
the mold cavity as the metal is cast so that a
sound casting free from entrapped gases is pro-
duced.

It can readily be seen that. recovery of the
metal pieces after casting must be easily ac-
complished else the process becomes uneconomi-
cal. For ease in shaking out the. castings, the
investment material must be relatively soft after
the casting operation. Therefore, the investment
material must combine a high green.strength
on setting at room temperature with a low fired
strength.

Such a combination of properties is not pro-
vided by any material with which the. inventor
is-aware.

The applicant has discovered that a rather
critical combination of refractory materials of
the proper grain size together with the right com-
bination of bonding ingredients not heretofore
disclosed, will give results: that cannot be ob-
tained with existing produets.. The: refractory
material consists of silica having a definite grain
size distribution. The applicant has found thab
a refractory composition comprising a blend of
coarse, medium, and fine particles of silica. will be
wedker and more perineable after firing than one
comprising all fine particles for the same propor-
tions of bonding ingredients. It has also been
found that such a material will have a higher
green strength than one comprising all fine par-
ticles because less water is required to make a
pouring consistency. 'The reason for this is not
fully understood, but is probably due in part to
the fact that the finer particles present a much
greater surface ares and that the bonding in-
gredients react in some way with this increased
surface area to produce greater strength and less
permeability than a similar composition com-
prised of coarse particles.

As a back-up investment, the following com-
position has been found to give results that can-
not be obtained with any known material,

The refractory material preferably corprises
the following proportions:
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. Percent
8 mesh silica (granular) 5
30 mesh silica (granular) ... __ ... 33.
50 mesh silica (granular) ... ______ 18
200 mesh silica (powder) . ______________._ 29
Total refractory material _____.___.________ 85

The bonding ingredients preferably compnse
the following proportions:

Percent
Fused magnesium oxide powder ___________ 7.5
Mono ammonium phosphate powder ......- 5.0
Mono magnesium phosphate powder ... 2.5
Total bonding ingredients ... . 15.0

The above composition when mixed with water
in the proportions of one part water to five parts
powder, will develop sufficient strength on setting
at room temperature (70 degrees F. == 5% I.) to
withstand the expansion forces of plastic pat-
terns. The room temperature compression
strength developed on standing for 24 hours is
between 500 and 600 pounds per square inch.
The fired compression strength is between 100
and 200 pounds per square inch. With the above
silica values, substantially 66% is in granular
form and the remainder is in powdered form.
This material mixes to a good pouring con-
sistency, develops great strength on setting in air

at room temperature, yet softens on heating and

makes recovery of the casting much easier. Also,
the investment is very permeable at casting tem-
peratures and makes possible sound castings, free
from porosity due to entrapped gases.

The above set of values constitutes the pref-
erable form of the invention. Below is set forth
a range of values which produces satisfactory
results. ’

The refractory materials comprise approxi-
mately the following ranges:

Per cent
5 to 10 mesh silieca (granular) .________ 21610
20 to 40 mesh silica (granular) ..______ 25 to 35
40 to 60 mesh silica (granular) . .._____ 15t0 25
100 mesh or finer silica (powder) ... 10 t0 35

The bonding ingredients comprise approxi-
maiely the following ranges:
Per cent
Fused magnesium oxide powder...__.._ 5 t095
Mono ammonium phosphate powder-_ 4 106
Mono magnesium phosphate powder.. 1% 04

With the above ranges, the selection of the
total amount of silica is preferably limited to 80

90% and the selection of the total amount of
the bonding ingredients is preferably limited to
10 to 20%. The granular silica ranges from ap-
proximately 50 to 80% and the remainder is in
powdered form. With the above silica ranges,
the granular form may vary from approximately
50 to 80 % and the remainder is in powdered form.

Although the invention has bheen described in
its preferred form with a certain degree of par-
ticularity, it is understood that the present dis-
closure of the preferred form has been made only
by way of example and that numerous changes in
the details of construction and the combination
and arrangement of parts may be resorted to
without departing from the spirit anhd scope of
the invention as hereinafter claimed.

‘What is claimed is:

1. A material capable of being mixed with
water to form an embedding mass, said material
consisting of silica in g range of substantially
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80% to 90% of the total dry composition and the
remainder of bonding ingredients, the total of
said silica being approximately 50 to 80% in
granular form larger than approximately 60
mesh and the remainder in powdered form
smaller than 60 mesh, said bonding ingredients
comprising approximately 5 to 9.5% fused mag-
nesium oxide powder, approximately 4 to 6%
mono ammonium phosphate powder, and approx-
imately 1% to 4% mono magnesium phosphate
powder, said mass having a compression strength
after setting 24 hours at room temperature in the
neighborhood of 70 degrees F. of not less than
500 pounds per square inch and having a fired
compression strength of not more than 200
pounds per square inch.

2. A material capable of being mixed w1th
water to form an embedding mass, said material
consisting of silica and bonding ingredients, said
silica being of approximately the following pro-
portions of the total dry composition:

240 10% oo 5 to 10 mesh

25 %0 3890 e 20 to 40 mesh
15t026% 40 to 60 mesh

10 10 88% L 100 mesh or finer

and said bonding. ingredients being of approxi-
mately the followmg proportions of the total dry
composition:

5 to 9.5%_ fused magnesium oxide powder -
4 to 6%---. monoc ammonium phosphate powder
1% to 4%-. mono magnesium phosphate powder

said mags having a compression strength after
setting 24 hours at room temperature in the
neighborhood of 70 degrees F. of not less than
500 pounds per square inch and having g fired
compression strength of not more than 260
bounds per square inch.

3. & material capable of being mixed with
water to form an embedding mass, said material
consisting of silica and bonding ingredients, said
silica being of approximately the following pro-
portions of the total dry composition:

5% ___ e, 8 mesh

3390 e 30 mesh

18%- - —--- 50 mesh :
29 e 200 mesh or finer

and said bonding ingredients being of approxi-
mately the following proportions of the total dry
compeosition:

T5% fused magnesium oxide powder
5.0% e mono ammonium phosphate powder
25% . mono magnesium phosphate powder

said mass having a compression sftrength after
setting' 24 hours at room temperature in the
neighborhood. of 70 degrees F. of not less than
500 pounds per square inch and having a fired
compression strength of not more than 200
pounds per square inch.
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