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This invention relates to ceramic body and more par 
ticularly the present invention relates to a reusable 
foundry mold formed essentially of amorphous silica and 
to the method of preparing and forming the mold and 
thereafter repairing the mold as required by use. 

In the prior art there are several types of molds which 
may be used for casting molten metal into predetermined 
shapes. A sand mold is one such type and is considered 
a temporary mold since it may only be used once to pro 
vide one casting. In such a mold, the sand is bound by 
a liquid or moistened bonding agent into a bulk of pre 
determined shape and may be left in its moistened condi 
tion or dried. If the sand contains water and is in a 
moist condition when the molten metal is poured into 
the mold, the water will be vaporized and must escape 
through the body of the mold. Therefore, the sand must 
be sufficiently coarse or loose that venting of the vapor 
or gas through the sand will be permitted. If other liquids 
are employed the mold is usually more expensive and 
noxious fumes may be produced when the molten metal 
is poured. On the other hand, drying of the bulky sand 
mass of the mold is time consuming and expensive and 
there is always a danger of distorting the casting cavity 
during drying, 
2 Another problem in the prior art use of the green sand 
mold is the fact that it must be bulky and heavy in order 
to withstand hydrostatic pressures exerted by the molten 
metal without undue alteration of the dimensions of the 
casting cavity. Thermal expansion of the green sand 
charge, when the molten metal is received is another 
ever present problem. Because of these difficulties, the 
ramming pressures of the mold are controlled within 
practical limits in the foundry; however, even with ex 
treme care, green sand castings always have some varia 
tions in surface finish and dimensions, the result. being 
that, in many instances, the castings have excessive weight, 
require excessive machining or must be rejected. 
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More recently, a molding system termed "shell mold- . . 
ing" has been employed. The shell mold is usually pre 
pared by depositing a quantity of sand and resin in a 
heated flask whereby the resin bonds the sand in a shell 
segment - which, when joined with other segments, de 
fines the casting cavity. A shell so formed is used only 
once and usually gives off noxious fumes when the resin. 
burns or is polymerized. The cost of the resin usually 
makes a shell mold expensive and the cost of the equip 
ment employed to form the shell prevents small scale use 
of this system. The castings from shell molds are usually 
superior in surface texture to green sand; however, sur 
face defects and dimensional deviations are present to a 
great extent therein. 

Die casting, investment molding, and other precision 
casting systems have also been employed. These systems 
usually require a substantial amount of complicated ma 
chinery and, in some instances, expensive permanent 
molds. Such systems sometimes employ fine grained 
materials on the surfaces of the mold cavity to impart a 
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smooth surface to the casting. In such molds, a colloidal 
silicabinder and also a crystalline form of silica which 
has a more favorable temperature expansion character 
istic than quartz sand, have each been used as surfacing 
agents. With thermal expansion and contraction of the 
mold, however, cracks in, and flaking of, the silica sur 
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face occur, requiring such surfaces to be replaced sub 
stantially each time the mold is used. 

In addition to being expensive, the prior art permanent 
molds are not easily adapted to relatively complicated 
shapes requiring a crushable type cavity area whereby a 
portion of the mold cavity must be removed with each 
casting and that portion replaced for a successive casting. 
For this reason and others, precision methods are not gen 
erally employed for large or complicated castings. 

Permanent dies usually are made of metal and there 
fore are limited by the melting point and reactive char 
acteristics of the metal within the mold. These dies, as 
pointed out above, are also expensive. 
The patent literature discloses other types of molds 

such as those formed of various types of crystalline silica 
such as silica flour. It is believed that such molds would 
have expansion and thermal shock characteristics which 
would cause the mold to crack or deteriorate with repeated 
use since the thermal expansion of silica flour is about 
ten times that of the material of the present invention, 
namely amorphous silica. 

It is generally accepted in the art that amorphous silica 
is unstable over about 1000 C. and therefore would be 
unsuitable for use as a reusable mold body since the 
temperature of the molten metal which the mold body 
receives is usually in excess of this critical temperature, 
the assumption being that the mold body would be heated 
by the molten metal to a temperature in excess of the criti 
cal temperature. Text books vary as to the exact tem 
perature at which the amorphous silica will become un 
stable; however, the unstable condition which is attained 
by the amorphous silica is called devitrification, and 
is characterized by the amorphous silica converging into 
cristobolite. One text book states that at 870° C. B 
quartz changes suddenly to B-tridymite, and at 1470 C. 
this changes to B-cristobolite. At 1625 C. cristobolite 
melts to silica glass. On cooling, B-cristobolite changes 
at temperatures ranging from 222 to 275 C. to another 
form called X-cristobolite. Other text books state that 
the main disadvantage of silica as a refractory material 
is its tendency to spall and crack during heating and cool 
ing. For these reasons, heretofore, no reusable "perma 
nent' type mold for use above a temperature of 1000 C. 
has been devised utilizing essentially the amorphous-silica. 

Contrary to the prior art beliefs and practices, I have 
devised a ceramic body which, for convenience, may be 
discussed as a mold form essentially of silica infine granu 
lar or flour form which may be utilized for receiving 
molten metals whose pouring temperatures are relatively 
high, my mold being reusable for successive castings and 
reparable, as will be brought out more fully hereinafter. 
The mold formed according to my invention is highly 
resistant to thermal shock and thermal distortion, thereby 
permitting, in some instances, the forming of simpler 
surfaces within the casting and the forming of gating 
and riser systems directly in the mold body. 

It is also contemplated by my invention that more 
complicated molds may be formed by employing the 
shaped bonded amorphous silica for the main body of 
the mold and a shell or cope of bonded sand within the 
casting cavity or defining a portion of the casting cavity. 
In the latter instance the sprue, ingate and riser systems 
are preferably defined by the main mold body of my 
invention. By such an arrangement, the shell or bonded 
sand portion of my mold may have weaker bonding than 
has heretofore been deemed advisible, without sacrificing 
dimensional accuracy, since the shell portion of my mold 
is backed by the main mold body. " . 
When molds are prepared, according to my invention, 

the amorphous silica may be recovered after the mold 
has served its useful life and this material reprocessed 
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for use in forming other molds. It is also apparent that 
the amount of expendable material employed, in form 
ing the shell or core is reduced to a minimum. 
No sacrifice in quality of the resulting casting is 

necessary to accomplish economical operation, according 
to my invention, since the casting therefrom would be 
considered superior to a casting from green sand and 
would, in many instances, be comparable to a casting 
from investment molding. I have found the castings 
from my mold to be within close dimensional tolerances 
and essentially free from distortion, with the surfaces of 
the castings being relatively smooth. 

Accordingly, it is a primary object of my invention 
to provide an inexpensive permanent or reuseable mold 
and a process of manufacturing this mold. 
Another main object of my invention is to provide a 

reuseable mold formed of amorphous silica so disposed 
that molten metals having a pouring temperature above 
the critical temperature of amorphous silica may be 
poured into the mold without appreciably damaging the 
structure of the amorphous silica. 

Another object of my invention is to provide a re 
useable mold which is resistant to thermal shock and 
distortion. 

Another object of my invention is to provide a re 
useable mold which may be easily and effectively re 
paired, if necessary. 
Another object of my invention is to provide a re 

useable mold formed of a material which, when the mold 
has served its useful life, the material therein may be 
reprocessed for use in other molds made according to 
my invention. 
Another object of my invention is to provide a re 

useable mold, part or the entire area of which may be 
'easily cooled or heated by external means while the mold 
contains the casting metal. 

Another object of my invention is to provide a light 
weight reuseable mold of ceramic material which is suit 
able for retaining casting metal under pressure. 

Another object of my invention is to provide a process 
of repairing a ceramic mold. 
Another object of my invention is to provide a means 

and method of inexpensively and effectively producing a 
superior type of metal casting. 

Other and further objects of my invention will be 
come apparent from the following description when taken 
in conjunction with the accompanying drawings wherein 
like characters of reference designate corresponding parts 
throughout the several views and wherein: 

FIG. 1 is a plan view of a cope box or flask adapted to 
receive ceramic material to form a segment of a mold con 
structed in accordance with my invention; 

FIG. 2 is a cross sectional view taken along line 2-2 
in FIG. 1, the cope box being shown containing damp 
ceramic material; 

FIG. 3 is a cross sectional view similar to the view 
of FIG. 2 showing wet ceramic material after it has been 
standing in the cope box; - 

FIG. 4 is a cross sectional view of another flask or 
drag box provided with damp ceramic material for form 
ing the other segment of my mold; 

FIG. 5 is a cross sectional view similar to the view 
shown in FIG. 4 showing wet ceramic material after 
standing in the drag box; 

FIG. 6 is a plan view of an assembled mold constructed 
of the mold segments shown in FIGS. 3 and 5; and 
FIG. 7 is a cross sectional view of a modified form of 

my invention showing an assembled mold having a 
bonded sand partial shell. 

In more detail, the ceramic body of my mold segments, 
by way of examples, may be formed following either of 
two methods which I shall term respectively the damp 
aggregate method and the wet aggregate method. In 
either method I employ silica aggregates formed essential 
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4. 
ly of granulated or powdered amorphous silica, fused 
silica or high silica glass. Preferably, as pure a silica as 
possible should be used for best results; however, I do 
not wish to exclude the use of a silica material, such as 
high silica glass which contains above 90% amorphous 
silica, which would give satisfactory results, according to 
my invention. 
The silica aggregates should be sufficiently fine in size 

that they will pass through a 30 mesh screen, since larger 
particles with no finer particles intermixed therewith do 
not band together as readily. I prefer, however, that the 
aggregates be sufficiently fine to pass through a 100 mesh 
screen since such aggregates form a smooth surface and 
band together well. It is not necessary that all particles 
of the silica aggregate be uniform in size. Amorphous 
silica or high silica glass, which is ground to a size on the 
order of silica sands, crushed sands, or flours, is suitable 
for use. The amorphous silica or fused silica, which 
is a more limited term for amorphous silica, differs from 
sand commonly found in nature, in that the amorphous 
material has been fused, then cooled quickly, then com 
minuted to a small size. Of course, other methods may be employed for obtaining the amorphous silica such as 
fusing the silica granules as they fall freely and then cool 
ing the granules by permitting them to continue to fall. 
Round shots are formed in this manner and these round 
shots are suitable for use as my silica aggregate. 

In either method of preparing the mold body, I bond 
the silica aggregates with a liquid suspension of colloidal 
silica which, when mixed with the silica aggregate, may 
be caused to set, as will be described hereinafter, to form 
a monolithic body. Being amorphous silica itself, the 
silica of the binder has essentially the same characteristics 
as the silica aggregates and therefore is equally able to 
resist thermal shock. 

In making the mold body according to the damp 
aggregate method, the binder is prepared by suspending 
from about 2% to about 35% colloidal silica by volume 
with water or some other suitable vehicle such as al 
cohol. The manufacture of a colloidal silica suspension 
is disclosed in the prior art and therefore no detailed 
discussion of its production is necessary. Such suspen 
sions are available commercially under trade names such 
as “Ludox” produced by the Grasselli Chemical Co., 
Inc., of Wilmington, E)elaware, department of E. I. Du 
Pont de Nemour; and "Nalcoag' produced by National 
Aluminate Corporation of Chicago, Illinois. These com 
mercially available colloidal dispersions are suitable for 
use according to my invention in the form in which they 
are shipped. 
The damp aggregate is prepared by mixing or com 

mingling about 100 parts of the silica aggregate with 
from about 4 to about 15 parts of binder prepared as 
above described or as commercially received. If this 
charge of silica aggregate and binder is not to be used 
immediately, it should be kept covered so that it does 
not dry out. 
When forming a mold segment, the charge is shaped 

to define a portion of the casting cavity together with 
the connecting sprue, gating and riser systems in a manner 
similar to forming a green sand mold. In FIGS. 1 and 
2 I have disclosed one convenient way to form a mold 
segment, wherein a cavity pattern 10 is mounted cen 
trally on a pattern plate 11 having upstanding sides 12 
and ends 13. The sides 2 and ends 13 together with 
the plate 11 define a flask or cope box for receiving the 
damp charge denoted by numeral 14. In the present 
embodiment, the sprue pattern 15, ingate pattern 16, 
riser pattern. 17. and plenum chamber pattern 18 are dis 
posed with cavity pattern 10 to define a conventional 
pattern arrangement. 
As is well understood in the art, it may be necessary 

to prepare the various patterns and the pattern plate for 
easy removal from the mold segment 19 formed by 
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charge 14 by treating these parts of the cope box with 
a releasing agent such as wax, silicone, chlorinated hy 
drocarbon and the like. This use of these releasing agents 
is well known and therefore mere mention of some re 
leasing agents is sufficient. In cases where the patterns 
are formed from gypsum plaster or other material which 
will shrink, such patterns should be soaked in water and 
then dipped, sprayed or coated with wax, grease, or 
lacquer, so that if the patterns shrink upon drying of the 
mold segment in the cope box, the original shape of 
the pattern will remain in the mold segment. 

Patterns for my mold may also be made of wax which 
may be melted from the mold or burned out. Of course, 
a pattern may be made from the damp aggregate itself, 
in which case it should be coated as by lacquer or varnish 
after final shape is obtained and the wet mix poured 
around it. The mold segment should then be fired, after 
gelling or drying, until the coating of lacquer or varnish 
is burned out. This leaves the pattern in a loose con 
dition. 

If the pattern is made of metal, it should not be fired 
to high temperature or oven heated with the mold seg 
ment since the metal pattern will expand and crack the 
mold segment. Other methods and techniques used in 
fine metal work and ordinary foundry practice are also 
adaptable to my mold casting system. 

It is to be noted that if great accuracy and smooth 
ness of casting is desired, I prefer to employ a pattern 
made of the same aggregate mix as is to be used for the 
mold segment, the aggregate mix being coated as de 
scribed above and fired with the mold segment. Further, 
the entire cope box may be made of the charge 4 so 
that it will have the same shrinkage as the mold segment 
19 when dried and/or fired with the charge 14. 

According to my damp aggregate method, the charge, 
prepared as above described, is placed in the flask in a 
manner similar to the charging of green said into a cope 
box. For strength, the mold segment 19, thus formed 
is then dried by removing the water from the colloidal 
silica to leave a hard ceramic body. For additional 
strength, mold segment 19 may be sprinkled or asperged 
with additional binder, and then redried. Sintering in an 
oven at about 1000 F. to 1900° F. for a few minutes 
will strengthen mold segment 19 even further. 

It is noted here that once the binder is dry or has been 
sintered, rewetting does not redisperse or cut the dried 
binder. Further, the mold segment may be dried, sin 
tered, and rewet in any sequence, just so that the drying 
is completed before the mold segment. 19 is rewet. 

After drying, mold segment 19 is removed from the 
cope box and inspected for imperfections. If damage has 
occurred to mold segment 19, it may be easily repaired 
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by spreading additional charge with a Spatula, trowel, 
screeding tool or other suitable instrument over the 
broken area and thereafter carving, scraping or Sanding 
the surface so formed, either before or after it has dried. 
If the damage is superficial, the mold segment 19 may be 
used before the repaired portion is dry. Of course, if 
the damage is severe, mold segment 19, after being re 
paired, should be redried and/or refired. 

In the same manner as the cope box of FIGS. 1, 2 and 
3, the drag box shown in FIGS.4 and 5 includes a pattern 
plate 20, sides 21 and ends 22. The charge is Supplied 
to the drag box in a manner similar to the charges of the 
cope box described above. . The mold segment, 23 thus 
formed is dried and sintered as described for mold. Seg 
ment 19. In this particular instance, simply a flat, mold 
segment 23 is prepared and hence no configuration, other 
than a flat surface, is imparted to the casting cavity area 
of mold segment 23 or other areas thereof. It. will be 
understood, however, that any conventional pattern may 
be utilized for a particular configuration to be imparted to. 
mold segment 23 if desired. . . . . . . 

After being prepared properly, the ceramic bodies 
formed as the mold segments 19 and 23 are removed 
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6 
from their flasks and joined as shown in FIG. 6, the 
abutting surfaces of the mold segments being contiguous 
along a part line 24. For retaining the mold segments 
in appropriate registry, a C-clamp 25 is provided having 
abutments 26 which urge the respective mold segments 
together. The mold is thereafter ready to receive the 
molten metal via sprue 27 into the casting cavity 28. 

In the wet aggregate method of preparing my mold, 
100 parts of the amorphous silica aggregate are mixed 
and thoroughly commingled with from about 14 to about 
38 parts by weight of the binder. For purposes of illus 
tration, I have employed the same cope and drag boxes 
as previously used. The wet aggregate charge, prepared 
of the amorphous silica and binder in the proportions 
above stated, is poured into the boxes. Usually it is 
desirable to fill the boxes about half full and in all 
instances cover the entire pattern with the wet charge. 
Thereafter, the charge is permitted to settle. For re 
ducing the time necessary for settling, the boxes may be 
vibrated in a vertical direction until the particles of the 
charge are well packed and as much as possible of the 
liquid, denoted by numerals 29 and 30, has been driven 
to the top. Jolting of the boxes may be accomplished by 
electromagnetic or air-mechanical means (not shown). 
When the liquids 29, 30 float to the top of the boxes 
they should be poured off to facilitate setting up of the 
wet charge. 

If it is desired to set the binder, rather than to dry 
the charge as described above, an electrolyte is added to 
the wet charge either immediately before or after it has 
been dumped into the boxes. If the wet charge is to 
be kept for extended periods of time, of course, the 
electrolyte should not be added thereto until it is ready 
for use. The electrolyte causes the colloidal silica to gel 
so that the ceramic body becomes hard, as does the dry 
ing of the Water from the damp aggregate charge in 
the previous method. Descriptions of methods of gelling 
the colloidal silica are disclosed in the E. I. du Pont de 
Nemour's Product information bulletin entitled "Du Pont 
Ludox Colloidal Silica' and in other literature. There 
fore, little description is necessary as to particular methods 
of gelling the colloidal silica except to state that sub 
stantially any electrolyte when added to the colloidal 
silica suspension will tend to gel the silica. For my 
purposes, from .5% to about 4% ammonium chloride, 
added to the colloidal silica suspension, will cause gell 
ing. Also, sufficient hydrochloric acid added to the col 
loidal silica suspension to provide a pH of from 5 to 6 
will cause gelling for the purposes herein described. 

I prefer to use either ammonium chloride or hydro 
chloric acid as a gelling agent or electrolyte since both of 
the above chemicals may be evaporated from the charge 
after gelling of the colloidal silica and therefore no im 
purities will remain to contaminate the silica mold seg 
ment. Magnesium sulfate, however, will accomplish 
gelling of the colloidal silica much faster than the chlo 
rides mentioned above and, in the event that the amor 
phous silica is not to be reused, perhaps this electrolyte 
would be more desirable as a gelling agent. 

If the gelling agent is added to the charge before 
the same is jolted, it would be advisable to ascertain, in 
advance, the time lapse involved in gelling so as to be 
certain that the jolting is completed before gelling has 
proceeded noticeably. The time required for gelling can 
not be described here because there are too many vari 
ables which would effect it. Therefore, by simply taking 
a part of the particular charge and adding the gelling 
agent thereto before the gelling agent is added to the 
entire charge is an easy method of determining the gelling 
time for the particular charge. 

In all cases where the binder of my wet aggregate 
charge is to be gelled, the same should be accomplished 
before the mold segments, denoted by numerals 19' and 
23' are dried; since, if drying is permitted before gelling, 
a portion of the binder will be drawn to the surface of 
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the mold by capillary action before it has had an op 
portunity to gel, thereby enriching the outer surface with 
binder while making other parts of the mold segments 
lean in binder, whereby cracks in the mold segment may 
develop. 

After the mold segments 19' and 23' have been 
hardened within the cope and drag boxes, the pattern 
plates 15, 20 are removed and pattern 10 withdrawn. 
The mold segments 19' and 23' are then assembled as 
shown in FIG. 6 for the assembly of mold segments 19 
and 23. 

Before pouring molten metal into the mold, it is 
advisable, in order to aid in the release of the casting 
from the mold, to coat the areas to be contacted with a 
releasing agent. Soot, smoked on with an acetylene 
torch, or other carbon such as graphite or carbon black 
may be employed. In liquid suspension, the carbon or 
graphite may be sprayed on. Further water suspensions 
of silica, Zircon, alumina, zirconia, calcium silicate, mag 
nesium carbonate or powdered aluminum may be em 
ployed. Also, various clays in combination with the 
above substances may be used. 

Referring now to FIG. 7 of the drawing, it is seen 
that my silica mold segments, denoted generally by nu 
meral 31, are aligned by a conventional key 33 fitting 
into a key way and held in registry along a part line 
24' by C-clamp 25' and abutments 26. Numeral 32 
denotes a foundry sand shell or core cake which may be 
cast with my silica mold as shown. Many means such 
as adhesion or dowel pins (not shown), may be used 
for retaining the foundry sand shell 32 in place. The 
construction of FIG. 7 is used when a casting is so shaped 
that it would be difficult to remove from a monolithic 
mold such as shown in FIG. 6. In preparing the com 
posite mold of FIG. 7, the mold segments 31 are prepared 
with an oversize casting cavity as outlined above accord 
ing to my damp aggergate or wet aggregate method. 
Thereafter, the space left in the mold for the shell 32 is 
filled with a bonded sand insert or an external core print 
formed according to prior art practices. Of course after 
each pouring, a new insert or shell 32 must be provided. 

For cooling the shell 32, it may be found desirable to 
provide a vent hole 34 in mold segments 31 and behind 
shell 32. 

It will also be understood that the composite mold of 
FIG. 7 may be provided with a bonded sand shell com 
pletely surrounding the casting cavity. Such a composite 
mold may prove desirable with extremely high tempera 
ture pourings. 
When forming a bonded shell completely surrounding 

the casing cavity, several vent holes such as hole 34 may 
be provided in the mold segments. One advantageous 
method, according to my invention, for forming a com 
plete shell around the casting cavity is to make each 
of the mold segments 31 oversize and then fit each seg 
ment respectively over the patterns, such as pattern 10. 
Thereafter, the bonded or foundry sand is blown into the 
area between the segment and the pattern through vent 
holes such as hole 34. Of course, more than one vent 
hole 34 must be provided so that the air or other im 
pelling fluid may escape, leaving the sand in place. 
The mold segments are then removed from the pattern 

and joined together. The molten metal may then be 
charged into the casting cavity of the composite type mold 
while the shell is still damp or the shell may be dried to 
reduce to a minimum the “gassing” of the sand. 
By the term “bonded sand" as used herein, it will be 

understood that I mean conventional foundry sands such 
as silica sand impregnated with cereals, proteins, oils, 
clays, sugars, resins, or sodium silicate solution, and also 
coke fines, zircon, alumina, amorphous silica, alone or in 
admixture with carbon or aluminum powders and/or com 
bined with the above binders. 
To test the fact which I have discovered, that the amor 

phous silica, if prepared in the form of a mold as above 
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8 
described, will withstand temperatures far in excess of the 
critical temperature of 1000 C. where the amorphous 
silica is expected to be converted to a crystalline form, 
samples of the silica mold material prepared according to 
my invention were fired at 2600 F. One sample was 
maintained at 2600 F. for 15 minutes, another 30 min 
utes, another 45 minutes and still another for one hour. 
All samples were removed and placed in air for rapid 
cooling. When cooled, the surface of the samples seemed 
to become harder, rather than softer. The samples also 
showed good resistance to thermoshock, in that the last 
sample of the material was cycled, by first heating the 
sample to 2600°F. and then air quenching for four cycles. 
No noticeable change took place in this sample. 
To further test the characteristic of my silica mold, 

blocks of silica were formed according to the process 
outlined above. The first block was 2 inches by 2 inches 
by /2 inch and was placed on a supporting surface on its 
2 inch by 2 inch side with a thermocouple extending from 
beneath the supporting surface into the block to within 
4 inch of the upper surface. This sample block was 
inserted into an oven which had been preheated to 2600° 
F. (1427 C.) and the time was measured for the thermo 
couple to indicate that the block was at oven temperature. 
It required 5 minutes for the interior of the block to be 
heated to oven temperature. 

Next, two samples, each a block 4 inches by 1 inch by 
/2 inch, were placed on their ends in an oven which was 
preheated to 2600° F. The first block was left in the 
oven for 5 minutes and then removed for cooling in air. 
When cool, this block was compared with an unheated 
similar sample by X-ray analysis. No change in crystal 
line structure in this block was observed, thus indicating 
that no additional crystobolite had formed. 
The second block was left in the oven 10 minutes and 

examined in a manner similar to the previous sample. 
This later sample indicated that some crystobolite had 
formed. From other test, however, it may be stated that 
even if the block were left in the oven for 96 hours, no 
additional appreciable change in structure would have 
taken place. 

Therefore, since in practice, the molten metal poured 
into my molds, remains at high temperature less than five 
minutes for each pouring, no appreciable damage to my 
mold will take place on repeated heating, except for the 
normal wear. 

For comparison, a block of foamed silica was inserted 
into an oven at 2600°F. and left there for a period of 15 
minutes. When removed, the surface of the foamed silica 
showed marked signs of disintegration into a powdery 
crystalline form. X-ray analysis confirmed that crystals 
of silica were present in the powdered surface. 

For a most severe test of my mold, I poured molten 
metal at a temperature of 2700 F. into a mold I had 
prepared by using 100 parts amorphous silica to 25 parts 
binder. Immediately after pouring the metal into the 
mold, I immersed the mold in water. Thereafter, the 
casting was removed and the mold inspected. The inspec 
tion revealed no damage or deterioration to the mold. 

In still another test, I poured molten metal into a mold 
made in accordance with my invention for eighty succes 
sive pourings, cooling rapidly in air after each pouring 
and removing the casting thus formed. An inspection of 
my mold after the eightieth pouring revealed no apparent 
deterioration to the mold. 
From the foregoing discussion it is apparent that I have 

provided a permanent type mold which incorporates such 
desirable characteristics as being inexpensive, durable and 
resistant to thermal shock. I have found that, parallel to 
the parting line, tolerances may be maintained in my mold 
to .002 inch per linear foot; and, across the parting line, 
the tolerances may be maintained to within .004 inch per 
linear foot. In my composite type mold, tolerances may 
be maintained to the above values if the disposable part 
of the mold is made of amorphous silica. If bonded sand 
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forms the disposable part of my mold, an additional .002 
inch per linear foot should be added to the above toler 
aCCS. 

In operation, the hot metal may be poured directly 
against the surface of my mold and/or various prior art 
lubricants, coatings, washes or the above described shell 
liners may be used to protect the cavity surface of my 
molds to prevent sticking of the casting in the molds. The 
liner shell, such as shell 32, is normally made so that it 
will drop out with each casting. 

Since my molds are dry, as compared to the wet green 
sand, the molten metal may be poured at a lower temper 
ature than has, heretofore, been used for sand castings. 
Also, my mold may be preheated if desired so that the 
surface of the molten metal is not chilled when it strikes 
the casting cavity. On the other hand, my molds may be 
quenched in water or otherwise quickly cooled after re 
ceiving the molten metal. 

It will be obvious to those skilled in the art that many 
variations may be made in the embodiment chosen for 
purpose of illustration without departing from the scope 
of my invention as defined by the appended claims. 

I claim: - 

1. Process of forming a composite mold segment com 
prising the steps of forming a dispersion of colloidal silica 
and liquid, commingling finely divided amorphous silica 
with said dispersion to form a mix, shaping said mix into 
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predetermined shape having an inner surface to define a 
volume larger than a portion of a casting cavity, forming 
holes through said shaped mix, removing the liquid from 
said mix to provide an outer shell, fitting said outer shell 
on a pattern, substantially the size of said portion of a 
casting cavity and introducing foundry sand through said 
holes to fill the space between said pattern and said inner 
surface of the shell. 

2. The process defined in claim 1 wherein at least one 
additional composite mold segment is formed and said 
composite mold segments are fitted together to define a 
casting cavity surrounded by the foundry sand of said 
composite mold segments. 
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