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This invention relates to the production of castings by 
ceramic metal casting processes and it relates more par 
ticularly to a method of improving the surface quality of 
castings and decreasing oreliminating the decarburization 
prevalent in some castings. 

Present techniques for providing ceramic shell metal 
casting molds generally include the steps of building up 
a plurality of stucco and dip coats onto the surface of a 
pattern of material which is disposable at elevated tem 
peratures‘. The pattern material is subsequently disposed 
of by ?ring and the ceramic coatings are matured; the 
molds then being of a character adaptable for introduc 
tion of the molten metal. 
The molds which are provided by the above noted 

techniques have many advantages. The molds are porous, 
but at the same time have low permeability and they 
provide excellent heat conductivity‘ characteristics. 

In spite of these advantages, the use of shell molds has 
not completely solved a problem long recognized in in 
vestment casting. This problem which is particularly 
predominant in alloy steels, relates to the tendency of 
the metal to pit and/or decarburize during pouring and 
during solidi?cation. Shell molding has eliminated the 
bulky type molds which were employed in conventional 
investment casting processes. However, they have not 
completely eliminated the tendency for decarburzation 
and pitting, for example, when casting such ‘metals as 
410 stainless steel. ' 

It is therefore an object of this invention to provide an 
improved technique for the production of castings by 
ceramic shell mold metal casting processes. 

It is an additional object of this‘ invention to provide 
a ceramic shell mold metal casting technique which sub 
stantially eliminates surface defects and decarbu‘rization 
in the castings produced. ‘ ’ I > 

It is a further object of this invention to provide a 
ceramic shell mold metal casting technique which enables 
the production of castings without surface defects or 
decarburization and which at the same time provides a 
means for improving the structure and heat treating char 
acteristics of the castings. 
These and other objects of this invention will appear 

hereinafter and it will be understood that the speci?c 
embodiments hereinafter set forth are presented for pur 
poses of illustration only. 
The present invention generally relates to the handling 

of the ceramic shell molds before and during the pouring 
operation and the processing immediately thereafter. The 
process consists of providing a mass of carbon containing 
material, preferably in particulate fonn, about the mold 
or cluster of molds. The carbon containing material has 
been found to provide conditions which effectively prevent 
decarburization and pitting. In addition, the material has 
been found to improve the grain structure at the surface 
of the casting treated in accordance with this method. 
The closely associated mass of carbon containing ma 
terial which is provided at room temperature about the 
molds permits rapid cooling of the castings. This rapid 
cooling avoids grain growth at the surface of the castings 
and provides more uniform mechanical properties and 
response to heat treatment of the castings. 
An example of the procedure employed in carrying out 
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the process of this invention will serve to illustrate the 
features thereof. In accordance with the practice set forth 
in the application of Theodore Operhall et al., Serial No. 
708,628, ?led January 13, '1958, and now Patent No. 
2,961,751, a cluster of wax patterns provided by conven 
tional techniques is ?rst given a dip coat of the'following 
composition: " 

8000 cc. colloidal silica: 
(30% grade) 
(Speci?c gravity, 1.198) 

165 pounds zircon: 
(99% through 325 mesh) 
(65-67% ZnOZ, 34-32% SiOg) 

6150 cc. water 

110 grams sodium ?uoride 

After dip coating, a ?rst stucco layer of Alundum 
(109% through 50 mesh with less than 3% through 100 
mesh-better than 90% between 60 and 80 mesh) is pro 
vided. This procedure is followed by alternate layers of 
dip coat and stucco coats, the number generally varying 
between about 5 to 10 coats or more. 

Following the formation of the shell about the cluster, 
a ?ring operation commences which results in dewaxing. 
After the ?ring stage, the cluster may be preheated, in 
accordance with conventional casting practice and thus 
prepared to the pouring operation. During pouring, the 
self-supporting mold may be clamped to a furnace and 
poured as shown in FIGURE 5 of the aforementioned 
patent. ‘Immediately after pouring, the mold will be 
transferred to a ?ask or the like wherein a surrounding 
mass of the carbon containing material is provided. The 
mold could be lowered into a loose mass of this material, 
or the material can be introduced by ?owing around'the 
mold after insertion into the ?ask or other chamber. t 

Alternatively, the pouring into the molds may take‘ place 
while the molds are surrounded by the carbon containing 
material. In this embodiment, the molds would be in 
troduced into the carbon containing material which is 
contained in the ?ask or the material may be ?owed about 
the molds in the ?ask. After this, the molten metal would 
be poured. If the‘ latter embodiment is resorted to, his 
necessary to pour ‘immediately after surrounding the 
molds with the carbon containing'material to avoid de 
feating the purpose of preheating and'to utilize the maxi~ 
mum chilling effect of the material. ‘ ’ 

In the case of relatively large castings, it is sometimes 
necessary to provide refractory substances for supporting 
the matured molds during the preheating and pouring 
stages. The concepts of this invention may be suitably 
accomplished with such large castings if the refractory 
supporting material is replaced by or mixed with the car 
bon containing material. The molds employed for these 
castings can thus be provided in a ?ask or like chamber 
prior to preheating, surrounded by the carbon containing 
material, or a mixture thereof with the refractory ma 
terial, and then preheated, poured and cooled while thus 
supported. The refractory material employed in the 
back-up may be any well known refractory substance 
such as alumina, chromite, magnesite or zirconia, and it 
may be employed in amounts up to about 75% by weight 
of the total back-up. 
As an additional embodiment of this invention, it is 

contemplated that only portions of the shell mold may be 
surrounded by the carbon containing material, for ex 
ample, areas which would be particularly susceptible to 
cooling and thus would show a greater tendency towards 
decarburization, pitting and poor grain structure. In 
addition, it is contemplated that regions of carbon con 
taining material adjacent the shell mold surface be al 
ternated with areas of insulating refractory material adja 
cent certain other areas on the shell mold outer surface. 
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The latter situation may be necessary where particularly 
intricate areas of the castings would crack if chilled too 
rapidly. 

Additionally, the carbon containing material may be 
selectively applied in situations where directional solidi? 
cation is desired. Hence, the use of the material in loca 
tions in which a fast rate of solidi?cation is required will 
provide an improved thermal gradient and assist materi 
ally in the structure and solidity of the cast product. 

Suitable carbon containing materials adaptable for use 
in accordance with this invention include conventional 
cast iron grit and ?ake or chip graphite. Various other 
materials comprised of or containing substantial amounts 
of carbon and which have relatively good heat conduc 
tivity are obviously also adaptable for use in this process. 
The grit, graphite and other materials which are em 

ployed are preferably provided in sizes of about 10 mesh 
to insure substantial contact with all portions of the outer 
surface of the shell. However, the size of the particles 
is not critical, provided the material can be ?owed about 
the mold and substantially surrounded. The layer of 
carbon containing material surrounding the shell molds 
should be at least about 1 inch thick. However, when 
?owed about a mold or cluster in a ?ask, a layer at a 
given point may extend for several inches. This is not 
a critical factor. 

It is apparent from the above that the surrounding 
material is preferably a solid substance which reduces 
oxidation and has the ancillary elfect of aiding in the chill 
ing and selective solidi?cation of castings. It is con 
templated however, that non-solid substances may be in 
corporated along with the carbonaceous materials to aid 
in achieving the advantages of this invention. In this 
connection, it is conceivable that the shell mold be placed 
in a chamber containing a non-oxidizing or reducing gas 
while at the same time surrounded with the solid ma 
terials. Argon, nitrogen, and carbonaceous gases are 
suitable examples of such gases and the amounts thereof 
can be readily varied in accordance with the size and the 
oxidizing, decarburizing and pitting tendencies of the 
cast metal. 

It will be understood that various modi?cations may 
be made in the above disclosed ceramic shell mold cast 
ing process which provide the characteristics of this in 
vention without departing from the spirit of this inven 
tion, particularly as de?ned in the following claims. 
We claim: 
1. In a metal casting process which includes the steps 

of building up stucco and dip coats of ?nely divided 
ceramic material onto the surface of a pattern which is 
disposable at elevated temperatures whereby the said 
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pattern is enclosed within a shell of the ceramic material 
except for an opening for introduction of casting metal, 
and ?ring the assembly to dispose of the pattern and 
leave a corresponding cavity within the shell and to 
mature the ceramic materials in the shell, the improve 
ment comprising pouring metal in a molten state through 
said opening into the cavity to produce a metal casting, 
surrounding the shell with a mass of solid particulate 
carbon containing material immediately after pouring of 
said metal to bring said material into contacting relation 
ship with the outer surfaces of the shell to extract heat 
rapidly from the metal poured into the shell to chill the 
surface whereby the surface portions are not subjected 
to carburization while the poured metal is rapidly solidi 
?ed to avoid grain growth and permitting the metal to 
solidify while so surrounded. 

2. The process according to claim 1, wherein said car 
bon containing material comprises cast iron grit. 

3. The process according to claim 1, wherein said car 
bon containing material comprises graphite chips. 

4. In a metal casting process which includes the steps 
of building up stucco and dip coats of ?nely divided 
ceramic material onto the surface of a pattern which is 
disposable at elevated temperatures whereby the said 
pattern is enclosed within a shell of the ceramic material 
except for an opening for introduction of casting metal, 
and ?ring the assembly to dispose of the pattern and 
leave a corresponding cavity within the shell and to 
mature the ceramic materials in the shell, the improve 
ment comprising surrounding the shell with a solid mass 
of particulate carbon containing material to bring said 
material in contact with the outer surfaces of the shell 
to extract heat rapidly from the metal poured into the 
shell to chill the surface whereby the surface portions of 
the poured metal are not subjected to carburization while 
the poured metal is rapidly solidi?ed to avoid grain 
growth, subsequently pouring molten metal into the shell 
to produce a metal casting and permitting the metal to 
solidify while surrounded by said mass. 

5. The process according to claim 4, wherein said car 
bon containing material comprises cast iron grit. 

6. The process according to claim 4, wherein said car 
bon containing material comprises graphite chips. 
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