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of James P. Bradley and Robert R. Dohrmann. An ex 
ample of such a dip coat composition which provides 
Satisfactory results is one consisting essentially, by weight, 
of about 15% to 30% refractory cement, 35% to 70% 
silica flour, 15% to 35% water, 0.1% to 0.3% wetting 
agent, 0.1% to 1% octyl alcohol, 0% to 2% glycerine, 
0.1% to 0.4% gelatine and 0.05% to 0.3% concentrated 
hydrochloric acid. 
The slurry which forms the outer dip coat 26 is prefer 

ably kept in constant motion by stirring means except 
during the action dipping operation. However, the mix 
ing action should not be such as to unnecessarily intro 
duce air into the slurry. The wax pattern used for form 
ing turbine buckets or other precision cast parts is im 
mersed in the dip coat slurry, preferably to within an 
inch or so of the outer end of the pouring basin portion 
20 of the pattern. Care should be exercised in immers 
ing the pattern in the slurry to prevent air entrapment on 
pattern surfaces. This is particularly important when 
coating a hollow pattern of the type shown in the drawing 
because it is essential to coat all the surfaces which define 
the passage 22 in the pattern. The surplus coating ma 
terial is permitted to drain off before further treating the 
pattern, Normally both the protective film-forming solu 
tion and the refractory-containing dip coat slurry are 
maintained at or near room temperature during the dip 
ping operations because excessive heat can result in distor 
tion of the wax pattern. 

After the wax pattern has been coated in the foregoing 
manner, it may be “sanded' or “stuccoed' to provide the 
layer 26 with a rough outer surface, thus insuring greater 
adhesion between the principal refractory portion 12 of 
the mold and the layer 26. The "sanding' can be ac 
complished by merely screening or otherwise applying 
silica or other suitable refractory materials in known man 
ner to the outer coated surface of the destructible pattern. 
When all the molding surfaces of the pattern have been 
effectively covered with sand, the pattern should be air 
dried. 
The investment material, which forms the principal re 

fractory part 12 of the mold, is thereafter poured around 
both the blade-defining portion 18 and the sprue portion 
20 of the coated wax pattern. Although this investment 
material may be distributed about the pattern in any suit 
able manner, the following procedure provides excellent 
results. The base plate 16 is preferably first sprayed or 
otherwise coated with molten wax so as to form a thin 
layer 28 of wax on the upper surface of the plate. Be 
fore the wax has completely solidified, the pattern to 
be invested is positioned on the wax-coated plate 16 with 
the pouring basin portion 20 thereof extending down 
wardly and seated firmly in the wax film. The sleeve or 
flask 14 is next placed around the pattern and pressed 
lightly into the wax layer. In order to completely seal 
the flask to the plate 16, it is preferable to again spray or 
pour molten wax over the outer surfaces of these parts at 
their junction 30. The wax layer should be allowed to 
thoroughly solidify before proceeding further. 
The refractory mixture is then poured into the flask, 

which is preferably vibrated during this pouring opera 
tion, and the mold is allowed to set. The pattern sec 
tions 18 and 20 are spatially separated at 32 to permit 
the lower end of the passage 22 to freely communicate 
with the investment material 12. With this construction, 
vibration of the flask causes the investment mix to com 
pletely fill the passage 22 and form an elongated, narrow 
core therein. This core extends the entire length of the 
blade portion of the turbine bucket to be cast. 

It will be noted that the sprue portion 20 of the wax 
pattern projects through the lower wall of the refractory 
mold so as to permit the escape of the wax from the pat 
tern and to form an ingate for the molten casting metal. 
When the mold body 12 has solidified or set to a suffi 

cient extent, the base plate 16 is removed and the mold 

5 

0. 

15 

20 

25 

30 

35 

4 
is heated to melt the wax pattern. The molten wax es 
capes through the sprue opening in the mold formed by 
the pattern portion. 20. In this manner the refractory 
containing dip coat 26, which had covered the surfaces of 
the pattern, tightly adheres to the mold and provides the 
casting cavity with a smooth coating. 

After removal of the pattern from the mold in the fore 
going manner, the mold is fired or "burned out,' usually 
at a temperature of about 1800 F. to 2000 F., to re 
move substantially all the volatile matter. The mold is 
then preferably preheated to the desired temperature, and 
the molten casting metal is poured or otherwise intro 
duced into the mold cavity formed by the pattern. In the 
majority of instances it is necessary to pour the casting 
metal while the mold is still hot in order to obtain satis 
factory results. After the molten metal has been poured 
and the casting has solidified, the refractory mold body 
12 and the adhering coating 26 may be broken to permit 
the removal of the casting. As a result of using the pro 
tective film 24 on the wax pattern, the casting possesses 
excellent surface smoothness and detail and requires little 
finishing. 
The mold body 12 may be formed of a silica invest 

ment having an ethyl silicate binder or may be formed of 
other suitable investment materials. Examples of invest 
ment molding mixes which are highly satisfactory for 
various applications are described and claimed in co-pend 
ing United States patent applications Serial Nos. 637,586, 
now U.S. Patent 2,818,619, 637,768, now U.S. Patent 
2,861,308, 649,962, filed April 5, 1957, and 651,273, now 
U.S. Patent 2,851,752 all owned by the assignee of the 
present invention. An example of an investment dry mix 
or grog which may be used is one containing major pro 
portions of pulverized fire clay and finely comminuted 
refractory material and minor proportions of magnesium 
oxide and borax glass. The binder for this grog may in 
clude an aqueous solution of ethyl silicate to which small 
amounts of alcohol and acid have been added. A typical 

o investment composition comprises by weight, approxi 
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mately 43% to 74% finely divided burned fire clay, 6% 
to 25% silica flour, 6% to 17% condensed ethyl silicate, 
6% to 17% ethyl alcohol, 0.02% to 0.1% hydrochloric 
acid, 0.9% to 7% water, and 0.1% setting accelerator for 
the ethyl silicate. 

In accordance with the present invention, the protec 
tive film 24 is formed from an aqueous solution of a film 
forming alkyl cellulose such as methyl cellulose. Al 
though methyl cellulose is preferred, other short-chained 
alkyl celluloses, such as ethyl cellulose, butyl cellulose 
and propyl cellulose, may be employed. In general, the 
methyl cellulose content of the solution should range be 
tween approximately 0.5% and 4% by weight. However, 
a solution containing 1% to 3% methyl cellulose is pre 

55 ferred. 
The film 24 may be formed in the following manner. 

Approximately 400 grams of methyl cellulose is added to 
hot water, and the mixture is allowed to stand for a period 
of time sufficient to thoroughly wet the methyl cellulose. 

60 Normally this will require about five minutes, although 
occasionally a wetting period as short as two minutes is 
sufficient. Longer periods may be employed if desired. 
Thereafter approximately three gallons of cool or cold 
water is added to the aforementioned mixture, and the 

5 resultant material is thoroughly mixed to place the meth 
yl cellulose in solution. Normally it is desirable to use 
water which is at a temperature between 32 F. and about 
80° F. The above procedure is advantageous because 
cold water will not satisfactorily wet methyl cellulose and 

to hot water will not dissolve it. Hence, the hot water is 
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used for its wetting action, while the cold water is em 
ployed to place the methyl cellulose in solution. 
A suitable wetting agent is then added to the solution 

in order to satisfactorily wet the wax pattern when the 
protective film is applied. Approximately 160 cc. of wet 
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ting agent has proved to be satisfactory for use in the 
above-described solution. Although a Wetting agent con 
tent of about 0.8% by weight appears to provide optimum 
results, this constituent may be present in the solution in 
amounts ranging from 0.08% to 8% by weight. Any con 
ventional wetting agent may be advantageously employed, 
but a detergent such as an alkyl ether of polyethylene 
glycol is particularly advantageous because it forms a 
brittle foam which "breaks' easily. An example of such 
an ether is "Tergital wetting agent TMN.' Approximately 
0.5% to 2% by weight of this stable, non-ionic penetrant 
provides excellent results. A wetting agent is especially 
necessary if a silicone mold release agent was used in 
injection molding the wax pattern and a thin coating of 
this material has remained on the pattern. If the wetting 
agent is omitted the water-base solution will not satisfac 
torily wet the silicone film or the wax. 

It also has proved advantageous to add to the methyl 
cellulose solution about 16 cc. of a concentrated aqueous 
solution of formaldehyde. This substance prevents sour 
ing of the methyl cellulose by inhibiting bacterial action, 
thereby permitting the solution to be stored for long 
periods of time. The aqueous solution of formaldehyde 
should be used in a quantity sufficient to destroy bacteria. 
This amount may range from approximately 2 cc. to 50 
cc. in a batch of the above-described size. Such a form 
aldehyde content is roughly equivalent to 0.01% to 2% 
of the weight of the protective coating solution. 

Silicic acid, preferably containing about 15% to 40% 
by weight of silica, may be beneficially included in the 
methyl cellulose solution to increase the insolubility of 
the dry film 24 on the wax pattern. Approximately one 
gallon of silicic acid solution is satisfactory for addition 
to the aforementioned batch, although the silicic acid 
content of the methyl cellulose solution may vary from 
approximately 5% to 50% by weight. For most applica 
tions a solution containing 15% to 30% appears to pro 
duce optimum results. The silicic acid prevents alcohol 
in the principal investment mix and in the dip coat from 
dissolving the protective film on the wax pattern. It also 
serves to roughen the protective film 24 and provides a 
better bond between this film and the refractory-contain 
ing dip coat layer 26. ???? 

In order to properly regulate the pH of the above 
methylcellulose solution and maintain it in the non-jell 
range between about 8.5 and 10.5, approximately 60 cc. 
to 160 cc. of ammonium hydroxide is added to it. Al 
though other completely volatilizable alkalis may be used, 
ammonium hydroxide is preferred because many metal 
hydroxides, such as NaOH, attack the methyl cellulose. 
Such hydroxides also may be detrimental to the refrac 
tory-containing dip coat layer 26 because it tends to form 
a deposit on the dip coat surface when the protective film 
24 is burned off during firing of the mold. A deposit of 
this type somewhat lowers the fusion point of the layer 
26. Moreover, metal hydroxides are often disadvan 
tageous to the investment process since they frequently 
precipitate an undesirable slag. NH4OHsuccessfully pre 
vents jelling of the silicic acid if used in amounts equal 
to about 0.025% to 0.07% of the total weight of the pro 
tective coating solution. It also should be noted that a 
volatilizable acid may be used instead of an alkali as a 
pH control agent since lowering the pH of the methyl 
cellulose solution to about 3 or below also places it in a 
non-jell range. 
Thus it will be seen that the film-forming alkyl cellulose 

solution may comprise, by weight, approximately 0.5% 
to 4% methyl cellulose, 0.08% to 8% wetting agent, 
0.01% to 2% formaldehyde, 0.025% to 0.07% ammo 
nium hydroxide, and the balance substantially all water. 
As indicated above, if silicic acid is included in the solu 
tion, it may be beneficially added in an amount equal to 
about 5% to 50% by weight. 
cellent results with a methyl cellulose solution consisting 
essentially, by weight, of about 1% to 3% methyl cellu 
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6 
lose, 0.5% to 2% wetting agent, 0.01% to 0.2% form 
aldehyde, 0.025% to 0.07% ammonium hydroxide, 15% 
to 30% silicic acid and 65% to 84% water. 
The above-described coating for wax patterns to be 

invested in refractory casting molds adheres tightly even 
to sharply concave surfaces and therefore is particularly 
adapted to patterns having such surfaces, such as hollow 
turbine blade patterns. Moreover, the use of this coat 
ing does not cause the resultant investment mold to react 
with nickel base alloys and cobalt base alloys, materials 
commonly employed for cast turbine blades, and hence 
has no adverse effects on the surface qualities of such 
blades. 
While the present invention has been described by 

means of certain specific examples, it is to be understood 
that the scope of the invention is not to be limited thereby 
except as defined in the following claims. 

I claim: 
1. A protective coating solution for application to sur 

faces of a wax pattern to be invested in a refractory mold, 
said solution comprising, by weight, approximately 0.5% 
to 4% of a film-forming short-chain water soluble alkyl 
cellulose, 0.08% to 8% wetting agent, 0.01% to 0.2% 
formaldehyde, 0.025% to 0.07% ammonium hydroxide, 
and the balance substantially all water. 

2. A room temperature-setting dip coat for application 
to mold-defining surfaces of a wax pattern to be invested 
in a refractory mold, said dip coat consisting essentially, 
by weight, of 1% to 3% methyl cellulose, 0.5% to 2% 
wetting agent, 0.01% to 0.2% formaldehyde, 0.025% to 
0.07% ammonium hydroxide, 5% to 50% silicic acid, 
and 65% to 84% water. 

3. A pattern for use in a refractory investment mold, 
said pattern being formed of wax having surfaces pro 
vided with a thin, dry film resulting from coating said 
surfaces with a solution comprising, by weight, approxi 
mately 0.5% to 4% of a film-forming short-chained water 
soluble alkyl cellulose, 0.08% to 8% wetting agent, 
0.01% to 0.2% formaldehyde, 0.025% to 0.07% ammo 
nium hydroxide, 5% to 50% silicic acid and the balance 
substantially all water. 

4. A pattern for investment in a precision casting re 
fractory mold, said pattern being formed of wax having 
mold-defining surfaces provided with a thin, dry film 
resulting from immersing said pattern in a room-tempera 
ture setting solution consisting essentially, by weight, of 
about 1% to 3% methyl cellulose, 0.5% to 2% wetting 
agent, 0.01% to 0.2% formaldehyde, 0.025% to 0.07% 
ammonium hydroxide, 15% to 30% silicic acid and the 
balance substantially all water. 

5. An investment mold and pattern assembly compris 
ing a solidified investment composition containing refrac 
tory material and an ethyl silicate type binder, and a 
wax pattern invested in said composition, said wax pattern 
having mold-defining surfaces provided with a thin film 
produced by coating said surfaces with an aqueous solu 
tion containing about 5% to 50%, by weight of silicic 
acid, about 0.5% to 4%, by weight, of methyl cellulose, 
a small amount of a wetting agent sufficient to cause said 
solution to satisfactorily wet said surfaces and a volatiliz 
able pH control agent in a small amount sufficient to 
place said solution in a non-jell range. 

6. A method of forming a refractory mold which com 
prises applying an aqueous solution containing a film 
forming short-chained water soluble alkyl cellulose to 
surfaces of a wax pattern to form a thin film thereon, 
drying said film, thereafter applying a refractory-con 
taining mixture to the outer surface of said dried film on 
said pattern, investing said coated pattern in a refractory 
molding mix, and setting said mix. 

7. A method of forming a refractory mold which com 
prises applying an aqueous solution of methyl cellulose 
to surfaces of a wax pattern to form a thin film thereon, 
drying said film, thereafter applying a refractory-contain 
ing slurry to the outer surface of said dried film on said 
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pattern to form a thin coating of said mixture on said 
surfaces, drying said coating, thereafter investing the re 
sultant coated pattern in a refractory molding mix, and 
setting said mix. 

8. A method of forming a refractory mold which com 
prises applying a coating solution to mold-defining sur 
faces of a wax pattern to form a thin film thereon, said 
solution comprising, by weight, approximately 0.5% to 
4% methyl cellulose, 0.08% to 8% wetting agent, and 
the balance predominantly water, drying said film, invest 
ing said pattern thus treated in a refractory molding mix, 
setting said mix, and finally heating the resultant mold 
to a temperature and for a period of time sufficient to 
melt and remove the wax pattern from said mold. 

9. A method of forming a refractory mold which com 
prises applying a solution to surfaces of a wax pattern 
to form a thin film thereon, said solution comprising, by 
weight, approximately 0.5% to 4% methyl cellulose, 
0.08% to 8% wetting agent, 0.01% to 0.2% formalde 
hyde, 0.025% to 0.07% ammonium hydroxide and the 
balance predominantly water, drying said film, thereafter 
applying a refractory-containing slurry to the outer Sur 
face of said dried film on said pattern to form a thin 
coating of said slurry on said surfaces, drying said coating, 
investing the resultant coated pattern in a refractory mold 
ing mix, setting said mix, and Subsequently heating the 
mold thus produced to melt and remove said wax pat 
tern from said mold. 

10. A method of forming a refractory mold which 
comprises applying a coating solution to surfaces of a 
wax pattern to form a thin protective film thereon, said 
solution comprising, by weight, approximately 0.5% to 
4% methyl cellulose, 0.08% to 8% wetting agent, 0.01% 
to 0,2% formaldehyde, 5% to 50% silicic acid, a vola 
tilizable pH control agent in a small amount sufficient to 
place said solution in a non-jell range, and the balance 
substantially all water, drying said film, thereafter ap 
plying a thin coating of a refractory-containing slurry 
to the outer surface of the dried film on said pattern, dry 
ing said slurry, investing the pattern thus coated in a 
refractory molding mix, setting said mix, and subse 
quently heating the resultant mold to melt and remove 
the wax pattern from said mold. 

11. A method of forming a refractory investment mold 
which comprises immersing a clean wax pattern in a solu 
tion to form a thin protective film on mold-defining sur 
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faces thereof, said solution consisting essentially of about 
1% to 3% methyl cellulose, 0.5% to 2% wetting agent, 
0.01% to 0.2% formaldehyde, 0.025% to 0.07% am 
monium hydroxide, 15% to 30% silicic acid and 65% to 
84% water, drying said film on said pattern, thereafter 
immersing said wax pattern with said film thereon in 
a refractory-containing aqueous slurry to form a thin 
layer of said slurry on surfaces of said film, drying said 
layer, investing the pattern thus coated in an investment 
composition comprising major proportions of pulverized 
burned fire clay, a finely comminuted refractory ma 
terial, ethyl silicate and alcohol, and minor proportions 
of an acid and water, setting said investment composi 
tion, heating the resultant mold to melt and removing 
the wax pattern from said mold whereby said layer tight 
ly adheres to the walls defining the casting cavity of said 
mold, and thereafter firing said mold at a temperature 
sufficient to remove substantially all of the volatile mat 
ter therefrom. 

12. An investment mold and pattern assembly com 
prising a solidified investment composition containing 
refractory material and an ethyl silicate-type binder, and 
a wax pattern invested in said composition, said wax pat 
tern having mold-defining surfaces provided with a thin, 
dry film resulting from coating said surfaces with an 
aqueous solution of a film-forming, short-chain, water 
soluble alkyl cellulose. 
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