
United States Patent _ i" 

' 2,923,989 

SELF-LUBRICATING SHELL MOLDS 
Robert F. Thomson, Grosse Pointe Woods, Mich., assignor 

to General Motors Corporation, Detroit, Micln, a cor 
poration of Delaware ‘ ‘ 

Nqllrawina. Application September 10, 1958 
' selfial .No- 760,055. 

121 Claims. (61.22-193) 

This invention relates t9 Shall melding and. partial; 
la'rly to a shell, mold and method of forming the same 
from‘ajself-lubricating molding mixture which prevents 
the mold‘ ‘from’ adhering to the'ihot patterns ‘on which it 
isformed. The present patent application is a continua 
maria-Part of. application. Serial N9~ 542,792, which 
was ?le'dca October, 25.1195, now abandoned 

As, is now well known, the shell molding process in 
volves the formation and use of thin-walled dispensable 
molds vand cores composed of sand and resinousbinders. 
This process can be used to produce precision castings in 
a wide variety 'Qfmetals- ' . 

In‘ shell molding, the advantages obtained by the use 
ofthin-walled sand-‘resin molds and cores in casting metal 
parts to close dimensional tolerances result principally 
from the fact that these castings have very smooth as-cast 
surfaces. Accordingly, itvis imperative in the formation 
of‘ the molds that there is, a clean separation of the sand 
@0111 the surfasssof. the Pattsra In the Past, some di?'r' 
qulty had. been easquatsted in Stripping the mold, item 
the pattern because of the inadequacy of the parting 
material used, thereby frequently partially breaking or 
tearing the mold edges, anddestroying mold details. ‘ 
Mold release agents,vusually in liquid form, hereto 

fore generally have been applied directly to the hot 
pattern, surfaces. However, the spraying of moldrelease 
agents or lubricating materials on the surfaces of the 
pattern results in an uneven distribution of the lubricat 
ing material: on the pattern because the recesses formed, 
therein tend to accumulate this material, while the verti 
cal surfaces tend ‘to be inadequately lubricated. This 
uneven distributiomin turn, results in an excessive lubri 
cant build-up on the patterns, thereby interfering with 
the; precise and accurate‘ formation of molds. These CQIL: 
ditions are aggravated. by the factthat such mold release 
agents generally must be applied to the pattern surfaces 
each time the pattern is used, the lubricating prcperlies 
of these agents not being satisfactorily retained on the 
pattern for more than one‘ molding cycle. Hence, spray 
ing a mold release agent on a pattern also is a relatively 
expensive procedure, particularly since a considerable 
proportion of the sprayed lubricant is usually lost to the 
atmosphere. The problems involved in spraying a lubria 
cant‘are especially troublesome with automatic equip 
ment where the spray heads are located in, ?xed posi 
tions, thus. increasing the difficulty of uniformly and 
adequately covering all pattern surfaces. 

_ Accordingly a principal object of the present inven 
tionis to providepa shell molding mixture which does 
not require the ‘application of an external mold release 
agentltn the pattern to which the mixture is applied. A 
further object of this invention is to form a self-lubricat 
ing shell mold from a molding mixture having high green 
strength andcontaining a mold release agent which pre~ 
vents the molding mix from too strongly adhering to the 
pattern. A still further object of the invention is to 
provide a methodzof forming shell molds which elimi' 
hates the» necessity of spraying a lubricant on the pattern 
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and at the same time provides a more even distribution 
of'the lubricating material on thepatternisurfaces, t 
by substantially reducing the amountof residue bu' 

These and other objects and advantages are attained Ant 
accordance with my iaventisa. by the, use of a-shell 
moldiag mix which, contains a small buteffsetiyeams 
of high melting wax in solutisn iaaaarpronriate,.qr , -q. 
Solvent Such" a melding mixture, inTWhi'chssrn be 
waxv is preferably used,v as the mold nelease; ag ,,_ easily and inexpensively Prepared; Since. the-wazsfsaa 
readily placed. in Warm the phthalata The at, 
this internal lubricant the molding‘ per its ac; 
curate reproduction oflvpattern details and e11,’ the 
@aag'er (if any appreciable amount of the. sand, <1. 
Sticking to the Pattern, during the Stripping qpstati 
Furthermore, the pretense. of. the Walt does .1261 m 
rially reduce the, strength of the formed shell mo 4 
while the use of solvents hereinafter describedappears. to, 
actually increase both the green strength of the mold 
mix and the strength of the cured mold.v A_ mold 
mixturerof this type functions equally well when app}, to cast iron, aluminum and other pattern andeorehox, 
materials. ' 

Previously it has been proposed to use carnauba. wait 
as an internal lubricant in a, shell molding Such, a, 
molding mixture and process, for usingv the same, are 
disclosed in co-pending patent application S.N. 349,110, 
?ledlon April 13, 1953, in the name of Joseph ‘C.v ?remen 
and owned by the assignee of the present applicatien. 
This mix proved to be commercially successful, hut o 
of its principal disadvantages is that'it generally isn 

Sary to Purchase a commercial ?akewat and a quently reduce it into smaller particles, such as by atom F 
ing, chilling and sizing. A pr‘ocedureof this, type so 
times causes appreciable losses of the rather experts carnauba wax. Hence the‘ present invention serves o, 

reduce the cost of a self-lubricating shell molding by preventing loss of the wax and vby permitting “more 
rapid production use of the resultant mix. 

It will be understood that the term “mold,” as used, 
herein, is generally applied in its generic sense to mean 
a’ casting form which includes both molds and‘ cores, 
this invention notbeing limited to the former. Similarly, 
the word “pattern” is used herein as including both mold 
patternsand core boxes. 

' Essentially the shell molding process consists; ofv using, 
a thermosetting plastic or resin as a binden for-thefgrain's' 
of sand or other refractory material to form rigid molds 
having high gas permeability, good surface smoothness», 
and dimensional stability. The molding material, which 
is generally a mixture of a major proportion of silica, 
sand and a minor proportion of resinous binder, is nor-. 
mally used in dry form with ‘no water being added. ‘For. 
some applications it is desirable to coat the'sand particles, 
with the thermosetting resin before application to the 
pattern, while in other instances the resin is merely mixed, 
with the sand in powdered form. Such sand-resin‘ mold; 
ing mixes usually contain between 3% and 15% by 
weight of binder although in some applications the_,binder 
content may be as low as 1%, particularly if pre-coated 
sands are used. For most production work a phenol 
formaldehyde binder content of 2% to 7% by weight 
is preferred. Of course, it is frequently‘. advantageous‘ to 
also include in the mix an appropriate small amount of 
accelerator or condensation agent, such as hexamethylenee 
tetramine or paraformaldehyde. ‘ i ' 

Among other thermosetting binders which may be 
satisfactorily used are melamine formaldehyde, phenol 
furfural, urea formaldehyde and furfuryl alcohol resins, 
as well as mixtures thereof. Under particular conditions: 
it also maybe desirable to include in‘the molding mix 
other resinous ‘binder constituents, such as the thermos 
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setting and thermoplastic resins disclosed in United 
States “Patent No. 2,751,650 and co-pending patent appli 
cation Serial No. 364,202, both ?led in the name of 
Charles ‘F. Froberger and owned by the assignee of the 
present application. Thermoplastic lignin-type resinous 
materials" ‘derived from wood and containing both 
metho'xyl and hydroxyl groups are examples of such 
binder constituents. If a thermoplastic material is 
mixed with aithe'rmosetting resin in any appreciable quan 
tity; it is’preferre'd that the total‘v amount of binder con 
stituteatllea'st 3% of’ the weight of the molding mix. 

Itfis desirable touse sand which is free of metal oxides, 
clayfvmoisture'vand organic matter. Silica flour or other 
?nely'comminuted refractory facing materials also may 
be ineluded in‘the‘molding' mix to provide the molds 
with exceptionally vsmooth working surfaces. 

These sand-‘resin molds are prepared by allowing the 
sand vand resin to come into contact with a hot pattern 
for a' short period of time. ' A generally uniform layer of 
the mix adheres to the pattern surfaces due to the melt 
ingrof the resin which bonds the sand with which it is 
intimately mixed, thereby accurately reproducing pattern 
details. The half patterns, gates and runners usually are 
permanently ?xed on metal plates. Metal patterns nor 
mally must be used because they are subjected to elevated 
temperatures. Pattern temperatures between 350° F. 
‘and 500° F. are preferred, but temperatures as low 
as 250° F. or lower and as high as 700° F. or even 
higher may be advantageously employed under particular 
conditions. _ ' ' 

The pattern temperature, the characteristics of the resin 
and sand used, and the length of time the molding'mate 
rial is allowed to remain in contact with the hot pat 
tern's'urface determine the thickness of the mold. Mold 
build-up times ranging from a few seconds to approxi 
mately one minute are appropriate for various applica 
tions. After this short time interval any excess dry 
sand and resin are removed, and the closely adhering 
sand-resin layer is' preferably cured while in contact 
with‘ the pattern by subjecting it to a temperature within 
the range of approximately 300° F. to 1500“ F. The 
curing or baking time is relatively short, usually from 
a few seconds to ?ve minutes. This curing operation re 
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sults in the conversion of the resinous material to a 
hard, insoluble binder which securely bonds the sand 
grains‘ together. After curing of the'mold, it is stripped 
from the pattern and is ready for use. The formed 
molds are, in effect, thin shells which have su?'icient 
strength and stillness to make them suitable for many 
casting operations. ' 
As hereinbefore explained, in the past partial breaking 

or tearing of the mold edges often has been experienced 
in the stripping operation because of the unavailability 
of molding mixtures which produce shell molds having 
satisfactory parting or mold-releasing properties._ In 
accordance with my invention, however, I have found 
that a shell molding mixture which contains a small 
amount of a solution of high melting point wax and an 
appropriate organic solvent evenly distributed through 
out the mix prevents the adhesion of the resultant molds 
to pattern surfaces. Certain aromatic esters such as 
dialkyl phthalates and tricresyl phosphate have been 
foun'd‘to be suitable solvents for the wax. Among the 
dialkyl phthalates those having 1 to 5 carbon atoms in 
each alkyl group are most practical since they are com 
mercially available and are liquids at room temperature. 
While the use of dibutyl phthalate is preferred in prac 
ticing the invention, dimethyl phthalate, diethyl phthalate, 
and diamyl phthalate are other examples of such liquid 
dialkyl phthalates which are highly satisfactory. 

Itshould be noted that each of these organic com 
pounds not only is a solvent for the wax but also func 
tions as a dust suppressant for the sand-resin mix. The 
presence of these solvents in appropriate amounts in 
the molding mix likewise improves the green strength of; 
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the mix. Moreover, the strength of the resultant cured 
shell mold also’ appears to be increased by the elfect 
of the solvent on the thermosetting resin binder. It is 
believed that the solvent acts as a wetting agent and im 
proves the ?owability of the molten resin when the 
molding mix is in contact with the hot pattern. As a 
result, the bonding action of the resin is improved. 
With regard .to the wax which should be used,-a hard, 

high melting point natural ‘wax, such as carnaubawax, - . 
provides “excellent results withv a minimum‘of expense; 

' The'amount of wax‘ whichsho'uldbe employed may be '. 
as small as 0.02% of the total weight of the molding ' 
mixture for‘ some applications, but generally it is desirable 
that at least 0.05% by weight‘o'f wax be present in order 
to completely eliminate adhesion of the mixture to the 
pattern. Only a small amount of wax is necessary be 
cause the wax melts upon contact with the hot pattern 
and normally tends to ?ow toward the mold-de?ning sur 
face of the pattern, thus frequently causing the ,mold 
to have its greatest concentration of ‘wax adjacent its 
molding surface. The wax content of the molding mix 
will vary with the type of pattern being used, of course, 
as well as with the type of sand employed and quantity 
of resin in the mixture. Normally the maximum amount 
of wax which should be used is approximately 1% by 
weight since a wax content in excess of 1% weakens the 
resultant mold shell to too greatan extent. Thisweak-e 
ening effect is due to the fact that carnauba wax will 
soften and melt 'at approximately. 190° F., while the 
resin binders will normally retain their rigidity at about 
450° F. or higher; Although the resin binders begin to 
decompose at this latter'temperature, the softening of 
the wax at substantially lower temperatures, if it is pres 
ent in excessive amounts, will lower the overall strength 
of the mold. Moreover, it becomes uneconomical to use 
amounts of wax greater than 1%, and in most instances 
amounts appreciably less than this provide optimum 
results. In view of these considerations, therefore, ity is 
normally preferable to use a sand-resin molding ‘mix 
containing 0.1% to 0.3% by weight of wax, although 
generally a wax content between approximately 0.1% 
and 0.5% is completely satisfactory. _ 

In order to dissolve the wax in the organic solvent 
to a sufficient extent, it is normally desirable to use an 
amount of the latter constituent which is appreciably 
greater than the wax content. However, depending on 
the amount of wax contained in the molding mix, this 
mix may initially contain about 0.2% to 7% by weight of 
the solvent. When the aforementioned preferred amount 
of wax is used, however, it is desirable that the organic 
solvent content be between 0.5%' and 2.5% by weight. 
Thus va useful wax-solvent solution is one comprising 
approximately 5% to 50% by weight of carnauba wax 
and 50% to 95% by weight of the organic solvent‘. For 
most applications, however, a solution consisting of about 
10% to 25% by weight of carnauba wax and 75% to 
90% by weightof the solvent is recommended. Such 
a solution is preferably added in an amount which con 

weight of the molding mix, although'for some'pui'poses 
this amount may vary from about 0.3% ‘to 7.5%. If ' 
excessive solvent is used, the molding‘ mix 'becomes'too 
wet and is di?icult to handle. ' 
The above-described internal lubricant can, be intro-_ 

duced into the shell molding mix in a simple and highly 
efficient manner. Re?ned‘ carnauba wax and dibutyl 
phthalate, for example, may be heated together until the 
wax dissolves in the dibutyl phthalate. This may be 
conveniently done at a temperature of approximately 
190° F. or above. 
solution is mulled with silica sand, such as Juniata sand, 
until it is uniformly distributed in the molding .mix. A 
mulling time of about seven to eight minutes has proved 
to be satisfactory for average size mixes. After this mull‘ 
ing operation powd cred resin-binder may be added to .. 

Thereafter the hot. wax-phthalate " 



the mixture‘- of sand and wax-phthalate solution. The 
resultant mix should be further mulled for a short period 
of time, a, mulling period of approximately eight minutes 
being typical. Of course, if resin-coated sand is used, 
the hot wax-phthalate solutionis addeddirectly to the 
coated sand and only one mulling period ‘is required. 
When mixing the wax-solvent solution with the other 

constituents of the shell molding mix, any conventional 
mulling equipment may be employed. lf'an emulsi?er 
isused, it- should be. added to the mix either immediately 
before or at the same time the wax solvent solution is 
introduced into the. sand. 
When the molding mix isplaced in contact with the» hot 

metal pattern during themold forming operation, a high 
percentage of the solvent volatilizes. Hence it does not 
reduce the strength of the ?nal shell mold. At the same. 
time, the wax melts and ?ows‘ to the pattern surface to 
the necessary extent, thus preventing the resin from 
adhering to the pattern. 

In the above-described molding mixture the basic and 
preferred constituent which effects the ready. release of 
the shell mold from the pattern is carnauba wax, ahard 
natural wax having a high melting point. Such a wax 
is not easily vaporized upon contact with a metallic 
pattern which is maintained at proper temperature, thus 
permitting the formation of a substantially unbroken 
?lm of wax on the hot pattern surface. Highly satis 
factory results also can be obtained when less expensive 
candelillav wax, another hard natural wax, is substituted 
for a portion of carnauba wax in the aforementioned 
parting mixture. Where these two waxes are mixed 
together, it is preferable to use at least 5% by weight 
of carnauba wax; and for optimum resultsthe wax should 
contain at least 50%, carnauba wax. 

- Under some circumstances it also may be desirable to 
substitute synthetic waxes for part or all of the carnauba 
wax. It is essential, however, that such synthetic waxes 
have physical properties which do not appreciably lower 
the green strength and tensile strength of the shell mold. 
Polyethylene types of waxes, such as ethylene polymers 
having a molecular weight between 2000 and 6000'and 
having free acid groups built into the polymer molecule, 
have proved to be satisfactory. Normally such waxes 
have an ASTM ring and ball softening point of about 
210°,F. to 230° F. and a Brook?eld viscosity at 250° 
F. between 1700 cps. and‘ 2000 cps. Hardy high 
melting point waxes of this type usually are readily solu 
ble in the aforementioned phthalates at temperatures 
above 180"v F. Examples of suitable synthetic waxes 
are Epolene “N,” a polyethylene wax manufactured by 
Eastman Chemical Products, Inc. and Acrawax, a prod 
not of Glyco Products Company. Each of these waxes 
is compatible with the above-described phthalates and 
forms a clear solution with them at 250° ‘F. It should 
be noted, however, that shell molds containing carnauba 
wax are generally more easily removed from the patterns 
than similar molds containing synthetic waxes. 

Sand-resin molds may be easily and completely removed 
from the most intricate pattern equipment when the above 
described molding mixture is employed. Furthermore, 
inasmuch as the use of a molding mix containing an 
internal lubricant in accordance with my invention causes 
a negligible amount of residue build-up on the pattern 
equipment, there results no deviation from desired di 
mensions in the cured mold as would otherwise be the 
case. Since excessive residue build-up also increases the 
sticking tendency of the mold on the pattern, the subject 
shell mold composition is particularly advantageous. 
After use of a pattern for a considerable period of time, 
if the residue build-up should ever become greater than 
would normally be desirable for precision casting op 
erations, the residue resulting from the formation of 
these shell molds is of such a nature as to be easily, 
quickly and completely burned off by merely heating the 
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pa'tternto a temperature'above thatinitiallyiusedinform; 
ing the molds. ' 

Before commencing the ?rst mold-forming cycle. after. 
burning any. such residue off the pattern, it is bene?cial; 
to condition the pattern by applying an external mold‘ 

It is preferable]v release agent to its molding surfaces. 
to rub on the parting agent, such as anaqueous carnauba 
wax emulsion, rather than merely to spray it onto the. 
pattern. This conditioning treatment, which serves to 
closethe pores in the pattern surface, may also be ad, 
vantageously employedwhen a new patternis ?rst. placed 
In use. i ,. 

Upon pouring the molten metal intoa shell which-is 
formed» in the above-described manner, the hot’ metal, 
on coming into contact with the. mold; burns the. plastic 
binder to essentially carbon. The gaseswhich are-gen.’ 
erated readily escape through thehighly-perrneable; sandal 
resin shell. As a result of the plastic breakdown, the. 
shake-out is easily accomplished. 
The e?iciency of a shell molding mix containingthe 

aboveedescribed internal lubricant is demonstrated by'ithe 
fact that such a mix allows a substantial. increase in the 
number of shell molds produced per unit time. For ex-‘” 
ample, it has been found that the use of'an internal 1u-, 
bricant in accordance with the present invention permits, 
onthe average, approximately twice as many. molds tov 
be produced per hour by shell mold blowing equipment 
as compared with spraying thev same patterns with. con-I: 
ventional‘ mold release agents, such as silicones. 

Thus it will be seen that the use of a molding mixture 
in accordance with my invention. increases the value of. 
the shell molding process for precision casting opera 
tions. This mix ‘provides. molds which faithfully re 
produce pattern details, maintain good dimensional tol 
erance and possess excellent surface qualities. As a re 
sult, the castings produced have veryv smooth and clean. 
surfaces, true dimensions, and a minimum of ?n at the 
parting line. 
residual mold material, thereby eliminating the necessity 
of shot blasting. ‘ 

While my. invention has been described by means‘o-f. 
certain speci?c examples, it is to be understood that the 
scope of my invention is not to be limited thereby ex 
cept as de?ned in the following claims. ' ' 

I claim: 
1. In a molding composition for forming shell molds 

consisting essentially of a major proportion of‘refr'actory-v 
?ller and a minor proportion of potentially thermoset 
ting binder, the improvement which consists of including‘ 
therewith as a mold release agent a_ solution of a high 
melting pointv wax and at least one organic solvent for 
said Wax selected from the group consisting of dimethyl 
phthalate, diethyl phthalate, dibutyl phthalate, diamyl‘ 
phthalate and tricresyl phosphate in an amount such 
that the wax and solvent constitute approximately 0.02% 
to 1% and 0.2% to 7%, respectively, of the total weight 
of the molding composition. * l _ 

I ‘2. In a molding mix for application to a heated pat‘ 
tern to form shell molds, said molding mix consisting 
essentially of a major proportion of sand and a minor 
proportion of thermosetting binder, ‘the improvement 
which consists in including therewith 0.3% to 7.5% by 
weight of a solution of a hard, high melting point wax 
and at least one member of the group consisting of di 
methyl phthalate, diethyl phthalate, dibutyl phthalate, di 
amyl phthalate and tricresyl phosphate. 

3. A molding mixture to be placed in contact with a 
heated pattern to form a thin-walled sand-resin mold, 
said molding mixture consisting essentially, by weight, 
of approximately 1% to 15% resinous binder, 0.1% to 
0.5% high melting point wax, 0.2% to 7% of a dialkyl 
phthalate and the balance substantially all sand. 

4. A molding mixture to be placed in contact with a 
heated pattern to form shell molds, said mixture con 
sisting essentially of a major proportion of sand, .a, 

The surfaces of these castings are free‘ ofv 
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minor proportion of potentially thermosetting resin bind‘ 
er, and a mold release agent consisting essentially of ' 
a solution of carnauba wax and dibutyl phthalate in‘ an 
amount'such that the wax and dibutyl phthalate con-. 
stitute 0.05% to 1% and 0.2% to 7%, respectively, of 
the total weight of the molding mixture. ‘ 

5. A molding mixture to be placed in contact with a 
heated pattern, to form shell molds, said molding mixture‘ 
consisting essentially of a major proportion of silica 
sand,.a minor proportion of thermosetting-‘resin. binder, 
1% to._2.5% byweightsof an organic ‘solvent from the 
group consisting of dimethyl phthalate, diethyl phthalate, 
dibutyl phthalate,v diamyl phthalate and trieresyl ‘phos 
phate,.and 0.1% to 0.5% by weight of: a. mixture of 
carnauba wax' and candelilla wax in solution'in said 
solvent,~the amount of carnauba wax constituting-at least 
25% .by'weight of the total wax content in the molding 
mixture. _ ‘ ;. . > - 

6. A shell mold formed by applying to a heated pattern 
a molding mix consisting essentially of ‘1% to 7%- by 
weight of thermosetting binder, a small but effective 
amount of accelerator for said binder, a small but effec 
tive amount not in excess. of approximately 1% by weight 
of a hard, high melting point wax in solution in a dialkyl 
phthalate having 1 to 5 carbon atoms in each alkyl group, 
and the balance substantially all refractory ?ller material. 

7. A shell mold which is readily released from a hot 
pattern on which it is formed, said mold being formed 
from a mix corisistingfe'ssentially of a major proportion 
of sand, a minor proportion of thermosetting binder, and 
0.3% to, 7.5% by weight of. amold release agent inti 
mately mixed with said sand and binder, said mold release 
agent comprising a solution of 5% to 50% by weight of 
carnauba wax and 50% to 95% by weight of an organic 
ester selected from the group consisting of dimethyl 
phthalate, diethyl phthalate, dibutyl phthalate, diamyl 
phthalate and tricresylphosphate, said mold having its 
greatest concentration of wax adjacent its molding sur 
face. ' , . 

8. A molding mix for application to a heated metallic 
pattern to form shell molds, said molding mixture con 
sisting essentially of 1% to 15% by weight of a resinous 
binder, a small amount of an accelerator for the binder, 
1% to 3% by Weight of a liquid mold release agent con 
sisting essentially of 75% to 90% by weight of dibutyl 
phthalate andv 10% to 25% by weight of carnauba wax, 
and the balance substantially all sand. 

9. In the processof forming a shell mold by mixing a 
major proportion of sand with a minor proportion of a 
thermosetting binder and thereafter placing said mixture 
in contact with a heated pattern for a period of time 
su?icient to bond a substantial portion of the sand par 
ticles together, the improvement which consists in adding 
a solution of carnauba wax and an organic solvent to the 
molding mixture as a mold release agent prior to con 
tacting the pattern with the mixture, said solvent being 
selected from the group consisting of dimethyl phthalate, 
diethyl phthalate, dibutyl phthalate, diamyl phthalate and 
tricresyl phosphate, said solution being of such a composi 
tion and added in such an amount so that the organic 
solvent and wax constitute 0.2% to 7% and 0.05% to 1%, 
respectively, of the total weight of the mixture. 

10."l'n the process'of forming a thin-walled ‘sand-‘resin 
mold including the steps of mixing‘ a major‘ proportion 
of sand with a minor proportion of thermosetting resin 
binder and thereafter placing the mixture into contact with 
a hot metallic pattern ‘for a ‘short period of time, the 
improvementvwhich consists in thoroughly mixing 0.3% 
to 7.5% by weight of a solution of wax and a 'dialkyl 
phthalate with the ‘molding mixture prior to contacting 

' the pattern with said mixture, said solution comprising 
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5% to 50% by weight'o'fwaxi and 50% to 95% by weight 
of the ‘clialkyl phthalate'. - Y 

11. A method of forming a thin-walled sand-‘resin 
mold'by the shell molding process which comprises mix 
ing together carnaubaiwax-and a dialkyl phthalate hav 
ing 1 to 5 carbonatomsi in each alkyl group, heating 
saidwax and phthalate'until the wax dissolves in the di 
alkyl phthalate,‘ mixing the resultant hot solution with 
sand and mullingthe said mixture until said solution is 
generally uniformly dispersed throughout the sand, there 
after adding thermosetting resin binder to the mixture of 
sand and wax-phthalate solution, mulling the 'mixture 
so produced for an additional period of time to intimately 
mix the various constituents, the dialkyl phthalate and 
carnauba wax constituting approximately 0.5% to‘ 7% 
and 0.1% to 0.5 %, respectively,’ of'the total weight of 
said mixture, placing the molding mixture so formed in 
contact with a heated metallic pattern for an interval 
at least su?icient to bind together a substantial portion 

‘ of said particles, removing any excess molding material, 
subsequently curing the resultant mold layer by baking 
while in contact with the pattern, and thereafter stripping 
the formed mold shell from said pattern. ' 

12. A method of preparing a shell molding mixture 
which eliminates the necessity of applying an external 
lubricant to a pattern on which the ‘mixture is placed, 
said method comprising thoroughly mixing together 5% 
to 50%-by weight of carnauba wax 
weight of dibutyl phthalate, heating said mixture at a 
temperature of at least approximately 190° F. until the 
wax dissolves in the dibutyl phthalate, adding the hot Wax 
phthalate solution to silica sand in an amount su?icient 
to produce a wax content and a dibutyl phthalate content 
in the ?nal molding mix of about 0.1% to 0.3% and‘ 
0.5% to 2.5%, respectively, thereafter mulling the re 
sultant mixture until said solution is uniformly dispersed 
throughout the sand, subsequently adding a small amount 
of thermosetting resin binder to the mixture of sand 
and Wax-phthalate solution, and mulling the mixture so 
produced for an additional period of time to thoroughly 
mix the various constituents. ‘ 
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