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This invention relates to the precision casting
of metals. More particularly, it relates to new
and improved replicas (patterns) for the pro-
duction of refractory molds in precision casting
of metals, and to a new and improved compo-
sition from which such replicas are produced.

This application is a continuation-in-part of
my co-pending application Serial No. 688,335,
filed August 3, 1946, for Replicas for Use in the
Production of Refractory Molds, and Composi-
tions Therefor, now abandoned.

Metal castings have been made by forcing a
molten metal or alloy info a mold made from a
refractory composition. The mold was usually
made by casting a so-called investment of the
refractory about a replica of wax. After the
refractory had been set, the wax replica was
melted and removed. The set refractory was
finally subjected to a high temperature or firing
whereby it was brought into final shape and con-
dition to be used as the mold for metal casting.

In principle, the procedure of using the wax
replicas above described appears to be simple
and attractive. However, in practice it has many
shortcomings and disadvantages. Though wax
can be easily cast or molded to form the replica,

- nevertheless such replica does not possess satis-

factory dimensional stability. The wax patterns
gre sensitive to temperature, organic solvents
and mechanical actions. At temperatures of
50° F. and below, which may well be met in man-
ufacturing practice, molding waxes tend to be-
come extremely brittle, with the consequence
that much breakage of replicag formed thereof
takes place during handling. Additionally, at
higher temperatures, the wax replicas become
soft and easily undergo plastic deformation under
the influence of small stresses, resulting in loss
of dimensional accuracy in the final mold. Fur-
thermore, replicas of wax undergo undesirable
ageing effects upon storage. In many cases, even
manual handling of such replicas deformed them
80 as to render them unsuitable for use.
Attempts have been made to overcome the de-
fects of wax replicas by forming the replicas from
high molecular weight commercial resins. How-
ever, replicas of such materials were uynsatis-
factory in that they tended to warp and deform
during the casting, setting, and drying of the

- investment mold. Additionally, when such high
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‘molecular weight resins were injection-molded, it

was necessary to use steel molds to withstand the
high molding temperatures and pressures whlch
were required.

An object of this invention is to pl‘{Wlde 2 new
and improved replica for the production of a
refractory mold to be used in precision casting
of metals and alloys.

Another object of this invention is to provide
a replica which undergoes substantially no de-
formation during the production of a refractory
mold to be used 111 precision casting of metals
and alloys. |

An additional object of this invention is to pro-
vide a replica for the production of a refractory
mold to be used in precision casting of metals
and alloys and which is characterized by high
chemical and mechanical stability.

A further object of this invention is to prov:lde
a replica which does not cra,ck the mold due to
thermal expansion.

Another object is to prov:tde a replica havmg
improved thermal expansion characteristics.

A still further object of this invention is to
provide a replica having the above characteris-~

- tics which can be molded at lower pressures and
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temperatures than the usual high molecular
weight resins.

Other and additional obJects of the mvention
will become apparent hereinafter. -

The above objects are accomplished, 1n gen-
eral, by producing the replica from resins having
a sufficiently low molecular weight to impart
the above characteristics.

Although replicas consisting of the low molecu-
lar weight resins are satisfactory, fillers or plas-

ticizers, or mixtures thereof, can be incorporated

into the low molecular welight resin if desired,
and such compositions employed for the produc-
tion of replicas.

In practicing this invention, to produce s de-
sired metal casting there is first prepared a metal
die from a positive. This die, which may be
formed of a soft metal or alloy, such as tin babbit,
lead babbit, or preferably a zinc base alloy or
similar soit metal, is produced by casting and
subsequent pressing and is utilized to produce
any number of the low molecular weight resin
replicas. Each replica or plurality of replicas, as
may be necessary, may be appropriately mounted.
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by the use of a sprue forming extension and a
flask is placed around the set-up. The mold com-
position is introduced into the flask and the flask
is left at room temperature or subjected 10 a
slightly elevated temperature until the mold com-
position has set. Thereafter, the flask is placed
in an oven for firing the mold. During the firing
cycle, the replica undergoes combustion, leaving
g cavity in the mold corresponding precisely to
the shape of the replica. The fired mold is then
removed from the oven and used in the desired
metal molding:or casting procedure.

The details and manner of practicing the in-

vention will become apparent by reference to the

¢ examples, it being undarstood

following speci

that the examples are merely-illustrative.embodi~
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ments of the invention and that the:scope of the

invention is not limited thereto

Example I

pared in the usual way by casting such :aiioy

around a steel positive and followed up by re-

pressing to insure perfect surface and sharp
__edges. The die consisted of two parts which
- fitted together ;and -provided .a-cavity of the de-

-sired-shape ‘between them. This cavity was cem-
-pletely ‘enclesed except for:a channel to the out-

side, said channel consisting of a greoove in each

" -zine base-alloy face.

‘Polystyrene having -an intrinsic wseemty in
~‘toluene -of '0.142, corresponding to a viscosity
gverage molecular weight 0f 9500 was heated
" jn-a-chamber to'200° C.:and forced into the die

" ‘through the above channel under a driving pres~ "3

" ssure of approximately 250 pounds per square inch.
- 'The-die was split-open,-and the injection molded,
. polystyrene replica removed. |
~ The replica was -easily removed from the die
~ -with no tendency toward adherence to the die
-~ ssurface. It possessed sufficient toughness for use
a8 a replica in-the precision casting process.

No deformation or warpage were observed when
the repllce was exposed to temperatures up fto

- .45° C., ‘a temperature at which a replica made -4

from the usual commercial molding grades (high
" -molecular weight) polystyrene would deform ex-
“tensively. No sinks' or depressions were ‘formed
‘in‘the flat surfaces even on parts of heavy cross-
- :gection.
- On firing of the rephce vapors were evolved
- on decomposition. "However, .combusticn pro-
ceeded smoothly, with no harmful .changes .in
" $hape -and ‘without- pmducmg any cracks.in the

mold
Example Il

A ‘polymethyl methacrylate .resin, having -an
intrinsic viscosity in acetone-of 0.15, correspond-
ing to a viscosity -gverage molecular weight of
- i._25_;;00.0_wes‘.forcedrinto --a*die,;-.preperedfe;s set forth
~in Example I, at a temperature of approximately
- 900° C. and under a driving pressure of approxi-
- ~mately 300 pounds per square inch. The die was

opened and, after the molded replica had -been

-stripped, -several of them were -assembled 'in a
flask and invested. The mold thus formed was
. isubjected to the usual drying and firing cycle,
‘during which :the polymethyl methacrylate re-
- plica ‘burned out. Stainless steel castings made

"~ on :a centrifugal casting machine from the re-

fractory mold ‘had very good surfaces and their
‘dimensions showed that the plastic replica had
“suffered no deformation and no dimensional
. -changes ‘other than thermal -expansion. |

_ 20
A die made from a zinc base alloy was .pre-

4

Examople 11!

Using a similar die and procedure as in BEx-
ample I, polystyrene, having an intrinsic viscosity
in toluene of .20, corresponding to a viscosity
gverage molecular weight of 13,0600 was molded
under a pressure of approximately 30¢ pounds per
square inch and at a temperature of approxi-
mately 190° C.

Example IV
‘Same :as BExample I, except ~that :polystyrene

“having an intrinsic viscosity.in toluene of 0.20,

corresponding to a viscosity average molecular

15 ‘weight of 13,000, to which had been added 15%

by weight dioctylphthalate as a plasticizer, was
malded under-a pressure of 250 pounds per square
“inch at a temperature of approximately 190° C.

Example V
Same as Example I, except that polystyrene,

‘having an intrinsic viscosity in toluene of 0.281,

corresponding to a viscosity average molecular

weight of 19,000, was molded at a temperature of

- about 200° C. under g driving pressure of ap-
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proximately 350 pounds per square inch.

Frample VI

Same as Example I, except that a polyethylene
sample of molecular weight 10,000, into “which
had been incorporated 30% by weight of paraf-
fin wax, was molded at a temperature of ap-

‘proximately 90° C. under ‘a driving pressure of

approximately 200 pounds per squdre inch,
Additional exgmples

IV | TMW2i MT3 | M. P4
| . | o Y
VII. TPolystyrene._._.__. 18 : 40 268, 500 185 - 500
VIII. Polystyrene.___._ .h5 1 36,500 200 500
IX., -‘Polystyrene._.._.... '- 651 43,500 190 1,000
X. Polystyrene ________. .75 50, 000 200 1, 000

1 Intrinsie visensity in taluene.

2 Viseosity aver-ge molecular weight.

4 M 1ding temper=ture.

4 Molding pressure in pounds per-sguare

ineh.

Replicas according to all of the above examples "

were found to have the characteristics enumer-

ated under Example I.

As seen from the examples, polystyrene having
an intrinsic viscosity in toluene of the range 0.14
to 0.75 may be used. However, the range 0of 0.40
to 0.65 is preferred for reasons of molding econo-

‘This entire. mtrmsm wscemty range is well be-

- low that of the usual commercial injection mold-
- ing grades of polystyrene which are of the order
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‘amples.

of 1.3 to 2.0. |

The invention is not restricted to the specific
Tow molecular weight resins disclosed in the ex-
In general the following low molecular
weight resins in molecular weight ranges suffi-
ciently low to impart the desired characteristics

‘may be used:

1. Copolymers of styrene with other chlorine-
free monomers;

-2, Acrylate-type polymers ‘such 'as polyethyl
methacrylate and polyethyl acrylate:

3. Chlorine~free vinyl resins, such as polyvinyl
acetate; and |

4. Cellulose derivatives, ‘such as cellulose ace-

tate, cellulose acetate butyrate, and cellulose ace-

_te’te propionate.
While replicasraceording tothe above exariples

are satisfactory in most ‘instances, the proper-

N
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ties may be further improved by the addition of
suitable plasticizers which have been found to
reduce the molding temperature or pressure.
Such plasticizers also decrease the second order
transition temperature of the resin composition
so that the rate of expansion of the composi-

tion remains essentially linear in the critical
This prevents -

mold setting temperature range.
sudden expansion of the replica which is the
major cause of mold ecracking. The plasticizers

| 10

‘must leave no residue in combustion and must |

be inert to the investment composition.
For polystyrene the following plasticizers have
been found useful: | | |

. O=-nitro biphenyl; -
Hydrogenated terphenyls;
. Dutrex 20 (Shell Oil Co.);
. Phthalic acid derivatives
a. dioctyl phthalate
b. dibutyl phthalate;
5. Sebacic acid derivatives
a. dibutyl sebacate
b. dioctyl sebacate;
6. Glyeolic acid derivatives
a. butylphthalyl butyl glycslate

st:-wFoH

The plasticizers may be used with the resin
compositions of Examples I, III-V and VII-X
in proportions from 0 to 40%, preferably .in the
range of 10% to 20%. The molding temperature

19" viscosity
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and pressure is reduced as a function of the

plasticizer content. The preferred range has
been found to effect the desired lowering of the
second order transition temperature.

In any of the compositions the molding tem-~

perature varies inversely with the molding pres-
sure and any suitable combination may be
selected.

As indicated above the polystyrenes hsve been
found particularly suitable.

Optionally fillers may be incorporated in the
low molecular weight plasticized or unplasticized
resin composition from which the replica is
made. In general, when a filler, such as carbon
black, wood flour, etc. is used, it may constitute
from 109% to 40%, preferably from 10% to 20%,
by weight of the composition. |

The low molecular weight resins are prepared

by any of the following methods: ¥or example,
the low molecular weight polystyrenes and poly-
methacrylates can be obtained by polymerizing
the appropriate monomer in dilute solution with
high catalyst concentration at high temperatures.
Preferably, the low molecular weight polystyrene

and polymethacrylates are prepared by the ad-

dition of a chain-transfer s,gent such as ca,rbon
tetrachloride, to the polymerizing system. - The
following are illustrative examples of such
method:

~ (A) A mixture of 50 parts by weight of styrene
monomer, 50 parfts by weight of carbon tetra-

chloride, and 1 part of benzoyl peroxide is heated -

at a temperature of 80° C. for 6 to 8 hours. The
resulting polymer is 1sols.ted from the reaction
mixture and dried.

(B) A mixture containing 500 parts of Water
100 parts of styrene moncmer, 25 parts of carbon
tetrachloride, 1 part of benzoyl peroxide, and a
small amount of a suitable suspending agent is
heated with agitation for 10 to 12 hours under

reflux conditions. The resuliing polymer is sub-
jected to steam distillation and drying.

(Y A mixture containing 100 parts of styrene
monomer, 1 part of dodecyl mercaptan and 0.4
eram of benzoyl peroxide was heated for 12 hours

‘at 140° C. The resulting polymer is removed

from the contamer and ground into sma.ll par-
ticles.

The molecular weights mentioned herein were
derived from intrinsie viscosity measurements.

The definition of the intrinsic or limiting vis-
cosity [#], is well known to those famﬂiar with
the art to be

)

that is, the limiting value of the specific viscosity
d1v1ded by the solution viscosity where the latter
approaches zero. .

[7] was determined by measurmg the speciﬂc

' [n]—-lim
C—0

7 50111131011-—1; solvent
7 solution

of several highly dilute polymer solutions in a
given solvent, dividing the specific viscosities by
the concentrations at which they were measured,
and plotting the values so obtained against con-
centration. In this plot of 5sp/c versus ¢ a
straight line is obtained whose intercept with the
viscosity axis represents the intrinsic viscosity.
The intrinsic viscogsity was translated into a
molecular weight vslue by means of the equation

[n]“K M

Nsp=

wherein the constant K was s,ssumed to hs.ve the

value 1.5 109,
Other equations and other constants can be

- used to relate solution viscosity snd molecular
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weight. The molecular weight will vary accord-

ing to the equation and constants used. The in-

trinsic viscosity, however, Is a deﬁmte characterl—
zation of a given polymer.

The replicas of this invention can be used wﬂ:h
any of the known investment compositions. In-
vestment compositions of the type disclosed Iin
application Serial No. 644,420, filed January. 30,
1946, for “Investment Compositions and Method
of Producing Refractory Molds Thersfrom 7 now
Patent No. 2,521,614 can also be used. |

The replicas can be produced by any moldmg
or casting process, such as compressmn-moldmg,-
injection-molding, ete.

The use of a low molecular welght resin as

distinguished from the high molecular weight

resins commonly used commercially for injec-

- tion molding, results in the following advantages:

1. Due to the lower softening temperatures

of the low molecular weight resin the patterns

become softened and drain out of the mold be-
fore they have reached a high temperature.
This results in a lower:total expansion of the
patitern within the mold as the tempera,ture of
the investment is raised.
- 2. The lower total exps,nslon permlts large
pattern sizes to be used without cracking the
investment or othermse mJurlng the surface of
the mold.

3. The plastic drams out of the mold at such

- 2 low temperature that practically all of the
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combustion can be made to occur outside the
mold cavity. This results in a cleaner mold cav-
ity and an improved surface of castings. |

4, The low molecular weight resins described
above may be molded at much lower tempera-
tures and pressures than the high molecular
weight resins. For this reason the production
of the pattern is simplified in that the clamp-
ing pressures of the machinery, used to mold
such low molecular weight resins, are materially
reduced, resulting in great economy of operation.
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‘Ag another result of the lower molding tempera-~
‘ture and pressure, wear on and deformation of
die cavities is reduced and dies made of metals
other than steel may be used. The cost of such

dies may often be but a fraetlon of the cost of

a ‘steel die.
5. The low molecular weight resin pattems

have less internal strains and, hence, there-is
a reduced tendency to distert when they are
raised to the softening temperature. This re-
sults in a more accurate casting than in the case
of high molecular weight patterns which have
high internal strains and tend to warp
the sefting and drying of the investment.

‘6. In commercial operations ths combination

of the above qualities results in a very lew re-
ject rate both for the patierns and for the cast-

ings.
- 7. Due to the lower molding pressure required

for the low molecular weight resins, a die-clamp-

ing force of only about one-tenth cof the force
necessary for molding high molecular weight
resing is required. This reduces the cost of the
injection molding machinery to cne-third of that
required for conventmnal hlgh meleeular weight
plestlcs :

It is obvious that various changes and modi-
fications can be made in the above deseription
without departing from the nature or spirii of
the invention. - .

What is claimed is:

" 1. The method of producing refracicry melds
for industrial precision casting, which comprises
embedding in an investment composition g plas-
tic replica consisting essentially of polystyrene
‘having an intrinsic viscosity in toluene of 0.142
to 0.75, corresponding to a calculated viscoesity
average molecular weight of 9,500 to 59,000, saia
. replica having mold cavity forming parts with
exterior surfaces conforming to the exterior
surface of the article to be cast, having the
property of being rigid at room temperature,
softening at higher temperature with thermal
expansion in an amount which is insuilicient
to injure the mold, and being completely com-
bustible at mold firing temperature, subjecting
the assembly to conditions of temperature and
time to cause solidification of the investment,
-removal of the replica by softening and com-
bustion fto leave a mold cavity, and conversion
of the solidified investment to a refractory mold.
2. The method of producing refractory molds
‘.fer industrial precision casting, which comprises
embedding . in an investment composition a
plastic replica consisting essentially of poly-
styrene having an intrinsic visccsity in toluene
of 0.40 to 0.65 corresponding to a calculated vis-
cosity average molecular weight of 26,500 %o
43,500, said replica having mold cavity forming
‘parts with exterior surfaces conforming f{o the
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exterior surface of the article to ke cast, having

the property of being rigid at room tempera-
ture, softening at higher temperature with
thermal expansion in an amount which is in-
sufficient to Injure the mold, and being com-
pletely combustible at mold firing temperature,
subjecting the assembly to conditions of tem-
perature and time to cause solidification of the

Go

embedding

8

investment, removal of the replica. by softening
and combustion to leave a mold cavity, and con-
version of the solidified investment to a refre,c-
tory mold.

3. The method of producing refractory melds
for industrial precision casting, which comprises
embedding in an investment composition g

plastic replica consisting essentially of poly-

styrene having an intrinsic visocity in toluene

of 0.142 to 0.75, corresponding to a calculated

viscosity average molecular weight of 9,500 to
50,000, and a plasticizer in an amount not over
40%, said replica having mold cavity forming
parts with exterior surfaces conforming to the
exterior surface of the article to be cast, having
the property of being rigid at room temperature,
scftening at higher temperature with thermal
expansion in an amount which is insufficient
to injure the mold, and being completely com-
bustible at mold ﬁrmg temperature, subjecting
the assembly to conditions of témperature and
time to cause solidification of the investment,
removal of the replica by softening and combus-
tion to leave a mold cavity, and conversion of
the solidified investment to a refractory mold.

4. The method of producing refractory molds
for industrial precision casting, which comprises
in an investment composition a
plastic replica consisting essentially of polysty-
rene having an intrinsie viscosity in toluene of
0.40 to 0.69, corresponding to a calculated vis-
cosity average molecular weight of 26,500 to
43 500, and a plasticizer in an amount of from
109 to 20%, said replica having mold cavity
forming parts with exterior surfaces conforming
to the exterior surface of the artiele to be cast,
having the property of being rigid at room tem-
perature, softening at higher temperature with
thermal expansicn in an amount which is in-
sufficient to injure the mold, and being com-
pletely combustible at mold firing temperature,
subjecting the assembly to conditions of temper-
ature and time to cause solidification of the in-
vestment, removal of the replica by softening
and combustion to leave a mold cewty, and con-
version of the solidified investment to a refrac-
tory mold.
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