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Hydraulic Development Corp. Inc., Wilming-
ton, Del., a corporation of Delaware

Original No. 2,359,013, dated September 26, 1944,
Serial No. 388,477, April 14, 1941, which is a
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1

This invention relates to a method of injection
molding in which the temperature of the plastic
material is more accurately controlled. The in-
vention may be used in the injection molding of
either thermosetting or thermoplastic resins, but
is particularly adaptable to the molding of ther-
mosetting materials.

Heretofore, it has been more or less common °

to heat the material in the injection cylinder by
electric heating means, or the circulation of a
heated fluid around the injection cylinder, where-
by the granular non-fluent material is gradually
heated up to the injectable state before it reaches
the injection nozzle and in this fluent state is
injected into the mold cavity. A popular prac-
tice has been to heat the injection cylinder with
induction heat and to control the temperature
of the cylinder wall by a suitable thermostat.
This method is disadvantageous since it is im-
possible to impart an absolutely uniform tem-
perature to the cylinder wall as this temperature
fluctuates as much as 4° or 5°. The result is
that the temperature of the fluent material in-
jected into the mold fluctuates several degrees.
This is disadvantageous since the temperature of
fluency of the commonly employed plastic mate-
rial is very critical.

My invention substantially eliminates fluctu-
ation in the temperature of the injected mate-
rial. This constancy of temperature is especially
important in the case of thermosetting materials
because, if they are heated above a certain criti-
cal temperature for any sustained length of time,
an irreversible reaction takes place, reducing
their capability of being rendered fluent and in-
jectable. My invention overcomes these disad-
vantages of the prior art practices by providing
a uniform temperature in the injection eylinder.
While the invention relates particularly to the
maintenance of a uniform temperature in the
injection cylinder of an injection molding ma-
chine, the principles thereof may, if desired, be
applied in the maintenance of a uniform tem-
perature in other portions of the injection mold-
ing machine, such as in a preheating chamber or
in the mold halves.

The principal object of the invention is to hold
the temperature in a portion of the injection
molding machine at a uniform and constant level
at which the material will be injected or will be
rendered or maintained fluent.

Another object of the invention is to maintain
the temperature of a thermosetting resin uni-
formly at a point below the critical temperature
of the resin, and to inject the resin into a mold
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in which it is raised to or above the critical set-
ting point of the resin.
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Still another object is to provide a progressively
increasing temperature in a portion of the injec-
tion molding machine whereby the temperature
in different stages is completely uniform and is
progressively increased as the plastic moves for-
ward towards the mold.

Still other objects will more fully hereinafter
appear.

This application is a division of my copending
application, Serial No. 309,797, filed December 18,
1939, ~

In the accompanying drawings:

Figure 1 is a vertical sectional view of one
form of an apbaratus embodying the principles
of the present invention.

Figure 2 is a similar view of another form of
apparatus embodying the principles of the present
invention and in which the temperature of the
injection cylinder is progressively increased to a
point below the critical setting point of the plas-
tic, and is then injected into the mold in which
it is raised to a point above the critical setting
point.

Figure 3 is a similar view of another form of
apparatus embodying the principles of the present
invention and in which the fusion bath is elec-
trically heated by a spiral immersion heater dis-
posed in the bath, the bath being composed of
a material which is a non-conductor of electricity
when solid and a conductor of electricity when
molten, electrical contacts being disposed in the
bath and operative to maintain the bath at the
melting point by maintaining a mixture of molten
and solid bath material in intimate contact with
one another; the electrical control mechanism is
shown diagrammatically.

Figure 4 is a similar view but showing another
method of maintaining the bath material at the
temperature at which change of phase from the
solid state occurs; in this form of the invention
the bath material is formed into two zones, the
minor zone being disposed around the rear por-
tion of the injection cylinder and being main-
tained at a temperature slightly above the melt-
ing point or temperature of change of phase, and
the main body of the bath material being main-
tained at the melting point and near the point
where it is all molten; the control portion of the
bath at the rear thermostatically controls the
application of heat to the whole body of fusion
material or the like,

Figure 5 is a transverse vertical section through
an injection cylinder equipped with a fusion bath
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and with still other means for maintaining the
bath at the melting point; in this view, the ex-
pansion of the fusion material upon attaining
the molten state is utilized to controel the appli-
cation of electrical energy to the heating element
in the bath; the heating element is shown formed
and disposed in such manner as to promote cir-
culation of the bath material.

My invention involves the utilization of a bath
of normally solid material at a change of phase
in a jacket surrounding the portion. of the injec-
tion machine to be heated as an accurate means
for controlling the temperature in that portion
of the injection molding machine. As the fusion:
material for the bath, I may use metals having a
melting point corresponding substantially to the
temperature to be maintained in the portion of
the machine in question. However, I may use
other materialg than metals which have g con-
stant or fixed melting point and which are
adapted to be held at the melting point for pro-
longed periods of time and which may be melted
and solidified indefinitely. As an example of such
other materials, I may use pure metals, chemi-
cal.compounds; and eutectic mixtures, all of which
melt ang freeze at a constant temperature. For
example, I may use sulphur, naphthalene, benzo-
phenone, and certain salts which have. the de-
sired melting point such as, for example, potas-
sium nitrate having a melting point of 337° C.,
a 45-55 mixture of sodium nitrate and potassium
nitrate, which has a melting point of 218° C,, or
a 55-45 mixture of sodium nitrate and sodium
nitrite which has a melting point of 221° C. As
an example of still other materials which may
be employed, I may under certain circumstances
make use of the transition or cryohydric points
of crystalline hydrates, where this transforma-
tion temperature is sufficiently high, this being
another example of control materials having non-
variant points and comprising a solid and a lig-
uid in admixture at the transition temperature.
As examples of suitable alloys which may be em-
" ployed, there may be mentioned an alloy consist-
ing of equal weights of lead and tin, preferably
with the addition of 0.1% of cadmium to im-
prove the fluidity of the alloy, relatively low melt-
ing points. alloys of bismuth, tin, lead and cad-
mium, such as those enumerated under the head-
ing “Fusible metals” in the book, Campbell’s “List,
of Alloys,” 1930, page 52. Lead may be employed
where a temperature of 327° is desired. An alloy
of 30% lead and 70% tin may be used where a
temperature of 183° C, is employed. In addition
to the foregoing alloys, the fusible alloys set forth
on page 555 of the “Handbook of Chemistry,” by
Lange,. 1934, or on page 488 of “Product Engineer-
ing,” volume 10 (Nov. 1939)  may be used. It will
be understood that the fusible or like material
is selected which has a melting or transformation
temperature corresponding to that which it is de-
sired: to maintain in the injection molding ma-~
chine heating chamber.

The fusible or-like material is placed in a jacket
surrounding the heating chamber, This jacket
is provided with heating means of the usual type
which has- been heretofore employed . directly
around the heating :chamber. This heating
means may take the form of electrical resistance
elements, or heating passageways through. which
a heated fluid such as hot oil is directed. Since
the purpose of the present invention is to avoid
the fluctuation in temperature of a heated fluid,
it is usually preferred to employ an electric heat-

ing. element at this point, the electric heating
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element being controlied by a suitable rheostat
or other controlling means. If desired, a pyrom-
eter which is adapted to indicate and control the
temperature: of the fusible or like material may
be used. There may be provided thermostatic
means operating in response to the temperature
of the bath material or to the temperature in
the heating chamber, whereby the electric heat-
ing element is automatically energized or de~-en-
ergized to maintain the proper temperature and
to compensate for the abstraction of heat from
the heating chamber by the varied and non-uni-
form amounts of plastic material passed through
the heating chamber,

By reascn of the provision of a relatively large
guantity of fusible or like material which is main-
tained at its melting peoint and which ordinarily
has a high latent heat of fusion, the passage of
material through the heating chamber does not
ordinarily abstract sufficient heat from this body
of fusible material to lower it below its melting
point. In this way the temperature of the molten
metal or the like does not drop and, correspond-
ingly, the temperature of the wall of the injection:
cylinder and the temperature to which the plastic
is heated, remains constant despite the abstrac-
tion of heat by the granular plastic. The large
volume of melted metal or the like at its melting
point acts as a large reserve of heat from which
heat may be abstracted intermittently without
fluctuation in the actual temperature, advantage
being taken of the phenomenon that the tem-
perature of melting or of transition remains con-
stant as long as the solid and the liquid phase are
in intermixture. In this way, the present inven-
tion enables a reduction in fluctuation of tem-
perature in the heating chamber to g negligible:
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If desired, I may provide suitable means for
preventing the electric heating element from
heating the molten- metal or the like above its-
fusion or transition point and for similarly pre-
venting the moiten metal from dropping below
its melting point, thus insuring that a mixture
of solid and molten-metal is at all times present.
Preferably, this mixture should be in-such a state
that the application of only a small- amount of
heat will convert it entirely to a. molten form,
thereby providing the maximum reserve of heat.
in the metal without allowing it to rise above
the melting. point. FHowever, under certain cir-
cumstances, the metal may be allowed to rise
above its melting point slightly, since the specific
heat.of the metal will usually be very small.com-
pared to the latent heat of fusion and, therefore,
the passage of plastic through the heating cham-
ber would soon lower the temperature to the melt-
ing point without doing undue damage. 'The
means for insuring that the metal or the like re-
mains at the fusion or transition point may take
any suitable form. For example, it might com-
prise a small portion of the fusible metal sep-
arated fromr the main body of the metal and
adapted to more readily respond to the abstrac-
tion of heat by the passage of plastic through the
heating chamber. A pyrometer or thermostat
is‘connected to this separate portion in such man-
ner that either the operator may manually or
the thermostat may automatically apply the
electric current to the heating element to an ex-
tent directly proporional to the drop in tempera-
ture of the separate portion of fusible metal,
thereby preventing the temperature of the main
body of fusible meta] from dropping below the
melting point.. This means may take any other.
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form of device for maintalning a fusible material
at the stage where it comprises both the solid
and the fused material in intermixture and pref-
erably at the point where almost all of the solid
material has been converted to the molten form.

When using molten materials in the manner
heretofore described the degree of temperature
control over the plastic material passing through
the heating chamber is very accurate, the injec-
tion temperature of the plastic being maintained
constant at the melting point of the heating ma-
terial. In the case of thermosetting resins the
temperature of the material at the instant of in-
jection is maintained below the critical tempera-
ture of the material and can be maintained suffi-
ciently accurate that the plastic material is in-
jected while still in the granular state. The tem-
perature of the material is then elevated while
in the mold to bring the same to a fluent condi-
tion, at which time the chemical change of the
plastic occurs causing setting thereof.

The accompanying drawings portray several
methods of carrying out the invention. Refer-
ring first to Figure 1, reference numeral { desig-
nates the injection cylinder of an injection mold-
ing machine, in which reciprocates the injection
plunger 2. The injection cylinder is provided
with a screwed-in injection nozzle 3 and with a
material spreader or torpedo 4, and is adapted to
inject granular or fluent material into the mold
cavity 5 formed by the cooperating mold halves
6 and T, mold half T being stationary and mold
half 6 being clamped thereto by means of the
hydraulic motor 8. Surrounding the injection
cylinder | is a jacket 9 of any suitable type
adapted to retain the molten metal or the like
and preferably constructed with a highly heat
conductive cylindrical wall in order that the heat
of the heating element may be readily transferred
to the metal 10 or the like interposed between
the jacket 9 and the exterior of the injection
cylinder I. Surrounding the jacket 9 and in in-
timate contact therewith is an electrical heating
element Il around which is disposed the heat in-
sulating material 13. The electrical current is
supplied to the heating element Il by the power
lines (4 and 15, a rheostat 16 being interposed,
if desired, in the lead 15. The temperature to
which the metal 10 is heated and the application
of electric current to heating element {1 may be
indicated and controlled by the instrument 117
having the heat sensitive element 18 disposed
at a suitable point in the bath material. The in-
strument 17 is an ordinary commercially avail-
able indicator and thermostatic control and is
adapted to maintain the temperature of the metal
{0 at the temperature to which instrument 17
is adjusted.

In Figure 1, the mold halves 6 and 7 are cored
and are adapted to have a heated liquid circulated
therethrough by means of inlet pipe 19 and out-
let pipe 20. When operating with thermoplastic
materials, the mold halves 6 and T may be main-
tained at a temperature below the setting point
of the plastic. When operating with thermo-
setting materials, they may be maintained at a
temperature above the critical temperature of the
resin and will thus cause the resin to assume its
infusible form after the expiration of the neces-
sary interval.

In Figure 2 of the drawings, the general ar-
rangement Is similar to that of Fig. 1 except that
a series of separate zones for heating are em-
ployed, a fusible or like material being useq in
each zone which has a melting or phase conversion
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6

point corresponding to a temperature desired to
be maintained in that zone. The zones 10a, 10
and {0c are separated by partitions 21. The in-
dividual heating elements {lag, 110 and llc may
be controlled manually, if desired, by the variable
resistance 16a, 16b and I8¢, electric current be-
ing supplied as before by lines 14 and 15. It is
preferable, however, to control the application of
current to the heating elements by means of the
contro] instruments 17a, 1Tb and {Tc, as before.
The materials 10a, {0b ang {0c for the baths
are selected with a view to having their melting
or phase conversion points correspond to the
temperatures to be maintained in the zones of
the injection cylinder, or the temperatures main-
tained in the baths may be selected with a view
to obtaining the desired heat transfer. For ex-
ample, it may be desired to maintain around zone
A g relatively low temperature in order to pre-
vent softening of the plastic in this zone, a some-
what higher temperature around zone B in order
to begin the softenihg of the plastic, and a still
higher temperature around the forwardmost zone
C so as to render the plastic completely fluent,
this last temperature being, however, below the
critical setting point of the thermo-setting resin
being injected. Or it might be desirable to use
a high temperature around zone A in order to
obtain very rapid transfer of heat to the plastic
material and to use a relatively low temperature
around zones B and C in order to convert the
material to fluent form but to prevent burning
of the material, the temperature in the final zone
C being optionally just under the critical setting
point of the resin to maintain the resin fluent or
to maintain the temperature of the resin just
below the point of fluency to permit the same
to be injected into the mold in a granular state.
When injecting thermo-setting materials with
the arrangement of Figure 2, the mold halves
6 and 7 are heated to a temperature above the
critical temperature of the resin by means of
electric heating elements 22 or by the circulation
of a heated fluid as in Figure 1,

Instead of surrounding the fusion bath with
the electric heating element as shown in Figs. 1
and 2, a rod-like commercially available heating
element may be spirally wound around the injec-
tion cylinder | within the material of the bath.
An example of such a heater is the ordinary com-
mercially available “Calrod” immersion heater
manufactured by the General Electric Company.
By using such an immersion heater, particularly
in conjunction with the use of a metal as the
bath material, a perfect contact is obtained be-
tween the heater and the bath, whereby heat
losses are minimized and rapid heating is assured.

It will be seen from the foregoing that the use
of a bath {0 eliminates the necessity for a cir-
culating pump for circulating the heated mate-
rial heretofore employed and prevents local over-
heating of portions of the injection cylinder. In
addition, it enables the maintenance of an ex-
actly predetermined temperature of the bath and
a corresponding temperature of the plastic ma-
terial. Where the materials employed for the
bath are good heat conductors, such as molten
metal or fused salts, a better contact is obtained
with the wall of the injection cylinder and with
the surface of the heating element, thereby re-
sulting in faster and more uniform heating of
the plastic. Instead of using conducted heai for
heating the bath, I may use induced heat, ar-
ranging the bath to act as the low tension wind-
ing of a transformer and effecting heating in-
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ductively ‘with .eddy .currents of high frequency.
For the higher temperature ranges, I .may use
molten metals or fused salts, whereas for the low-
er temperature ranges, I may use the .transfor-
mation temperatures of crystaliine hydrataes, such
as, for example, copper sulphate at 110° C., bha-
rium chloride at 100° C., barium hydroxide at
78° .C., sodium sulphate at 32° C., manganese
chloride at 58° C., trisodium phosphate at 73°
C., sodium bromide at 51° C., sodium :carbonate
at 35° C. and sodium thiosulphate at 48° C. It
will be understood that the plastic may not attain
the temperature of the jacket, but may stay be-
low the temperature of the jacket, the tempera-
ture difference being determined. by the particu-
lar plastic, the particular speed of operation, and
the particular die employed, the temperature of
the jacket being predetermined by experiinents
conducted before the actual injection process,
and once having been determined, being main-
tained at the temperature of change of phase
as ‘long as the particular conditions are utilized.

Instead of maintaining the temperature at the
change of phase in the case of fusible mate-
rials, T may, under certain circumstances carry
it above the fusing point and use an ordinary
thermostatic control to maintain it at approxi-
mately the desired temperature. For example,
in the case of an alloy melting at 90° C., I may
operate with this alloy maintained at a tempera-
ture of substantially 160° C., or higher, if desired.
In such a case, I prefer to use a highly heat con-
ductive material for the bath, such as metal or
fused salt in order to attain the advantages of
better heat conduction thereby as compared with
the hot oil which has been heretofore commonly
employed.

Referring now to the modification shown in
Figure 3, the general construction is the same
as that heretofore described, except that a spiral
rod-like heating €lement 23 is wound around the
injection cylinder 1 and is within the material
of the bath, and this heating element is con-
trolled by the state of the material of the bath.
The bath material 24 is carried within a suit-
able jacket 25 surrounded by heat insulation 26.
The material of the bath is such that it will
not conduct electricity when solid but will con-
duct electricity upon the change of phase, such
as upon becoming molten, ¥For example, the
bath material may be a fused salt such as the
salts enumerated above, the salt being selected
which ‘has the desired melting point and electri-
cal conducting properties when molien and when
solid. Instead of using a fused bath, I may,
under certain circumstances, employ a crystal-
line hydrate at the temperature at which it loses
water. In such case, the material below the
transition temperature will not conduct electric-
ity but above the transition temperature will con-
duct electricity. In order to insure that the bath
material 24 is maintained at the melting point
or the like, I provide a pair of electrical contacts
27 which are adapted to be electrically connected
when the bath material therebetween becomes
molten and to thereby allow electrical current
to flow through the secondary of transformer
29 and through the winding 28 of solenoid 30,
thereby opening switch 31 and opening the elec-
trical circuit to heating element 23 which is nor-
mally established by reason of a spring normal-
ly holding switch 31 in closed position, the in-
coming power lines being designated as 32. The
contacts 27 are well removed from the heater
element 23 so that a large portion of bath ma-
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terial .24 is in molten form bhefore the circuit is
established across econtacts 21. In this way, a
large reserve of latent heat of fusion is available
for heating the plastic in the injection cylinder.
When switch 31 is opened, the supply of elec-
tricity to heater element 23 is-cut off and solidi-
fication of the bath material in the region of
contacts 27 may occur by reason. of the loss of
heat from the bath by radiation or by extraction
thereof by the plastic material. By using the
apparatus of Fig. 3, the necessity for using an
expensive thermostat is eliminated, the bath itself
being employed to control the application of elec-
trical energy and thereby to maintain the bath
at the temperature of conversion and at a point
where the major portion of the bath is in the
converted state.

In Figure 4 there is shown an apparatus where-
in the same general arrangement is employed as
in Figure 3, except that the necessity for employ-
ing a material which is an electrical conductor
when converied but a non-conductor -when in
the solid. state, is eliminated, and wherein a dif-
ferent method of maintaining the bath at the
temperatire of conversion is employed. In this
embodiment, a2 molten metal bath may be em-
ployed as well as any of the materials which would
be- suitable for use in the apparatus of Figure 3.
The bath is divided into two portions, a main por-
tion 33 and a relatively small control portion
24 -which is disposed arocund a rear portion of
injection cylinder !, these porticns 23 and 34
being separated by a partition 35. A heater ele-
ment 23 is employed as in Fig. 3, with the major
portion thereof -disposed in the main portion 33
of ‘the bath and with a proportionately larger por-
tion in the control section 34. For example, there
is illustrated the use of one and one-half furns
of the spiral heating element in control section
34, whereas the spacing of the turns in the main
portion 33 is such that-only one turn is used in
& portion of bath 23 corrasponding in length and
size to.control bath 34. A thermostat 8§ is pro-
vided having a sensitive element 37 disposed in
the control bath 34 at a considerable distance
from the heating element 23, and this thermo-
stat 85 is adapted to actuate a snap switch 38
disposed in one of the incoming power lineg 32
and- to -thereby cut off the application of heat
to heater 23 when a predetermined temperature
in the.control bath 34 has been reached. Ther-
mostat 38 need not -be -extremely sensitive and,
therefore, need not be unduly expensive, it being
satisfactory if thermostat 36 is responsive to tem-
perature changes of the-order of 3° or4°F. Ther-
mostat 36 is adjusted so as to maintain the tem-
perature in control portion 34 at 3° or 4° above
For
example, if thermostat 36 is accurate to within 3°
plus or:minus, it may be set to operate at a tem-
peraiure of say 4° above the melting point of the
bath material. Due to the fact that thermostat
36 is set-tooperate at a temperature slightly abave
the melting point and to the fact that the propor-
tionate heat applied to the control porion 34 is

" greater than that to the main portion .33, the

result will be.that the main bath 33 will be main-
tained at the melting temperature and at a point
where it is practically all in the molten or con-
verted form. The maintenance of control bath
34 at a higher temperature is not harmful because
the plastic at the rear of the injection cylinder
is granular and is .not capable of being injured
by the .excessive temperature at this point, al-
though the subjection of the fluent plastic to
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such a temperature might convert it to the infusi-
ble form. From the foregeing, it will be seen
that the arrangement of Fig. 4 provides a simple
and inexpensive means of maintaining the main
body of the bath at the conversion temperature.
" Referring to the medification shown in Fig. 5,
the bath comprises material which expands upon
becoming molten, such as suitable known metals
having this characteristic, and this expansion is
employed to break the circuit to the electric heat-
ing element when the entire body of metal or the
like has become molten. The bath material 48
is heated by electrical heating element 4§ which
is generally of the type described in co-pending
application of I. B. Lawyer, Serial No, 231,637,
flled September 26, 1938, and is adapted to cause
convection circulation of the material of the bath
and to thereby eliminate local overheating. As
the material of the bath becomes molten, it urges
outwardly a plunger 42 which is normally spring
pressed inwardly and which operaies within a
cylinder 43 mounted in the wall of the jacket.
When plunger 42 moves outwardly due to the ex-
pansion of the metal or the like, it opens a snap
switch 44 disposed in one of the power lines 32
leading to the heater 41, cutting off the supply
of electrical current and allewing the bath 40 to
remain at its molten temperature and prevent-
ing it from being heated above the temperature of
melting. As heat is abstracted from bath 48,
the bath shrinks and plunger 42 is spring-pressed
inwardly, causing snap switch 44 to close, thus
again energizing heater 41 and causing the tem-
perature of the bath 40 to rise. By disposing
the plunger 42 at the top of the hath and at a
point well removed from heater element 41, it is
insured that a large portion of the bath 29 is
in molten form before the electric current is cut
off to heater 4i. Thus, by taking advantage of
the property of the bath material of expanding
upon change of state to the molten form, I am
enabled to maintain the temperature of the bath
at the melting point and near that point where
it is all molten but without raising its temperature
above the melting point, without the use of an
expensive thermostat.

In Figures 3 and 4, an expansion space 39 is
provided above the bath to allow for expansion
thereof upon heating, and in the disclosure of
Fig. 3 the expansion of the heating material can

make or break electric circuit through fthe con- 0

tacts 27, upon a rise or fall of the level of the
material.

From the foregoing description, it will be seen
that I have devised an inexpensive anhd effective
method and apparatus for heating a plastic to a
constant temperature using the latent heat of a
heating material, this method and apparatus be-
ing particularly applicable to the injection mold-
ing of thermo-setting materials which are ex-
ceedingly susceptible to small increases in tem-
perature over a critical temperature, although
the invention may equally be applied to thermo-
plastic materials where constant conditions of
operation are desired. These results are accom-
plished in a preferred form by the maintenance
of a bath in direct heat conducting relationship
with. the injection cylinder, this bath being main-
tained at the constant temperature at which it
undergoes a change of phase from the solid state.
I consider that invention resides not only in the
method and apparatus for injection molding, but
also in the particular controlling means of Fig. 3,
for example, It will be seen that I have devised
mechanism which not only maintains the bath
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material at the temperature of change of phase,
but which maintains it at a point where the
change of phase is almost entirely complete, so
that the large reserve of latent heat attendant
upon extensive change of phase is available at a
constant temperature to heat the plastic.

The process may be carried out by heating the
granular or powdered thermo-setting plastic in
the injection cylinder to a suitable low tempera-
ture at which it retairs its granular form, and
injecting it under pressure into the mold while it
retains its granular form, the temperature to
which the mold is heated and the pressure to
which the granular material is subjected by the
injection plunger after it is in the mold, being
sufficiently high to cause the material to flow into
a homogeneous form and to subsequently set. In
the case of granular thermoplastic materials the
mold is heated sufficiently and the injection pres-
sure exerted on the granular plastic in the mold
is such as to cause the granular material in the
mold to flow to take the shape of the article after
which the mold cools or is cooled to harden the
article.

The granular thermo-setting plastic may be
preheated in the injection cylinder to a tempera-
ture at which it is sufficiently soft to be injected
(say 60° to 90° C.) under the usual injection pres-
sures and then injected intg the mold while it re-
tains its-unreacted state, the mold being heated
as before to a temperature above the critical tem-
perature of the resin and supplied with sufficient
heat at the temperature to set the article.

I wish it to ke understood that I intend to in-
clude as within my invention such modifications
and adaptations thereof as may be necessary to
make it suitable for varying conditions and uses
and as fall within the scope of the appended
claims. : .

Having thus fully described my invention, what
I claim as new and desire to secure by Letters
Patentis: .

1. The process of injection molding which com-~
prises heating granular plastic in an injection
chamber to a relatively low temperature to heat
the same but to retain its granular form, and
injecting it in granular form into a hot mold to
prevent anhy substantial reduction in temperature
in the transfer from the injection chamber to the
mold, the mold being heated -sufficiently and the
injection pressure applied on the material in the
mold being sufficient to cause the granular in-
jected material to rapidly plasticize and flow into
a homogeneous article taking the form of the
mold.

2. The process of injection molding which com-
prises heating granular unreacted thermosetting
plastic in an injection chamber to a relatively low
temperature to retain its granular unreacted
form, injecting it in granular form into a hot
mold, the mold being heated sufficiently and the
injection pressure applied on the material in the
mold being sufficient to cause the granular in-
jected material to plasticize and flow into a homo-~
geneous article taking the form of the mold, and
to elevate the temperature of the granular ma-
terial within the mold to reaction temperature for
permanently setting the same.

3. The process of injection molding which com-
prises heating a granular plastic in an injection
chamber to a controlled low temperature at which
it retains its granular form, of injecting the heat-
ed material while in granular form and at the
low temperature into a hot mold that is at a
temperature substantially above the temperature
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of the plastic material to rapidly elevate the tem-
perature of the plastic to that of the mold where-
by to plasticize the same, and of causing the plas-
ticized material to set.

4.~ The process of injection molding which com=
prises elevating the temperature of a granular
plastic ‘in” an’ injection ‘chamber to a relatively
low temperature at which it retains its: granular
form by: subjecting the plastic to the action of
latent heat derived directly from a body of nor-
mally solid material maintained at a tempera-
ture at which the material undergoes a change
of'phase from the solid state, and.injecting the
plastic’ material in’ granular form into a .mold
heated to a temperature substantially above. the
temperature of the granular plastic, the mold
being heafed sufficiently and the injection pres-
sure ‘applied on the material in the mold being
sufficient to cause the granular injected material
to plasticize-and flow into a homogeneous article
taking. the formof the mold. - -

--5. The process of injection molding Whlch com-

prises: heating granular unreacted thermo-set-
ting plastic in an injection chamber to a.rela<
tively :low temperature. at which. it retains’ its
granular form, controlling the temperature of the
granular -plastic ‘to retain its granular form. by
subjecting -the plastic to'the action of latent heat
derived directly from a body of normally solid
material maintained at a temperature at.which
the material undergoes a ¢change of phase from

-

1o

k57

20.

30:

the solid state, and: injecting the plastic in gran-

ular form into a mold heated to a temperature
substantially ‘abdve the temperature of the gran-
ular ‘plastic, the mold being heated sufficiently
and the'injection pressure applied on the mate-
rialin the mold being sufficient to.cause the gran-
ular injected ‘material to plasticize and flow into
a homogeneous article taking the form of the
mold and to subsequently react and set to the
solid state. T

6. The process of 1nJection molding which com-
prises - glevating the temperature of :a- granular
plastic’ in a plurality of independent stages to-a
maximum: - temperature: at’-which: it retaing its
granular-form; :individually controlling the tem-
perafure ‘of each of:the stages, and of injecting
the-plastic :into a-'mold in granular-form at the
temperature of the final stage.

-7, "The-process of injection molding whxch com-
prises:sequentially subjecting granular plastic to

35;
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the action of latent heat derived directly from a
plurality of normally solid bodies of material
maintained at different temperatures and at
which the several independent bodies undergo a
change in phase from the solid state to elevate
the temperature of the granular plastic in a plu-
rality of stages to a maximum temperature at
which it retains its granular form, individually

-controlling the temperature of each of the stages,

and of injecting the plastic into a mold in gran-
ular form and at the temperature of the final
stage.

8. The process of injection molding which com:
prises- heating a zone through which plastic ma-
terial passes to a temperature substantially equal
to the physical transformation temperature of a
heating material when passing from the solid to
the liquid state and surrounding the zone, of
passing granular plastic material through the
zone to elevate the temperature thereof to that
of the zone without changing the granular con-
dition of the material, of ejecting the plastic
from the zone into a mold in a granular state,
and of controlling the temperature of the heating

- material to maintain the same at said transition

temperature thereof to maintain the temperature
of the granular plastic constant just prlor to ejec-
tion.

9. The process of injection molding which com-
prises initially heating granular plastic to a rela-
tively low temperature to heat-the same but to
retain its granular form, and injecting it-in gran-
ular form into a heated mold to prevent any sub-
stantial reduction in temperature in the transfer
to the mold, the mold being heated sufficiently
and the injection pressure applied on the mate-
rial in the mold being sufficient to cause the gran-
ular: mJected material to rapidly plasticize and
flow into a homcgeneous article taking the form
of the mold.

WARREN R. TUCKER.
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